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ABSTRACT 
 
 
The vegetation of the Sigatoka Sand Dunes is regarded as of considerable 
conservation significance because of the unique sand dune environment and the 
presence of many plant species that are uncommon in typical Fijian beach forests.  
The increasingly degraded and threatened status of the original native forest 
communities due to human disturbance was addressed by Kirkpatrick and Hassall 
(1981). This, plus the unique nature of the dunes, resulted in the designation of the 
site as a national park in 1989.  Although it is apparent that impacts due to direct 
destruction of natural or semi-natural habitats have been reduced significantly since 
the establishment of the park, it is clear that plant invasion or succession has 
continued unabated, causing further changes in species composition and community 
structure.  However, the geographical scale of the site, coupled with the temporal 
nature of plant communities in time and space and the diverse nature of the sand dune 
vegetation itself, makes it very difficult to perceive the nature of the vegetation 
changes and to pinpoint priority problems that need to be addressed to ensure the 
long-term survival of the remaining native species associations.  
 
This study used remotely-sensed images, field data and GIS in complementary ways to 
allow the conversion of in-depth plot-based quantitative species data to more 
informative spatial vegetation and floristic patterns at multiple levels of hierarchical 
classification. The rigorous quantitative and spatial analysis allowed for the production 
of multiple-layer vegetation maps and other related spatial data that could be overlain 
and examined to highlight important emerging patterns that could not have been 
identified based on either remotely-sensed images or field observations alone. The 
composite analysis made possible the accurate classification of plant communities and 
associations, the spatial representation of invasibility characteristics, the determination 
of the rate and direction of associated vegetation changes or succession in invaded 
habitats, and the accurate mapping and identification of species of particular concern, 
such as endangered native species and invasive alien plants. 
 
The results clearly show that the degradation of the remaining natural or semi-
natural habitats of the Sigatoka Sand Dunes has continued unabated due to 
vegetation changes that have, as a result of a disturbed natural succession, 
progressed in an unfavorable direction at a much faster rate than had been expected, 
largely due to the widespread invasion by an increasing complement of aggressive 
alien species.  Because of this competitive pressure, coupled with the increasing 
dominance of more-coastally-adapted native plants, many of the original less-
coastally-adapted native species and species associations have become increasingly 
less common, with some species either extirpated or on the brink of extirpation.  As 
a result, the vegetation of the Sigatoka Sand Dunes has been becoming increasingly 
more monospecific and characterless, due to the loss of some of its unique 
components, and more similar in species composition and community structure to 
coastal forests and disturbed vegetation associations commonly observed in nearby 
disturbed lowlands along Fiji’s Coral Coast.  It is, therefore, strongly suggested that 
existing management strategies for the conservation of native taxa and the control of 
invasive plants be reassessed in the light of the new information and 
recommendations provided in this study, in order to concentrate limited resources on 
priority habitats and species.   
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CHAPTER 1 
 

INTRODUCTION  
 

This thesis constitutes an in-depth quantitative temporal and spatial study of plant 
invasion and associated vegetation change over time in the Sigatoka Sand Dunes 
National Park in southwestern Viti Levu, the main island of the Fiji Islands. The 
study methodology combines the use of geospatial technologies (GST) and 
conventional field survey techniques. 
 
 
 
1.1 ISLAND BIODIVERSITY CONSERVATION AND THE 

MANAGEMENT OF INVASIVE SPECIES 
 
The conservation and sustainable use of biodiversity is among the most important 
preconditions for ecologically, economically and culturally sustainable development 
in the small island states and territories of the Pacific Ocean.  This ecologically 
fragile biological inheritance is, however, seriously threatened by natural events such 
as droughts, tropical cyclones, and El Niño Southern Oscillation (ENSO), as well as 
human-related threats, including increasing population; increasing commercialization 
of biological resources; increasing urbanization, globalization and individualism; 
more efficient technology; global warming; and the introduction of alien organisms 
(Thaman 2000).   
 
Although habitat destruction related to development pressures has been regarded as 
the most significant factor impacting island biodiversity, it is now increasingly 
recognized that one of the most serious, but underestimated, threats to island 
biodiversity is the invasion of native habitats by alien organisms (Simmberloff 1995, 
Sherley 2001, Cronk and Fuller 2001).  It is a lasting and more pervasive threat than 
direct destruction, such as cutting, burning or pollution, since ecosystems often begin 
to recover when this ceases, whereas, when the introduction of alien organisms stops, 
the existing aliens rarely disappear.  Instead, they commonly continue to naturalize, 
spread and dominate habitats, often outcompeting native species (Cronk and Fuller 
2001). They can also cause irreversible changes in ecosystem processes as a result of 
the cumulative effects of biological invasion taking place through multiple abiotic 
and biotic interactions in various components of ecosystems (UNEP 2003).   
 
Among invasive alien organisms, invasive alien plants have been a major concern for 
the small island states and territories of the Pacific Ocean because plant invasion can 
result in radical changes in native habitats, which not only constitute “home grounds” 
for native flora and fauna but also provide a wide range of ecosystem products and 
services upon which Pacific Island communities depend for their livelihood.  For 
example, native habitats could be altered in such a way that heterogeneous, multi-
species, native plant communities are replaced by often more monospecific, less-
diverse, alien communities, resulting in the introduction of new life-forms, 
community structures and food sources; the elimination of existing sources of a wide 
range of culturally valuable products; and, in some extreme cases, species extirpation 
or extinction. This can further cause the alteration of water or fire regimes, erosion 
and sedimentation processes, and the nutrient status of the soil and humus, which may 
have profound effects on overall ecosystem processes, the composition of both the 
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flora and fauna and landscapes as a whole.  Invasive alien plants are particularly 
problematic in coastal lowlands (large areas of which are already disturbed and 
replaced by alien communities) where the remaining, less-disturbed, native habitats 
with high conservation values are subject to invasion by alien plants.  Therefore, the 
management and control of invasive alien plants has taken an increasingly important 
role in biodiversity conservation efforts around the Pacific region (Simmberloff 1995, 
Thaman 2006, pers. comm.).   
 
Owing to the dynamic or temporal nature of plant communities in time and space, 
dealing with plant invasion is, however, a very complex issue.  For example, alien 
plants that may initially seem to be non-invasive because their populations are small 
or they are found only in disturbed habitats (e.g., roadsides, agricultural lands) may 
become invasive when biotic, abiotic and anthropogenic factors change in their 
favour or when they become more adapted to local ecological conditions through 
natural selection.  An even more sensitive issue is that there are cases where alien 
plants that are invasive in a given habitat can be harmless in another, or can even be 
useful successional species that aid recovery of a damaged habitat (Cronk and Fuller 
2001).  For example, in New Zealand, the invasive alien plants, Scotch broom 
(Cytisus scoparium) and black elder (Sambucus nigra) have, in some areas, come to 
dominate disturbed sites, whereas in other areas they behave only as early 
successional species, which are in turn invaded and replaced by the native mahoe 
(Melicytus ramiflorus).  Scotch broom and black elder can, therefore, be desirable 
invasive species, which aid in the reestablishment of native forest (Williams 1983, 
cited in Cronk and Fuller 2001).  Another example is sweet-briar (Rosa rubiginosa), 
an efficient and readily bird-dispersed exotic colonizer of forests degraded by cattle-
ranching in Argentina.  On one hand, it facilitates the recovery of the forest by acting 
as a thorny protective nurse plant for the regeneration of native trees such as Lamatia 
hirsuta (De Pietri 1992, cited in Cronk and Fuller 2001).  On the other hand, the 
sweet briar invasion lowers overall species richness (Damascos and Gallopin 1992, 
cited in Cronk and Fuller 2001).  Given this complex nature of plant invasion or 
succession, for conservation purposes, all alien plants should be considered as 
potential threats, particularly in environmentally sensitive areas such as nature 
reserves in coastal lowlands and small uninhabited islands.  In addition, in native 
habitats that are composed of unique species associations with high conservation 
value, the invasion by non-local native species should be of particular concern.   
 
Finally, although change is a feature of all ecosystems, what is at issue is not change 
itself but the rate and direction of change, both of which can be dramatically altered 
by direct destruction of a habitat and invasion by alien plant species (Mueller-
Dombois and Ellenberg 1974, Cronk and Fuller 2001).   
 
 
 
1.2 GEOSPATIAL TECHNOLOGIES AND THE NEED FOR 

COMPLEMENTARY CONVENTIONAL FIELD SURVEYS 
 
It has long been recognized that Geospatial Technologies (GST): Remote Sensing 
(RS); Global Positioning System (GPS); and Geographical Information System (GIS) 
could contribute significantly to efforts to control or eradicate established invasive 
alien plants, or avoid invasions to native habitats, e.g., through the mapping of actual 
invader distributions or native habitats at risk of invasion.  As more sophisticated 
remote-sensing data and imagery and mapping software have become increasingly 
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available in recent years, there has been rapidly growing interest in the application of 
GST to plant invasion surveys and researches.  Furthermore, there has been a 
resultant increase in the number of publications dealing with the application of GST 
in the data collection, mapping, modeling and analysis of the distribution and 
abundance of invasive plants, and factors influencing their distribution, which has 
resulted in the development of a diverse range of mapping and modeling techniques 
(Joshi et al. 2006).   However, most of these studies have so far been applied mainly 
to canopy species and ground cover weeds in open disturbed habitats (Joshi et al. 
2006). This contrasts with the increasing body of information contained in ecological 
databases that shows that a majority of invasive species do not dominate the canopy 
(Joshi et al. 2006), particularly in multi-storey vegetation found on islands in the 
tropical Pacific region.  Moreover, GST-based plant invasion surveys and researches 
have often targeted only individual invasive species (Joshi et al. 2006), despite the 
need to study habitat-wide phenomena and the synergistic impacts of multiple species 
if the rate and direction of changes in affected habitats are to be accurately assessed 
over time (Cronk and Fuller 2001).  As noted by Franklin (2001) and Newton (2007), 
with regard to the application of RS technologies in forest monitoring and 
assessment, GST should not be viewed as a panacea, and cannot be expected to meet 
all needs relating to plant invasion surveys and researches.   
 
Therefore, to enhance the use of GST in real world applications in studying plant 
invasions, particularly those in multi-storey tropical vegetation, there is a clear need 
for the use of GST in concert with conventional botanical field survey techniques.  A 
key challenge is to identify the appropriate role for GST, considering how the 
technologies and field observations can be best used in a complementary way 
(Franklin 2001, cited in Newton 2007).  The development of such a methodology and 
assessing its cost and time efficiency, one of the main objectives of this thesis, could 
serve as a valuable step towards developing tools and methods for the assessment of 
plant invasions and the conservation of island biodiversity. 
 
 
 
1.3    THE VEGETATION OF THE SIGATOKA SAND DUNES AND THE 
NEED TO ASSESS PLANT INVASION AND VEGETATION CHANGE 
 
The vegetation of the Sigatoka Sand Dunes was, in the past, considered unique 
because of the presence of many plant species that are uncommon in typical Fijian 
beach forests (Parham 1972, Smith 1979, Kirkpatrick and Hassall 1981). However, a 
1978 survey of the vegetation of the Sigatoka Sand Dunes by Kirkpatrick and Hassall 
(1981) revealed that the original native forest communities, which had considerable 
conservation significance, had been drastically reduced in area as a result of 
indiscriminate burning, cutting and livestock grazing, coupled with the instability of 
the parabolic dune system in the high-energy coastal environment and increasing 
dominance by introduced, often invasive, species.  Kirkpatrick and Hassall concluded 
by arguing that if the existing pattern of use of the area continued or if the full area of 
the dunes was used for the once-proposed mining of the iron-rich sands of the dunes 
for magnetite, the original dune forest communities might be eliminated.  They 
stressed that protection from burning, cutting, grazing and further encroachment by 
invasive species was necessary to arrest the decline of native forest.  Despite this 
warning, there was a further decline of forest cover during the ensuing decade.  In 
July 1989 the sand dunes were eventually designated Fiji’s first national park in order 
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to address the problem and initiate conservation programs under the management of 
the National Trust of Fiji (NTF). 
 
Although the impacts of direct habitat destruction have been reduced significantly 
since the establishment of the national park, and although some positive signs (i.e., an 
increase in canopy cover density) are clearly visible on a series of aerial photographs 
and satellite imagery taken over this period, plant invasion or succession has 
apparently continued unabated, causing further changes in species composition and 
community structure, which are largely impossible to discern on the remotely sensed 
images alone.  Such changes on a species level can only be studied and understood 
through periodic observations in the field (i.e., by eye).  In fact, qualitative field 
surveys had been carried out by teams from the University of the South Pacific (USP) 
and a species inventory updated on an almost yearly basis between 1993 and 2003 
(Thaman et al. 2003).  However, the temporal and diverse nature of the coastal sand 
dune vegetation in time and space, coupled with the geographical scale of the entire 
sand dunes, makes it very difficult to perceive the underlying pattern of plant invasion 
and the nature of associated changes in the vegetation as a whole.   
 
To better understand the current status of the vegetation of the Sigatoka Sand Dunes 
and, more importantly, to ensure the long-term survival of the original native species 
associations, it was necessary to carry out an in-depth study of the vegetation based 
on the combined use of GST and conventional field survey techniques.  Findings 
from such a study were considered to be particularly useful for the NTF to reassess 
the existing management strategies, to concentrate limited resources on priority 
habitats and species, and to ensure that conservation management is effective.  In 
addition, surveying techniques formulated and developed for this case study could 
serve as a basis to improve the applicability of GST and conventional field survey 
techniques to studying multi-species plant invasions of multi-community and multi-
storey vegetation in terms of time and cost effectiveness.  
 
 
 
1. 4     AIMS AND OUTPUTS 
 
The overall aims of the study are 

• 

to: 
 

describe the nature of plant invasion and associated changes in the vegetation

• identify priority species and habitats upon which the management efforts for 
reforestation, conservation and control of invasive species should be 
concentrated in order to ensure the long-term survival of the remaining 
original native species associations; and,    

 
and flora of the Sigatoka Sand Dunes since 1978;  

• develop a survey methodology in which a range of GST and conventional 
field survey techniques are synthesized so that the classification of plant 
communities and the evaluation of the nature of plant invasion and 
associated vegetation changes are based on a rigorous analysis of spatial and 
quantitative data. 

 
The specific aims are to: 
 

• characterize and map plant communities of the Sigatoka Sand Dunes; 
• identify invasibility characteristics (i.e., characteristics of habitats more, or 

less, susceptible to invasion)  
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• identify and map distributions of: 1) endangered species; 2) species that 
could be endangered in the future; 3) least-invaded habitats to be designated 
for some form of protection; 4) 

• 

invasive species; and, 5) potentially invasive 
species; 

• 
identify invasiveness characteristics of successful invasive species; and, 

 
Expected outputs are:  
 

identify likely source areas and avenues of introduction for new invasive 
species. 

• a geographical information system of the Sigatoka Sand Dunes National 
Park, Fiji Islands, in both MXD file and PMF file forms (ArcGIS 9.1), which 
can be used as a baseline system and database for resource management and 
future studies;  

• an updated inventory of the vascular plants of the Sigatoka Sand Dunes 
National Park; and, 

• an interpretive field guide to the flora of the park (a booklet to be completed 
for the NTF after the submission of the thesis).  
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 CHAPTER 2 
 

STUDY AREA AND LITERATURE REVIEW 
 
 

Chapter 2 consists of two main sections: 1) a description of the Sigatoka Sand Dunes 
study area; and, 2) a literature review.    
 
 
 
2.1    STUDY AREA 
 
This section highlights the main geographical features (location, climate, geology, 
size, elevation, aspect, salinity, windiness and wind direction, substrate, etc.), fauna, 
and anthropogenic disturbance and intervention (deliberate planting, the 
establishment of the national park, recreational and educational visits), which seem to 
have affected the formation of the current vegetation and flora of the Sigatoka Sand 
Dunes.  
 
2.1.1 Geographical features  
 
The Sigatoka Sand Dunes are situated on the southwest coast of Viti Levu, the largest 
island in the Fiji Islands (long. 177°30' E, lat. 18°20' S) (Fig. 2.1). The area, which is 
located in the dry zone (the leeward side) of the island, receives an annual average 
rainfall of approximately 1900 mm (compared to about 4000 mm in the eastern wet 
zone), with maximum precipitation normally recorded during the months of 
December through to March (wet season) and minimum during July and August (dry 
season).  The average monthly temperature ranges from 24°C in July to 30°C in 
December (Naiova 2007).  The in-depth field survey for this study was carried out 
near the end of the wet season in March 2007. 
 
 

 
 
Figure 2.1. Location of the Sigatoka Sand Dunes on two different scales. The 
copyright notice: © 2009 TerraMetrics; © 2009 DigitalGlobe; and © 2009 Google.  
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The Sigatoka Sand Dunes are located about 2 km west of the mouth of the Sigatoka 
River, the second largest river in Fiji, and 3 km southwest of Sigatoka Town. Sand 
dune systems are rare in the tropical Pacific islands where coral reefs normally 
provide shelter from strong ocean currents and prevent adequate sediment supply into 
coasts. In the case of the Sigatoka Sand Dunes, several geographical factors, such as 
the river outflow and the prevailing southeast trade winds and ocean currents, have 
prevented the development of a fringing or barrier reef in the area west of the mouth 
of the Sigatoka River (Fig. 2.2) (Kirkpatrick and Hassall 1981, Dickinson 1968, and 
Nunn 1990, cited in Hesp 2004).   Magnetite sands derived from fluvial erosion of the 
Sigatoka River catchment (Hirst and Kennedy 1962, cited in Kirkpatrick and Hassal 
1981), transported ashore by waves, taken further inland by the strong, on-shore, 
prevailing southeast trade winds and reworked by physical weathering forces have 
formed a series of parabolic dunes of various ages and activities, which are aligned 
with the prevailing southeast trade winds.   The eluvial sands derived from fluvial 
erosion of the river catchments consist approximately of 40% quartz, 15% feldspar, 
28% pyroxene, 10.5% basic fragments, and 6.5% magnetite, half the grains being < 
0.25% mm in diameter (Hirst and Kennedy 1962, cited in Kirkpatrick and Hassal 
1981).  Note: mining of this iron-rich sand of the dunes for magnetite was once 
proposed in the 1970s.  More recently, extraction of gravel deposits of the back slope 
of the eastern active foredunes was proposed (Naiova 2007). 
 
 

 
 
Figure 2.2.  Annotated Google Earth imagery of the Sigatoka River Delta showing the 
location of the Sigatoka Sand Dunes in relation to the mouth of the Sigatoka River as 
a point source of sediment input, to the prevailing southeast trade winds, the opening 
between the reefs and ocean current as main transporting mechanisms, and to some 
other geological features of the delta plain (Storey 2000a).  The copyright notice: © 
2009 TerraMetrics; © 2009 DigitalGlobe; and © 2009 Google.  
 
 
Estimates of the chronological origin of the dunes vary considerably in past reports 
and documents from several thousand years to over millions of years. However, a 
number of relatively recent archaeological and geomorphological studies of the dunes 
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during the 1990s (Hudson 1994, Petchey 1995, Burey 1997, Wood et al. 1998, 
Dickinson et al. 1998, cited in Storey 2000b), especially the archaeological data and 
chronological implications derived from a 1996 project by Dickinson et al. (1998), 
support an earlier suggestion by Palmer (1987)―that massive development of the 
parabolic dune field did not occur until relatively late in Fijian prehistory (post 1500 
BP). Although arguments are largely hypothetical, they stress that this event is linked 
to human deforestation of the interior highlands with resultant slope erosion and 
enhanced sediment loads into the Sigatoka River (Storey 2000b).  
 
The Sigatoka Sand Dunes extend approximately 5 km along the coast from the mouth 
of the Sigatoka River west to Naqarai Bay and about 1 km inland in the area where 
parabolic dunes form, covering an area of approximately 220 hectares 1

Common avifauna observed in the vegetated parabolic dune fields include white-
collared kingfisher (secala, Halcyon chloris), Fiji goshawk (reba, Accipiter 
rufitorques), collared lory (kula, Phigys solitarius), vanikoro broadbill (matayalo, 

 (the enclosed 
area shown in Fig. 2.2).  In the field, the northeastern margin of the sand dunes is 
generally recognized as the dune ridge extending from the eastern frontal slope of the 
active foredunes northwestward along the area contiguous with the Kulukulu 
Settlement and areas of intensively farmed land largely devoted to sugarcane, and the 
northwestern margin is defined as the area adjacent to the Queen’s Highway running 
along the base of bedrock hills or the margin of the Sigatoka Delta Plain.  The 
separate tree groves, through which the access road connecting the Queen’s Highway 
with Naqarai Bay runs, is generally considered to be the far western end of the sand 
dune area, although from a geological or archaeological point of view the sand dunes 
may be considered to extend further west to the mouth of the Yalasuna Creek and 
Yadua Village (Storey 2000b).  
 
The area actually surveyed (the untinted area shown in Fig. 2.3) covers an area of 
approximately 214 hectares, essentially the same area mapped by Kirkpatrick and 
Hassall in 1978.  This excludes the active foredune field where there is very limited 
herbaceous vegetation on the back slope, but includes the area of grassland savanna, 
forest stands and tree groves extending farther inland from the Queen’s Highway over 
the bedrock hill and slightly westward from the access road. 
 
The main dune ridge, which runs from the eastern frontal slope of the active 
foredunes through the maximum points of parabolic dune development (ranging from 
20–60 m tall) to the sand spit at Naqarai Point, forms a division between two 
environmentally distinct zones within the survey area: the more exposed, windward 
or seaward side of the sand dunes, which is characterized by half-vegetated parabolic 
dune fields and very unstable, severely eroding beach sands; and the more protected, 
leeward or inland side, characterized by dense forest, extensive grassland savanna, 
and relatively stable substrate (Fig. 2.3). It should be noted that on the windward 
sides of the dunes, extreme wind gusts reach approximately 240 km/h during 
cyclones, whereas normal wind speeds are less than 37 km/h (Naiova 2007).  
 

                                                 
1 It should be noted that, although the estimated area of 650 hectares is used in many 
past reports and documents (e.g., National Trust of Fiji 1999, cited in UNESCO 
World Heritage Centre 2009, Naiova 2007), this area seems to have been mistakenly 
used.  Acres, not hectares, should have been used; 650 acres is equivalent to 
approximately 260 hectares. 
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Myiagra vanikorensis), and Fiji bush warbler (manu, Cettia ruticapilla). Other avi-
and terrestrial-fauna occasionally observed include reef heron (belo, Egreta sacra), 
wattled honeyeater (kikau, Foulehaio carunculata), silvereye (qiqi, Zosterops 
lateralis), Polynesian flying fox (beka, Pteropus tonganus), stray horses, dogs, and 
mongoose (Watling 2001).   
 
 

 
 
Figure 2.3.  Annotated Google Earth imagery of the Sigatoka Sand Dunes showing 
the surveyed area (the untinted area) and the relationship of the windward and 
leeward sides of the parabolic dune fields to the prevailing southeast trade winds.  
The copyright notice: © 2006 Europa Technologies; © 2006 DigitalGlobe; and © 
2006 Google.  
 
 
 
2.1.2 Anthropogenic disturbance and intervention  
 
In the early 1960s, the sand-laden, on-shore, southeast trade winds became an 
increasingly serious problem for traffic along the Queen’s Road (now officially the 
Queen’s Highway) in the area where the parabolic dune fields extended most inland. 
To address the problem, some non-local plants (both native and introduced) were 
planted on the sand dunes by the Forestry Department (Fig. 2.4). Species planted 
included the introduced timber trees, big-leaf and small-leaf mahogany (Swieitenia 
macrophylla and S. mahogani), which were planted in the depression contiguous 
with the road; and the salt- and heat-resistant, nitrogen-fixing, native tree, ironwood 
(Casuarina equisetifolia), which was planted as a substrate stabilizer and windbreak 
in the area of the unstable parabolic dune fields closest to the road in an effort to 
prevent the development of dunes further inland. The introduced hairy spinifix 
(Spinifex hirsutus), a common foredune sand-binding grass in temperate and 
subtropical zones (Hesp 2004) was planted along the foredune ridges of the severely 
eroding beach to reduce the amount of sand taken farther inland by the strong, on-
shore, prevailing southeast trade winds. Although the exact areas where these 
species were planted are unknown, the supposed locations of the plantings 
mentioned above have been determined, based on the current distribution of 
remnants and the distinct patterns of plantings discernable in the 1967 and 1978 
aerial photographies (Fig. 2.4).  
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Figure 2.4. Annotated 1967 aerial photograph showing the supposed locations of the 
past plantings of Sweitenia macrophylla and S. mahogani, Casuarina equisetifolia, 
and Spinifex hirsutus that were reportedly carried out in the 1960s (the exact year or 
years are unknown).  The locations were identified based on an image analysis of the 
1967 aerial photograph and a review of the vegetation map and the description of 
community composition provided in the 1978 survey report.  
 
 
For centuries, the Sigatoka Sand Dunes and their natural resources have been used 
by local communities for many different purposes, e.g., as a source of food, 
firewood, traditional medicine and construction materials, and as a site for livestock 
grazing and recreation (Ayasa 2007, pers. comm.).  However, due to increasingly 
indiscriminate use, including burning in the western part and grazing and tree-
cutting in the eastern part, the degradation of natural habitats, the decrease in forest 
cover, and the increase in area invaded by introduced species became increasingly 
evident in the 1970s.  This was reported for the first time by Kirkpatrick and Hassall 
(1981).  To address the problem and to protect this unique area, in 1989, the 
Sigatoka Sand Dunes was designated Fiji’s first national park and placed under the 
management of the National Trust of Fiji (NTF). The sand dunes have subsequently 
been seen as a model site of Fiji’s biodiversity conservation efforts, as well as an 
important scientific, educational and recreational site for researchers, students, local 
visitors and overseas tourists (Erasito 2007, pers. comm.)  There have, for example, 
been a number of research, conservation and reforestation programs, often involving 
the University of the South Pacific (USP) and/or the Fiji Museum, which have 
provided local or overseas bodies with opportunities to participate in various field 
activities (e.g., a yearly USP geography student field trip to study the vegetation; the 
South Pacific Archaeology Field School 2006 conducted by a team from Simon 
Fraser University, Canada; the 2007 NatureFiji-MereqetiViti Launch, during which 
parts of the back-dune were replanted; the ‘Sand of Time’ primary school toolkit, a 
hands-on education program; a 2009 eco-workshop held for local primary school 
children, etc.).   
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To more effectively control unwanted public access and to make the park a more 
marketable destination for visitors and tourists, in 1997, the NTF opened a visitor 
centre on the Queen’s Highway along the northwestern boundary of the park and 
developed an associated network of trails, lookouts and shelter bures (Fig. 2.5).   
 
 

 
 
Figure 2.5. Annotated Google Earth imagery of the Sigatoka Sand Dunes showing the 
locations of hiking trails, lookouts, shelter bures, visitor centre and other features 
such as the Queen’s Highway and the rubbish dump, and traditional places or areas.  
The copyright notice: © 2006 Europa Technologies; © 2006 DigitalGlobe; and © 
2006 Google. 
 
The official hiking trails currently include: 1) Mahogany Track, 2) Wooden Track, 3) 
Nokonoko Track, 4) Vau Track, 5) Coastal Walk Track, 6) Ivi Track, 7) Nukucagina 
Track, and, 8) Nukudelana Track; and the lookouts include: 1) Delana Lookout 
(previously called Clark Lookout), 2) Nukucagina Lookout, 3) Raikiwai Lookout, 
and, 4) Najuvonulevu (or Juvonulevu) Lookout (Tutani 2009, pers. comm.).  There 
are, however, no such controls in place along the eastern frontal slope of active 
foredunes or at the far western end of the park, which are both easily accessible from 
Kulukulu Settlement and Naqarai Bay, respectively.  The easy uncontrolled access to 
these areas seems to have been at least partly responsible for the major fires that 
occurred in 2002 in the eastern section of grassland savanna along the Nukudelana 
Track, in 2004 in the area of grassland extending from Naqarai Point to Naqarai Bay, 
and most recently in 2009 in the central and eastern sections of grassland savanna.   
In addition, the rubbish dump operated by the Sigatoka Town Council is located (on 
state land) along the main highway approximately 400 m southwest of the visitor 
centre. Problems reportedly related to the dump include: 1) wind-blown refuse 
creating an unsightly scene, which reduces the scenic and recreational value; 2) its 
role as a breeding ground for rodents, flies and mosquitoes; 3) the lack of control over 
the type of waste that is dumped; 4) smoke pollution from the burning waste (Zarrif 
n.d.); and 5) its role as a focal point for the accidental introduction of seeds or 
cuttings of unwanted invasive plants that could spread into the park.  An obstacle to 
effective management is that the sand dunes fall on both private, freehold land and 
publicly-owned, state land (Wood, et al. 1998). 
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There are a number of places known by traditional Fijian vernacular names within the 
sand dunes area that reflect the close cultural relationship of the local communities to 
the sand dunes in the past.  The information on these place names, any of which had 
been almost lost in living memory as well as in existing records, was recovered 
through an interview with Volivoli villagers and a review of the old documents and 
the maps of the region available at the Department of Lands and Surveys, Ministry of 
Lands and Mineral Resources. Unfortunately, except for Naqarai Bay, these names 
are rarely, if ever, used and not known to most of the younger locals and the park 
staff.  However, in this thesis, these traditional place names are, along with the named 
trails and lookouts, used as spatial reference points to facilitate and make more 
meaningful discussions of spatial patterns and locations of the vegetation and flora of 
the Sigatoka Sand Dunes.  The traditional places based mainly on Ayasa (2007, per. 
comm.) include:  
 
 

• Driodrio (gloomy), the densely forested ravine, through which Ivi Track runs; 
 
• Najuvonulevu (or Juvonulevu), the summit of the highest dune in the park 

designated as Najuvonulevu (or Juvonulevu) Lookout. 
 
• Nalokaloka, the hilly area in the north corner of the park where Nukucagina 

Track is connected to Nukudelana Track at the spot designated as Nukucagina 
Lookout;  

 
• Naqarai Bay, the bay area including the beach and the area of fringing reef, 

which is partially protected from the southeast trade winds. Within this bay 
area, the intensity of sand dune formation has been moderated as the 
maximum dune height varies only between 6.5 and 9 m with a gradual decline 
westward to a lower elevation of no more than a few meters above sea level 
(Storey 2000c);  

 
• Naqarai Point, the sand spit that separates Naqarai Bay from the active 

windward side of the coast.  It is evident on a series of aerial photographs that 
the sand spit has constantly changed in shape and size over the past decades;  

 
• Natokovoka, the hilly area extending northeastward from the area currently 

used as a rubbish dumpsite in the northeastern portion of the dunes.  This is 
remembered by the locals as one of the best places to watch a sunset over 
Naqarai Bay in the old days;  

 
• Sese Sand Hills, the series of parabolic dunes overgrown with coastal shrub 

and scrub, which extend along the coast from Naqarai Point to the central part 
of the parabolic dune field (Department of Lands and Surveys, Ministry of 
Lands and Mineral Resources n.d.); 

 
• Vadra (Pandanus or screwpine), the east-central part of the parabolic dune 

field where the scrubby vegetation dominated by Pandanus tectorius is 
concentrated; and  

 
• Vei Vadra Vadra (a stand of Pandanus), the large area extending from the 

grassland savanna area southwest of Nukudelana Track eastward to the mouth 
of the Sigatoka River over the Sigatoka Delta Plain.  Note: a large Pandanus 
low open-scrubland was reportedly found in the described area before it was 
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deforested for the construction of the Kulukulu Settlement (Department of 
Lands and Surveys, Ministry of Lands and Mineral Resources n.d.). 

 
 
Lastly, although not directly affecting the vegetation and flora of the Sigatoka Sand 
Dunes, a cultural aspect of the Sigatoka Sand Dunes that cannot be excluded from 
mention is their archaeological importance as the location of one of Fiji’s earliest 
recorded prehistoric sites.  Since archeological remains were first discovered in 1944, 
the sand dunes have attracted many scientists.  Over the past half-century numerous 
archaeological projects [Birks and Birks (1966), Best (1984), Palmer (1987), Best 
(1988), Hudson (1994), Petchey (1995), Burley (1997), Wood et al. (1998), and 
Dickison et al. (1998)] have been undertaken on the beach area extending from the 
eastern frontal slope of the active foredunes near the mouth of the Sigatoka River 
westward to the mouth of the Yalasuna Creek near Yadua Village. These efforts have 
uncovered and collected countless archaeological remains, especially pieces of 
pottery from different settlement periods (Storey 2000b).  The first significant clues 
to human arrival in Fiji were discovered in the late 1980s and to date the remains of 
over 50 individuals have been excavated (National Trust of Fiji 2009). The recovered 
data have figured prominently in the development of a cultural historical sequence 
and chronology for Fiji (Storey 2000b).    
 
 
 
2.2     LITERATURE REVIEW  
 
This section presents a summary review of: 1) invasion ecology; 2) the application of 
remote sensing techniques in mapping biological invasions; 3) invasive plants in the 
Pacific Islands; and 4) the vegetation and flora of the Sigatoka Sand Dunes.  Aspects 
related to the sampling techniques and community data analysis are covered in 
Chapter 3. 
 
 
2.2.1 Invasion ecology  
 
Inderjit et al. (2005) formalized numerous related ideas of invasion ecology into a 
more coherent, conceptual summary.   For this study, a review of invasion ecology 
was conducted based on the references provided in this article, with the aim of 
ensuring that the survey of the Sigatoka Sand Dunes would be carefully planned and 
implemented according to an appropriate investigative framework of invasion 
ecology. 
 
With the ultimate goal of predicting and preventing invasions by harmful non-native 
species, ecologists have tried to find a framework that would allow prediction of 
which species might become invaders and which communities are likely to be 
invaded.  Much of the modern invasion ecology literature (since 1990’s) has focused 
on identifying characteristics of successful invaders and habitats most susceptible to 
invasion, which have been referred to ‘invasiveness’ and ‘invasibility’ 
characteristics, respectively.   
 
Studies of invasiveness characteristics have taken a taxonomic approach.  They 
compare characteristics of established invaders with either: 1) introduced species 
that fail to establish persistent, self-perpetuating populations; 2) species from the 
same source region (usually congeners or confamiliars); 3) species from the global 
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pool; 4) species native to the invaded community (e.g., Cadotte et al. 2005); or 5) 
established invaders at other stages of the invasion process.  These taxonomic 
comparisons constitute a disparate array of studies.  Some studies, on the one hand, 
compare the distribution of correlated traits across individual species (e.g., Westoby 
et al. 1995), whereas others use phylogenic information to analyze species patterns 
(e.g., Harbey et al. 1995).  An alternative approach has been to compare native and 
introduced populations of the same species (i.e., a biogeographical approach).   
 
Conversely, invasibility studies have taken a community-level, or biotic approach, 
by examining the species composition of invaded habitats, or an environment-based 
approach, by examining abiotic characteristics (e.g., physiochemical characteristics) 
associated with invasibility.   
 
Studies of the processes and dynamics of biological invasions as a basis for 
explaining the success or failure of invaders have resulted in the development of an 
array of theories or hypotheses.   Inderjit et al. (2005) identified 15 hypotheses 
derived or inferred from the invasion ecology literature.  These include 1) biotic 
resistance hypothesis (BRH); 2) resource fluctuation hypothesis (RFH); 3) superior 
competitor hypothesis (SCH); 4) enemy release hypothesis (ERH); 5) enemy of my 
enemy hypothesis (EEH); 6) enemy inversion hypothesis; 7) increased susceptibility 
hypothesis (ISH); 8) invasional facilitation hypothesis (IFH); 9) evolution of 
increased competitive ability hypothesis (EICA); 10) general purpose genotype 
hypothesis (GPG); 11) selection for invasive ability hypothesis (SIA); 12) 
invasiveness as an evolutionary strategy (IES); 13) human commensal hypothesis 
(HCH); 14) weapons of mass destruction hypothesis (WMD); and 15) neutral 
community dynamics hypothesis (NCD).  In Table 2.1 below, each hypothesis is 
described briefly, along with the identified mechanism (ecological or evolutionary) 
and interaction scale (community, population, or species) of activity. Also shown are 
references cited by Inderjit et al. (2005) that support or do not support each 
hypothesis.  As Inderjit stresses, these hypotheses should not be considered mutually 
exclusive, as the relative importance of each may vary among habitats, invaders and 
invasion stage (Fig. 2.6). 
 
 
Table 2.1.  15 non-exclusive hypotheses to explain successful invasions based on 
Inderjit et al. (2005).  
.  
 
 
Hypo. 
  

 
Description  

 
Mechanism  

 
Interaction 
scale  

 
BRH 

 
Biotic composition of the recipient community repels 
invaders 

 
Ecological 

 
Community 

 * Support: Grinnell 1925; Gause 1934; Elton 1958; Hardin 1960; Shea and 
Chesson 2002 / No support: Simberloff 1978; Conner and Simberloff 1979; 
Lonsdale 1999; Stohlgren et al. 1999  

  
RFH Resource availability facilitates invaders  Ecological Community 
 * Support: Maron and Connors 1996; Burke and Grime 1996; Stohlgren et al, 

1999; Davis et al. 2000; Davis and Pelsor 2001; Grime 2002; Seabloom 2003 
  
SCH Invaders are better competitors for limiting resources  Ecological Species  
 * Support: Tilman 1977; Tilman 1980; Tilman 1982; Tilman 1988 / No support: 

Grime 2002 
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ERH Invaders lose enemies during the invasion process, 

giving them a competitive advantage  
Ecological Population  

 * Support: Keane and Crawley 2002; Wolfe 2002; Mitchell and Power 2003; 
Torchin et al. 2003; Torchin and Mitchell 2004; Prati and Bossdorf 2004; 
Callaway et al. 2004; Van der Putten 2002; Dewalt et al. 2004 / No support: 
Agrawal and Kotanen 2003; Colautti et al. 2004; Colautti et al. 2005 

  
EEH Co-introduced enemies promote invasion by attacking 

native competitors  
Ecological Community 

    
EIH Co-introduced enemies have a reduced, or even reversed 

effect on their hosts 
Ecological Community 

 * Support: Pearson et al. 2000; Pearson and Ortega 2001; Colautti et al. 2005  
  
ISH Invaders have reduced genetic variability by founder 

effects, and are more susceptible to enemies  
Ecological / 
evolutionary 

Community 

    
IFH Facilitative interactions promote invasions  Ecological Community 
 * Support: Ricciardi et al. 1997; Simberloff and Von Holle 1999; Richardson et 

al. 2000; Ricciardi 2001; O’Dowd et al. 2003 
  
EICA Invaders lose enemies and evolve to invest more into 

competitive traits (e.g., growth rate) 
Evolutionary Population 

 * Support: Hänfling and Kollman 2002; Vilà et al. 2003; Siemann and Rogers 
2003a; Siemann and Rogers 2003b; Bossdorf et al. 2004, no support: Willis et 
al. 2000; Colautti 2004; Müller-Schärer et al. 2004 

  
GPG Successful invaders are a genetic subset of native 

populations that have evolved invasiveness  
Evolutionary Population  

 * Support: Parker et al.1999; Saltonstall 2002; Van Doninck et al. 2002, no 
support: Vorburger 2003. 

  
SIA Humans and human activity, and/or post-establishment 

evolution have driven the evolution of invasive genotypes 
in some species 

Evolutionary Population 

 * Support: Blossey and Nötzold 1995; Grosholz and Ruiz 2003; Erfmeier and 
Bruelheide 2004, no support: Thebaud and Simberloff 2001 

  
IES Invasiveness is a phylo-genetically correlated trait with 

an increased number of successful invaders in certain 
phylo-groups 

Evolutionary Species or  
higher 

 * Support: Scott and Panetta 1993 
  
HCH Species that are commensal with humans are the most 

successful 
Ecological Species 

 * Support: Lockhart et al.1999; Rose and Hermanutz 2004  
  
WMD Invaders exclude competitors using alleleopathic 

chemicals  
Ecological Species 

 * Support: Baldwin 2003; Bais et al. 2003; Callaway and Aschehoug 2000, no 
support: Inderjit and Nilsen 2003 

  
NCD Introduced species are subject to neutral processes 

represented by random birth-death processes and 
random walks 

Ecological Population/ 
community 

 * Support: Smith and Shurin 2005 
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To better conceptualize current ideas in invasion ecology, several authors, such as 
Carlton (1985), Williamson (1996), Richardson et al. (2000), Kolar and Lodge 
(2001), and Colautti and MacIsaac (2004), have proposed a stage-based approach, 
i.e., biological invasions are broken into a series of consecutive stages, beginning 
with transport and introduction, through establishment of self-reproducing 
populations, and ending with spread and abundance (Fig. 2.6).  As first proposed by 
Carlton (1985) and popularised by Williamson (1996) as the oft-quoted ‘tens rule’ 
(i.e., about one in ten introductions into an exotic territory becomes established), 
each stage entails a sub-sampling of individuals, such that widespread, abundant 
species are the least likely end-point, i.e., many invaders are introduced, but few 
establish, and even fewer become widespread or abundant.  Transition between 
particular stages may be promoted (+) or inhibited (–) by the hypotheses identified 
at each transition (i.e., acronyms).  
 
 

 
Figure 2.6.  Schematic representation of the invasion process.  Note that the neutral 
community dynamics (NCD) hypothesis is absent from the diagram because under 
NCD models, species that transit each stage are random selections of the previous 
stages (Inderjit et al. 2005).   
 
 
These approaches, hypotheses and frameworks briefly described above were, in this 
survey of the vegetation of the Sigatoka Sand Dunes, used to analyze the processes 
of plant invasion (or succession) responsible for observed patterns.  It should be 
noted that the hypotheses were used only for brief explanations of observed patterns 
in this preliminary, descriptive survey (i.e., no prior information was available on 
the current ecological patterns).   Testing of particular hypotheses would be 
addressed by subsequent or future researches.   
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2.2.2   Application of remote sensing techniques in mapping biological invasions 
 
Based on Joshi et al. (2004), this section summarizes the review on RS techniques 
currently available and the possibilities of RS techniques for mapping invasive 
species in different classes categorized based on whether they are dominant and 
appear in the canopy or not.  The main aims were to evaluate the possibilities, 
limitations and challenges in the application of RS techniques in mapping non-
canopy invasive species, and to identify the appropriate role for RS techniques in the 
vegetation survey of the Sigatoka Sand Dunes.   
 
Remote sensing technology is a tool offering well-documented advantages including 
a synoptic view, multispectral data, multitemporal coverage and cost effectiveness 
(Stoms and Estes 1993, Soule and Kohm 1989, Van der Meer et al. 2002, cited in 
Joshi et al. 2004). It is now widely applied to collecting and processing data and has 
proved to be a practical approach for studying complex geographical terrain types and 
diverse inaccessible ecosystems.  It provides a wide range of sensor systems 
including aerial photography, airborne multispectral scanners, satellite imagery, low 
and high spatial and spectral resolution and ground-based spectrometer measurements 
Joshi et al. (2004) (Tab. 2.2).  
 
 
Table 2.2.  Types of remote sensing techniques.  Relative cost based on 100 km2

 
Platform 
 

: $ < 
$500, $$ < $1000, $$$ < $2000, $$$$ < $4000, $$$$$ < $10,000 (USDA Forest 
Service Remote Sensing Applications Centre in the United States).  
 

 
Type 
 

 
Spatial 
resolution 
 

 
Spectral resolution 
  

 
Relative  
cost 

 
Aircraft  

 
Film photography 

 
Very high 

 
Low 

 
$$$$ 

Digital photography Very high Low $$ 
Digital videography  High Low $$ 
Multispectral scanner < 5 m < 15 bands $$$$ 
Hyperspectral imagery  < 5 m > 100 bands $$$$$ 

Satellite High resolution imagery  
    e.g., Quickbird, IKONOS 

< 5 m < = 4 bands $$$ 

Moderate resolution imagery  
    e.g., SPOT4 and 5, IRS LISS 

< = 20 m < = 4 bands $$ 

Moderate resolution imagery 
    e..g., Landsat TM, IRS AWiFS 
 

< = 60 m < = 7 bands  $ 

 
 
It is the upper canopy of an ecosystem (vegetation or fauna) that reflects the 
electromagnetic radiation that is captured by remote sensing devices. The remotely 
sensed data are, therefore, most directly related to the properties of that canopy.  
Joshi et al. introduced a classification of invasive species based on whether they are 
dominant and appear in the canopy or not: The classes were: 1) canopy dominating 
species; 2) mixed canopy dominant species; 3) invaders influencing canopy 
dominant species; and 4) understory species (Fig. 2.7).   
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Figure 2.7. Four categories of invasive species (plant or animal) represented in black 
colour include: 1) canopy dominating species (top row); 2) mixed canopy dominant 
species (second row); 3) invaders influencing canopy dominant species (third row); 
4) understorey species (bottom row) (Joshi et al. 2004).  Note that the four rows 
should not be confused with the layered structure of a forest stand.  
 
 
1.  Canopy dominating species.   Because invasive species in this category tend to 
form homogenous stands that extend over large areas, the application of RS 
techniques in mapping target invasive species seems to be relatively straightforward.  
However, due to possible differences in the canopy properties among species (i.e., 
difference in the remotely-sensed canopy reflectance), the choice of most 
appropriate type of remote sensor device for a target invasive species might be a 
difficult task, unless a similar application has been previously attempted and 
reported.  In fact, a wide range of RS techniques have been applied to mapping of 
different canopy dominant invasive species. Some examples include: the detection 
of Prosopis glandulosa var. torreyana and P. velutina (Harding and Bate 1991) and 
Ericameria austrotexana using Landsat TM imagery (Anderson et al. 1993); 
Cynodon dactylon and Acasia smallii with aerial video (Everitt and Nixon 1985a); 
Tamarix chinensis, Ericameria austrotexana and Aster spinosus with airborne video 
and colour-IR photographs (Everitt et al. 1992); Stemodia tomentosa, Paspalum 
lividum and Cynodon dactylon using a multi-video system (Everitt and Nixon 
1985b); Gutierrezia sarothrae with NOAA-10 low resolution spectral image (Peters 
et al. 1992); the monitoring of the infestation of Eichhornia crassipes (water 
hyacinth) using SPOT multi-temporal data along with Normalised Difference 
Vegetation Index (NDVI) (Venugopal 1998); Kalmia angustifolia (Franklin et al. 
1994) and Imperata cylindrical with multispectral high-resolution visible (HRV) 
images (Thenkabail 1999); the detection of native forest, exotic forest, scrub, 
pasture, and grassland using Advanced Very High Resolution Radiometer (AVHRR) 
visible and near-infrared imagery (Shepherd and Dymond 2000); Populus 
tremuloides using hand-held video (Stohlgren et al. 2000); the discrimination 
between Acacia smallii, Tamarix chinensis, Gutierrezia sarothrae and Astragalus 
wootonii using aerial photography (Everitt et al. 2001a); and Carpobrotus edulis, 
Cordateria jubata, Foeniculum vulgare and Arundo donax using high spatial 
resolution (< 4 m) AVIRIS data (Ustin et al. 2002). 
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2. Mixed canopy dominant species.   Possible differences in the remotely-sensed 
canopy reflectance among species can, in this category, be a useful factor in 
distinguishing a target species(s) from other canopy species in the same stand.  If a 
target species is dominant enough and its canopy reflectance can be distinguished 
from other species, it is possible to distinguish such a species in the canopy of a 
heterogeneous stand based on spectral reflectance.   Some of the studies dealing with 
invasive species in this category include: the detection of growth timing of 
Chrysothamnus viscidiflorus using colour photography (Young et al. 19976); the 
detection of Sacrostemma cyanchoides, Parthenium hysterophorus, Sorghum 
halepense, Sisymbrium irio, and Amaranthus palmeri in different crops with colour 
IR (CIR) aerial photography (Menges et al. 1985); the discrimination of Heterotheca 
subaxillaris from other vegetation using spectroradiometric plant canopy 
measurements (Everitt and Nixon 1985c); the discrimination of areas with 
predominance of Salvina auriculata and Scirpus cubensis using Landsat TM and 
HRV-SPOT digital images (Abdon et al. 1998); Helianthus argophyllus, and 
Astragalus mollissimus var. earlei using aerial photography (Everitt et al. 2001a); 
and the discrimination of crop species from weeds based on multispectral data 
gathered with an imaging spectrograph (Feyaer and Van Gool 2001).  
 
3. Invaders influencing canopy dominant species.  Numerous investigators have 
worked on developing RS techniques using multispectral data in distinguishing 
damaged host plants infested by harmful invasive species (plant or animal).  Some 
examples include: discrimination of healthy canopy dominant species from those 
infected by various fungus such as Batrachochytrium dendrobatidis, Cryphonectria 
parasitica, Ophiostoma ulmi, Phytophthora cinnamomi and Pentalonia 
nigronervosa (Banana bunchy top virus) using hyperspectral data; detection of the 
red stage of Dendroctonus ponderosae (pine beetle) infestation using different ratio 
of multispectral scanner bands (Rencz and Nemeth 1985); detection of differences in 
water supply and nematode infestation with IR measurements of crop canopy 
temperature (Gebhardt 1986); detection of white spruce stands damaged by 
Choristoneura fumiferana infestation using an airborne pushbroom scanner and 
Thematic Mapper data (Epp et al. 1986); location of Chortoicetes terminifera 
(Australian plague locust) using Landsat-5 multispectral scanner data (Bryceson 
1991); identification of rootrot-infested cashew nut trees Phytophthora cinnamomi 
infestation in avocado orchards and infested citrus trees using low-altitude aerial 
colour infrared (CIR) imagery (Fpuche 1995); and analysis of large-scale outbreak 
of Dendrolimus sibiricus (Siberian moth) in forests using NOAA/AVHRR imagery 
(Kharuk et al. 2001). 
 
4. Understorey species.  Most invasive animals, shrubs and herbs are found in 
understorey vegetation.  However, because of upper canopy cover, it is almost 
impossible to detect them using direct RS techniques.  In fact, few researchers have 
pointed out the possibilities of application of RS techniques to the study of 
understorey invasives.  
 
To summarise, although an increasing number of RS sensors have provided spatial 
ecologists with opportunities to advance the application of RS techniques in 
mapping the distribution of invasive species in upper canopy vegetation, the 
application of RS techniques to the study of understory invasive species is very 
limited.   Furthermore, although high spectral and spatial resolution provide the 
ability to distinguish some canopy dominant species from others, precise mapping at 
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a species level is still difficult.   As a result, in the case of the vegetation survey of 
the Sigatoka Sand Dunes, it was clear that only the indirect application of RS 
techniques was likely to be practical (e.g., for delimitation of geographical features, 
vegetation covers, stands and boundaries and areas dominated by some mixed 
canopy dominant species with distinct remotely-sensed canopy reflectance, and 
mapping of individual trees including emergents and those in open places, etc).   
This would entail conventional botanical field survey (e.g., groundtruthing, 
sampling) for mapping both canopy and non-canopy species.  A key challenge was 
how plot-based quantitative data of individual species were converted to more 
informative spatial patterns of distribution and attributes (e.g., distribution of 
communities, associations or species, relative dominance of non-native species 
compared to natives, etc), which was necessary for the study of invasiveness and 
invasibility characteristics and the accurate assessment of the invasion process. 
 
 
2.2.3 Invasive plants in the Pacific islands 
 
During the 1980s and 1990s, botanical studies on non-native plants in the Pacific 
Islands dealt mainly with “weeds” in highly disturbed habitats (e.g., Whistler 1983, 
Whistler 1995; Waterhouse 1997; Swarbrick 1997, cited in Meyer 1999; Thaman 
1999). Few studies dealt with invasive plants in natural or semi-natural habitats 
(Meyer 1999).  In addition, although lists of invasive plants with suggestions for 
management exist for some Pacific Islands or island groups (e.g., Stone et al. 1992 
in Hawaii; Meyer 1998 in French Polynesia; Space and Falanruw 1999 in 
Micronesia; Owen 1997 in New Zealand, cited in Meyer 1999), knowledge of 
invasive plants in the great majority of the other islands in the region was limited, if 
not non-existent (Meyer 1999).  
 
Given the growing need to build a database of invasive plants in the Pacific Islands, 
Meyer (1999) conducted a comprehensive review of published botanical studies 
carried out on the vegetation and flora in the Pacific Islands during the 1980s and 
1990s, including 90 main references from 16 SPREP member countries: Cook 
Islands, Federated States of Micronesia, Fiji, French Polynesia, Guam, Nauru, New 
Caledonia, Niue, Northern Mariana Islands, Palau, Pitcairn, Samoa, American 
Samoa, Tonga, Vanuatu, and Wallis and Futuna. (Note: Kiribati, the Marshall 
Islands, Tokelau, and Tuvalu were not included because, according to Meyer, of the 
lack of available published data at that time.)  Then, along with information obtained 
from personal communications with local and academic experts and personal 
observations conducted during the field trips to some 16 countries and territories, 
Meyer compiled botanical and ecological data on the invasive plant species in the 
Pacific Islands into the “Preliminary Review of the Invasive Plants in the Pacific 
Islands (SPREP member countries)”. This was published as a component of 
“Invasive Species in the Pacific: A Technical Review and Draft Regional Strategy” 
(Sherley 2000), a publication produced to document invasive species (both plants 
and animals) in the Pacific Islands for ease of reference. 
 
In terms of the specific details, Meyer arbitrarily classified the species into three 
categories of invaders: 1) dominant invaders considered to be the most serious 
threat to biodiversity because they are very widespread and/or they form dense 
stands, causing severe impact on native biota; 2) moderate invaders considered to 
be of secondary importance at present, although some could become dominant in the 
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future; and, 3) potential invaders, which include naturalized non-native plants not 
yet considered as invaders, but known to be highly invasive elsewhere.  
 
In these terms, Meyer identified 33 dominant invasive taxa including 68 species, 
which were dominant in at least three island groups and dominant plus moderate in 
at least seven islands; 22 moderate, less significant invasive plant species, which 
were dominant in one or a few Pacific Island countries, and 33 other potentially 
invasive plant species.  
 
Meyer also discussed types of habitats susceptible to invasion (invasibility), 
highlighting the fact that most of the dominant invasive plants are found in 
secondary vegetation, mainly in dry lowlands and mesic habitats, and, more locally, 
in disturbed habitats, openings, forest gaps and margins. This is because most of the 
plant invader’s success depends on disturbed environments. Cyclone or flood 
damage can enable exotics to gain an immediate foothold, thus accelerating invasion 
rates, whereas physical disturbance due to fire or animals promotes success and 
extension of some invasive plants. Meyer points out, however, that less-disturbed 
natural habitats, such as the mangrove forests in Fiji, the closed forests of Tahiti, and 
native montane forests of some islands, are also prone to invasion, whereas extreme 
environments such as alpine cold zones and coastal dry and salted zones are 
considered less susceptible to invasion, except that some atolls and low-lying coral 
islands are colonized by some invasive plants.   

 
In terms of the bio-ecological characteristic of invasive plants (invasiveness), he 
highlights that most of the successful plant invaders produce fleshy fruits (berries or 
drupes) that are actively dispersed by animals, mainly fruit birds and bats, pigs and 
rats (e.g., Ardisia elliptica, Clidemia hirta, Lantana camara, Miconia calvescens, 
Passiflora mollissima or Psidium cattleianum), whereas other aggressive plant 
invaders have spiny or sticky dry fruits (e.g., Mimosa invisa) dispersed by animals 
on their hair, people’s clothing and  vehicles, or wind-dispersed seeds (e.g., 
Spathodea campanulata, Tecoma stans, Mikania micrantha). Other important 
characteristics common among some invaders are that they normally have a large, 
highly vegetatively or sexually-productive and long-lived seed bank, which allows 
them to persist and regenerate over long periods (e.g., Miconia calvescens, Schinus 
terebinthifolius), and prolific reproduction (e.g., Cecropia spp., Mimosa invisa or 
Chromolaena odorata) (Meyer 1999).  
 
In terms of means of introduction, many dominant invasive plants have been 
introduced as garden ornamentals because of their showy flowers or leaves (e.g., 
Antigonon leptopus in Guam, Miconia calvescens in Tahiti and Hawaii, Hedychium 
spp. and Clerodendrum quadriloculare in many islands). Others have been 
introduced as food plants (e.g., Coccinia grandis in Hawaii and Saipan); as timber 
(e.g., Pinus spp.); as fodder (e.g., Melinus minutifolia); as ground cover (e.g., 
Sphagneiticola trilobata, Dissotis rotundifolia); and as shade plants for reforestation 
or windbreaks (e.g., legume trees such as Leucaena leucocephala, Paraserianthes 
falcataria, Albizia lebbek) (Meyer 1999). 
 
In terms of impact, most of the dominant plant invaders form monospecific stands 
(dense canopy covers, thickets or mats) which exclude nearly all other plant species 
by preventing or suppressing their recruitment, growth or reproduction. Some are 
suspected to produce allelopathic substances (chemicals that inhibit the growth or 
reproduction of other plants), whereas some are fire-adapted (pyrophytic) species 
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that quickly re-establish themselves after a fire (e.g., Panicum maximum).  Some are 
nitrogen-fixing plants, which increase nitrogen inputs and alter the soil nutrient 
status, thus facilitating the spread of other introduced species (e.g., Leucaena 
leucocephala) (Meyer 1999). 
 
Meyer concluded by pointing out: 1) the potential conflict of interests because some 
invasive plants, which have been introduced intentionally, are also used as food 
sources and in forestry and agroforestry; 2) the growing importance of plant 
invasions in the Pacific Islands as indicated by the recent and rapid increase of 
movement of people and transportation of goods between islands and the nearest 
continents, between Pacific Island countries, and among archipelagos and islands in 
the same country; and, 3) the necessity to build inventories of plant invaders, their 
status and their distribution, as an integral part of prevention, education and 
management plans.  
 
Since Meyer’s review, an increasing number of surveys and reviews on invasive 
plants has been conducted over the past decade for many Pacific Island countries 
and for some of the islands for which published data on invasive plants were 
previously limited or totally absent (e.g., a series of surveys conducted by the US 
Department of Agriculture, Forest Service, Institute of Pacific Islands Forestry on 
invasive plant species of American Samoa, Northern Mariana Islands, Kiribati, Cook 
Islands, Federated States of Micronesia, Niue, Palau, Samoa and Tonga).   
 
The richer information now available from these studies and reviews on invasive 
plants in the Pacific Islands allows us to update and fine-tune the preliminary review 
and thus enhance the credibility of the data which are mostly qualitative.  This body 
of information has served as the main reference data for distinguishing and 
characterizing the plant invasion ecology of the Sigatoka Sand Dunes.   
  
 
2.2.4   Vegetation and Flora of the Sigatoka Sand Dunes  
 
The only two botanical studies carried out on the vegetation and flora of the 
Sigatoka Sand Dunes are: 1) the “Vegetation of the Sigatoka Sand Dunes, Fiji’ by 
Kirkpatrick and Hassall (1981) (the only published study); and 2) a “Checklist of the 
vascular plants of the Sigatoka Sand Dunes National Park, Southwestern Viti Levu, 
Republic of the Fiji Islands” by Thaman et al. (2003).  
 
 
1  “Vegetation of the Sigatoka Sand Dunes, Fiji”.   Kirkpatrick and Hassall 
conducted a two-day-long field sampling survey at the Sigatoka Sand Dunes in 1978 
to collect data on the Braun-Blanquet cover-abundance of each recorded species; the 
structure (cover-density, height and life-form of dominant plants) for each layer using 
a classification adapted from Specht (1972, cited in Kirkpatrick and Hassall 1981); 
and the slope and aspect from forty-one 10 x 10 m quadrats distributed subjectively 
so that more than one quadrat represented all the perceptible vegetation types found 
on the dunes.  Based on these data, in combination with general notes and analyses of 
1973 and 1978 aerial photographs, they:  
 

• classified the vegetation into the seven major plant communities and 
described them in terms of dominant or most common species for different 
layers, degree of degradation, and state of encroachment by introduced 
species;   



 23 

• produced a vegetation map that delineated the structurally, rather than 
floristically, more homogenous plant communities found in narrow zones 
along the parabolic dunes that were aligned with the prevailing southeast 
trade winds;   

• analyzed floristic relationships between sites (i.e., places where quadrat 
sampling was carried out) by using the methods of association analysis and 
stand ordination (William and Lambert 1959 and Kirkpatrick and Hutchison 
1977, respectively, cited in Kirkpatrick and Hassall 1981), which broke the 
vegetation of the dunes into five floristically-distinct associations (mapped as 
grouped dots representing the locations of sites/quadrats) and suggested that 
the species composition of, and mean percentage frequency of introduced 
species in, these associations were strongly subject to a coast-to-inland 
environmental gradient and anthropogenic disturbance factors including 
incidental substrate enrichment associated with deliberate plantings and 
livestock grazing;  

• produced a species constellation (a diagram that shows the relationship 
between species distribution and environmental factors) by using Chi-
squared values that either strongly- or weakly-linked groups of species were 
consistent with the results derived from the association analysis and stand 
ordination; and, 

• briefly discussed the influence of perceived environmental factors on 
vegetation. 

 
They concluded by arguing that the predominantly native plant communities, which 
have considerable conservation significance, had been drastically reduced in area as a 
result of indiscriminate burning, cutting, livestock grazing, and increasing dominance 
by introduced, often invasive, species in the disturbed areas.  Note: the descriptions 
and the vegetation map of the seven plant communities are provided in section 4.3.1. 
 
In the past three decades, this study has served as the only published source of 
information on the vegetation and flora of the Sigatoka Sand Dunes and it is still used 
as a reference in many published, unpublished or on-line works today.  However, the 
30-year-old botanical data and quantitative analyses are, given the dynamic or 
temporal nature of plant communities in time and space, considered to be no longer 
appropriate for use as secondary data in discussions of the current state of the 
vegetation and flora in the sand dunes.  There is, therefore, an urgent need for the 
publication of up-to-date information on the vegetation and flora of the Sigatoka Sand 
Dunes.   
 
The Kirkpatrick and Hassall (1981) study, as a historical record, has significant value 
for this study because the written descriptions, vegetation maps, and quantitative 
analyses of the vegetation and flora in 1978 provide an important baseline for 
subsequent studies of succession, invasion and vegetation change when compared 
with their results.  However, there were some limitations regarding the validity and 
usefulness of the information from their study; which are related to the validity of the 
conclusions drawn from the analyses of this study:    

    
 
• Although it was assumed, given the time and human resources available, to 

be the most valid sampling design to achieve the survey objectives, some 
components of the sampling method, such as the small sample size, make it 
questionable whether the samples adequately represented all the vegetation 
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types found on the dunes.  Only 41 small quadrats as point samples, rather 
than as large “minimal areas”, were subjectively distributed over the area of 
approximately 214 hectares. Additionally, quadrats of the same size were 
used for sampling all the 41 sites, regardless of the variable quantities of 
biomass associated with different types of vegetation (e.g., forest, shrub, and 
herbaceous communities).   

• The study provides only sketchy information on the distribution, range or 
preferred habitat of individual species. 

• The spatial accuracy of the vegetation map is presumably low.  
 
 
2   Periodic qualitative surveys by USP teams.   Since 1993 (almost a decade after 
the Kirkpatrick and Hassall’s study was published), teams from the University of the 
South Pacific (USP) have periodically resurveyed and updated the species list from 
the original study, particularly the data on the occurrence and abundance of species.  
Specifically, resurveys have been carried out on an almost yearly basis by: Thaman 
and/or Vodonaivalu and/or Whistler on yearly USP student field trips from 1993 to 
1997; Thaman in 1998; Thaman and Vodonaivalu in 1999; Vodonaivalu in 2000; 
and Thaman, Keppel, Niukula and Naikatini in 2002 and 2003. 
 
The periodically updated data on the occurrence and abundance of both introduced 
and native species were, in this study, expected to be useful for identifying: 1) stages 
of the invasion process of recorded invasive plants and their adaptability in sand dune 
habitats; and, 2) the state of endangerment of native species originally reported from 
the sand dunes. These data provided a basis for more accurately assessing the plant 
invasion of the natural and semi-natural habitats of the Sigatoka Sand Dunes.  
However, as with the Kirkpatrick and Hassall study, there are limitations regarding 
the validity and consistency of data from the cumulative USP list. These included:    
 

• The determination of the occurrence and abundance of a given species, 
which was estimated in relative magnitude terms (e.g., very abundant, 
abundant, common, occasional, uncommon, rare, or extirpated/absence), was 
subjective (i.e., based on qualitative observations) and might have, to some 
degree, varied among different USP survey teams. 

   
• The reference area and time spent during which the occurrence and 

abundance of a given species was estimated during any given survey was not 
constant, with the total area and actual locations surveyed and time spent on 
the survey varying between different surveys. 
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CHAPTER 3  
       

METHODOLOGY 
 
 

The methodology incorporates, and adapts to its ultimate objectives, a wide range of 
theories, methods and techniques for image processing, vegetation mapping, 
sampling, multivariate community data analysis, and data representation so that the 
floristic classification and evaluation of the nature of plant invasion and vegetation 
changes could be based on a rigorous analysis and synthesis of both quantitative and 
spatial data. These theories, methods and techniques are described in detail in the in-
depth discussions of survey activities in sections 3.1 Preparatory Activities, 3.2 In-
Depth Field Survey, and 3.3 Post-Field Survey Activities, which were successively 
carried out to achieve the objectives of this study (Fig. 3.1). 
 
Because of the study objective to develop a methodology suitable for studying 
multi-storey, multi-community and multi-species vegetation from a variety of 
perspectives, this chapter also describes how GST and conventional field survey 
techniques were used in a complementary way to achieve the objective.   
 
 
 

 
Figure 3.1.   Framework of survey activities successively carried out to achieve the 
study objectives highlighting the complementary use of field sampling and GST as 
the core of the quantitative and spatial study of the vegetation. 
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3.1 PREPARATORY ACTIVITIES  
 
The overall goal of preparatory activities was to prepare and equip myself for the 
subsequent in-depth field sampling survey and associated data analysis with 
adequate knowledge of tropical coastal vegetation and plant species, appropriate 
sampling and data analysis methodologies, and the skills required to use the selected 
software and hardware. 
 
To achieve this goal, the main activities carried out included: 1) a literature review; 
2) on-line tutorials, desktop exercises and hands-on field exercises; 3) preparation of 
high-spatial resolution imagery; 4) reconnaissance surveys; 5) production of a 
preliminary vegetation map; 6) preparation of sampling methodology; and 7) field 
testing of the methodology. These activities are discussed in detail in sub-sections 
3.1.1 to 3.1.7. 
  
 
3.1.1 Literature Review     
 
The specific objectives of the literature review were to: 1) familiarize myself with 
the nature of Fiji’s coastal plant communities and species; 2) identify combined 
methodologies of GST and groundtruthing-based vegetation data collection, analysis 
and representation that would be most suitable to achieving the thesis objectives; 
and 3) identify software, hardware and source materials required to implement the 
methodologies.  To do so, the review focused on previous studies of the Sigatoka 
Sand Dunes vegetation, including the “Vegetation of the Sigatoka Sand Dunes, Fiji”  
by Kirkpatrick and Hassall (1981) and the Checklist of the Vascular Plants of the 
Sigatoka Sand Dunes National Park, Southwestern Viti Levu, Republic of the Fiji 
Islands (Thaman et al. 2003), and more generally on existing information and 
publications on the coastal vegetation and invasive species of Fiji and the tropical 
Pacific, coastal dune ecology, vegetation ecology, invasion biology and applications 
of GST to surveys and researches of plant invasion. 
 
 
3.1.2 On-Line Tutorials, Desktop Exercises and Hands-on Field Exercises   
 
These activities focused firstly on the acquisition of required software, hardware and 
source materials, and then on familiarization with the software and hardware, by use 
of on-line tutorials, desktop exercises, or hands-on field exercises, for 1) ArcGIS 
(e.g., ESRI Training and Education -Virtual Campus), 2) Hawth’s Analysis Tools, 3) 
DNR Garmin, 4) ArcSoft Panorama Maker 3, 5) PRIMER (version 5), 6) Google 
Earth (free version), 7) Garmin Rino 130, and, 8) remotely sensed imagery and 
maps. Descriptions of the software, hardware and source materials are provided 
below. 
 

1. ArcGIS 9.1.  GIS software. The main applications concerning the project 
include ArcMap, ArcCatalog and ArcToolbox for mapping, data 
management, data editing, visualization and geoprocessing, along with 
ArcReader for free viewing of ArcMap-based maps in PMF format.  

 
2. Hawth’s Analysis Tools.  A free, downloadable, ArcGIS extension that 

provides basic statistical and spatial analysis operations that are commonly 
required in spatial ecology surveys and researches.   
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3. DNR Garmin.  A free, downloadable, software that allows GPS locational 
data (coordinates) obtained by a Garmin GPS receiver to be imported, 
manipulated and saved in such a way that the GPS locational data are saved 
as projected shapefile features for use in ArcMap, such as point or line 
features.  It also allows shapefile point features prepared in ArcMap to be 
exported to the GPS receiver as a set of coordinates.   

 
4. ArcSoft Panorama Maker 3.  Image-stitching software, with which a 

maximum of 16 digital images can be stitched together in tiles of 4x4.  
 

5. PRIMER version 5 (Plymouth Routines in Multivariate Ecological 
Research).  Software, into which an MS Excel spreadsheet of community 
data matrix (species-by-sample matrix) can directly be imported, and where a 
number of PRIMER routines of community data analyses can be carried out 
to extract workable graphical representations and summaries of multivariate 
community data.     

 
6. Google Earth (free version). On-line programme in which satellite or 

airborne imagery of an area of interest can be viewed, examined and saved in 
JPEG format. The limitations related to this version of Google Earth 
included the maximum resolution of an image that can be saved (up to only 
1000 x 1000 pixels or up to an available PC’s screen size).      

 
7. Garmin Rino 130.   A GPS receiver that allows a large amount of GPS 

locational data to be transferred instantly between the receiver and a PC via a 
PC-interface cable.  The positional accuracy of the GPS receiver was 
estimated to be approximately 5 m (on the basis of the geodetic datum/ 
permanently-placed brass pegs along the Laucala Bay Road, Suva). Another 
feature particularly important for the project included that saved waypoints 
can only be identified by six character codes, which require the use of a 
naming convention that differs from the common eight character code 
system determined by the first four letters of the genus and species names 
(e.g., Thespesia populnea would be recorded as THESPOPU). 

 
8. Remotely sensed imagery and maps of the Sigatoka Sand Dunes.  The 

remotely sensed imagery included scanned, film-based, panchromatic aerial 
photographs taken in 1967, 1978, and 1991, available from the GIS unit of 
the Geography Division in the School of Islands and Oceans, the Faculty of 
Science, Technology and Environment, the University of the South Pacific, 
and IKONOS imagery of the Sigatoka coastal area taken in 2000, available 
from South Pacific Applied Geoscience Commission (SOPAC).  The maps 
included the 1978 vegetation map and 1978 sampling site map scanned from 
the illustrations of “Vegetation of the Sigatoka Sand Dunes, Fiji” by 
Kirkpatrick and Hassall (1981).  

 
 
3.1.3 Preparation of High-Spatial Resolution Imagery   
 
The specific objective of this activity was to select and prepare remotely sensed 
imagery for producing a preliminary vegetation map based mainly on image 
analyses of plant communities.  The ultimate imagery needed to be:  
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• recent enough to reflect the current state of the vegetation (i.e., taken 
within the last few years);  

• of adequate spatial resolution required for discerning plant community 
boundaries and other features;  

• obtainable free or at a reasonable cost; and  
• available when it was required.   

, 
The selection and preparation process is discussed in detail under four sub-headings: 
1) examination of possible sources of imagery; 2) designing of a stitching 
configuration; 3) saving, stitching and georeferencing; and 4) calculation of relative 
spatial accuracy. 
 
1   Examination of Possible Sources of Imagery.  This activity first focused on an 
examination of the IKONOS imagery of the Sigatoka coastal area taken in 2000, 
which was available from SOPAC, and more up-to-date imagery of the Sigatoka 
Sand Dunes area obtainable through SOPAC from a satellite imagery vendor in the 
United States.  Unfortunately, both sets of imagery failed to meet the above 
requirements.  The former was too out-of-date to examine current vegetation 
patterns and the level of spatial resolution of the original relatively small-scale 
imagery was a little bit too low to properly examine plant community boundaries of 
the Sigatoka Sand Dunes, even when enlarged to the highest resolution, whereas the 
estimated cost of the latter was approximately US$ 1,500 (Papao 2006, pers. 
comm.), which was beyond the project budget. 
 
Because of this, the focus was shifted to Google Earth1, one of the most inexpensive, 
readily available sources of remotely sensed data that might suite the project 
requirements.  It should be noted that, although imagery in Google Earth is 
copyrighted, the use of Google Earth imagery in this study has not been specifically 
authorized by the copyright owners (imagery vendors and Google). However, I 
believe that the use of Google Earth imagery in this study only for research purposes 
(i.e., personal, non-commercial, educational uses) constitutes a “fair use”2 under 
United States copyright law (the Copyright Act of 1976, 17 U.S.C. § 107).  (Note: 
the Google logo and copyright notice in imagery should be left unaltered to maintain 
proper attribution.) 
 
In Google Earth, imagery is generally current to within three years (i.e., the imagery 
currently used in Google Earth has been obtained at different times and dates within 
the last three years) and most land areas in Fiji, except for some smaller offshore 
islands and ocean areas, are covered by satellite imagery with a resolution of at least 
15 m and some geographically significant areas by high resolution satellite imagery 
(e.g., 1 m or better).  Some population centres are also covered by conventional 
airborne imagery with even higher resolution (e.g., 0.6 m, 0.3 m, 0.15 m) 

                                                 
1 A virtual globe program that maps the earth by the superimposition of images 
obtained from satellite imagery, aerial photography and GIS 3D globe.  It is 
available under three different licenses: Google Earth, a free version with limited 
functionality; Google Earth Plus (US$20 per year) with additional features; and 
Google Earth Pro (US$ 400 per year), which is intended for commercial use. 
2 A doctrine in United States copyright law the allows limited use of copyrighted 
material without requiring permission from the right holders, such as for 
commentary, criticism, news reporting, research, teaching or scholarship. 

http://en.wikipedia.org/wiki/Title_17_of_the_United_States_Code�
http://www.law.cornell.edu/uscode/17/107.html�
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(Wikimedia Foundation 2008). Fortunately, in November 2006, when Google Earth 
was examined to assess the imagery covering the study area, the Sigatoka coastal 
area was covered by Europa Technologies and DigitalGlobe’s high-spatial resolution 
imagery.  Although the exact image date was unknown, it was clear that the imagery 
was recent enough and had sufficiently high spatial resolution required for the 
examination and determination of plant community boundaries, as even individual 
larger trees could be distinguished when zoomed in to the highest resolution.  
 
However, there was one problem.  It was not possible, given the saving capacity of 
the free version of Google Earth (The free and GE Plus versions can only save up to 
1000 x 1000 pixels or up to an available PC screen size unlike Google Earth Pro3 
that can save up to 4800 x 4800 pixels), to save an image in Google Earth in such a 
way that it covered the entire study area with sufficiently high spatial resolution, 
when enlarged, required for properly determining plant community boundaries.  For 
instance, the image shown in Fig. 3.3 is an enlarged image of the designated area of 
the image shown in Fig. 3.2, which was saved in the free version of Google Earth at 
an original viewing small scale that covered the entire study area.  Due to the low 
spatial resolution of the original small-scale image (Fig. 3.2), it is very difficult to 
properly discern plant community boundaries and other features on the enlarged 
section of the image.   On the other hand, the image shown in Fig. 3.4 is a higher 
spatial resolution image saved at a larger (zoomed-in) scale in the free version of 
Google Earth.  The resolution of this image is high enough to accurately locate plant 
community boundaries.  
 
 

 
Figure 3.2.   Imagery of the entire Sigatoka Sand Dunes study area saved at an 
original viewing small scale in the free version of Google Earth (1000 x 1000 
pixels), showing the enlarged section shown in Fig. 3.3.  The copyright notice: © 
2006 Europa Technologies; © 2006 DigitalGlobe; and © 2006 Google. 
                                                 
3 A business-oriented upgrade to Google Earth that has more features than the free 
and Plus versions.  Google Earth has a program that offers copies of Google Earth 
Pro for qualified non-profits. 
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Figure 3.3.  Enlarged imagery of the enclosed section of the original small-scale 
image saved in the free version of Google Earth shown in Fig. 3.2, showing the 
resulting low resolution of the enlargement from the original small-scale image 
covering the entire Sigatoka Sand Dunes study area.  The resolution of this image is 
not high enough to accurately determine plant community boundaries. The copyright 
notice: © 2006 Europa Technologies; © 2006 DigitalGlobe; and © 2006 Google. 
 
 

 
Figure 3.4.  Enlarged imagery of the same area of the field shown in Fig. 3.3 
originally saved at a larger scale (higher resolution) in the free version of Google 
Earth. The resolution of this image is high enough to locate plant community 
boundaries accurately. The copyright notice: © 2006 Europa Technologies; © 2006 
DigitalGlobe; and © 2006 Google. 
 
The examination of the free version of Google Earth showed that to obtain imagery 
with the required spatial resolution (when enlarged) covering the entire study area 
entailed joining or stitching together the high resolution, large-scale images into a 
single “stitched” image or photo mosaic of the study area.    
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2   Designing of Stitching Configuration.    Stitching the high resolution, large-
scale images using the available stitching software (ArcSoft Panorama Maker 3) 
required preparing a specific stitching configuration, the design of which was 
subject to three factors: 1) the aerial extent of a single large-scale image with the 
required spatial resolution, 2) the maximum stitching capacity of the software (16 
images in tiles of 4 x 4), and 3) the aerial extent of the entire study area.   The design 
process included the following steps. 
 

1. In Google Earth, an appropriate length and width of the display window was 
selected by switching on or off the sidebar and/or other toolbars at the top, 
considering the aerial extent of the entire study area.  

2. A view was then zoomed in to the required-resolution and an arbitrarily 
selected field area was placed within the display window (Fig. 3.5).   

3. A copy of the original small-scale image of the entire study area was 
prepared, on which a small frame was delimited so that the field area of the 
required-resolution, large-scale image (shown in Fig.3.5) was placed within 
the frame (Fig. 3.6).   

4. On the original copy a larger frame (the blue frame shown in Fig. 3.6) was 
then delineated so that 16 of the smaller frames were placed in a 
configuration of 4 x 4 in such a way that any two vertically or horizontally 
adjoining frames overlapped each other by 50%.  

5. The resulting configuration was then examined to determine whether or not 
the aerial extent of the larger frame covered the entire study area. 

 
 

  
 
Figure 3.5. Required-resolution, large-scale (zoomed-in), imagery of an arbitrarily 
selected field area saved in the free version of Google Earth.  The ratio of the length 
to width of the image corresponds to that of the selected length to width of the 
Google Earth display window. The copyright notice: © 2006 Europa Technologies; 
© 2006 DigitalGlobe; and © 2006 Google. 
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Figure 3.6. Original, small-scale imagery of the entire study area, showing a 
stitching configuration with a piece of white paper enclosing the field area shown in 
Fig. 3.5 and the blue frame, within which 16 sections of the same size as the framed 
section were placed in a configuration of 4 x 4 in such a way that any two vertically 
or horizontally adjoining frames overlap each other by 50%.  
 
 
Because the larger frame did not cover the entire study area, it was decided to 
prepare four separate stitched 4 x 4 (16 frames) images which, when stitched 
together, covered the entire study area.  To do so, 16 high-resolution, large-scale 
images were joined into a single stitched image, which covered about a quarter of 
the study area.  The process was then repeated for the remaining three quarters of the 
area, after which the four stitched images were joined into a final single composite 
image of the entire study area. The resultant number of high-resolution, large-scale 
images to be stitched together was, consequently, calculated to be 64.  It should be 
noted that the number of high-resolution, large-scale images to be stitched together 
depends on the three factors mentioned earlier.  
 
3   Saving, Stitching and Georeferencing.   In order to save 64 images at the 
required scale or resolution in the required configuration in Google Earth, outlooks 
were prepared.   In Google Earth, using the outlooks as guiding frames, 64 high-
spatial resolution, large-scale images were saved in JPEG format along with six 
ground control points (see Section 1 in Appendix 3).  The 64 JPEG images were 
then exported to ArcSoft Panorama Maker 3 and joined into a final, single stitched 
image of the entire study area through the two stages of stitching (see Section 2 in 
Appendix 3).   Lastly, the final stitched Google Earth image was exported to 
ArcMap, georeferenced based on Google Earth coordinates (WGS 84 datum) of the 
six ground control points, and then saved as a layer in the GIS.  It should be noted 
that coordinates of a feature in Google Earth can deviate from the true coordinates of 
the feature on the ground.  It should also be noted that the Google logo and 
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copyright notice have been left out of the resultant stitched imagery.  Because of 
this, the copyright notice is, in this thesis, provided in annotation for a figure where 
the imagery is used.  
 
4   Calculation of Relative Spatial Accuracy.   The spatial accuracy of the 
georeferenced, stitched Google Earth image (i.e., the difference between coordinates 
of a feature in the georeferenced, stitched Google Earth image and the true 
coordinates of the feature on the ground) could be worse than the spatial accuracy of 
the original imagery in Google Earth (i.e., the difference between coordinates of a 
feature in Google Earth and the true coordinates of the feature on the ground), due to 
image distortions resulting from stitching errors (i.e., seams which do not precisely 
overlap) and georeferencing.  Furthermore, the more images stitched together to 
cover a given area, the poorer the resultant spatial accuracy, due to the increased 
number of imprecisely overlapping sections of images, or stitching errors.  Given 
these considerations, the relative spatial accuracy of the georeferenced, stitched 
Google Earth image, compared to the original imagery in Google Earth, was, based 
on 10 reference points (the six ground control points plus additional four points), 
calculated to be approximately 12.8 m on average, ranging from 5 to 39.5 m. 
 
 
3.1.4 Reconnaissance Surveys      
 
The primary objective of the reconnaissance surveys of the sand dunes was to 
thoroughly familiarize myself with target plant species, correct identification of 
which when sampling was necessary as a basis for accurate community data 
analysis.  To do so, the reconnaissance surveys focused on photographing all plant 
species so that they could be identified, annotated and compiled into photo files and 
used, along with the existing photo files of the vascular plants of the sand dunes and 
other areas in Fiji and the Pacific islands held by Thaman (2001–2006), as an aid in 
learning their morphological characteristics.       
            
The secondary objective was to temporarily classify the sand dunes vegetation into 
plant communities, based on floristically-defined groups or generally-distinguished 
physiognomic types, which could then serve as a basis for determining a sampling 
approach at a subsequent stage.  To do so, the reconnaissance surveys focused on 
observation of the vegetation patterns to discern vegetation parameters by which 
plant communities could be spatially defined. It was decided that three types of a 
common vegetation parameter(s) would be carefully assessed with regard to the 
spatial resolution of the stitched Google Earth imagery, the geographical scale of the 
survey area and the vegetation itself.  These were: 1) dominant species: 2) structure; 
and 3) physiognomic type. 
 
1   Dominant Species.    Firstly, field observations focused on assessing whether or 
not it was practical to discern recurring combinations of dominant species and 
classify them into plant communities.  It was found that, although recurring 
combinations of dominant species were relatively distinguishable to the eye, their 
distributions could not always be spatially discerned on the imagery, particularly 
when examining associations found in large, extensive forest covers or stands.  
Given the spatial (and associated spectral) resolution of the imagery, it was highly 
likely that an attempt to classify the vegetation into floristically more homogenous 
segments, distributions of which were not sufficiently compartmentalized, would 
tend to be too subjective, possibly leading to erroneous conclusions.  It was then 
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concluded that an attempt to classify the vegetation into floristically more 
homogenous groups, particularly with the aim of mapping of their spatial 
distributions, must be made in conjunction with multivariate community data 
analyses. 
 
2   Structure.  Observations then focused on assessing if it was possible to classify 
plant communities based on the structure (i.e., cover-density, layer height and life 
form) (Specht 1972, cited in Kirkpatrick and Hassall 1981) (e.g., closed-forest, 
Casuarina open-forest, Pandanus low open-woodland, open-grassland).  This 
combination of vegetation parameters was used by Kirkpatrick and Hassall to 
classify the plant communities observed in 1978.   It was considered useful to 
classify the current communities using the same combination of vegetation 
parameters as a basis for analyzing vegetation changes since 1978.   However, 
because it was difficult to distinguish between higher canopy density areas and 
lower density areas on the imagery, even when zoomed to the highest resolution, it 
was concluded that classification of plant communities by this combination of 
vegetation parameters, similar to the classification by dominant species, must be 
made once the data of the vegetation parameters were available after field surveys.  
 
3   Physiognomic Type.    Lastly, physiognomic type (e.g., forest, shrubland, 
grassland savanna and herbaceous strand vegetation) was assessed and it was found 
that such vegetation types were quite distinguishable in the field, as well as on the 
imagery.   Some areas of the forest community dominated by either Swietenia 
macrophylla or Casuarina equisetifolia were, with the aid of the old aerial 
photographs, the past vegetation map and the reconnaissance survey notes, also 
more or less discernible on the imagery, which allowed them to be further grouped 
to sub-forest community classes.    
 
 

 
Figure 3.7.  Large-scale imagery of a coastal area near Naqarai Point, showing, even 
when zoomed into the highest resolution, no discernible boundaries between coastal 
herbaceous vegetation  (herbaceous strand and coastal herbland) and grassland 
savanna (left), which could have been floristically distinguished in the field, but only 
subsequently mapped based on filed data (right). The copyright notice: © 2006 
Europa Technologies; © 2006 DigitalGlobe; and © 2006 Google. 
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However, it turned out that mapping some of the plant communities was not as 
straightforward as expected.  Boundaries between herbaceous strand vegetation 
found on the beaches and adjacent grassland savanna extending inland were difficult 
to discern by image interpretation alone, even when zoomed to the highest resolution 
(Fig. 3.7).  In addition, it was found that many patches of existing coastal 
herbaceous vegetation were not recognizable on the imagery due to an issue 
associated with a single digital image.  The issue is briefly discussed below. 
 
Theoretically, any patch of coastal herbaceous vegetation might not have been 
captured by a remote sensor in the first place if the size of a patch had been the same 
as or less than the pixel size/spatial resolution of the original imagery.   This is 
because the placement of the pixel boundaries might not necessarily line up with the 
boundaries of a patch of the same size or less (Fig. 3.8 A).   Consequently, pixels 
covering part of a vegetation patch and part of an area of sand would have been 
captured as an area of sand on the imagery.  This leads to “missed” patches.  As 
shown in Fig. 3.8 B, the pixel size of imagery, therefore, needs to be at least one-
fourth the area of vegetation patches for the vegetation patches to be captured on the 
imagery (Hunt, Hamilton and Everitt n.d.).  For example, if the smallest patch of 
coastal herbaceous vegetation found in the field is, say, 1 m x 1 m, it might not be 
captured on the imagery unless the placement of the pixel boundaries coincidentally 
lines up with the patch boundaries or the pixel size of the image is 0.5 m x 0.5 m or 
less.   
 
 

 
Figure 3.8. Diagrams showing possible patterns of the placement of the pixel 
boundaries of a digital image in relation to the boundaries of a patch of the same size 
(or less) of herbaceous vegetation. A) When the patch size is the same as the pixel 
size, most patches will not be detected (grids represent imagery pixels). (B) If pixels 
are one-fourth or less than the size of the patches, most patches will be properly 
identified. Grey cells in the grids to the right indicate the pixels in which vegetation is 
detected in the imagery. (Note: the diagrams provided here are drawn referring to 
those used in the website of USDA Forest Service Remote Sensing Applications 
Centre in the United States.)  
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In addition, unlike taller plants that “throw shadows”, coastal herbaceous 
vegetation’s creeping habit throws almost no shadow against the ground, thus 
making it hard to discern on the imagery.  Moreover, in some cases it was very 
difficult, even in the field, to draw a distinction between coastal herbaceous 
vegetation and grassland savanna due to gradual changes in species composition 
between the two communities.   Therefore, it was decided to temporarily classify 
them as a single community, say, grass/herbland, and then classify them into 
separate communities after in-depth field surveys based on the results of community 
data analysis.    
 
Consequently, five discernable plant communities (including two sub-communities) 
were classified. They included: 1) forest; 2) Sweitenia macrophylla forest; 3) 
Casuarina equisetifolia forest; 4) scrub/shrubland; and, 5) grass/herbland. 
 
 
3.1.5 Production of a Preliminary Vegetation Map   
   
The specific objective of this activity was to produce an ArcMap-based preliminary 
vegetation map with polygons representing the provisionally classified plant 
communities.  The production process is discussed in detail under four sub-
headings: 1) determination of mapping classes (i.e., features to be mapped); 2) 
determination of minimum mapping unit; 3) digitization of plant communities; and 
4) area calculation.   
 
1   Determination of Mapping Classes.   This activity focused on examinations of 
the imagery and determination of the features to be mapped, along with the plant 
communities (e.g., the Queen’s Highway, the access road to Naqarai Bay, hiking 
trails, shelter bures, buildings, park boundary, etc.).    
 
2   Determination of Minimum Mapping Unit.     In general, the minimum 
mapping unit used in vegetation mapping refers to the smallest aerial extent of a 
vegetation stand or patch to be mapped.  Therefore, any vegetation stand or patch 
smaller than the minimum mapping unit would be excluded from mapping, although 
this rule can be ignored when mapping or including the locations of important 
individual plants or small groups of plants by using point features (e.g., small 
populations of rare, threatened species or locations of new invasive plant species).  
Ideally, the minimum mapping unit should be determined prior to selection of 
remotely sensed imagery because the spatial resolution or pixel size of the imagery 
will determine the smallest size of a vegetation stand or patch that can be mapped.  
However, for this project, because the choice of imagery was limited to the Google 
Earth imagery, the minimum mapping unit was based on the aerial extent of a 
vegetation stand or patch that was discernable on the imagery.   
 
In mapping plant communities, the minimum mapping unit should, strictly speaking, 
be determined differently in a woody plant-dominated community and a herbaceous 
plant-dominated community because a cover or stand of forest and scrub/shrubland 
may differ considerably from a patch of grass/herbland in terms of the number of 
individuals occurring within a given area.  For instance, a small stand of trees and 
shrubs with an aerial extent of, say, 20 m x 20 m, found in the middle of grassland 
on the imagery might be ignored, at least temporarily, based on the assumption that 
the group of trees and shrubs might be insignificant in terms of population size and 
considered part of a larger vegetation unit of grass-herbland (Fig. 3.9).   On the other 
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hand, a patch of herbaceous strand vegetation with an aerial extent of 20 m x 20 m 
found on beaches on the imagery might be mapped because it could be significant in 
terms of population size. 
 
 

 
Figure 3.9.  Imagery showing examples of the application of minimum mapping unit 
guidelines established for the specific circumstances with regard to vegetation types 
and rarity or cultural or ecological importance of given species or communities. The 
copyright notice: © 2006 Europa Technologies; © 2006 DigitalGlobe; and © 2006 
Google. 
 
Based on these considerations, the following guidelines were used to determine 
whether a vegetation stand or patch with a given aerial extent should be included in 
or excluded from the preliminary vegetation map. 
 

• If a tree/shrub stand or a group of such stands of relatively small size in 
aerial extent is detected at isolated locations in the middle of 
grass/herbland, the stand is ignored and considered as part of a larger 
mapping unit of grass/herbland. 

• In cases where such stands or individual plants among them turn out to be 
species with some particular value after sampling (e.g., rare or threatened 
species or potentially invasive weeds), they are mapped. 

• If a tree/shrub stand or a group of such stands of relatively small size in 
aerial extent is detected in close proximity to a larger mass of similar 
vegetation, the stand is mapped as part of the large vegetation cover unit.  

• Patches of grass/herbland, especially those found along the coast, are 
mapped as long as they are discernable on the imagery because, no matter 
how small they are, they might turn out to be floristically significant units 
after sampling.   

 
3   Digitization of Plant Communities.    Firstly, the 1967 and 1978 aerial 
photographs (Figs. 3.10 and 3.11) were loaded to ArcMap based on WGS84 datum. 
Then, in ArcMap, features such as road and path intersections or characteristic sand 
dunes features discernable on the Google Earth imagery and on the two aerial 
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photographs were examined to select ground control points to georeference the older 
aerial photographs to the Google Earth imagery.   
 
 

 
Figure 3.10. Scanned, film-based, panchromatic aerial photograph of the Sigatoka 
Sand Dunes taken in 1967.  
 
 

 
Figure 3.11. Scanned, film-based, panchromatic aerial photograph of the Sigatoka 
Sand Dunes taken in 1978.  The original 1978 vegetation map by Kirkpatrick and 
Hassall (1981) was based on this aerial photograph and a 1973 photograph that was 
not available for this survey. 
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Then, according to the minimum mapping unit guidelines, the five plant 
communities: 1) forest; 2) Sweitenia macrophylla forest; 3) Casuarina equisetifolia 
forest; 4) scrub/shrubland; and 5) grass/herbland were digitized as polygons, along 
with other features based on the imagery (Fig. 3.12).  The aerial extent of Sweitenia 
macrophylla forest and that of Casuarina equisetifolia forest discernible on the 1967 
and 1978 aerial photographs were examined to locate remnants of the plantations on 
the Google Earth imagery. Qualitative information obtained during the 
reconnaissance surveys was also used as an aid in distinguishing features on the 
imagery.  The resultant vegetation map was saved as a layer in the GIS (Fig. 3.13).   
 
 

 
Figure 3.12.  Image showing an aspect of the ArcMap-based digitizing process of 
the five plant communities and other features based on the Google Earth imagery.  
The copyright notice: © 2006 Europa Technologies; © 2006 DigitalGlobe; and © 
2006 Google. 
 
 

 
Figure 3.13.  ArcMap-based preliminary vegetation map of the Sigatoka Sand Dunes 
based on image interpretation and qualitative field observation. 
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4   Area Calculation.  In ArcMap, coordinate transformation from WGS84 
(geographic coordinate system) to WGS84 UTN Zone 58S (projected coordinate 
system) was carried out with the layers of polygons representing the plant 
communities.  Then, using ADD AREA/PERIMETER FIELDS TO TABLE of 
Hawth’s tools (an ArcGIS extension), areas of polygons of each layer were 
calculated and saved as attributes.  Then, coordinate transformation was once again 
carried out to change the coordinate system back to WGS84 and the layers of 
polygons saved in the GIS, along with their attributes of estimated areas. 
 
 
3.1.6 Preparation of Sampling Methodology 
 
The specific purpose of this activity was to prepare a sampling methodology 
consisting of appropriate data collection methods and techniques required to achieve 
the following objectives of field data collection.  They were to:  
 

• sample species occurrence in frequentative as well as quantitative terms as 
densely as possible so that an accurate continuum analysis of structural and 
floristic variations within the Sigatoka Sand Dune vegetation would be 
possible;  

• sample representative species composition of sampling sites as a basis for a 
rigorous floristic analysis and classification; and,  

• sample with sufficient rigour to encounter the maximum number of species 
as a basis for updating the existing species list and flora of the Sigatoka Sand 
Dunes.  

 
The preparation process is discussed in detail under four sub-headings: 1) selection 
of a main sampling approach; 2) application of the species/area curve to sampling 
for each site; 3) determination of sample sizes; and 4) selection of qualitative data 
collection methods. 
 
1   Selection of a Main Sampling Approach.  The selection of a main sampling 
approach was in response to the nature of the plant communities provisionally 
classified during reconnaissance surveys.  There were two major sampling methods 
to select from: 1) the classification method, and 2) the ordination method. 
 
In general, the classification method works with floristically homogenous 
communities. The main purpose is to describe the vegetation communities through 
classification (i.e., grouping individual sampling sites into categories) by sampling 
recurring combinations of dominant species, which are visually distinguished.  It is 
then common practice to determine the so-called “minimal area” of a community, 
defined as the smallest area in which the species composition of the community in 
question is adequately represented.  Usually, the minimal areas (often a few large 
quadrats) are subjectively located by an investigator with good reconnaissance 
knowledge or by a person who has through knowledge of the vegetation. This 
method has evolved from the plant-list (relevé) method, the primary focus of which 
is placed on representative species composition of floristically-homogenous plant 
communities to produce a complete check list of species (Mueller-Dombois and 
Ellenberg 1974). 
 
On the other hand, the ordination method works with generally distinguished 
vegetation types, which are heterogeneous in species composition and relatively 
large in aerial extent.  The main purpose is description through ordination (i.e., 
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arranging individual sampling sites along gradients) by sampling either randomly, 
systematically or subjectively along floristic continua or environmental gradients.  
Then, instead of using a few large “minimal area” quadrats, sampling sites are 
spread over each community as much as possible in the form of small quadrats or 
point samples so that each sample includes a lesser or greater variation in species 
combinations and any replicate combinations would be purely accidental.  This 
method has evolved from timber survey methods, the primary focus of which is on 
quantitative variations of species within floristically-heterogeneous communities for 
continuum analysis (Mueller-Dombois and Ellenberg 1974).  
 
Because the plant communities provisionally classified during reconnaissance 
surveys were very broad, only physiognomically-homogenous and hence 
floristically-heterogeneous (e.g., forest, scrub/shrubland, grass/herbland), the 
ordination method was selected as the main sampling approach for the in-depth field 
survey. 
 
2   Application of the Species/Area Curve to Sampling for Each Site.    Because 
the survey required the sampling of representative species compositions in addition 
to species occurrence in frequentative as well as quantitative terms, it was decided 
that both the viewpoints would be combined, that is, the species/area curve (i.e., 
minimal area concept) was applied to sampling for each sampling site, instead of 
using a single small quadrat or a point sample, so that resultant species occurrence 
per site would be representative of the species composition of the site as well (Cain 
1938; Rice and Kelting 1955; Oosting 1956; Daubenmire 1968, cited in Mueller-
Dombois and Ellenberg 1974).   According to Mueller-Dombois and Ellenberg, a 
system of contiguous, geometrically-increased nested plots can define the minimal 
area adequately because, by using small quadrats in scattered formation, there was 
always a chance that species represented by only a few individuals (i.e., rare species) 
might be excluded from a given sample.  The inclusion of a rare species influences 
the shape of the species/area curve just as much as does the inclusion of an abundant 
species (Mueller-Dombois and Ellenberg 1974).   
 
 

 
Figure 3.14.  Image showing the locations of the minimal area quadrats within the 
central forest stand that were actually sampled during the in-depth survey. 
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In this survey, however, a configuration of the “minimal area” quadrats was 
determined by local site conditions (e.g., relief, disturbance, etc.), peculiar to each 
sampling site (Fig. 3.14).   In most cases, quadrats could not be placed in a system of 
contiguous, nested plots because the formation of the vegetation of the Sigatoka 
Sand Dunes tends to be aligned along the parabolic dunes facing into the prevailing 
southeast trade winds, rather than extending in all the directions.  A quadrat was first 
delimited and all species occurring within the area recorded.  The second quadrat, 
the same size as the first one, was then located subjectively along floristic continua 
or environmental gradients (i.e., a sample area was increased arithmetically, rather 
than geometrically).  Species occurring within the second quadrat were, then, listed 
separately from those occurring within the first quadrat.  Sampling was continuously 
carried out with additional quadrats until the number of new species added to the list 
became few or insignificant in relation to emerging patterns of species dominance 
and frequency occurrence (Cane 1943, cited in Mueller-Dombois and Ellenberg 
1974).  
 
3   Determination of Sample Sizes.    The number of sampling sites required for 
each stratified segment or spatially separate stand of the plant communities was, 
except grass/herbland, determined according to the size of each vegetation unit.  
Although it could be arbitrarily determined in such a way that sampling sites 
adequately cover each segment in terms of density, in this survey, the number of 
sampling sites (i.e., the total sample size) was calculated by setting a 10 % sampling 
intensity as the minimum sample size: a standard 5 or 10 percentage limit of sample 
size is commonly used for the ordination method (Mueller-Dombois and Ellenberg 
1974, Tuiwawa 2007, pers. comm.).   
 
In doing so, firstly, different individual quadrat sizes were arbitararly determined for 
each plant community based on the convenience of estimating cover-abundance of 
different life forms (e.g., trees as opposed to smaller herbaceous species) to a 
reference area of a quadrat (Mueller-Dombois and Ellenberg 1974). The resultant 
quadrat sizes were 20 m x 20 m for forests; 10 m x 10 m for scrubs and shrubs; and 
5 m x 5 m for grassland and herbaceous vegetation.  Then, in ArcMap, 10 % areas of 
the polygons representing stratified segments or spatially separate stands of the plant 
communities were calculated.   
 
Next, the total area of even-sized quadrats that would be required for minimal area 
sampling per site (i.e., the number of even-sized quadrats required for the species-
area curve to level off) was determined by using an arbitrary standard of five to six 
quadrats per site: the average number of even-sized quadrats required for minimal 
area sampling in the region (Tuiwawa and Naikatini, South Pacific Regional 
Herbarium, pers. comm. 2007).  Then, the number of sampling sites required for a 
polygon was calculated by dividing the 10 % area of the polygon by the determined 
minimal area of quadrats per site.   
 
The locations of sampling sites were then systematically, rather than randomly, 
selected because a grid of regularly distributed sampling sites across the vegetation 
segments tended to give a better coverage of the range of variation, unless the 
vegetation segments themselves were randomly located.  In ArcMap, the resultant 
number of point features representing sampling sites was then regularly distributed 
within polygons representing stratified segments or spatially separate stands of the 
plant communities by using Regular Point Generation of Hawth’s Analysis Tools 
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(an ArcGIS extension) (Fig. 3.15).    The locations of sampling sites situated near 
the boundaries of two adjoining segments were then adjusted subjectively so that 
they were not situated too close to each other.   
 
 

 
Figure 3.15.  Image showing a configuration of sampling sites, which was 
predetermined by using Regular Point Generation of Hawth’s Analysis Tools. 
 
 
4   Selection of Qualitative Data Collection Methods.   It was decided that, for 
each quadrat, cover density would be determined by using the same classification 
criteria used by Kirkpatrick and Hassall (1981), a structural classification adapted 
from Specht (1972) [closed (70–100%), open (30–70%), woodland (10–30%), open-
woodland (<10%)].  For each species present within a quadrat, abundance would be 
estimated by using the Braun-Blanquet cover-abundance scale [r (solitary), + (few), 
1 (<5%), 2 (5–25%), 3 (25–50%), 4 (50–75%), 5(>75%)].  The layer level and life 
form class would be assessed for each species using a structural classification which 
was, adapting to the current vegetation structure, modified from the Specht system 
used by Kirkpatrick and Hassall (1981): A (trees >8 m); B (shrubs/trees 3–8 m); C 
(shrubs/subshrubs 1–3 m); and, D (grasses/herbs 0–1 m).    
 
  
 
3.1.7   Field Testing and Fine-Tuning of the Methodology   
 
The specific objective of this activity was to test and refine the survey methodology 
and associated techniques so that efficiency and effectiveness of the time in the field 
would be maximized.  To do so, the field-testing of the methodology focused on 
identification of any part of the planned methodology that could be too time-
consuming or impracticable.  Three issues were identified.  
 

• It was very difficult to accurately locate sampling sites which were situated 
deep within or near the back of forests because GPS signals were very weak 
or nonexistent due to dense canopy.  

• Delimitation of individual quadrats by using a measuring tape took too much 
time.  
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• Traveling from one sampling site to another on a parallel with the coast (i.e., 
climbing over parabolic dunes) took considerable time.    

 
Some specific techniques and guidelines were then developed to mitigate these 
difficulties.  They are briefly discussed under three sub-headings: 1) preparation of a 
sampling site locating technique; 2) preparation of a quadrat delimitation technique; 
and 3) preparation of a time-efficient survey route map. 
 
1   Preparation of a Sampling Site Locating Technique.   The site locating 
technique used spatial reference points which could be landmarks or distinctive 
features on the ground (e.g., individual trees or tree groves, gaps in the vegetation 
cover, distinctive dune areas, etc.) situated in open areas where there are no 
obstacles to obtaining clear GPS signals.   For example (Fig. 3.16), LM11-2 is the 
coded ID assigned to the tree in the grassland, which stands for the landmark for 
D11SS2 (the second sampling site of the 11th day of field sampling).   In the field, 
LM11-2 would first be located by a GPS, on which the coordinates of the location of 
the tree were loaded in advance.  D11SS2 would then be located approximately 28 
paces (42 m) away from LM11-2 at a geographical bearing of 206°. The preparation 
process is briefly described below. 
 
 

 
Figure 3.16. Annotated Google Earth imagery showing locational data prepared for 
the sampling sites situated in the back of a forest stand in the Driodrio area. The 
copyright notice: © 2006 Europa Technologies; © 2006 DigitalGlobe; and © 2006 
Google. 
 
In ArcMap, point features representing the planned sampling sites were first saved in 
KML format and exported to Google Earth.  In Google Earth, the locations of the 
exported points were first examined to see if they were placed at correct locations, 
and subjectively replaced, if necessary.  Then, nearby ground features were 
examined, appropriate landmarks selected as spatial reference points, and distances 
and geographical bearings to the sampling sites calculated.   The selected landmarks 
were then saved as point features in KML format and exported to ArcMap.  In 
ArcMap, the locations of the exported points were examined to see if they were 
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placed at the same landmarks in the stitched Google Earth image, and subjectively 
replaced, if necessary.   It should be noted that the landmarks were examined in 
Google Earth, rather than in ArcMap, because locational data (coordinates, 
distances, bearings) obtainable in Google Earth could be more accurate than those 
obtainable on the georeferenced, stitched Google Earth image, due to the issue 
discussed earlier.   
 
2   Preparation of a Quadrat Delimitation Technique.  The quadrat delimitation 
technique employed pacing rather than the use of a measuring tape.  Firstly, a piece 
of white cloth would be placed on a plant (e.g., on a branch of a tree, the top of a 
shrub, or trailing vines) at the centre of a selected area.  Another piece of white cloth 
would then (in the case of a 20 m x 20 m quadrat) be placed on a plant 
approximately 21 paces away from the centre (14 meters).  This would then be 
repeated in the three remaining directions to clearly indicate the four corners of a 
square quadrat with the four pieces of white cloth standing out among the often 
dense stands of multi-storey vegetation.  
 
3   Preparation of a Time-Efficient Survey Route Map.  First of all, five or six 
sampling sites were set as a daily sampling target for six hours of fieldwork a day, 
based on an estimated average per-quadrat sampling time during the field testing.   
Next, time-efficient survey routes were examined on the imagery for the entire 
survey area so that time spent traveling between the five or six sampling sites a day 
would be minimized.  
 
Accordingly, the entire study site was subdivided into 17 sections (i.e., 17 days of 
sampling), each section of which included five or six sampling sites located parallel 
to the alignment of the parabolic dunes.   In ArcMap, 17 field survey routes were 
then digitized (Fig. 3.17) and overlain on the imagery of the locational data prepared 
for the stand locating technique.  Copies of the imagery of 17 survey routes were 
prepared section by section and waterproofed by laminating them.  
 
 

 
Figure 3.17.  Annotated Google Earth imagery showing the 17 groundtruthing routes 
connecting 5 or 6 sampling sites per day. The copyright notice: © 2006 Europa 
Technologies; © 2006 DigitalGlobe; and © 2006 Google. 
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3.2    IN-DEPTH FIELD SURVEY  
 
The in-depth field surveys were carried out from March 11 to April 5, 2007.  The 
main objectives of the surveys were to:  
 

• sample floristic data on the planned sampling sites;  
• improve the precision and accuracy of the delimitation of boundaries of the 

vegetation mapping units; and, 
• locate rare, culturally important, native plants and undesired, invasive alien 

species occurring within, as well as outside, the selected sampling sites. 
 
The specific activities are discussed in detail under four sub-headings: 1) GPS 
positional accuracy checks; 2) sampling; 3) opportunistic locational data collection; 
and 4) data compilation and editing. 
 
1   GPS Positional Accuracy Checks.  Prior to, and after, each day of fieldwork, 
coordinates of predetermined locations on the ground: 1) the road sign at the middle 
of the T-junction where the dirt road to Nasama Village connects with the Queen’s 
Highway (see Fig. 2.2); and 2) one of the entrance posts at the main gate of the 
visitor centre, were collected to check positional accuracy of the GPS receiver 
(Garmin Rino 130), which could have changed between or during daily surveys, due 
to changing locations of satellites and weather conditions.  For example, the position 
of the entrance post on the ground, for which 34 sets of GPS coordinates were 
collected during the in-depth survey, is, in the georeferenced, stitched Google Earth 
image, displaced from its position by approximately 8.8 m on average, ranging from 
2.3 to 19.4 m.  It should be noted that the positions of features in other locations on 
the ground could, in the georeferenced, stitched Google Earth image, be displaced 
from their positions by longer distances than that, due to the spatial accuracy issue of 
the georeferenced, stitched Google Earth image discussed earlier. 
 
2   Sampling.  According to the predetermined methodology, sampling was carried 
out by first estimating a degree of cover density of the vegetation within a quadrat, 
then recording all the species present within it by species names (either 
Latin/scientific names, common names, or local vernacular Fijian or Indian names) 
and estimating a layer level and cover-abundance of each species. These data were 
then entered into data entry sheets (Tab. 3.1).   Plants that were unfamiliar or could 
not be identified with certainty were photographed and recorded by photo numbers.  
In some cases, voucher specimens were also collected for detailed post-field survey 
examination and identification.    
 
3   Opportunistic Locational Data Collection.  In areas between sampling sites 
along predetermined survey routes (transit through areas not included within the 
selected sampling sites), observations focused on: 1) improving the accuracy of the 
delimitation of boundaries of the plant communities of the preliminary vegetation 
map and 2) the location of rare, culturally important, native plants and undesired, 
introduced species, natural or human disturbance events, places with views of 
characteristic sand dune vegetation and landscapes, and park facilities such as 
shelter bures, benches, steps, signs.    
 
Their locations were, as many as possible, marked directly on features in the Google 
Earth image (the laminated copies of the survey route maps).  Due to the positional 
accuracy issue of the GPS receiver, the GPS was used only when the locations of 
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features of interest could not be pin-pointed on the image.  In cases where the GPS 
could not be used (e.g., in a forest stand where GPS signals were very weak or 
nonexistent due to dense canopy), their approximate locations were marked on the 
imagery. 
 
 
Table 3.1.  Species data entry table (a piece of paper) showing data entry of cover 
density; species name/photo number, layer level, and Braun-Blanquet cover-
abundance scale sampled for the four quadrats of D4SS2 (the second sampling site 
of the 4th day of field sampling), which corresponds to the species-area curve.   
 

 
 
4   Data Compilation and Editing.   The daily activity immediately following 
fieldwork focused, firstly, on annotation of groundtruth photos and video clips, with 
particular emphasis on the preliminary identification of plant species which could 
not be positively identified immediately in the field.  To do so, morphological 
characteristics of plants in question were compared with the existing photo files of 
the vascular plants of the Sigatoka Sand Dunes and other areas in Fiji Islands and the 
Pacific Islands (Thaman et al. 2001–2006) and photos in Flowers of the Pacific 
Islands Seashore (Whistler 1992), Wayside Plants of the Islands (Whistler 1994), 
and Tropical Ornamentals (Whistler 2000).  Plant species that remained unidentified 
at this stage were left (with voucher specimens in some cases) for further 
examination and confirmation of their identity in the South Pacific Regional 
Herbarium (SPRH) or by R. R. Thaman in Suva.   
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The activity then focused on the input of all the species data into MS Excel tables 
with Latin/scientific names of the species correctly assigned (Tab. 3.2).  In ArcMap, 
the locations of features of interest, which were marked directly on the imagery, 
were digitized as point features with photo numbers temporarily assigned as IDs.  
The GPS coordinates were transferred to ArcMap by DNR Garmin and saved as 
point features with photo numbers temporarily assigned as IDs.  Some on the GPS 
coordinates, which were placed at apparently wrong locations in a map, were 
subjectively replaced.   
 
Table 3.2.  MS Excel table in which the field data shown in Tab. 3.1 are tabulated 
with Latin/scientific names of the species.  PN stands for photo number.  The photo 
numbers newly assigned (e.g., 2619, 2620, 2623) indicate that they would be added 
to the digital photo files of the Sigatoka Sand Dunes vegetation (e.g., The photo 2620 
would be DPFJSD2620). 
 

 
 
Additionally, on the last day of the in-depth field surveys (April 5, 2007) an 
interview was carried out with the elderly people from the nearby village of 
Volivoli.   The main purpose was to gather as much information as possible from 
knowledgeable villagers on places known by Fijian vernacular names within the 
Sigatoka Sand Dunes area.   It was expected that using such places along with their 
given names as spatial reference points would facilitate and make more meaningful 
discussions of spatial patterns and locations of plants and the vegetation of the 
Sigatoka Sand Dunes in a thesis, as well as making the outputs of the study more 
useful to the National Trust of Fiji and to the local communities.  
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3.3    POST-FIELD SURVEY ACTIVITIES  
 
The overall goal of the post-field survey activities was to achieve the specific aims 
and the overall aims of this study (section 1.4).  The main activities successively 
carried out included: 1) examination and identification of unidentified plant species; 
2) preparation of plant community data matrices; 3) multivariate community data 
analysis; 4) GIS-based spatial representation; 5) GIS-based indirect gradient 
analysis; and 6) GIS-based analysis of vegetation changes.  These activities are 
discussed in sub-sections 3.3.1 to 3.3.6. 
 
 
3.3.1    Examination and Identification of Unidentified Plant Species  
 
Those species sampled and recorded during the in-depth field survey, the 
identification of which remained unknown or uncertain after the survey, were 
examined and identified with the aid of Prof. R. R.Thaman, M. Tuiwawa, A. 
Naikatini, I. Rounds, Dr G. Keppel, and Dr W. A. Whistler.  Species that remained 
unidentified at this stage (mainly due to the low quality of photos or the absence of 
specimen) were excluded from a subsequent preparation of plant community data 
matrices and multivariate community data analyses. It should be noted that most of 
these unidentified, rare species were ultimately identified and included in the final 
species list.     
 
 
3.3.2 Preparation of Plant Community Data Matrices 
    
As the starting point for analyses of the community data (species’ cover-abundance), 
a community data matrix or species-by-sample matrix was prepared by assembling 
all the Excel spreadsheets into a single synthesis table.  The community data matrix 
consisted of an array of rows of species and columns of samples in such a way that 
species were arranged according to a standard SPRH species list and samples to 
serial ID numbers arbitararly assigned to sampling sites (Tab. 3.3). (Note: a sample 
consisted of sub-samples which are “minimal-area” plots or quadrats, “not 
replicates”.) The term “sample” is, in this context, synonymous with a “sampling 
site” which is used in the preparation of a sampling methodology to indicate a 
location where a series of minimal-area quadrat sampling were carried out.  
Hereafter, the term “sample” rather than “sampling site” will be used to refer to the 
basic unit of observation and data collection.  Next, two data matrices (i.e., two 
synthesis tables) were prepared, sorting all samples into two categories: 1) samples 
of woody plant-dominated, larger biomass communities (e.g., forests, shrublands) 
and 2) samples of grass and herb-dominated, smaller biomass communities (e.g., 
grassland savanna, herbaceous strand). This distinction was possible in the initial 
stage of analysis without performing any community data analysis because the 
species compositions of the woody and herbaceous communities were so distinct.  
Hereafter in the description of the methodology, the 68 sorted samples of forest and 
scrub/shrubland communities will be used as an example. 
 
The entries (cover-abundance) into the community data matrix were initially the 
Braun-Blanquet cover-abundance rating scales assigned to each species for each 
quadrat (i.e., each sub-sample).   As shown in Tab. 3.3, the rating scales were then 
converted into mean cover-abundance percentages using the table shown in Tab. 3.4, 
because the rating scales corresponded to unequal ranges of cover percentages 
(Mueller-Dombois and Ellenberg 1974). Averages of the mean cover-abundance 



 50 

percentages for each species over all sub-samples were then calculated for each 
sample (Tab. 3.5).  The resultant values for each species are here considered to be 
“absolute numbers”, i.e., fully quantitative data estimated either as cover (vertical 
crown or shoot-area projection per species in a quadrat) or as abundance 
(approximate numbers of individuals per species).   In other words, although they 
are portrayed as percentages, the degrees do not represent relative or percentage 
abundances of a species for a quadrat or sample (i.e., not what statisticians refer to 
as compositional data obtained by dividing each entry by the total abundance in a 
sample and multiplying by 100) (Clarke and Gorley 2001).  
 
 
Table 3.3. Community data matrix showing the mean cover-abundance percentages 
of each species for each quadrat (sub-sample), into which the Braun-Blanquet cover-
abundance rating scales were converted using the table shown in Tab. 3.4.  The 
section of the table shown in the example was arbitararly selected so that it could 
show the tabulations more clearly. 
 

 
 
Table 3.4. Braun-Blanquet cover-abundance values converted to mean cover degree 
values (Mueller-Dombois and Ellenberg 1974).  * indicates the values that are 
arbitrarily determined. 
 

Rating Scales and 
Symbols after Braun-
Blanquet 

Range of Cover Degree 
Values (Percent)  

Mean Cover Degree 
(Percent) 

5 75–100 87.5 
4 50–75 62.5 
3 25–50 37.5 
2 5–25 15.0 
1 <5 

 
2.5* 

+ 0.1* 
r Value ignored  - 
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Table 3.5. Community data matrix showing the mean cover-abundance percentages 
for each species for each sample, which were calculated from the mean cover 
percentages for each quadrat (sub-sample) shown in the table above (Tab. 3.3).  
 

 
 
 
3.3.3 Multivariate Community Data Analysis  
 
The specific objective of this activity was to extract workable graphical 
representations and summaries of the multivariate community data (i.e., many 
species, many samples, multiple environmental variables, etc.), as a basis for the 
subsequent classification, characterization and spatial representation of plant 
communities.  Emphasis was placed on reducing the complexity of the multivariate 
information in the 183 species-by-68 samples matrix to obtain some form of two-or 
three-dimensional representation of how samples (or species) interrelate. In fact, 183 
species fluctuating in abundance, assumedly in response to a wide range of 
environmental variables, clearly indicated that the structure of the community data 
was essentially multi-dimensional, making the interpretation of underlying patterns 
almost impossible unless the multi-dimensional information was approximated in 
two-dimensional or three-dimensional space and the most important aspects of the 
communities summarized.  
 
Of numerous methods for deriving such a useful two or three-dimensional 
representation from multi-dimensional, multivariate data, specific techniques used 
for this analysis included non-metric multi-dimensional scaling/NMDS (an 
ordination technique) and hierarchical agglomerative clustering (a classification 
technique), both of which were operated in the PRIMER (community analysis 
software). The resultant multivariate display of groups of samples was then used as a 
framework, within which the patterns of individual species abundances within each 
group were interpreted for determining dominant species typifying a group, 
estimating relative dominance of an introduced (or native) species regime within a 
group, and representing species diversity of a group, by use of the other PRIMER 
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routines, SIMPER (similarity percentages) and dominance plots (ranked species 
abundance plots), which were performed on the original data matrices rearranged in 
the light of multivariate results.  
 
These techniques and their associated activities are discussed in detail under seven 
sub-headings: 1) calculation of similarity; 2) analysis of similarities; 3) ordination 
and classification/clustering of samples; 4) species typifying a group; 5) relative 
dominance of an introduced (or native) species regime within a group; 6) species 
diversity of a group; and, 7) individual species abundances. 
 
 
1   Calculation of Similarity.  Because the NMDS and the clustering methods are 
both based on the concept of similarity between any pair of samples, the derivation 
of triangular matrices of similarity coefficients computed between every pair of 
samples from the original community data matrix was required first.  A similarity 
coefficient S is conventionally defined to take values in the range from 0 to 100%, 
with the ends of the range representing the extreme possibilities: S = 100% if two 
samples are totally similar; and S = 0 if two samples are totally dissimilar.  To do so, 
the Excel community data matrix for the forest and scrub/shrubland communities 
(68 samples) was first imported to PRIMER by simply opening the Excel 
spreadsheet in it. 
 
 

 
Figure 3.18. Image showing the PRIMER-based process of defining similarity by 
selecting the Bray-Curtis coefficient for similarity measure, square root (√y) for 
transformation, and none for standardization. 
 
 
To calculate similarity coefficients between every pair of 68 samples, similarity 
needed to be first defined according to the objective of this community data analysis, 
because the information of each sample was multivariate and therefore there were 
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many ways of defining similarity (i.e., different outcomes of similarities based on 
the same original data matrix, and hence different outcomes of graphical 
representations), each giving different weight to different aspects of the community.  
For example, some definitions concentrate on the similarity in abundance of the few 
most abundant species, whereas others pay more attention to the concurrence of 
rarer species.   For this analysis, it was arbitararly decided that all species contribute 
something to the definition of similarity, while, at the same time, ensuring that more 
frequently encountered, or more abundant, species are given greater weight than 
rarer ones.  In the Similarity dialog box (Fig. 3.18), PRIMER allowed me to 
calculate similarities emphasizing such a definition, by 1) selecting the Bray-Curtis 
coefficient, 2) having transformed the Braun-Blanquet cover-abundance values by 
taking the square root of every entry in the community data matrix, and 3) not 
having the values standardized.   Choices related to the coefficient, transformation 
and standardization were all default choices (i.e., entries automatically assigned by 
the software).  Experience and theoretical considerations, which are briefly 
discussed below, show that these are the choices most likely to be appropriate for a 
“typical” species abundance matrix (Clarke and Gorley 2001).   
 
Of the numerous similarity measures that have been suggested over the decades, one 
has become particularly common in ecology, usually referred to as the Bray-Curtis 
coefficient, because Bray and Curtis (1957) were primarily responsible for 
introducing this coefficient into ecological work (Clarke and Gorley 2001).  The 
reason the Bray-Curtis coefficient is commonly applied to biological data on 
community structure is that it is one of the very few measures that satisfy all of the 
practically desirable criteria (which are not discussed in any detail here) (Clarke and 
Gorley 2001).  In the meantime, similarities calculated on original (untransformed) 
abundance values can often be over-dominated by a small number of highly 
abundant species so that they fail to reflect similarity of overall community 
composition.  On the other hand, reduction of the original abundance values to 
simple presence/absence counts (1, 0) can over-compensate for rarer species, which 
are given equal weight to common species, losing potentially valuable information 
about the relative dominance of a species (absent, rare, uncommon, occasional, 
common, abundant, very abundant, etc).  Standardization (i.e., dividing each 
abundance value by the total value of all species in a sample) is essential only if, for 
example, differing and unknown volumes of samples (e.g., sediment, water) are 
sampled so that absolute numbers of individuals are not comparable between 
samples (Clarke and Gorley 2001). 
 
What has been proven to be a balanced compromise is the Bray-Curtis coefficient, 
which is applied to abundance values that have been moderately [square root (√y)], 
or fairly severely [double/4th root (√√y), or log (1+y)] transformed (standardization 
not required) (Clarke and Gorley 2001).  The root transform (√y) has the effect of 
down-weighting the importance of the highly abundant species so that similarities 
depend not only on their values but also those of less common (mid-range) species.  
The 4th root transform (√√y) takes this process further with a more severe down-
weighting of the abundant species, allowing not only the mid-range but also the rarer 
species to exert some influence on the calculation of similarity.  The log transform is 
an alternative transformation with very similar effect to the 4th root.   The resultant 
triangular matrix of the Bray-Curtis similarity coefficients is shown in Fig. 3.19. 
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Figure 3.19. Image showing a PRIMER-based triangular matrix of the Bray-Curtis 
similarity coefficients calculated between every pair of the 68 samples of the forest 
and shrubland communities of the Sigatoka Sand Dunes, after √-transformation of 
the Braun-Blanquet cover-abundance values. (Note: only the part in the upper left 
corner of the similarity matrix is shown in the figure due to the limited space.) 
 
 
2   Analysis of Similarities.  After the similarity matrix was prepared, it was 
possible to carry out the multivariate one-way ANOSIM tests (Analysis of 
Similarities, a rough analogue of the standard univariate one-way ANOVA tests) to 
determine the accuracy of the image analysis-based community mapping of 1) 
forest; 2) Swietenia sub-forest; 3) Casuarina sub-forest; and 4) scrub/shrubland.  
Specifically, the ANOSIM tests allow for a statistical test (a “between versus within 
group” summary statistic) of the null hypothesis that there are no differences in 
species compositions between the groups of samples specified according to the 
priori classification. (Note: the samples are regarded as replicates in this case.)  
However, a priori hypothesis testing for the accuracy of image analysis-based 
community mapping was not an issue here, as multivariate analyses were to be 
carried out regardless of the results of ANOSIM tests.  The specific purpose of this 
discussion is, then, only to demonstrate how ANOSIM tests can be applied to the 
evaluation of the accuracy of image analysis-based community mapping.  
A test statistic is expressed as R (the equation of which is not discussed here in any 
detail) and:   
 

1. R can never technically lie outside the range (-1, 1); 
2. R = 1 only if all samples within communities are more similar to each other 

than any samples from different communities; 
3. R is approximately zero if the null hypothesis is true, so that similarities 

between and within communities will be the same on average.   
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R will usually fall between 0 and 1, indicating some degree of discrimination 
between the communities. R substantially less than zero is unlikely since it would 
correspond to similarities across different communities being higher than those 
within communities.  Such an occurrence is more likely to indicate the incorrect 
labeling of samples (Clarke and Gorley 2001).  
 
 
Table 3.6. Results log of the PRIMER-based one-way ANOSIM tests performed for 
the forest and scrub/shrubland communities classified prior to sampling. 
 

 

 
Figure 3.20. Histogram plot showing simulated distribution of the PRIMER-based 
test statistic R under the null hypothesis of no community differences.  This 
contrasts with the observed value 0.13 (0.126) for R. 
 
 
The results log (Tab. 3.6) shows that the null hypothesis is rejected at the 0.021 
(2.1%) level of the global test (i.e., within the significant level: <0.05) indicating 
that there are overall differences between the communities, whereas the R value, 
0.13 (close to zero) implies that the degrees of difference are relatively small.   The 
results of the pairwise tests clearly reflect these results from the global tests, with the 
main between-community differences occurring between the forest and 
scrub/shrubland communities as well as between the Swietenia and Casuarina sub-
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forest communities (the large R values close to unity), whereas the R values between 
the forest and the Swietenia and Casuarina sub-forest communities are less than 
zero.  This result indicates that, given the spatial and spectral resolution of the 
Google Earth imagery and the nature of the sand dune vegetation, the differences 
between sub-forest communities mapped based on image analysis were totally 
unreliable, thus underlining the importance of supporting ground sampling to 
differentiate these communities.   
 
 
3   Ordination and Classification/Clustering of Samples.   Close examination of 
the resultant triangular matrix of similarity coefficients (Fig. 3.19) showed that it 
was possible to examine the “closeness” of species composition between samples on 
the basis of sample-by-sample comparison, although any pattern useful for 
interpreting community structure as a whole was far from clear.  What was needed 
was a graphical display, linking samples that have mutually high levels of similarity 
to reveal the underlying inter-sample relationships.  Ordination and classification are 
the two main classes of multivariate methods and the selected techniques of NMDS 
and hierarchical agglomerative clustering are those that base their comparisons of 
two (or more) samples on the similarities calculated between them. (Note: some 
ordination techniques are operated on an original data matrix of abundance values.)  
These two techniques were used in a complementary way so that agreement between 
two representations could strengthen the reliability of the analyses. 
 
 

 
Figure 3.21. Image showing the PRIMER-based 2-dimensional NMDS plot of the 
68 samples of forest and scrub/shrubland.  The circles are placed to make the three 
roughly grouped samples more visible. 
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In operating an ordination on the triangular matrix of similarity coefficients, NMDS, 
rather than PCA (Principal Component Analysis, another ordination routine in 
PRIMER), was chosen for its greater ability to represent more complex relations 
accurately in low-dimensional space, and its greater applicability in situations, i.e., 
fewer assumptions are made about the nature and quality of the data than any other 
ordination method (Clarke and Gorley 2001).  The method attempts to place the 
samples on a “map” (in two or three dimensions) in such a way that the rank order of 
the distances between the samples on the map agrees exactly with the rank order of 
the corresponding similarities taken from the triangular similarity matrix.  Therefore, 
rank order information about which samples are most or least similar provides no 
information about which direction in the NMDS plot is “up” or “down”, or the 
absolute “distance apart” of two samples.  What can be interpreted is relative 
distance apart, e.g., sample 43 is more similar in species composition to samples 19 
or 46 than it is to samples 9, 5, 6 or 20 (Fig. 3.21).   
 
Success in placing the samples in a low dimensional space so as to satisfy all the 
conditions imposed by the rank similarity matrix (i.e., adequacy of an NMDS 
representation) was measured by a stress coefficient which reflected lack of 
agreement in the two sets of ranks.  By definition, stress (or distortion) increases 
with reducing dimensionality of the ordination, as well as with increasing quantity of 
data.  A rough rule-of-thumb for 2-dimensional ordinations (Clarke and Gorley 
2001), using the stress formula provided in the NMDS routine in PRIMER (which is 
not discussed here in any detail), is as follows:   
 
 

1 Stress <0.05 gives an excellent representation with no prospect of 
misinterpretation.  

2 Stress <0.1 corresponds to a good ordination with no real prospect of a 
misleading interpretation.   

3 Stress <0.2 still gives a potentially useful 2-dimentional picture, although 
for values at the upper end of this range too much reliance should not be 
placed on the detail of the plot.  A cross-check of any conclusions should 
be made against those from an alternative technique (e.g., the 
superimposition of cluster groups). 

4 Stress <0.3 indicates that the points on a map are close to being 
arbitrarily placed in the 2-dimensioanl ordination space.   

 
 
The resultant 2-dimensional NMDS plot (Fig. 3.21) showed that, although the 
samples were not strongly grouped (indicating that the community pattern was 
responding to environmental gradients which were more or less continuous), three 
groupings were nevertheless distinguished (indicating that there were also 
environmental distinctions, although they were obscure).  However, the stress value 
(0.2) indicated that, although the adequacy of the NMDS configuration of the 
samples was acceptable (i.e., providing the least prospect of misinterpretation of the 
inter-sample relationships in the similarity matrix), an alternative technique (e.g., 
examination of a 3-dimensional ordination, superimposition of cluster groups) was 
required to cross-check any conclusions on groupings of samples.   
 
Cluster analysis (or classification) attempts to find “natural groupings” of samples so 
that samples within a group are more similar to each other than those in different 
groups.  Of the hundreds of clustering methods that exist, the default clustering 
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technique performed by PRIMER is what is categorized as hierarchical 
agglomerative methods, which successively fuse the samples into groups and the 
groups into larger clusters, starting with the highest mutual similarities then 
gradually lowering the similarity level at which groups are formed.  The result of a 
hierarchical agglomerative clustering is represented by a dendrogram (tree diagram), 
with the x axis representing the full set of samples and the y axis defining a 
similarity level at which two samples or groups are considered to have fused.   
However, since the grouped and clustered samples are the result of linkages at 
various levels of similarity, an ecologically meaningful classification is not 
automatically indicated on a dendrogram.  Moreover, as Mueller-Dombois and 
Ellenberg (1974) point out, classification is a matter of judgment on the part of the 
investigator because different investigators may have different opinions about the 
degree of similarity allowable in combining individual samples into groups. As a 
result, it is often difficult to establish a generally acceptable level of similarity.  
Therefore, in interpreting a dendrogram for the purpose of classifying samples, it is 
common practice to set more or less arbitrary threshold values at which particular 
groupings of samples are formed (Fig. 3.22).   
 
 
 

 
Figure 3.22. Dendrogram from a PRIMER-based cluster analysis, using group 
average clustering from Bray-Curtis similarities on the Braun-Blanquet cover-
abundance values that are √-transformed.  Three groups of samples (A, B, and C) are 
found at around a 30% similarity level (threshold 1).  
 
 
In performing a hierarchical agglomerative clustering, the first task was to specify 
how samples were to be fused, and in PRIMER there were three linkage options: 1) 
single linkage (nearest neighbour); 2) complete linkage (furthest neighbour); and 3) 
group average linkage.  Because each technique produces a different outcome in 
terms of clustering structure (the algorithms of these linkages options are not 
discussed here in any detail), it was necessary to select a linkage option that could 
produce “real clusters” being consistent with the inter-sample relationships of the 
similarity matrix (not artifacts of that particular algorithm).   Although the group 
average linkage was the default linkage mode, recommended as a proven technique 
in a number of ecological studies of the last three decades (Clarke and Gorley 2001), 
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cluster validation was carried out in a non-statistical way by performing cluster 
analyses with all three linkage options and comparing each outcome with the 
ordination plot to find the best fit.    
 
 

 
Figure 3.23. Image showing the PRIMER-based 2-dimensional NMDS plot where 
the three clusters from Fig. 3.22 are superimposed.  
 
 

 
Figure 3.24. Image showing the PRIMER-based 3-dimensional NMDS plot where 
the three superimposed groups of samples from Fig. 3.23 are displayed.   
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The dendrogram shown in Fig. 3.22 is a result of group average clustering (the 
default linkage option).  The three clusters (A, B, and C) formed at around a 30% 
similarity level (threshold 1) were then superimposed onto a 2-dimensional NMDS 
plot (Fig. 3.23), and then, in case there was questionable partitioning, onto a 3-
dimensional plot (Fig. 3.24) to check the agreement between the two techniques.  
Because the three groupings from the two techniques (group average clustering and 
NMDS) were nearly consistent with each other, the group average clustering 
technique was considered the most appropriate hierarchical method performed by 
PRIMER in grouping samples without distorting the inter-sample relationships in 
the similarity matrix.  
 
Because the agreement between the two techniques was considered satisfactory, it 
was safe to say that the 2-dimensional NMDS plot, in combination with the 
dendrogram from a group average clustering analysis, provided an accurate 
representation of the sample relationships.  However, for the purpose of finding 
natural groupings of the samples, the NMDS technique was limited as it was 
possible to distinguish only three general groups. As a result, the examination of 
finer grouping started from the cluster analysis, with the adequacy of cluster 
grouping then checked against the ordination technique.   
 
   
 

 
Figure 3.25. Dendrogram from a PRIMER-based cluster analysis, using group 
average clustering from Bray-Curtis similarities on the Braun-Blanquet cover-
abundance values that are √-transformed.  Eleven groups of samples (A, B, C, D, E, 
F, G, H, I, J, and K) are found at around a 42% similarity level (threshold 2). 
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Figure 3.26. Image showing the PRIMER-based 2-dimensional NMDS plot where 
the 11 clusters from Fig. 3.25 are superimposed. 
 

 
Figure 3.27. Image showing the PRIMER-based 3-dimensional NMDS plot where 
the 11 superimposed groups from Fig. 3.26 are displayed.  
 
For example, samples that appeared to be strongly grouped and clustered were 
arbitararly selected at around a 42.5% similarity level (threshold 2) (Fig. 3.25). The 
11 clusters (A, B, C, D, E, F, G, H, I, J, and K) were then superimposed onto a 2 
dimensional NMDS plot (Fig. 3.26) where samples such as Cs, Ds, Es, Is, Js and Ks 
were relatively tightly grouped, indicating that such sub-forest communities were in 
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fact distinguished within the forest communities, whereas some groups such as Hs 
and Bs were questionable (i.e., they appeared discrete to each other within their 
groups).  To find out whether such samples were merely problematic to position on a 
2-dimensioanl NMDS plot (due to the stress or distortion), or whether they were in 
fact arbitrary subdivisions of a natural continuum (i.e., artifacts of the cluster 
algorithm), the superimposed clusters were displayed on a 3-dimensional plot.  Fig. 
3.27 clearly showed that the positioning of both Hs and Bs was consistent with the 
result from the cluster analysis.  Thus, for the community data of the Sigatoka Sand 
Dunes, it was safe to say that a dendrogram from the cluster analysis, in combination 
with 2 and 3-dimensional NMDS plots, was a useful representation for finding 
natural groupings of samples which could not be distinguished by the ordination 
technique alone.  
 
The plant communities initially classified by dominant vegetation types were then 
refined, based on the results of this community data analysis. 
 
 
4   Species Typifying a Group.   With the convincing grouping of the samples from 
the multivariate analysis, individual species contributions to the similarity of each 
group were examined by performing the SIMPER (similarity percentages) routine 
on the data matrix, the samples of which were grouped accordingly (i.e., posteriori).   
 
Table 3.7. PRIMER results log showing a list of the species typifying group H from 
Fig. 3.25. (Note: only the top 20 species of 51 species in the group H are shown in 
the table due to the limited space.)  Following these single-group tables, the 
SIMPER routine also gives pairwise comparative tables, which list species in 
decreasing order of their importance in discriminating two groups of samples.  This 
is useful to identify discriminating species between any two groups (i.e., influential 
species for each specific comparison). 
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The primary purpose was to identify species which were typical of a group of 
samples in the sense that they were found in consistently high abundance in most 
samples. (Note: these most dominant species are not necessarily “discriminators” 
between groups because they could be typical of both groups.)  For example, a 
SIMPER analysis was performed on the 11 groups of samples formed at threshold 2 
on the dendrogram from Fig. 3.25, with the result for Group H being shown in Tab. 
3.7 below. The result shows that if the understorey species are excluded, Dysoxylum 
richii (13.6%), Vavaea amicorum (9.6%), and Samanea saman (7.4%) are most 
typical canopy species of the group or association.   
 
 
5   Relative Dominance of Introduced (or Native) Species Regimes within a 
Group.   Relative dominance of an introduced (or native) species regime in a group 
of samples is defined, in this study, as the total abundance of all the introduced (or 
native) species together expressed as a percentage of the total abundance of all 
species in the group of samples.  The abundance of a species in a group of samples 
is then defined as an average of the Braun-Blanquet cover-abundance values for the 
species over all the samples in the group.  By use of the SIMPER results log tables, 
for example (Tab. 3.7), a relative dominance value of the introduced (or native) 
species regime in group H was obtained by simply adding the average abundance 
values for all 31 introduced (or 20 native) species given in a column, dividing it by 
the total average abundance values of all 51 species, and multiplying this by 100.  
The relative dominance of the 31 introduced species regime in the association was 
calculated to be 64%, whereas the relative dominance of the 20 native species was 
calculated to be 36%.   
 
 

 
Figure 3.28. PRIMER-based bubble plots, another visualization feature of NMDS, 
showing the values of relative dominance of introduced species regimes. 
 
In addition, the relative dominance of species regimes was graphically represented 
through the use of another visualization feature of NMDS called bubble plots (the 
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larger the bubble the greater the value of the superimposed variables) to analyze an 
underlying pattern of the variable.  In Fig. 3.28, the values of relative dominance of 
introduced species regimes estimated for each of the 11 groups of samples are 
superimposed onto the NMDS plot from Fig. 3.26, which clearly displays a one-
sided pattern of relative dominance of introduced species over the 68 samples.   
 
 
6   Species Diversity of a Group.    Ranked species abundance plots (a class of 
distributional techniques) are based on the ranking of species in decreasing order of 
their importance in terms of abundance. The ranked abundances, expressed as a 
percentage of the total abundance of all species within a sample or a group of 
samples, are plotted against the relevant species rank (Clarke and Gorley 2001).  In 
this study, ranked species abundance plots were used as a graphical (distributional) 
representation of “equitability”, i.e., how evenly individuals are distributed among 
different species in a sample or a group of samples, rather than tabulating that 
information which is reduced to single summary statistics or coefficients (i.e., single 
numbers) such as a diversity index (the province of univariate methods).  The 
purpose was to reveal a true picture of species diversity within a habitat which could 
serve as another measure of the degree of plant invasion, in addition to an 
interpretation based on the relative dominance of an introduced (or native) species 
regime in a given habitat.  For example, taking a very simple case where two 
samples, each comprising 100 individuals and four species, if one had species 
abundances of 25, 25, 25, 25 and another 97, 1, 1, 1, the former would be considered 
more “diverse” than the latter, which is highly dominated by one species, although 
the species richness is the same.  Because the species composition is very simple in 
this example, arranging the abundance values of the two samples side by side can 
highlight the difference in equitability, without converting them to any graphical 
representation.  However, such a simple composition is rarely the case.   
 
 

 
Figure 3.29. PRIMER-based ranked species abundance curves of the groups I and K 
from the dendrogram (Fig. 3.25). 
 
 
As a more realistic example, the two associations (groups I and K) from the 
dendrogram (Fig. 3.25) are compared.  The SIMPER results on the relative 
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dominance of the introduced/native species regimes within each association [K 
(introduced 70%, native 30%), I (introduced 48%, native 52%)] give preliminary 
information about the invasion status of the associations: introduced species have 
invaded a much larger area and component of association K than they have of 
association I.  The comparison of the ranked species abundance plots between the 
two associations (Fig. 3.29) then shows that the higher rate of invasion of 
association K has been associated with alteration of the species composition to a less 
diverse state (a typical characteristic of an invaded habitat).  
 
 
7.  Individual Species Abundances.   Individual species abundances were 
graphically represented by use of the bubble plots to analyze the species abundance 
in relation to the overall community pattern.  In Fig. 3.30, the Braun-Blanquet cover-
abundance value of Microsorum grossum estimated for each of the 68 samples are 
superimposed onto the NMDS plot from Fig. 3.23, which clearly shows that the 
species occurs intensively in one of the three communities.   
 
 

 
Figure 3.30. Bubble plots showing the Braun-Blanquet cover-abundance values of 
Microsorum grossum estimated for each of the 68 samples, which are superimposed 
onto the NMDS plot from Fig. 3.23. 
 
 
3.3.4 GIS-based Spatial Representation  
 
The specific objective of this activity was to make the information which was 
extracted through the community data analyses more informatively displayed in 
terms of spatial relation to site-unrelated information such as direction, geographical 
or environmental factors, artificial structures, hyperlink points. Three specific types 
of extracted information of the community data were converted to GIS-based spatial 
representations.  These included: 1) plant communities and associations (i.e., 
clusters and groups of samples); 2) relative dominance of introduced/native species 
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regimes; and 3) individual species abundances.  The processes of conversion are 
briefly described below.   
 
Additionally, supporting evidence such as digital photos taken of selected 
phenomena and places during the in-depth field surveys were incorporated into the 
GIS so that such information was spatially linked to the ArcMap point features 
representing their specific locations  (see Appendix 4).   
 
1   Plant Communities and Associations.  Clusters and groups of samples from a 
dendrogram were superimposed on ArcMap by grouping the shapefile point features 
representing the locations of samples by colour according to the respective 
groupings from the dendrogram.  In the example below (Fig. 3.31), the groups of 
point features representing the locations of the samples are categorized into three 
groups by colour so that the groupings correspond with the three groupings (A, B, 
and C) formed at threshold 1 on the dendrogram from Fig. 3.22. 
 
Then, by carefully examining the preliminary vegetation map in relation to these 
three groups of point features and the improved delimitation of the polygons 
representing forest communities in relation to the actual vegetation covers 
discernable on the imagery (which was overlaid), three groups of polygon features 
were digitized so that they represented the aerial extent of three forest communities 
(Fig. 3.32).   Delimitation between these three groups of point features by placing 
more or less arbitrary boundaries between them was not considered too subjective 
because their floristic differences at this low level of similarity (i.e., high level of 
dissimilarity) were associated with their physiognomic differences (e.g., taller 
forests compared to lower scrubs and shrubs).  This made it relatively easy to 
determine boundaries between such communities on the imagery in combination 
with the information from field observations.  
 
 

 
Figure 3.31. Image showing a stage of the ArcMap-based conversion process: from 
the three groups of samples formed at threshold 1 on the dendrogram from Fig.3.22 
to three groups of shapefile point features representing the locations of samples. The 
three groups are distinguished by their colour.   
 



 67 

 
Figure 3.32. Image showing a stage of the ArcMap-based conversion process: from 
the three groups of shapefile point features to three groups of polygon features 
representing the aerial extent of three forest communities. The difference in 
delimitation between the polygons and those of the preliminary vegetation map 
reflects the improved delimitation of the vegetation community boundaries during 
the field surveys.  
 

 
Figure 3.33. Image showing a stage of the ArcMap-based conversion process: 12 
groups of samples formed at higher levels of similarity on the dendrogram to 12 
groups of shapefile point features representing the locations of the samples. 
 
 
In another example (Fig. 3.33), groups of samples formed at higher levels of 
similarity (i.e., associations of the forest communities) were displayed as 
corresponding groups of point features. As far as spatial representation of floristic 
variations within the forest communities was concerned (especially for those not 
spatially separated as isolated vegetation stands), representing them as groups of 
point features was considered most appropriate because it did not require subjective 
delimitation between associations.    
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When the associations within communities needed to be represented in aerial extent, 
they were displayed as groups of polygons by placing more or less arbitrary 
boundaries between the groups of point features (Fig. 3.34).  Such cases included a 
spatial analysis of the associations in relation to finer floristic patterns such as 
individual species distributions, and the production of vegetation maps highlighting 
the floristic variations within plant communities. When the spectral signature of the 
dominant canopy species of an association was distinguishable on a given portion of 
the imagery (e.g., Casuarina equisetifolia), relatively precise delimitation between 
polygons was possible. 
 
 

 
Figure 3.34. Image showing a stage of the ArcMap-based conversion process: from 
the 12 groups of shapefile point features to 12 groups of polygon features 
representing the aerial extent of 12 associations within the forest communities.  
 
 

 
Figure 3.35. Image showing the distribution of 15 associations within the forest 
communities, including those the floristics of which were immediately characterized 
in the field without carrying out data collection and analysis. 
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Monospecific vegetation stands, the floristics of which were immediately 
characterized in the field without carrying out floristic data collection and analysis 
(e.g., Pandanus tectorius low-forests, Scaevola taccada thickets), were arbitrarily 
classified and mapped as components of the scrub/shrubland community (Fig. 3.35).  
 
 
2   Relative Dominance of Introduced/Native Species Regimes.  Relative 
dominance percentage values of introduced (or native) species regimes within 
associations were converted to GIS-based spatial representations by first entering the 
values as an attribute for the ArcMap polygon features representing the aerial extent 
of the associations.  Then, as shown Fig. 3.36 below, different degrees of relative 
dominance were visualized by graduated colours assigned to the polygons, 
according to arbitrarily-classified ranges of percentage values, under which the 
absolute percentage values for the polygons fell (ArcMap-Symbology-Quantities-
Graduated Colours). (Note: the ArcMap feature, Graduated Colours, does not allow 
graduated colours to be classified according to absolute percentage values.)  It 
should be noted that this does, therefore, not show variations in relative dominance 
of introduced (or native) species regimes within each of the associations.  
 
The example clearly shows that the GIS-based spatial representation displays the 
pattern of the relative dominance of introduced species regimes over the 68 samples 
more informatively than the bubble plot representation from Fig. 3.28, in terms of 
their spatial relation to site-unrelated information.  
 
 

 
Figure 3.36. Image showing the relative dominance of an introduced species regime 
within each of the 15 associations from Fig. 3.35.    
 
 
3   Individual Species Abundances.   Individual species abundances were 
transformed into GIS-based spatial representations (species’ local range or 
distribution) by first entering the Braun-Blanquet cover-abundance values of the 
species estimated for each of the 98 samples as an attribute for the ArcMap point 
features representing the locations of the samples.   Then, as shown in Fig. 3.37, the 
individual species abundances were visualized as circles of graduated sizes assigned 
according to the ranges of the Braun-Blanquet cover-abundance values (i.e., absent, 
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solitary, few, <5%, 5–25%, 25–50%, 50–75%, >75%), under which the cover-
abundance values of the species fell (ArcMap-Symbology-Quantities-Graduated 
Symbols). (Note: The ArcMap feature, Graduated Symbols, does not allow 
graduated symbols to be classified according to absolute cover-abundance values.)   
 
Similar to the previous case, the example below shows that the GIS-based spatial 
representation displays the abundance of Microsorum grossum as a local range or 
distribution of the species, which is more informative than the bubble plot 
representation from Fig. 3.30, in terms of its relation to site-unrelated information.  
 
 

 
Figure 3.37. ArcMap-based thematic map showing the local range, distribution or 
preferred habitat of a native terrestrial fern, Microsorum grossum, on the Sigatoka 
Sand Dunes, visualized as circles of graduated sizes assigned according to the ranges 
of the Braun-Blanquet cover-abundance values. 
 
 
3.3.5 GIS-based Indirect Gradient Analysis 
 
The specific objective of this activity was to find and define underlying 
environmental gradients that explain the distribution of the plant communities and 
species. Because the NMDS ordination plot displaying the ordered samples was also 
a graphical representation with which gradients that seem to order the samples along 
a continuum could be analyzed, the result of the multivariate analysis was directly 
applied to this analysis.  However, the similarity rank order-based ordination axes 
are meaningless because the ordered samples on an NMDS plot can be rotated with 
the axes being fixed (i.e., what can be interpreted is only relative distances apart 
between samples).  Instead, underlying gradients can be found along the ordered 
samples themselves.  If the environmental variables responsible for structuring plant 
communities were known and measured for the same sites where species data were 
sampled, it would be possible to analyze the ordered samples in relation to the 
environmental variables and identify specific variables that seem to explain certain 
inter-sample relationships (i.e., superimposition of the environmental variables onto 
a biotic NMDS plot).  However, because the environmental variables were not 
directly measured for this case study, underlying gradients had to be analyzed based 
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on biotic data alone.  This approach through patterns formed by the vegetation itself, 
referred to as indirect gradient analysis, was therefore only explorative in nature, 
unlike direct gradient analysis (species and environmental data are jointly used to 
identify environmental variables), which can be used to test specific hypotheses of 
how specific environmental variables determine floristic variations. (Note: patterns 
or phenomena are those things that we observe.)   The process and associated 
concepts are briefly discussed below. 
 
Theoretically, an underlying gradient which could be identified based on biotic data 
alone is such that its levels or degrees are reflected in a pattern formed by the 
vegetation.  Therefore, a structural feature of the ordered samples was observed to 
find a certain pattern. There were two requirements for this indirect gradient analysis 
to be successful in avoiding misinterpretation of an underlying environmental 
pattern.   
 
 

1 Observation of a structural feature of the ordered samples needed to be carried 
out with the GIS-based spatial representation, not with the NMDS plot, for the 
following reasons. Firstly, an underlying environmental gradient that was 
considered to be geographically oriented or spatially discernable could be 
more clearly indicated along a structural feature of the ordered samples that 
were displayed in the geographical context. Secondly, the distances between 
the samples on the NMDS plot reflect the rank order of the corresponding 
similarities based on their species compositions, which might not necessarily 
display the distances between them in the geographical context. This could be 
a problem when determining an underlying gradient along observed structural 
features of the ordered samples. The NMDS plot could be used only 
complementarily to double-check on an observed structure by superimposing 
some biotic variables which seemed to reflect a given underlying 
environmental gradient in question.   

2 It must be a “habitat-wide” structural feature of the ordered samples because a 
small or local structural feature could be a result of vegetation succession or 
plant invasion largely influenced by micro-scale factors such as plant-plant 
and plant-animal interactions, local disturbance regimes and microclimate, 
which could obscure species’ direct relationships to an environmental 
gradient.   

 
 
There was a very clear directional pattern consisting of two forest communities 
[groups B and C (+A)] found along a coast-to-inland transact (Fig. 3.38).  It should 
be noted that the areas where the two communities are found are not exactly the 
same as the two zones found on the windward and leeward sides of the dunes, 
between which an approximate ridge of maximum dune development forms a 
division.  According to the SIMPER (similarity percentages) run for these two 
communities, group C (+A) was characterized by canopy species known to be less 
resistant to coastal stress factors, such as Samanea saman and Dysoxylum richii, 
whereas group B was dominated by trees known to be more resistant, such as 
Pandanus tectorius and Hibiscus tiliaceus. A similar directional pattern was also 
observed in the changes in stand height, the values of which were superimposed 
onto the NMDS plot (Fig. 3.39). (Note: stand height for a site is defined as an 
average height of uppermost canopy estimated for all quadrats.) This observed 
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structural feature of the ordered samples seemed to be indicative of a coastal 
environmental stress gradient. 
 

 
Figure 3.38. ArcMap-based thematic map showing a directional pattern in the 
ordered samples: two forest communities [groups B and C (+A)] found along a 
coast-to-inland transact. 
 
 

 
Figure 3.39. PRIMER-based bubble plots showing the values of stand height of the 
68 sites that are superimposed onto the 2-dimesional NMDS plot by use of the 
bubble plots.  Stand height for a site is defined as an average height of uppermost 
canopy estimated for all quadrats (i.e., sub-samples). 
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The herbaceous strand vegetation-dominated narrow zone or belt, limited seaward 
by the hightide mark and inland by the foredune ridges, was also found along a 
coast-to-inland transact, and arbitararly designated as an extreme end of the coastal 
environmental stress gradient.  Consequently, an underlying environmental gradient 
that seems to explain the formation of the sand dunes vegetation was defined as a 
coastal environmental stress gradient: a group of three zones or habitats along a 
coast-to-inland transact (beaches, parabolic dune fields, and inland habitats), which 
differ from one another by different levels of intensity of a combination of coastal 
environmental stress agents, such as salinity, wind intensity, soil moisture 
availability, soil surface temperature, and substrate mobility (Fig. 3.40).   
 
 

 
Figure 3.40.  ArcMap-based thematic map showing the coastal environmental stress 
gradient of the Sigatoka Sand Dunes. 
 
 

 
Figure 3.41.  ArcMap-based thematic map showing the distribution of Rivina 
humilis within the Sigatoka Sand Dunes in relation to the coastal environmental 
stress gradient.  
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The example above (Fig. 3.41) shows that although an introduced herb, Rivina 
humilis, was invasive and most widespread throughout the understorey of the inland 
forest stands, its distribution is limited to the inland habitats. This indicates that this 
species is sensitive and vulnerable to coastal environmental stress agents. 
 
Additionally, an array of dunes or swells forming in a parallel direction with the 
southeast trade winds constituted another factor that explains the zonation of the 
plant communities. Delimitation of the polygons representing the southwestern 
slopes of dunes or swells was carried out, based on an image analysis of the latest 
Google Earth imagery in conjunction with the old aerial photographs (Fig. 3.42).   
Because there have been almost no significant changes to the main structure of the 
relief of the dunes since the late 1960s, it was possible to use the old aerial 
photographs for the purpose of locating the bottoms of the slopes, which are more 
discernable than on the updated imagery due to lower density of vegetation covers in 
the earlier images.  
 
 

 
Figure 3.42.  Image showing an aspect of an ArcMap-based image analysis of the 
2006 Google Earth image in combination with the 1967 and 1978 aerial photographs 
that were used for digitizing the southwestern slopes of the dunes or swells as 
polygons. The copyright notice: © 2006 Europa Technologies; © 2006 
DigitalGlobe; and © 2006 Google. 
 
 
3.3.6 GIS-based Analysis of Vegetation Changes 
  
The specific objective of this activity was to analyze vegetation changes since 1978 
(when the field survey for Kirkpatrick and Hassall’s report was carried out), with 
particular focus on the nature, or the rate and direction, of vegetation changes 
between 1989 (when the site was designated as a national park) and this 2007 study.  
For this component of the study, a direction of vegetation change was arbitrarily 
defined as the nature of progressive changes in community structure (or cover 
density), dominant species, and species diversity that seem to have occurred over 
time. This was then assessed in terms of whether the vegetation of a given area of 
the Sigatoka Sand Dunes, as observed in 2007, was considered to have progressed 
along or towards a favourable (or unfavourable) direction, e.g., if it was found to be 
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denser (or more sparse), less (or more) introduced species-dominated, or more (or 
less) diverse than that of the same area observed in 1978 and/or 1989.   
Obviously, the series of the aerial photographs and the satellite imagery taken over 
the given period could not have played a key role in this analysis because they can 
provide a basis for analyzing changes only in aerial extent of very generally 
distinguished vegetation types, such as forest and grassland savanna.   The technique 
applied to the analyses was, then, that the 2007 vegetation map was overlaid on the 
1978 map and structurally and/or floristically defined plant communities located 
over a given area at the different points in time were compared in order to examine 
differences in community structure, species composition and species diversity 
between the two maps.  However, the 1978 and 2007 vegetation maps were not 
comparable because there were differences in spatial accuracy and community 
classification criteria between the two.   To solve this problem, two activities were 
carried out: 1) digitization of the 1978 vegetation map; and 2) reclassification of the 
2007 vegetation map.  These activities are briefly discussed below. 
 
 
1   Digitization of the 1978 vegetation map.  Because the 1978 vegetation map was 
available only as a JPEG image (Fig. 3.43) scanned from the illustration in the 
journal article, “Vegetation of the Sigatoka Sand Dunes, Fiji” (Kirkpatrick and 
Hassall 1981), the JPEG image needed to be georeferenced to the Google Earth 
imagery. To do so, the 1978 vegetation map (JPEG) was loaded to ArcMap based on 
WGS84 datum. Then, in ArcMap, ground features discernable on both the Google 
Earth imagery and the 1978 vegetation map (JPEG) (e.g., the Queen’s highway, 
characteristic sand dunes features) were examined to select ground control points so 
that the 1978 vegetation map (JPEG) would be roughly georeferenced to the Google 
Earth imagery (and the 1967 and 1978 aerial photographs).   
 
 

Figure 3.43.  The 1978 vegetation map scanned from the illustration of the journal 
article, Vegetation of the Sigatoka Sand Dunes, Fiji (Kirkpatrick and Hassall 1981). 
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Figure 3.44. Image showing an aspect of an ArcMap-based image analysis of the 
plant community boundaries of the 1978 vegetation map which was roughly 
georeferenced to the Google Earth imagery and the 1967 and 1978 aerial 
photographs. 
 

 
Figure 3.45. Image showing an aspect of an ArcMap-based image analysis of the 
respective boundaries of actual vegetation cover discernable on the 1978 aerial 
photograph (and the 1967 aerial photograph which cannot be viewed in this image 
because of being concurrently overlaid with the 1978 photograph). 
 
 
Unfortunately, however, the rough georeferencing and associated image processing 
did not provide an acceptable level of spatial accuracy of the 1978 vegetation map 
(JPEG) [e.g., many lines and polygons of the georeferenced 1978 vegetation map 
(JPEG) still did not properly overlap corresponding lines and polygons of the 
Google Earth imagery and the 2007 vegetation map (shapefile)].  To resolve this 
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problem, the 1978 vegetation map was digitized as a shapefile by carefully 
examining the plant community boundaries of the 1978 vegetation map (JPEG) (Fig. 
3.44) and corresponding boundaries of actual vegetation cover discernable on the 
1978 and 1967 aerial photographs (Fig. 3.45), in such a way that a digitized 1978 
vegetation map (shapefile) (Fig. 3.45) provided a better fit (better overlap) with the 
Google Earth imagery and the 2007 vegetation map (shapefile) than the original 
1978 vegetation map (JPEG). The digitized 1978 vegetation map was then saved as 
a layer in the GIS.   
 
 

 
Figure 3.46. Digitized 1978 vegetation map that is ‘spatially’ more accurate and 
therefore comparable with the 2007 vegetation map. 
 
 
2   Reclassification of the 2007 vegetation map.  The plant communities observed 
in 1978 were classified based on the structure (cover-density, layer height and life 
form). Consequently, the 1978 plant communities were homogeneous in community 
structure (e.g., closed-forest, open-forest, woodland, open-herbland, open-grassland) 
and heterogeneous in dominant plant types, and to some degree, in species 
composition.  The plant communities observed in 2007 were, on the other hand, 
classified on the basis of physiognomic type (e.g., forest, shrubland, grassland 
savanna and herbaceous strand vegetation), although the classification of forest and 
scrub/shrub communities were subsequently refined, based on the results of 
multivariate community data analyses. Consequently, the resultant plant 
communities are homogeneous in a dominant plant type (and to some degree, in 
species composition) and heterogeneous in community structure.   The difference in 
plant community classification criteria is reflected in the difference in community 
distribution patterns between the 1978 and 2007 communities, that is, the 1978 
communities are distributed in zones extending upright to the coastline (Fig. 3.46), 
whereas the 2007 communities are found in areas lying parallel with the coastline 
(Fig. 3.47).  
 
Therefore, to analyze changes in community structure of the vegetation of a given 
area between 1978 and 2007, the 2007 results (i.e., the plant community mapping 
units, particularly forest, scrub/shrubland, coastal herbland and herbaceous strand) 



 78 

needed to be reclassified using the 1978 community classification criteria, 
purposefully ignoring coast-to-inland variation in a dominant plant type and species 
composition within resultant communities.   
 
 

 
Figure 3.47.  2007 vegetation map, the plant communities of which were classified 
based primarily on their general physiognomic characteristics and secondarily 
species compositions (the multivariate analysis). The copyright notice: © 2006 
Europa Technologies; © 2006 DigitalGlobe; and © 2006 Google. 
 
 

 
Figure 3.48.  2007 vegetation map, the plant communities of which are reclassified 
according to the community classification criteria used for the 1978 vegetation map. 
The copyright notice: © 2006 Europa Technologies; © 2006 DigitalGlobe; and © 
2006 Google. 
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In order to reclassify the 2007 results, the areas designated as forest, 
scrub/shrubland, coastal herbland and herbaceous strand were first reclassified into 
two groups: coastal communities and forest and scrub/shrub communities. (Note: 
reclassification of the areas designated as coastal communities was entirely based on 
a review of Kirkpatrick and Hassall’s journal article so that they were as similar to 
those included in the 1978 coastal communities as possible.)  Then, the areas 
designated as forest and scrub communities were further reclassified according to 
the degree of cover density, which was arbitararly defined as an average estimated 
cover density of the uppermost canopy for all quadrats.  The degree of cover density 
was estimated using the same structural classification used by Kirkpatrick and 
Hassall [closed (70–100%); open (30–70%); woodland (10–30%); and, open-
woodland (<10%)].  In ArcMap, the groups of polygons representing the 2007 plant 
communities were then regrouped by assigning different sets of colours to them 
according to the reclassified plant communities (Fig. 3.48). 
 
Vegetation changes since 1978 were also analyzed, partly based on changes in 
frequency of occurrence of individual species during the period. However, because 
species that could be analyzed for changes in frequency of their occurrence since 
1978 were only those species for which cover-abundance data were available from 
the 1978 survey, information derived from this analysis was used only to support 
some of conclusions drawn from the comparative analyses of changes in community 
structure, species composition and species diversity.  For example, a change in the 
most dominant species of a certain area from species A to species B since 1978 is 
consistent with the decrease in frequency of occurrence of species A and the 
increase in that of species B, which were estimated for the locality of the sand dunes.   
Activities required for this particular analysis are briefly discussed below. 
 
 

 
Figure 3.49. Image showing an aspect of an ArcMap-based comparative analysis of 
the 2007 and 1978 sampling sites and quadrats used to select those 2007 sampling 
sites which are in close proximity to the 1978 sampling quadrats.  The location of 
the 1978 sampling quadrats were obtained from the illustration in the journal article, 
“Vegetation of the Sigatoka Sand Dunes, Fiji” (Kirkpatrick and Hassall 1981).   
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In ArcMap (Fig. 3.49), only those 2007 sampling sites in close proximity to the 
1978 sampling quadrats were selected. [Note: the location of the 1978 sampling 
quadrats were obtained from the illustration in the journal article, Vegetation of the 
Sigatoka Sand Dunes, Fiji (Kirkpatrick and Hassall 1981).]  They were, then, 
classified into the same five groups as the five floristically-classified groups of the 
1978 sampling quadrats (groups 1, 2, 3, 4 and 5).  Then, the 2007 community data 
matrices were regrouped accordingly and the frequency of occurrence of the species 
in question was calculated for each group or locality. (Note: Frequency of 
occurrence of a species is defined as a percentage of the total number of sampling 
quadrats or sites within a group, in which the species is present.)   The 2007 and 
1978 percentage frequency values were then tabulated side by side in a table to 
examine increases or decreases in frequency of occurrence of the species over this 
period for each group or locality.  
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CHAPTER 4 
 

RESULTS AND DISCUSSION 
 
 
 
4.1 INTRODUCTION  
 
This chapter presents results and in-depth discussions on:  
 

1. the plant communities of the Sigatoka Sand Dunes, with emphasis on 
species associations and composition; 

2. invasibility characteristics (i.e., characteristics of habitats more, or less, 
susceptible to invasion);      

3. the nature of perceived vegetation changes since 1978 when the field survey 
for Kirkpatrick and Hassall’s original study was carried out; and     

4. species of particular interest: 1) species previously not recorded; 2) species 
endemic to Fiji; 3) species presumed to have become extirpated or locally 
extinct; 4) endangered species; 5) species that could be endangered in the 
future; 6) invasive species; and, 7) potentially invasive species, with 

 
The results and discussions on these topics are in sections 4.2, 4.3, 4.4 and 4.5. 
  
 

emphasis on invasiveness characteristics (i.e., characteristics of successful 
invaders).  

4.1.1 Definition of Terms 
 
The following terms: 1) natural or semi-natural habitat; 2) cultural; 3) ruderal; 4) 
weed; 5) adventive; 6) naturalized; 7) invasive; and, 8) potentially invasive are 
defined in the context of the Sigatoka Sand Dunes National Park.  To accurately 
assess the current status of encroachment of introduced species upon the native 
vegetation and flora of the Sigatoka Sand Dunes, it is necessary to make a 
distinction between plants invading natural or semi-natural habitats and those 
invading highly disturbed or degraded habitats  
 

1. A “natural or semi-natural habitat” is a community of plants and animals 
composed predominantly of native species established naturally, which is of 
some conservation significance.  It is a community of plants and animals 
where direct human disturbance is minimal or human intervention serves to 
encourage the conservation of native species of interest (e.g., the Aleurites 
moluccana planting in the Driodrio area).  This definition includes planted 
forest, i.e., forest stand in which trees have predominantly been established 
by planting, but acquired more natural characteristics such as layered canopy 
and enriched species diversity over time (e.g., the areas of mahogany and 
casuarina plantings), but excludes areas that are constantly disturbed, highly 
managed, or extremely artificial such as an “unnatural” agricultural habitat. 

2. “Cultural” is defined in botanical terms as any cultivated plant (e.g., timber 
trees, fruit trees, ornamental plants, etc.), a group of cultivated plants or a 
plant community or habitat dominated by cultivated plants. When cultural 
plants are also considered invasive plants, they are discussed, putting less 
value on their cultural importance, particularly when plant invasion is the 
focus of discussion. 
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3. “Ruderal” vegetation is defined as any plant community, composed mainly 
of non-native annuals or herbaceous perennials that is found at a place 
subject to constant “human” disturbance, such as cutting and trampling by 
vehicles and hikers (and perhaps burning or incineration if the rubbish dump 
is included).  This definition excludes plant communities of annuals and 
herbaceous perennials found in the foredune and beach areas that are subject 
to constant natural disturbance (e.g., erosion caused by the instability of 
sandy substrate, prevailing southeast trade winds, and strong wave actions).   

4. “Weed” is defined as any non-native plant growing where it is not wanted.  
Whistler (1995) states that this definition is based on either the location 
where a plant is growing or on the economic importance attributed to it by 
humans, rather than on the species itself.  In other words, a plant growing in 
one place may be considered to be a weed, whereas when growing in 
another, it is not.  Accordingly, a weed, in the context of the Sigatoka Sand 
Dunes National Park, will refer to any introduced species growing where it is 
not wanted because it is, or could be, a threat to natural or semi-natural 
habitats of the dunes or a nuisance to hikers, visitors or the park 
management.     

5. An “adventive” or “escape” is defined as any non-native plant found 
growing wild in disturbed sites (away from where they are naturalized or 
planted), but not fully established and unable to compete with native 
communities, once the disturbance is removed.   

6. A “naturalized” or “established” plant is defined as any non-native plant 
successfully reproducing sexually or vegetatively and competing in a natural 
state in areas where constant human disturbance has been removed.   

7. An “invasive” plant is, in this thesis, defined as any naturalized non-native 
plant that has spread from areas where it was accidentally introduced, has 
successfully naturalized, has dominated disturbed habitats, and has increased 
its dominance in natural or semi-natural habitats of the sand dunes, causing 
significant changes in the dunes’ species composition, community structure 
and species diversity.   This definition excludes a potentially invasive plant, 
which is defined below. 

8. A “potentially invasive” plant is defined, in this thesis, as any naturalized 
non-native plant that has been limited in distribution to disturbed habitats of 
the sand dunes, and has not been invasive in the natural or semi-natural 
habitats.  However, it is known to be an invasive plant in disturbed habitats, 
and, to some degree, in natural or semi-natural habitats elsewhere in the Fiji 
Islands or/and other Pacific Islands. These species may have been only 
recently introduced to the area or have so far been unsuccessful in invading 
natural or semi-natural habitats of the dunes. 

 
 
4.1.2 Spatial Reference Points  
 
To facilitate discussion on the distribution of plant communities and species within 
the surveyed area, the numbered sampling sites (Fig. 4.1) are, throughout this 
chapter, used as spatial reference points along with the named places, lookouts and 
hiking trails (described in section 2.1.2) and other features such as the rubbish dump 
site, the Queen’s Highway, and the access road.   
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In regard to the spatial accuracy of the base imagery (and vegetation maps 
hereafter), the position of a feature in the base imagery is, on the ground, displaced 
from its position by approximately 8.8 m (or more) on average, ranging from 2.3 (or 
more) to 19.4 m (or more), and, in Google Earth, displaced from its position by 
approximately 12.8 m on average, ranging from 5 to 39.5 m.  
 
 

 
Figure 4.1. Annotated imagery showing the locations of the numbered sites used as 
spatial reference points in relation to the hiking trails and the park boundary.  The 
copyright notice: © 2006 Europa Technologies; © 2006 DigitalGlobe; and © 2006 
Google. 
 
 
4.1.3 Environmental Gradient 
 
A coastal environmental stress gradient that seems to generally explain the 
distribution of the plant communities and species of the sand dunes has been 
identified as a spatial sequence of three zones or habitats along a coast-to-inland 
transact. These include 1) beaches, 2) parabolic dune fields, and 3) inland habitats, 
which presumably differ from one another due to different levels of intensity of a 
combination of coastal environmental stress agents, such as salinity, wind intensity, 
soil moisture availability, soil surface temperature, and substrate mobility (Fig. 4.2).   
 
In the field, environmentally very stressful beaches are spatially recognized as a 
narrow zone or belt, limited seaward by the high tide mark and inland by the 
foredune ridges; stressful parabolic dune fields as half-vegetated, windswept, 
unstable sandy areas; and inland habitats as separate forest stands, tree groves and 
extensive grassland savanna found over protected inland areas.  It should be noted 
that there are some environmentally less stressful areas, which are located on the 
windward side of the central dunes (sites 11, 14, 15, 23, 26, 27, 28, 29, 30, 42 and 
45), whereas there are some environmentally more stressful areas, which are situated 
on the protected Naqarai Bay area (sites 4, 5, 69, 70, 71, 72 and 83) and on the 
leeward side of the eastern parabolic dune fields (sites 57, 86, 93, 102 and 103). This 
seems to indicate that there are also micro-climatic differences that are reflected in 
the vegetation on the windward and leeward sides of the sand dunes.   
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Figure 4.2. Environmental gradient of the Sigatoka Sand Dunes that has been 
obtained based on indirect gradient analysis (see section 3.3.5).  
   
 
4.2 PLANT COMMUNITIES   
 
Seven major plant communities are distinguished.  They include: 1) coastal dry 
forest; 2) coastal shrubland; 3) herbaceous strand; 4) coastal herbland; 5) grassland-
savanna; 6) weedy shrubland; and 7) ruderal vegetation (Fig. 4.3).   The plant 
communities are classified, based on vegetation parameters: physiognomic type and 
species composition.  Consequently, the resultant plant communities are largely 
homogeneous in physiognomic characteristics and dominant species, and 
heterogeneous in community structure (i.e., cover density, the relative degree of 
which is often termed as closed, open or woodland).  These communities are 
described in detail in sub-sections 4.2.1 to 4.2.7. 
 

 
Figure 4.3. Vegetation map of the Sigatoka Sand Dunes showing the seven major 
plant communities and two subtypes mapped in 2007. (Note: bare sand/beach is not 
a plant community.)    
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4.2.1 Coastal Dry Forest (43 ha.) 
 
Coastal dry forest is composed of tall forests, dense thickets and open tree groves 
found in the environmentally-less-stressful, inland habitats (Fig. 4.4).  The 
occurrence of the main forest stands are concentrated in depressions, swales, or 
ravines where locally higher levels of soil water availability and greater protection 
from the strong, on-shore, salt-laden prevailing southeast trade winds are evident.   
 
 

 
Figure 4.4. Distribution of the coastal dry forest and the two subtypes, mahogany 
forest and Casuarina open-forest and woodland, mapped in 2007, shown in relation 
to the environmental gradient and the locations of respective sampling sites. 
 
 

 
Figure 4.5. Mahogany forest stand at site 34 along the Queen’s Highway.  
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Figure 4.6. Casuarina open-forest stand at site 30 along the Nokonoko Track.

The upper canopy of this vegetation ranges from about 8 to 20 m in height, except in 
areas dominated by Swietenia macrophylla and, to a lesser extent, S. mahogani,
which appear to reach a height of between about 20 and 30 m (Fig. 4.5).  Most of 
these forest stands have a closed community structure, except in those areas of open 
forest and woodland where the Casuarina equisetifolia dominates the upper canopy 
(Fig. 4.6).  Due to these distinct physiognomic characteristics, areas dominated by 
either Swietenia spp. or C. equisetifolia are mapped separately as subtypes of this 
forest community, mahogany forest and Casuarina open-forest and woodland, 
despite the fact that they are floristically part of the coastal dry forest and later 
discussed as associations of this plant community (i.e., they are, in terms of species 
composition, not as different from other parts of this forest community as their 
characteristic upper canopy species make them appear). 

Within the coastal dry forest community, nine more or less floristically distinct 
groups of sites are recognized, based on the cluster analysis (Fig. 4.7).  These have, 
in turn, been classified and mapped as the following associations: 1) Dysoxylum-
Samanea-Hibiscus-Vavaea association; 2) Samanea-Leucaena-Hibiscus association; 
3) mahogany forest; 4) Casuarina open-forest and woodland; 5) native tree grove; 6)
severely degraded tree grove; 7) degraded tree grove; 8) moderately degraded tree 
grove; and 9) Barringtonia forest (Fig. 4.8).
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Figure 4.7. Dendrogram showing the clustering structure of the 68 sites of inland 
forest and coastal shrub communities of the Sigatoka Sand Dunes, 53 sites (sites 67 
and 68 and 7 through 38) were classified as coastal dry forest that consists of nine 
floristically distinct groups: 1) Dysoxylum-Samanea-Hibiscus-Vavaea association; 
2) Samanea-Leucaena-Hibiscus association; 3) mahogany forest; 4) Casuarina 
open-forest and woodland; 5) native tree grove; 6) severely degraded tree grove; 7) 
degraded tree grove; 8) moderately degraded tree grove; and 9) Barringtonia forest.   
 
 
According to the cluster analysis, the cluster (Barringtonia forest) that links together 
sites 67 and 68 is first separated from the other sites of forest (sites 7 through 38) 
and coastal shrubland (sites 24 through 10) at 22.47% of Bray-Curtis similarity.  
This indicates that the Barringtonia forest is floristically more distinct from the sand 
dunes vegetation than the inland forest vegetation is from the coastal scrubby-
shrubby vegetation. In fact, the Barringtonia forest occurs on the escarpment of 
limestone outcrops, which is considered to be geologically different from the delta 
plain on which the vegetation of the sand dunes occurs.  It should be noted that 
Barringtonia asiatica, one of the dominant species of littoral forests throughout the 
Pacific Islands, tends to grow on rocky shores (Whistler 1992). The Barringtonia 
forest is, nevertheless, as a matter of convenience, discussed in this section, rather 
than in a separate section of a floristically-distinct forest community.  
 
Names of those associations, for which it was difficult to select one or two dominant 
or character species, are either made up of a combination of names of some most 
dominant canopy species [not necessarily “own character species” (i.e., species 
unique to an association type) or differentiating species] or they are given names 
based on native/non-native status or on relative magnitude of degradation (e.g., 
moderately degraded, degraded, severely degraded).  The floristics of each 
association are discussed in detail below.   
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Figure 4.8. Distribution of the nine associations of the coastal dry forest community 
of the Sigatoka Sand Dunes and the locations of their respective (sampling) sites 
identified by ID numbers.  
 
 
1   Dysoxylum-Samanea-Hibiscus-Vavaea association (8.2 ha.).  The Dysoxylum-
Samanea-Hibiscus-Vavaea association consists of both the most diverse and least 
invaded closed forests and thickets, as well as relatively degraded, open tree groves 
found in the central to eastern part of the inland habitats (Fig. 4.8).  According to the 
SIMPER results, of 78 recorded species from 52 families, 43 are assumed to be 
native and 35 introduced.  The 12 most dominant species, which include both native 
and introduced species, have a relative dominance value of 59% compared to the 
less-common 66 species with a value of 41%, whereas the 43 native species together 
have a relative dominance value of 56% compared to the 35 introduced species with 
a value of 44%.  In the internal areas (sites 39, 40, 49 and 50), which are less 
invaded, native species are dominant with a higher relative dominance value of 65%, 
whereas introduced species have a value of 35%. 
 
The most common canopy species include the native tree Dysoxylum richii, and the 
invasive introduced trees Samanea saman (and, to a lesser extent, Albizia lebbek), in 
the upper canopy, and the native species Hibiscus tiliaceus and Vavaea amicorum, 
in the lower canopies (H. tiliaceous often comprises part of the upper canopy where 
the height of forest stand is relatively low).  Of the two dominant species in the 
upper canopy, D. richii is predominant in closed forests (sites 39, 40, 49 and 50) 
over S. saman (41%, 14% respectively), whereas S. saman is predominant in open 
tree groves (sites 48, 54, 55, 57, and 58) over D. richii (48% and 22% respectively).  
Less common canopy species include the native trees Syzygium richii, Aleurites 
moluccana, Pandanus tectorius, and Casearia richii.  A relatively high 
concentration of Barringtonia edulis is found at the back of the forest (sites 49 and 
50), whereas areas of the native trees Planchonella spp. and the invasive introduced 
tree Spathodea campanulata are located in separate locations within the open tree 
groves (site 55).  Occasional, uncommon or rare trees and shrubs in this association 
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include Calophyllum inophyllum, Erythrina variegata, Inocarpus fagifer, Ficus 
barclayana, and Maesa tabacifolia.    
 
The most common vines or lianas, which often form a dense cover in open tree 
groves, in ecotones and along the edges of forests include the invasive species 
Mikania micrantha and Coccinia grandis and, less frequently, Momordica charantia 
and Passiflora suberosa.  In contrast, those species seen occasionally as small 
numbers under canopies of forests include the native vines and lianas Epipremnum 
pinnatum, Abrus precatorius, Parsonsia laevis, Jasminum simplicifolium, Tylophora 
brackenridgei, Hoya australis, Smythea lanceata, Ventilago vitiensis, Malaisia 
scandens and Dioscorea spp. (aboriginal or ancient introductions). Asparagus 
setaceus (an invasive introduced shrub with slender, spreading, thorny stems) is well 
established in one of the isolated groves in the eastern section of grassland-savanna 
(site 56).  Epiphytes or epiphytic plants, which are uncommon or rare in this 
component, include the ferns Pyrrosia lanceolata, Asplenium nidus and 
Ophioglossum pedulum, and the orchid Taeniophyllm fasciola.  The understorey of 
this component is almost totally dominated by Rivina humilis, a tropical American 
herb, leaving some spaces for the native terrestrial ferns Nephrolepis hirsutula and 
Sphaerostephanos invisus (or Christella pacifica) and open sunny gaps in ecotones 
for Panicum maximum, an introduced grass.  Occasional to uncommon plants also 
seen in the understorey of this association include Tacca leontopetaloides, 
Centotheca lappacea, Scleria lithosperma and Pteris ensiformis.  Other rare plants 
include Asplenium polydon, a terrestrial fern, and Cayratia seemanniana, a climber, 
which were seen on a slope near site 50 (Fig. 4.8). 
  
2   Samanea-Leucaena-Hibiscus association (13.9 ha.). The Samanea-Leucaena-
Hibiscus association mainly consists of the largest forest cover found in the western-
central inland habitats (Fig. 4.8). It is floristically characterized by the invasive trees 
Samanea saman and, to a lesser extent, Albizia lebbek, which are dominant in the 
upper canopy, the invasive shrub Leucaena leucocephala, and the native tree 
Hibiscus tiliaceus, in the lower canopies in most parts of this association (H. 
tiliaceus and L. leucocephala often also compose part of the upper canopy where the 
height of forest stands is relatively low). Casuarina equisetifolia is also an 
occasional component of the upper canopy in some locations.  According to the 
SIMPER results, of 74 recorded species from 44 families, 41 are assumed to be 
native and 33 introduced.  The 12 most dominant species, which include both native 
and introduced species, have a relative dominance value of 76% compared to the 
less-common 62 species with a value of 24%, whereas the 41 native species together 
have a relative dominance value of 31% compared to the 33 introduced species with 
a value of 69%.    
 
Plants frequently seen in ecotones or along the margins of this association include 
the invasive introduced shrub Lantana camara, often along with the invasive vines 
Passiflora suberosa, Mikania micrantha and Coccinia grandis.  The understorey of 
this association is also dominated by the introduced herb and grass, Rivina humilis in 
shady areas and Panicum maximum in ecotones or areas where canopy density is 
moderately reduced.  Seedlings and saplings of Dysoxylum richii are occasional 
components of the understorey vegetation throughout this association.   
 
In this association, there are areas where species compositions are distinct from 
those areas where S. saman (and/or A. lebbek), L. leucocephala and H. tiliaceus are 
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dominant in the canopy.  For example, the narrow zone of forest (sites 32, 37 and 
38) along the Vau Track (Fig. 4.7) is dominated by the native trees Dysoxylum 
richii, Vavaea amicorum, Syzygium richii and Hibiscus tiliaceus, although S. saman 
(and/or A. lebbek) is common in the upper canopy.  The forest stand on a slope 
immediately behind the visitor centre (site 31) is characterized by a higher frequency 
of occurrence of adventives, roadside weeds, cultivated plants and those species found 
in adjacent plant communities.  These include: the escaped cultivated species Alocasia 
cucullata, Colocasia esculenta, Zingiber zerumbet, and Murraya koenigii; roadsides 
invasive vines and tree, Ipomoea indica, Stictocardia tiliifolia; the invasive African 
tulip tree (Spathodea canpanulata); and common canopy and understorey species in 
forests across the Queen’s Highway, Barringtonia edulis, Tectaria latifolia and Pteris 
tripartita.   
 
3   Mahogany forest (3.1 ha.).  Mahogany forest is composed of the tall, closed 
forest found in the depression just southeast of the visitor centre (Fig. 4.8).  It is 
almost exclusively characterized by Swietenia macrophylla (and, to a lesser extent, 
S. mahogani) and Samanea saman (and, to a lesser extent, Albizia lebbek), which are 
dominant in the upper canopy with a relative dominance value of 58% and 42% 
respectively, and by Rivina humilis, which almost totally dominates the understorey.  
 
According to the SIMPER results, of 57 recorded species from 40 families, 27 are 
assumed to be native and 30 introduced.  The 11 most dominant species, which 
include both native and introduced species, have a relative dominance value of 69% 
compared to the less-common 45 species with a value of 31%, whereas the 27 native 
species together have a relative dominance value of 34% compared to the 28 
introduced species with a value of 66%.  
 
The introduced species S. macrophylla and S. mahogani have been excluded from 
the calculation of relative dominance of introduced species.  This is because they are 
introduced species that were deliberately planted in the early 1960s to prevent sand-
laden, on-shore, southeast trade winds from interfering with the traffic on the 
Queen’s Highway.  In addition, the species have been proven to be non-invasive in 
sand dune habitats, as their distribution is still limited to the original planting area 
southeast of the visitor centre.   
 
Underneath the dense upper canopy of the Mahogany forest, the introduced vines 
Coccinia grandis, Mikania micrantha and Momordica charantia are uncommon 
(probably because they are “heliophytes” that require bright sunlight for germination 
and growth), although there are some populations of mature C. grandis (woody 
vines or lianas hanging from trees with knob-like knots on them). In contrast, the 
introduced vine Passiflora suberosa is an occasional component of the lower canopy 
and understorey. The lower canopy (up to 3 m) is composed mainly of seedlings and 
saplings of the upper canopy species Swietenia macrophylla, and less commonly, 
Samanea saman or Albizia lebbek, followed by the invasive shrub Leucaena 
leucocephala, and seedlings and saplings of the native trees Dysoxylum richii, 
Vavaea amicorum, Planchonella grayana, Syzygium richii, and Erythrina variegata.  
 
Although Rivina humilis dominates the understorey in most areas, areas of the 
understorey adjacent to the Queen’s Highway (site 34) (Fig. 4.8), particularly in 
gaps among the vegetation stand, are dominated by the introduced species Panicum 
maximum, Asystasia gangetica, Piper aduncum, and Triumfetta rhomboidea, and 
adventives or remnants of the cultivated plants Dracaena fragrans, Murraya koenigii 
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and Citrus spp.  Along the Mahogany Track in the middle of forest, Syngonium 
podophyllum (an ornamental but weedy liana that is potentially invasive in shady 
sand dune habitats), is found forming a dense cover on trees and in the understorey 
near site 35, whereas the epiphytic fern Schellolepis subauriculata, one of the plants 
previously not reported from the dunes, is found in small numbers on a mahogany 
tree near site 33.  A single seedling of Dacrycarpus imbricatus, a native 
gymnosperm, was seen along a hiking trail where the Mahogany Track connects 
with the Vau Track and the Nokonoko Track.  Although the seedling appeared to be 
growing naturally, there is a possibility (unconfirmed) that it could have been 
deliberately planted.  A large tree of Araucaria sp., an introduced gymnosperm, has 
also been located near site 33. 
 
4   Casuarina open-forest and woodland (4.4 ha.).  Casuarina open-forest and 
woodland is a Casuarina-dominated, sparse vegetation association found at separate 
locations over the central part of the inland habitats (Fig. 4.8).  The population found 
inland in a weedy shrubland in the Natokovoka area (between sites 12, 13 and 17) 
and a small group of individuals in grassland-savanna in the Nalokaloka area fall 
within a category of woodland (10–30%), whereas all the other sites found along the 
boundary with the parabolic dune fields fall within open-forest (30–70%).  
According to the SIMPER results, of 46 recorded species from 29 families, 21 are 
assumed to be native and 25 introduced.  The 15 most dominant species, which 
include both native and introduced species, have a relative dominance value of 72% 
compared to the less-common 31 species with a value of 28%, whereas the 21 native 
species together have a relative dominance value of 42% compared to the 25 
introduced species with a value of 58%.  
 
According to the cluster analysis (Fig. 4.7), site 45, which was mapped as part of 
this association, falls within the Samanea-Leucaena-Hibiscus association (sites 11 
through 38). This is consistent with the predominance in the site of Samanea saman 
(and/or Albizia lebbek) and Leucaena leucocephala over C. equisetifolia in the upper 
canopy (relative dominance values, 35%, 35% and 30% respectively).  Site 45 is 
nevertheless arbitrarily mapped as this association because the physiognomic 
characteristics of the site are still mainly determined by the sparse canopy of the 
conifer-like, hanging grey-green branches of C. equisetifolia (the reason why 
Casuarina open-forest and woodland is mapped separately as a subtype of the 
coastal dry forest). 
 
When a Casuarina woodland occurs as an isolated stand overlaying shrubland or 
grassland, lower canopy species are often absent and the understorey is totally 
dominated by shrubs and grasses, such as Panicum maximum and Lantana camara 
in the Natokovoka area and P. maximum and Pennisetum polystachion in the 
Nalokaloka area.  On the other hand, when a Casuarina open-forest occurs as a part 
of a larger forest cover, lower canopies consist of those species seen in adjacent 
communities.  For example, sites 30 and 45 are characterized by a thicket dominated 
by Leucaena leucocephala, Hibiscus tiliaceus and Pandanus tectorius, whereas site 
41 is characterized by a number of coastal shrub, herb and grass species (Fig. 4.8).     
  
5   Native tree grove (0.2 ha.).  This is the small, low tree grove found in one of the 
ravines (site 7) located inland from the beach in a protected area between Naqarai 
Point and the Sese Sand Hills area (Fig. 4.8).  It is characterized by a number of 
native coastal trees that are dominant in the upper canopy, which ranges from only 3 
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to 5 m in height.  According to the SIMPER results, of 13 recorded species from 11 
families, 9 are assumed to be native and 4 introduced. The 9 native species together 
have a relative dominance value of 61% compared to the 4 introduced species with a 
value of 39%. 
 
With the exception of the raintree, the trees comprising the upper canopy are all 
native species.  They include Calophyllum inophyllum, Terminalia catappa, 
Erythrina variegata, Dysoxylum richii, Cerbera manghas, Syzygium richii, and 
Planchonella grayana.   Common vines in the grove are also native coastal climbers, 
such as Derris trifoliata and Dioscorea spp. (aboriginal or ancient introduction).  In 
contrast, the understorey is, again, almost totally dominated by the invasive introduced 
herb Rivina humilis, along with Lantana camara, an invasive introduced shrub.  The 
native fern, Microsorum grossum, which is often dominant in the understorey of littoral 
vegetation, is only occasional here.   
 
6   Severely degraded tree grove (2.5 ha.). This association consists of open tree 
groves that occur just off the Queen’s Highway where it runs along the western side 
of the area (Fig. 4.8). These groves are characterized by 1) a very high percentage 
relative dominance of introduced species, 2) a dense cover of weedy vines and herbs 
smothering a large area of the groves, and 3) a high frequency of occurrence of 
adventives and roadside weeds.  According to the SIMPER results, of 65 recorded 
species from 36 families, 19 are assumed to be native and 46 introduced.  The 16 
most dominant species, which include both native and introduced species, have a 
relative dominance value of 75% and the less-common 49 species with a value of 
25%, whereas the 19 native species together have a relative dominance value of 20% 
and the 46 introduced species with a value of 80%.  
 
The invasive introduced trees Samanea saman (and/or Albizia lebbek) are most 
dominant in the upper canopy, followed by the native species Dysoxylum richii.   
Less common species comprising the lower canopies include the invasive introduced 
shrubs and subshrubs Leucaena leucocephala, Lantana camara, Gliricidia sepium, 
Ricinus communis, Jatropha curcas and Triumfetta rhomboidea.  The understorey 
vegetation of these degraded groves is dominated by mainly Panicum maximum and 
Rivina humilis, although in sites 16 and 17, Antigonon leptopus, Asystasia gangetica 
and Justicia betonica (very aggressive introduced vines and herbs potentially 
invasive in the sand dune habitats) are dominant, forming extremely dense covers on 
trees and in open areas.  Other invasive or adventive vines in this association include 
the introduced species Coccinia grandis, Passiflora suberosa, Mikania micrantha, 
Momordica charantia, and Ipomoea obscura.  Vines commonly seen under canopies 
include the native species Tylophora brackenridgei and Parsonsia laevis.  
 
Adventives, roadside weeds or remnants of cultivation seen as small numbers in these 
severely degraded groves include Schefflera actinophylla, Piper aduncum, Annona 
glabra (a serious wetland weed that is potentially invasive in sand dune habitats), 
Moringa oleifera, Jatropha integerrima, Averrhoa carambola, Tamarindus indica, 
Melia azedarch, Annona muricata, Citrus spp., Carica papaya, Murraya koenigii, 
Polyscias scutellaria, Dracaena fragrans, Sansevieria trifasciata, Xanthosoma 
sagittifolium, Ipomoea obscura, and Passiflora edulis.  What seem to be remnants of 
native taxa are occasional components of the separated grove near the rubbish dump 
(site 12). These species include Gyrocarpus americanus, Thespesia populnea, 
Calophyllum inophyllum, Elattostachys falcata, Planchonella grayana and Casearia 



 93 

richii.  Species found on the boundary with the rubbish dump are mostly adventives 
such as Ludwigia octovalvis, Merremia tuberosa, Cleome viscosa, Cucurbita pepo, 
Cucumis melo and Sida acuta.   The isolated open grove (site 61) (Fig. 4.8) is 
somewhat distinguished from the other parts of this association by a relatively large 
stand of mature Thespesia populnea trees.  Senna tora, a weedy herb, is also 
adventive there.    
 
7   Degraded tree grove (2.0 ha.). This association is composed of a series of 
disturbed tree groves along the access road to Naqarai Bay (Fig. 4.8). These tree 
groves are considered less degraded than the previous association because native 
species are more dominant in the upper canopy, whereas introduced species have a 
lower relative dominance value.  Similar to the previous association, this association 
is also characterized by a high frequency of occurrence of adventives, cultivated 
plants and roadside weeds. According to the SIMPER results, of 51 recorded species 
from 33 families, 20 are assumed to be native and 31 introduced.  The 10 most 
dominant species, which include both native and introduced species, have a relative 
dominance value of 65% compared to the less-common 41 species with a value of 
35%, whereas the 20 native species together have a relative dominance value of 36% 
compared to the 31 introduced species with a value of 64%. 
  
The most common trees in the upper canopy include Dysoxylum richii, Samanea 
saman (and/or Albizia lebbek) and Mangifera indica (a common fruit tree).   Of the 
three dominant canopy species, D. richii is dominant in sites 1 and 2, whereas M. 
indica and S. saman are more dominant than D. richii in site 3 (the grove where the 
Naqarai house is located) (Fig. 4.8).  Less common trees in the upper canopy include 
native species Calophyllum inophyllum, Terminalia catappa, Ficus obliqua, Ficus 
storckii, Syzygium richii, and Aleurites moluccana.  Common climbers in the 
ecotones and on the edge of the tree groves include the invasive introduced vines 
Mikania micrantha, and, less frequently, Momordica charantia and Passiflora 
foetida.  Syngonium podophyllum (an ornamental but weedy liana which is potentially 
invasive in the sand dune habitats) was adventive on the edge of the tree grove (site 3) 
just behind the Naqarai house, whereas Asparagus setaceus (an invasive introduced 
shrub with slender, spreading, thorny stems) was seen as an escape along the access 
road and on the edge of the tree grove (site 1).  Note: the population of A. setaceus seen 
in site 1 in 2007 seems to have successfully naturalized as it was seen recently, in 2009, 
well-established, climbing on a large Dysoxylum richii tree.  Occasional vines and 
lianas found under canopies include the native species Derris trifoliata, Abrus 
precatorius, Ventilago vitiensis and Dioscorea spp. (aboriginal introduction), and 
the introduced species Passiflora edulis and P. suberosa.  The understorey of these 
groves is dominated mainly by Rivina humilis and Panicum maximum, the former 
being dominant in sites 1 and 2, whereas the latter is dominant in site 3, which has a 
more open canopy.  Apart from seedlings of the canopy species discussed above, 
occasional trees, shrubs and sub-shrubs in the understorey include the introduced 
species Morinda citrifolia, Lantana camara, Triumfetta rhomboidea, Solanum 
torvum, Urena lobata, Capsicum frutescens, Asparagus setaceus, and Pimenta 
racemosa, and the native species Glochidon ramiflorum.  
 
8   Moderately degraded tree grove (7.3 ha.). This association consists of separate 
forests and tree groves that occur farthest inland from the coast (Fig. 4.8).  Similar to 
the previous two components, it is characterized by a high percentage in relative 
dominance of introduced species and frequency of occurrence of adventives, 
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cultivated plants and roadside weeds. Among the three associations showing some 
degree of degradation, this is, however, considered to be the least degraded. 
According to the SIMPER results, of 55 recorded species from 39 families, 29 are 
assumed to be native and 27 introduced.  The 14 most dominant species, which 
include both native and introduced species, have a relative dominance value of 71% 
compared to the less-common 41 species with a value of 29%, whereas the 29 native 
species together have a relative dominance value of 46% compared to the 27 
introduced species with a value of 54%. 
 
Samanea saman (and/or Albizia lebbek) and Dysoxylum richii are codominant in the 
upper canopy throughout this association, whereas the native trees Aleurites 
moluccana, Syzygium richii, and Barringtonia edulis (possibly an aboriginal 
introduction) are locally common in some locations of these degraded tree groves.  
Apart from seedlings of these canopy species, common trees and shrubs in the lower 
canopies include the native small tree, Vavaea amicorum and Coffea arabica (an 
introduced “coffee” shrub, which is naturalized in sites 62, 63 and 65, and 
potentially invasive in sand dune habitats). Less common species include the 
invasive trees and shrubs Spathodea campanulata, Piper aduncum, Leucaena 
leucocephala, Lantana camara, and Triumfetta rhomboidea, the native small trees 
or shrubs Casearia richii, Micromelum minutum, Planchonella grayana and 
Morinda citrifolia, and the bird-dispersed garden-escaped plant Capsicum 
frutescens.   Passiflora suberosa is the most common vine in the interior of groves, 
whereas Coccinia grandis, Mikania micrantha and Momordica charantia are more 
common on the edges of, or in the ecotones bordering groves. The understorey is 
dominated by Rivina humilis, although there are open floor areas in many locations 
in the separated forest (sites 62 through 65).  Asparagus setaceus (an invasive 
introduced shrub with slender, spreading, thorny stems) is locally very abundant, 
forming extremely dense covers on the trees and shrubs and in the understorey in 
site 64.   
 
9   Barringtonia forest (1.4 ha.).  Barringtonia forest occurs on the escarpment of 
limestone outcrops located near the bridge where the roadside walk (the abandoned 
sugarcane railroad) intersects the Queen’s Highway (Fig. 4.8). It is floristically 
characterized by Barringtonia edulis (a common tree in native gardens), and partly 
B. asiatica, which is dominant in the upper canopy, and a high percentage of relative 
dominance of native species.  According to the SIMPER results, of 34 recorded 
species from 25 families, 19 are assumed to be native and 15 introduced.  The 13 
most dominant species, which include both native and introduced species, have a 
relative dominance value of 75% compared to the less-common 21 species with a 
value of 25%, whereas the 19 native species together have a relative dominance 
value of 66% compared to the 15 introduced species with a value of 34%.  
 
In addition to Barringtonia spp., common trees in the upper canopy include 
Dysoxylum richii and Samanea saman (and/or Albizia lebbek) and, in some 
locations, Ficus storckii and Dendrocnide harveyi. Of these common canopy 
species, Barringtonia edulis and Ficus storckii are dominant in site 67, whereas 
Barringtonia asiatica and Samanea saman are dominant in site 68.  Apart from 
seedlings of these common canopy species, smaller trees or shrubs comprising the 
lower canopies include Vavaea amicorum, Morinda citrifolia and Annona glabra (a 
wetland weed which is potentially invasive in sand dune habitats).  The understorey 
in the interior of the forest is dominated mainly by the native terrestrial fern, 
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Tectaria latifolia, whereas, in the ecotones or on the edges of the forest, Rivina 
humilis and Panicum maximum are more common.  Blechum pyramidatum (an 
introduced weed) is locally abundant in site 68.  Occasional components in the 
understorey in the interior of the forest include Epipremnum pinnatum, Passiflora 
laurifolia, Passiflora suberosa, Macropiper puberulum, Lygodium sp., Corymborkis 
veratrifolia, and Cordyline fruticosa, whereas, on the edges of forest, those include 
Alocasia macrorrhiza, Piper aduncum, Setaria palmifolia, Ipomoea indica and 
Stictocardia tiliifolia. 
 
 
4.2.2 Coastal Shrubland (13 ha.) 
 
Coastal shrubland is the plant community consisting of low forests, dense thickets 
and scattered scrubs dominated by Pandanus tectorius, Hibiscus tiliaceus and 
Scaevola taccada, which is found on the stressful parabolic dune fields (Figs. 4.9).  
The occurrence of this community is concentrated in protected areas where locally 
higher levels of soil water availability and greater protection from the strong, on-
shore, salt-laden prevailing southeast trade winds are evident. Where this vegetation 
occurs in windswept, exposed areas (i.e., open areas immediately inland from 
foredune terraces or ridges), it is often prostrate or dwarfed, ranging from 1 to 3 m in 
height.  In protected areas, however, it occurs as a low forest, ranging from 3 to 8 m, 
often intergrading into an inland taller forest, the boundary of which is recognizable 
by an increase or decrease in dominance of Pandanus tectorius.  Most of the scrub 
and shrub stands are closed in structure, except in sites 9 and 46 where Pandanus 
tectorius occurs sparsely, along with Casuarina equisetifolia.  
 
 

 
Figure 4.9. Distribution of the coastal shrubland community mapped in 2007, shown 
in relation to the environmental gradient and the locations of respective sampling 
sites. 
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Figure 4.10. Pandanus-Scaevola thicket at site 43: the very dense, complex 
branching of S. taccada and the sharp prickles on the leaves of dwarfed P. tectorius
make passage through this vegetation very difficult and painful.

Within the coastal shrubland community, nine more or less floristically distinct 
groups of sites are recognized.   These have, in turn, been classified and mapped as 
the following associations: 1) Hibiscus-Pandanus low-forest and thicket; 2) 
Pandanus-Scaevola thicket; 3) native low-forest; 4) Pandanus tectorius low-forest; 
5) Scaevola taccada thicket; 6) Hibiscus-Samanea thicket; 7) Hibiscus tiliaceus 
thicket; 8) Pandanus-Casuarina low-forest; and 9) Gliricidia sepium thicket.   In the 
native low-forest, three distinct types are further distinguished: 1) Ficus storckii
low-forest; 2) Syzygium richii low-forest; and 3) Calophyllum inophyllum low-forest 
(Fig. 4.12).   

It should be noted that, whereas the first three associations have been distinguished 
based on the cluster analysis (Fig. 4.11), the other six were classified immediately in 
the field (i.e., sampled using the classification method).   For example, the Scaevola 
taccada thicket could be distinguished immediately in the field because the 
vegetation association was easily distinguishable due to the almost monospecific 
occurrence of S. taccada.   It should also be noted that the floristic classification of 
the area of windblown thickets in the Vadra area was determined based on 
qualitative observations only on the canopy species because the site was inaccessible 
due to a dense thicket dominated by prostrate Hibiscus tiliaceus and dwarfed
Pandanus tectorius.

According to the cluster analysis (Fig. 4.11), site 9 is part of the association 
Hibiscus-Pandanus low-forest and thicket (sites 5 through 10).  The site has been 
nevertheless arbitrarily classified and mapped as an individual association, 
Pandanus-Casuarina low forest (Fig. 4.12), because of the physiognomic 
characteristics of the site, in which Pandanus tectorius and Casuarina equisetifolia 
are codominant.

The floristics of each association are discussed in detail below. 
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Figure 4.11. Dendrogram showing the clustering structure of the 68 sites of inland 
forest and coastal shrub communities of the Sigatoka Sand Dunes. 15 sites (sites 24 
through 10) were classified as coastal shrubland that consists of three floristically 
distinct groups: 1) Hibiscus-Pandanus low-forest and thicket; 2) Pandanus-Scaevola 
thicket; and 3) native low-forest. 
 
 

 
Figure 4.12. Distribution of the nine associations of the coastal shrubland 
community with the locations of their respective numbered (sampling) sites. 
 
 
1   Hibiscus-Pandanus low-forest and thicket (6.3 ha.). The Hibiscus-Pandanus 
low-forest and thicket is composed of low forests found in protected areas often 
intergrading into inland taller forests, and low dense thickets found immediately 
inland from windswept foredune terraces or ridges (Fig. 4.12).  It is floristically 
characterized by: 1) Hibiscus tiliaceus and Pandanus tectorius, which are 
codominant in the upper canopy with relative dominance values of 25% and 24% 



 98 

respectively; 2) “intergradation” between stress-tolerant species and less stress-
tolerant species; and, 3) a high percentage of relative dominance of native species.  
According to the SIMPER results, of 66 recorded species from 40 families, 42 are 
assumed to be native and 24 introduced.  The 19 most dominant species, which 
include both native and introduced species, have a relative dominance value of 74% 
compared to the less-common 47 species with a value of 26%, whereas 42 native 
species together have a relative dominance value of 69% compared to the 24 
introduced species with a value of 31%.  
 
Apart from the two dominant canopy species, common trees in the upper canopy 
include Calophyllum inophyllum and Syzygium richii.  Where this association occurs 
as low forest intergrading into inland taller forest (sites 10, 18, 21, 46 and the narrow 
ravine connecting to the Driodrio area, Casuarina equisetifolia, Dysoxylum richii, 
Samanea saman (and/or Albizia lebbek) and Leucaena leucocephala are also 
occasional components of the upper canopy. Where this association occurs as low 
thicket (sites 5 and 6, and the coastward margin of site 10), prostrate, wind-blown 
Terminalia catappa, Hernandia nymphaeifolia and Calophyllum inophyllum are 
common.  The most common species in the lower canopies of low forests include 
Casearia richii, Vavaea amicorum and Lantana camara, whereas Scaevola taccada 
is dominant on the margin of low thickets on windswept foredune terraces. Common 
climbers in this association include the native species Derris trifoliata, Parsonsia 
laevis and Ipomoea littoralis, and the invasive introduced vines Passiflora suberosa 
and P. foetida.  The invasive introduced vines Coccinia grandis, Mikania micrantha 
and Momordica charantia are, on the other hand, uncommon or rare. The 
understorey of low thicket is dominated mainly by Microsorum grossum, with the 
occasional presence of scattered Tacca leontopetaloides (a seasonal coastal herb), 
whereas Panicum maximum and Rivina humilis are more dominant than M. grossum 
in the understorey of the low-forest.  
 
2   Pandanus-Scaevola thicket (3.0 ha.).  Pandanus-Scaevola thicket consists of 
low dense thickets and scattered shrubs found on the protected, southeastern side of 
parabolic dune fields (Fig. 4.12).  It is mainly dominated by prostrate Pandanus 
tectorius and Scaevola taccada (that are often highly integrated in zonation), along 
with a large variety of minor sub-shrubs, herbs, grasses, sedges and vines.  
According to the SIMPER results, of 15 recorded species from 23 families, 14 are 
assumed to be native and 9 introduced.  The 10 most dominant species, which 
include both native and introduced species, have a relative dominance value of 81% 
compared to the less-common 5 species with a value of 19%, whereas the 14 native 
species together have a relative dominance value of 78% compared to the 9 
introduced species with a value of 22%.  
 
The understorey of this association is dominated by Microsorum grossum, with the 
occasional presence of scattered Tacca leontopetaloides.  In contrast, prostrate Vitex 
trifolia (a native coastal shrub) is relatively common along the edges of thickets where 
many weedy grasses and herbs occur, one of which is the native herb Triumfetta 
procumbens. Sites 19, 20 and 24, which are found at less-windswept locations, are 
distinguished from sites 43, 99 and 100 by the occurrence of other canopy species, such 
as Syzygium richii and Hibiscus tiliaceus, which are occasional components of sites 19 
and 20, and Leucaena leucocephala, which is more dominant than Pandanus tectorius 
in site 24.   
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3   Native low-forest (1.3 ha.).  Native low-forest (ranging from 3 to 5 m in height) 
is distinguished by its native tree-dominated upper canopy, the species composition 
of which is distinct from that of Hibiscus-Pandanus-dominated vegetation 
comprising most of the coastal shrubland.  For example, a part of the littoral scrub in 
the Vadra area (site 47) is dominated mainly by Ficus storckii, with the occasional 
presence of Pandanus tectorius, Hibiscus tiliaceus, Hernandia nymphaeifolia, and 
Guettarda speciosa, whereas the narrow zone located behind a Pandanus tectorius 
low-forest (site 25) is dominated by Syzygium richii, along with the minor 
components of Pandanus tectorius, Calophyllum inophyllum, Leucaena 
leucocephala, Samanea saman, and Hernandia nymphaeifolia.  In addition, a high 
concentration of saplings of Cerbera manghas and a relatively large population of 
Hoya australis, both of which are uncommon or rare in the sand dunes, are found in 
site 25.  The very small grove (site 4), which occurs along Naqarai beach, consists 
mainly of Calophyllum inophyllum, Hibiscus tiliaceus, Hernandia nymphaeifolia, 
Samanea saman and Guettarda speciosa (Fig. 4.12).   
 
According to the SIMPER results, of 49 recorded species from 21 families, 29 are 
assumed to be native and 20 introduced.  The 14 most dominant species, which 
include both native and introduced species, have a relative dominance value of 66% 
compared to the less-common 35 species with a value of 34%, whereas the 29 native 
species together have a relative dominance value of 65% compared to the 20 
introduced species with a value of 35%. However, the relative dominance value of 
introduced species together in this vegetation could be slightly lower than this figure 
because, of the 20 introduced species recorded at three separate locations (sites 4, 25 
and 47), 10 species are unique to site 4 located at Naqarai, an area characterized by a 
higher percentage of relative dominance of introduced species.  If we exclude these 
10 species, the remaining 29 native species together have a revised relative 
dominance value of 71%, compared to 29% for the remaining 10 introduced species.     
 
This association might be considered similar to the native tree grove (site 7) that is 
discussed earlier as an association of the coastal dry forest.  This is because they 
both occur in areas just inland from beaches and are both dominated by common 
native coastal trees.   However, there are significant floristic differences separating 
this association from the native tree grove. Whereas Dysoxylum richii and Rivina 
humilis, which are the most common canopy and understorey species of the coastal 
dry forest, are present in site 7, they are uncommon or rare in sites 4, 25 and 47. This 
indicates that there could be a difference in substrate types or micro-climatic 
conditions between site 7 and sites 4, 25 and 47.   
 
4   Pandanus tectorius low-forest (0.8 ha.).  Pandanus tectorius low-forest consists 
of almost monospecific stands of Pandanus tectorius found in protected areas, often 
intergrading into adjacent forest communities (Fig. 4.12). The understorey of this 
low-forest is dominated by mainly the native coastal fern, Microsorum grossum.  A 
small stand of scattered Pandanus trees, which occur in windswept open areas of 
coastal herbland between sites 8 and 9, has been arbitrarily included in this mapping 
unit, although it does not form a closed stand like other mapped stands in this 
association. 
 
5   Scaevola taccada thicket (0.7 ha.).  Scaevola taccada thicket consists of 
monospecific thickets of Scaevola taccada, often bordering on the lower coastward 
margins of Pandanus-dominated vegetation (Fig. 4.12).   
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The thickets of Scaevola taccada, which have been mapped as this association, were 
arbitrarily distinguished from those forming part of the Pandanus-Scaevola thicket 
discussed earlier, based on a degree of zonational or structural integration of the two 
dominant species.   Unlike Pandanus-Scaevola thickets in which the two species are 
highly integrated in zonation, there is a relatively clear boundary, or even an open 
area, between a Scaevola taccada mono-dominant thicket mapped as this category 
and adjacent Pandanus tectorius-dominated vegetation. 
 
6   Hibiscus-Samanea thicket (0.6 ha.).  This is the low thicket that occurs on the 
north slope of the second highest dune in the park (site 103), which is co-dominated 
by prostrate Hibiscus tiliaceus and dwarfed Samanea saman (Fig. 4.12).  The fact 
that the raintree species occur as low dense thickets on very unstable sandy slopes 
indicates the species’ extraordinary adaptability to stressful coastal sand dune 
environments, although the species are currently uncommon throughout the 
windward side of the main dunes.   
 
7   Hibiscus tiliaceus thicket (0.2 ha.).  This is the monospecific thicket of Hibiscus 
tiliaceus, which occurs on the sandy slope located on the southeast side of the 
rubbish dump (Fig. 4.12). The understorey of this thicket is almost open, except for 
the occasional occurrence of scattered Tacca leontopetaloides.  
 
8   Pandanus-Casuarina low-forest (0.2 ha.).  This is the small tree stand 
dominated mainly by Pandanus tectorius and Casuarina equisetifolia, which occurs 
immediately inland from a foredune ridge at the west end of Sese Sand Hills (site 9) 
(Fig. 4.12).  The lower canopy is dominated by Lantana camara, Casearia richii, 
Planchonella grayana, and Vavaea amicorum.  The understorey of this stand is 
relatively open with scattered Microsorum grossum and Tacca leontopetaloides.   
 
9   Gliricidia sepium thicket (0.08 ha.).  This is the low, monospecific thicket of 
dwarfed Gliricidia sepium (an invasive introduced small tree that is very aggressive 
along roadsides), which occurs in a very small area on the northwest slope of the 
second highest dune in the park (site 102) (Fig. 4.12). The understorey is totally 
open. Some groups of individuals (probably escapes from this population) are seen 
at several locations in nearby coastal herbland (site 93). Similar to the prostrate 
Samanea saman discussed earlier, the presence of this roadside weed as a 
monospecific thicket on very unstable sandy slope indicates the species’ 
extraordinary adaptability to stressful coastal sand dune environments.  
 
 
 
4.2.3   Herbaceous Strand (2.8 ha.) 
 
Herbaceous strand is the low trailing herbaceous vine-dominated, least invaded, 
plant community that occurs mainly on the most environmentally stressful beaches,  
particularly on foredune terraces and ridges (Figs. 4.13 and 4.14).  It is characterized 
by the native species Ipomoea pes-caprae, Thuarea involuta, Canavalia rosea and 
Cyperus stoloniferus, along with a large variety of minor herbs, grasses, sedges and 
vines.    Some native woody plants such as Scaevola taccada, Tournefortia argentea 
and Vitex trifolia are occasional components of this plant community.  According to 
the SIMPER results, of 40 recorded species from 21 families, 24 are assumed to be 
native and 16 introduced.  The 8 most dominant species, which include both native 
and introduced species, have a relative dominance value of 74% compared to the 
less-common 32 species with a value of 26%, whereas the 24 native species together 
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have a relative dominance value of 82% compared to the 16 introduced species with 
a value of 18%. 
 
 

 
Figure 4.13. Distribution of the herbaceous strand community mapped in 2007, 
shown in relation to the environmental gradient and the locations of respective 
sampling sites. 
 
 
 

 
Figure 4.14. Herbaceous strand vegetation at site 74 on the windswept foredune 
terrace east of Naqarai Point.   
 
 
According to the minimum mapping unit rules, monospecific strands of Ipomoea 
pes-caprae that occur in areas very close to the high tide mark (populations that may 
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fall under a category of “ephemeral” or short-lived) and those small strands 
occurring along the margins of littoral scrub and shrub are excluded from mapping.   
 
Seedlings or saplings of woody plants and larger herbaceous plants found in very 
small numbers, such as those of Cocos nucifera, Crinum asiaticum and Cordia 
subcordata, are considered to be either temporary colonizers of ocean current-
dispersed ephemerals, or deliberately planted in an effort to stabilize the dunes.   
 
Within the herbaceous strand community, three more or less floristically distinct 
groups of sites are recognized.  These have, in turn, been classified and mapped as 
the following associations: 1) Ipomoea-Thuarea association; 2) Ipomoea-Canavalia 
association; and 3) Ipomoea-Cyperus association.  It should be noted that whereas 
sites almost totally dominated by Ipomoea pes-caprae and Canavalia rosea were 
classified immediately in the field as Ipomoea-Canavalia association, 12 sites 
showing complex species compositions have been classified into the three 
associations based on the cluster analysis (Fig. 4.15).  
 
The floristics of each association are discussed in detail below. 
 
 

 
Figure 4.15. Dendrogram showing the clustering structure of the 19 sites of coastal 
herbaceous plant communities of the Sigatoka Sand Dunes. 12 sites (sites 71 
through 79) were classified as herbaceous strand and broken down into three 
floristically distinct groups: 1) Ipomoea-Thuarea association; 2) Ipomoea-Canavalia 
association; and 3) Ipomoea-Cyperus association. 
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Figure 4.16. Distribution of the three associations of the herbaceous strand 
community and the locations of their respective numbered (sampling) sites. 
  
1   Ipomoea-Thuarea association (1.2 ha.)  This association is dominated mainly by 
Ipomoea pes-caprae and Thuarea involuta, along with a large variety of minor 
vines, sedges, grasses and herbs.   The most common minor species include 
Canavalia rosea, Cyperus stoloniferus, Cenchrus echinatus, Cassytha filiformis, 
Lepturus repens, Vigna marina, Paspalum vaginatum, Passiflora foetida and 
Triumfetta procumbens.  According to the SIMPER results, of 34 recorded species 
from 15 families, 20 are assumed to be native and 14 introduced.  The 12 most 
dominant species, which include both native and introduced species, have a relative 
dominance value of 75% compared to the less-common 22 species with a value of 
25%, whereas the 20 native species together have a relative dominance value of 80% 
compared to the 16 introduced species with a value of 20%.  
 
Although the high dominance by native species in this association is apparent, 
introduced species are more abundant here compared to the other associations of the 
herbaceous strand. For example, despite a successful 2006 school programme for 
eradication of wedelia (Sphagneticola trilobata) in the Sigatoka Sand Dunes, one of 
the worst invasive weeds in the Pacific islands (Thaman 1999), some populations 
were still found in 2007 at sites 70 and 74.  More recently, in 2009, it was found that 
wedelia increased its dominance in sites 74 and 75 by recolonizing the area, 
presumably, after being washed away by hightide waves.  Remnants of Spinifex 
hirsutus, which was reportedly planted in the late 1960s to stabilize the foredunes, 
occurred as separate small groups at sites 77 and 80.   Boerhavia coccinea, a 
perennial prostrate herbaceous weed, was found forming a small, almost 
monospecific ground cover (about 3 m x 3 m) on a windswept foredune terrace on 
Naqarai Point.   
 
2   Ipomoea-Canavalia association (1.2 ha.)   This association is almost totally 
dominated by Ipomoea pes-caprae and Canavalia rosea.  According to the SIMPER 
results, of 13 recorded species from 9 families, 10 are assumed to be native and 3 
introduced.  The 3 most dominant species, which include two dominant creepers and 
Scaevola taccada, have a relative dominance value of 60% compared to the less 
common 10 species with a value of 40%, whereas the 10 native species together 
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have a relative dominance value of 85% compared to the 3 introduced species with a 
value of 15%. Site 75 is, however, distinguished from other areas of this association 
because of the occurrence of other species such as Sphagneticola trilobata, 
Dactyloctenium aegyptium, Lepturus repens, and Vitex trifolia.   
 
3   Ipomoea-Cyperus association (0.4 ha.)  Although this part of herbaceous strand 
is given the association name using two most common species, Ipomoea pes-caprae 
and Cyperus stoloniferus, the species composition and abundance varies 
considerably within the association.  For example, site 71 is dominated mainly by 
Ipomoea pes-caprae and Pycreus polystachyos, followed by Cyperus stoloniferus, 
whereas site 72 is dominated mainly by Cyperus stoloniferus, followed by Ipomoea 
pes-caprae, Cenchrus echinatus, and Paspalum vaginatum.  Site 78 is dominated by 
mainly Ipomoea pes-caprae and Paspalum vaginatum, followed by Canavalia 
rosea, Cyperus stoloniferus Cenchrus echinatus, and Thuarea involuta.  According 
to the SIMPER results, of 8 recorded species from 3 families, 6 are assumed to be 
native and 2 introduced.  The 2 most dominant species, i.e., I. pes-caprae and C. 
stoloniferus, have a relative dominance value of 53% compared to the less common 
6 species with a value of 47%, whereas the 6 native species together have a relative 
dominance value of 81% compared to the 2 introduced species with a value of 19%.  
 
 
4.2.4 Coastal Herbland (7.0 ha.) 
 
Coastal herbland is the grassy, herbaceous, plant community found on the parabolic 
dune fields (i.e., sandy substrate) (Figs. 4.17 and 4.18).  It is floristically 
characterized by the intergradation between species present in the herbaceous strand 
and that of the grassland savanna, i.e., codominated by Ipomoea pes-caprae and 
Panicum maximum, along with many species, including a range of introduced 
species, that are found in either grassland-savanna or herbaceous strand, or in both 
communities.   
 

 
Figure 4.17. Distribution of the coastal herbland community mapped in 2007, shown 
in relation to the environmental gradient and the locations of respective sampling 
sites. 
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According to the SIMPER results, of 53 recorded species from 25 families, 24 are 
assumed to be native and 29 introduced.  The 8 most dominant species, which 
include both native and introduced species, have a relative dominance value of 55% 
compared to the less-common 45 species with a value of 45%, whereas the 24 native 
species together have a relative dominance value of 47% compared to the 29 
introduced species with a value of 53%. 

According to the minimum mapping unit rules, areas of grasses, sedges, herbs and 
vines found in narrow zones around the edges or margins of littoral scrubs and 
shrubs, which fall within this category, have been excluded from mapping.  

Figure 4.18. Coastal herbland found at site 95 on the southwestern slope of the 
highest dune where Najuvonulevu Lookout is designated.  

Figure 4.19. Dendrogram showing the clustering structure of the 19 sites of coastal 
herbaceous plant communities of the Sigatoka Sand Dunes, seven sites (sites 83 
through 95) were classified as Coastal Herbland.
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According to the cluster analysis (Fig. 4.19), site 83, a small herbland located behind 
the Hibiscus-Pandanus low-thicket on Naqarai Point (Fig. 4.17), is floristically more 
distinct from the coastal herbaceous plant communities as a whole than the coastal 
herbland (sites 93 through 95) is from the herbaceous strand (sites 71 through 79).  
In fact, site 83 is dominated mainly by Cenchrus echinatus and Panicum maximum, 
along with uncommon grass and herb, Sporobolus elongatus and Euphorbia 
cyathophora, whereas Ipomoea pes-caprae is least common.  Although the site may 
be considered a highly disturbed and very degraded part of the herbaceous strand 
community on Naqarai Point, since they are physically connected, it is arbitrarily 
included in the coastal herbland as an exceptional component because of the 
presence of Panicum maximum with a high degree of relative dominance, the 
primary differentiating species between the coastal herbland and the herbaceous 
strand. 
 
Floristic variations of this plant community are not discussed here because it was 
found that the species composition and spatial distribution did not show any 
meaningful patterns.  In fact, there is, except for site 83, no significant spatial 
variation in species composition throughout the coastal herbland. This is supported 
by the cluster analysis (Fig. 4.19), because the cluster (coastal herbland) that links 
together 6 sites (93 through 95) remains a single cluster at a Bray-Curtis similarity 
level near 40%, whereas the cluster (herbaceous strand) is, at the same level, 
subdivided into three clusters: Ipomoea-Thuarea associations; Ipomoea-Canavalia 
association; and Ipomoea-Cyperus association.  
 
Apart from the two dominant species, Panicum maximum and Ipomoea. pes-caprae, 
the most common species in this community include Cenchrus echinatus, Tridax 
procumbens, Leucaena leucocephala, Scaevola taccada, Hibiscus tiliaceus and Vitex 
trifolia.  Less common species include Microsorum grossum, Cyperus stoloniferus, 
Cyperus rotundas, Fimbristylis cymosa, Dactyloctenium aegyptium, Brachiaria 
mutica, Lepturus repens, Paspalum conjugatum, Sporobolus diander, S. elongatus, 
Thuarea involuta, Tacca leontopetaloides, Parsonsia laevis, Conyza canadensis, 
Ipomoea littoralis, Emilia sonchifolia, Chamaesyce thymifolia, Atylosia 
scarabaeoides, Crotalaria pallida, C. spectabilis, Derris trifoliata, Gliricidia 
sepium, Vigna marina, Cassytha filiformis, Passiflora foetida, P. suberosa, 
Wikstroemia foetida, Triumfetta procumbens,  Lantana camara and Premna 
serratifolia, which emphasizes the heterogeneity and disturbed nature of this plant 
community. 
 
 
4.2.5   Grassland Savanna (83 ha.) 
 
Grassland savanna is the plant community almost totally dominated by the 
introduced grass, Panicum maximum, along with localized concentrations of 
Pennisetum polystachion and a large variety of herbs and subshrubs, shrubs and 
trees.  It occurs in inland open areas (including hilly areas) where plant growth is 
subject to more severe heat and wind conditions, which contrast sharply with 
depressions, swales, or ravines where presumably locally higher levels of soil water 
availability and greater protection from the strong, on-shore, salt-laden prevailing 
southeast trade winds allow forest communities to occur (Figs 4.20 and 4.21).   This 
category does not include coastal herblands that occur in the parabolic dune fields 
(i.e., sandy substrate) and introduced species-dominated shrublands, both of which 
have P. maximum as a codominant species.     



 107 

 
The eastern and southwestern sections (respectively, the Veivadravadra and Naqarai 
areas) are areas that have been subject to periodic, accidental burning, even after 
1989 when the site was designated as the national park. 
 
 

 
Figure 4.20. Distribution of the grassland savanna community mapped in 2007, 
shown in relation to the environmental gradient and respective spatial reference 
points.  
 
 

 
Figure 4.21. Central grassland savanna of the Sigatoka Sand Dunes.   Panicum  
maximum, the dominant species, grows to about 2 m in height in some areas. The 
taller vegetation seen in the distance is a forest stand in the Driodrio area.  The high 
dune seen in the distance on the left is where Najuvonulevu Lookout is designated, 
whereas the sandy slope seen in the vegetation on the right is the place designated as 
Raikiwai Lookout.  The plants dotting the grassland savanna are mostly saplings of 
Samanea saman. 
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Areas where Panicum maximum and Pennisetum polystachion are codominant 
include the grassland area extending between the Naqarai House and Naqarai Point 
and the area in the northcentral part of the sand dunes, between the Delena and 
Nukucagina lookouts, or along the Nukucagina Track (Fig. 4.20).  However, the 
distribution of P. polystachion within grassland-savanna as a whole is unknown 
since it is very difficult to distinguish an area dominated by only P. maximum from 
an area codominated by both species when P. polystachion is not in flower. (When 
the in-depth field sampling survey was carried out, P. polystachion was not 
flowering.)  
 
With the exception of P. maximum, there are few cases where grassland-savanna is 
dominated by a single species. Examples include a small area along the Coastal 
Walk Track opposite the north slope of the second highest dune, which is dominated 
by Sporobolus diander (a common weedy introduced grass) and a monospecific 
herbland of Conyza canadensis (a common weedy introduced herb) with an aerial 
extent of about 20 m x 20 m, which occurs in the isolated, grassland area (Fig. 4.20). 
 
Underneath the dense cover of the two dominant grasses, the floor is relatively open 
in the western section, whereas a large variety of minor weedy herbs and subshrubs, 
and some trees and shrubs (seedlings), occur in the central and eastern sections.  The 
most common minor weeds in the area include Samanea saman, Leucaena 
leucocephala, Lantana camara, Atylosia scarabaeoides, Crotalaria pallida, 
Indigofera suffruticosa, Macroptilium atropurpureum, Mimosa pudica, Psidium 
guajava, Passiflora foetida, Triumfetta rhomboidea, Vitex trifolia, Emilia 
sonchifolia, Conyza canadensis, Tridax procumbens, and Glochidon ramiflorum.   
Seedlings and saplings of Samanea saman are particularly common throughout the 
central section.  In the hilly area in the northwestern corner of the section (northeast 
of the visitor centre), it appears that a small, monospecific community of S. saman is 
beginning to establish itself.    
 
Minor weeds comprising part of P. maximum-dominated ground-cover vegetation on 
hiking trails, the access road and roadsides along the Queen’s Highway (e.g., 
Kyllinga nemoralis, Axonopus compressus) are arbitrarily distinguished from those 
found in the internal part of grassland savanna and discussed later in the section on 
ruderal vegetation, a vegetation community subject to constant disturbance (e.g., 
grass-cutting by the park keepers, trampling by hikers or vehicles, etc).  
 
As an occasional component of this plant community, woody plants are found often 
as mature trees dotting grassland-savanna.  They include the native coastal trees 
Pandanus tectorius, Calophyllum inophyllum, Thespesia populnea, Hernandia 
nymphaeifolia, Erythrina variegata, and Gyrocarpus americanus in the western 
section (the Naqarai Bay area), and mainly Pandanus tectorius, and occasionally 
Calophyllum inophyllum, on the seaward margin of the eastern section (the area 
along the Coastal Walk Track). 
 
 
4.2.6   Weedy Shrubland (7.6 ha.)  
 
Weedy shrubland is the introduced shrub and grass dominated plant community that 
occurs in several locations along the Queen’s Highway and in the interior of the 
central forest (Figs. 4.22 and 4.23). The dominant introduced shrubs and grass are 
Leucaena leucocephala, Lantana camara and Panicum maximum.  A wide range of 
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minor weedy trees, shrubs, subshrubs, herbs, grasses and vines also occur in this 
vegetation type.  Where it intergrades into an adjacent P. maximum-dominated 
grassland-savanna, the boundary between the two plant communities is often 
recognizable by a sharp increase or decrease in abundance of shrub species, which 
often form taller and denser thickets than a grassland savanna. 
 
 

 
Figure 4.22. Floristically distinct areas of the weedy shrubland of the Sigatoka Sand 
Dunes, shown in relation to the environmental gradient and respective spatial 
reference points.  
 
 

 
Figure 4.23. Weedy shrubland near the visitor centre, which is dominated by mainly 
Leucaena leucocephala and Panicum maximum, followed by Lantana camara.   A 
large variety of minor weedy trees, shrubs, sub-shrubs, grasses, herbs and vines also 
occurs in weedy shrubland. 
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Three floristically distinct associations of the weedy shrubland community are 
discernable, based on the relative abundance of the three dominant species.  They 
include: 1) Leucaena-Lantana-Panicum shrubland; 2) Leucaena-Panicum 
shrubland; and 3) Lantana-Panicum shrubland.  The following floristic discussions 
are based on qualitative field observations on species presence and cover-abundance. 
 
1  Leucaena-Lantana-Panicum  shrubland (3.4 ha.).   Leucaena-Lantana-Panicum 
shrubland is the association of weedy shrubland that is found in some locations 
along the Queen’s Highway and the hiking trail leading to the Driodrio area (Figs. 
4.22 and 4.23). It is dominated by mainly Leucaena leucocephala, Lantana camara, 
and Panicum maximum, along with a wide range of minor weedy trees, shrubs, 
subshrubs, grasses, herbs and vines.    The most common minor weeds in this 
association include the introduced species Cenchrus echinatus, Dactyloctenium 
aegyptium, Conyza canadensis, Mikania micrantha, Tridax procumbens, Coccinia 
grandis, Momordica charantia, Ricinus communis, Samanea saman, Albizia lebbek, 
Atylosia scarabaeoides, Chamaecrista nictitans, Crotalaria pallida, Macroptilium 
atropurpureum, Mimosa pudica, Senna occidentalis, Psidium guajava, Passiflora 
foetida, Triumfetta rhomboidea, and Stachytarpheta cayennensis, and the native 
small tree or shrub species, Glochidon ramiflorum and Vitex trifolia.  
 
2  Leucaena-Panicum shrubland (3.2 ha.).   Leucaena-Panicum shrubland is the 
association that is found on the central portion of the stressful, windblown parabolic 
dune field (Fig. 4.22). Unlike the previous association, it is almost totally dominated 
by prostrate L. leucocephala and P. maximum (L. camara is almost absent).  Where 
it occurs as relatively small, spatially-separated populations, it often takes the form 
of almost monospecific, dense thickets of L. leucocephala (P. maximum is least 
abundant), whereas in exposed, relatively extensive areas it takes the form of an 
open shrubland in which both species are codominant along with many minor herbs, 
grasses and vines.  For example, the floor of the open shrubland found at the east 
end of Sese Sand Hills (site 111) is dominated by the prostrate, creeping herb, 
Alysicarpus vaginalis (Fig. 4.22).  
 
3  Lantana-Panicum shrubland (1.0 ha.).  Lantana-Panicum shrubland is the 
association that is found in some areas in the interior of the coastal dry forest 
(relatively remote locations in the park that park keepers, hikers and visitors hardly 
visit) (Fig. 4.22).  It is dominated mainly by L. camara and P. maximum (L. 
leucocephala is uncommon), along with a wide range of minor weedy shrubs, 
grasses, herbs and vines.  Very dense shrubby stands of L. camara and tall P. 
maximum make passage through this vegetation very difficult. 
 
 
4.2.7   Ruderal Vegetation (8.5 ha)  
 
Ruderal vegetation is the plant community composed of mainly annuals and 
herbaceous perennials that typically occurs in areas subject to constant human 
disturbance (e.g., cutting, trampling by vehicles and hikers, and burning, 
incineration in the rubbish dump).   Constantly disturbed areas within the Sigatoka 
Sand Dune area include 1) the roadside along the Queen’s Highway and the access 
road to Naqarai Bay, 2) hiking trails and areas around the lookouts and shelter bures, 
3) the visitor centre and surrounding lawn area, 4) the rubbish dump and 5) the 
Western Wreckers ground (Figs. 4.24 and 4.25).   These areas are considered to have 
served as focal points for the accidental introduction of, as well as dispersal 
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corridors for, ruderal species themselves, particularly those that produce spiny or 
sticky dry fruits or seeds suitable for dispersal by animals, on people’s clothing or 
by vehicles passing through the area. 
 
 

 
Figure 4.24. Locations of ruderal sites of the Sigatoka Sand Dunes (i.e., areas under 
almost constant human disturbance such as cutting, trampling by vehicles and 
hikers, burning, and incineration in the rubbish dump site).  
 
 

 
Figure 4.25. Ruderal vegetation in the rubbish dump seen in March 2007: a 
monospecific stand of Ricinus communis seen on the southwestern boundary.  
 
Ruderal sites along hiking trails discussed in this section are mainly those located 
within open areas (grassland-savanna), because those located within forests are 
commonly bordered by open bare soil or covered with dead and decomposing leaves 
from dense canopies.  Exceptions are those sections that are paved or under less 
dense canopies such as those through the Casuarina open-forest, where moderately 
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available light occasionally allows the occurrence of some annuals and herbaceous 
perennials. 
 
The foredune terrace on Naqarai Point may also be considered a site under constant 
(both human and natural) disturbance because it is a popular spot for local villagers 
and picnickers, as well as a highly unstable sand spit constantly washed by strong 
hightide waves.  This is reflected in the relatively high cover-abundance of invasive 
annuals and herbaceous perennials such as Cenchrus echinatus, Sphagneticola 
(Wedelia) trilobata, Passiflora foetida, and Boerhavia coccinea.  As far as floristic 
classification is concerned, this degraded herbaceous beach vegetation is, however, 
not grouped as ruderal because the floristics in the area are considered to be 
primarily influenced by coastal environmental stress agents such as salinity, wind 
intensity, soil moisture availability, and soil surface temperature.  
 
Two general types of ruderal vegetation are distinguished: 1) that occurring along 
and bordering roadsides along the Queen’s Highway, along the access road to 
Naqarai Bay and hiking trails, and at the visitor centre and surrounding lawn and 
fenced area; and 2) that found within, and around, the rubbish dump and the Western 
Wreckers ground.    
 
Although there is local variation in species presence and cover-abundance, the 
ruderal vegetation found in the former disturbed sites is generally dominated by 
Panicum maximum, along with a large variety of adventive or naturalized weedy 
trees, shrubs, subshrubs, grasses, herbs, and vines.   Minor weeds in these areas 
include: the sedges and grasses Kyllinga nemoralis, Axonopus compressus, 
Cenchrus echinatus, Chloris inflata, Dactyloctenium aegyptium, Eleusine indica, 
Sporobolus diander and Ischaemum indicum; a wide range of herbs and subshrubs 
Achranthus aspera, Conyza canadensis, Emilia sonchifolia, Mikania micrantha, 
Synedrella nodiflora, Tridax procumbens, Ipomoea indica, I. obscura, Coccinia 
grandis, Momordica charantia, Chamaesyce hirta, C. thymifolia, Phyllanthus 
amarus, Atylosia scarabaeoides, Macroptilium atropurpureum, M. lathyroides, 
Mimosa pudica, Senna occidentalis, S. tora, Vigna marina, Leucas lavandulifolia, 
Malvastrum coromandelianum, Sida acuta, S. rhombifolia, Chamaecrista nictitans, 
Crotalaria pallida, Boerhavia coccinea, Passiflora foetida, Mitracarpus hirtus, 
Spermacoce assurgens, S. mauritiana and Stachytarpheta cayennensis; and shrubs 
and trees (saplings) Ricinus communis, Spathodea canpanulata, Samanea saman, 
Leucaena leucocephala, Psidium guajava, Piper aduncum, Lantana camara, Vitex 
trifolia, Indigofera suffruticosa, I. trita, Ziziphus sp., Solanum torvum and 
Triumfetta rhomboidea. 
 
In contrast, the weedy vegetation found in and around the rubbish dump and the 
Western Wreckers ground is floristically relatively monospecific.  One area within 
the rubbish dump is dominated by adventive weeds of landscaping, ornamental 
gardening and other vegetation that has survived from seeds or cuttings brought to 
the site in waste from private residences and public places.  Such adventives include 
Ludwigia octovalvis, Merremia tuberosa, Citrus lanatus, Cleome viscosa, Cucurbita 
pepo and Cucumis melo.  Monospecific stands of Ricinus communis (a weedy shrub 
potentially invasive in sand dune habitats) are found in a narrow zone around the 
southwestern boundary and in the southeast corner of the rubbish dump (Figs. 4.24 
and 4.25). The Western Wreckers ground is mainly dominated by two perennial 
grasses Digitaria sp. and Sporobolus diander, almost totally excluding P. maximum.  
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4.3 INVASIBILITY CHARACTERISTICS    
 
The invasibility characteristics of the natural or semi-natural habitats of the Sigatoka 
Sand Dunes (i.e., coastal dry forest, coastal shrubland, coastal herbland and 
herbaceous strand) have been analyzed by examining the relative dominance of 
introduced species in relation to a perceived environmental gradient and disturbance 
factors. The most prominent characteristics are summarized below.  It should be 
noted that the highly disturbed communities (e.g., grassland savanna, weedy 
shrubland and ruderal vegetation communities) are not shown in the thematic maps 
of the invasibility of the Sigatoka Sand Dunes below because the relative dominance 
of introduced species within these communities, which is often as high as 100%, 
could obscure spatial patterns of invasibility within less disturbed communities. 
 
All current vegetation or habitat types of the Sigatoka Sand Dunes, which occur as 
discontinuous fragments, are considered to be susceptible to invasion, because the 
discontinuous vegetation stands could allow invasive species, many of which are 
heliophytes (i.e., shade-intolerant plant species that require bright sunlight for 
germination and growth), to invade deeper areas or seaside habitats by using gaps or 
margins of vegetation stands as dispersal corridors.   
 
There are, however, apparent differences in susceptibility to invasion between the 
habitat types.  Habitats found in the less environmentally stressful, protected inland 
areas (e.g., coastal dry forest) are more susceptible to invasion than those occurring 
on the more stressful, exposed, windswept parabolic dune fields (e.g., coastal 
shrubland, coastal herbland) (Fig. 4.26), with habitats in the most stressful outer 
beach areas being least susceptible to invasion (e.g., herbaceous stand) (Fig. 4.27).  
A possible explanation for the lower rate of invasion of the seaside habitats by non-
native species is the lower ability of many introduced species to withstand higher 
levels of intensity of coastal dune environmental stress agents (e.g., salinity, wind 
intensity, soil moisture availability, soil surface temperature, and substrate mobility), 
compared to more-coastally-adapted native species. This observable invasibility 
pattern supports the implication by Meyer (1999) that extreme environments in the 
Pacific region, such as coastal dry and salted zones, are considered less susceptible 
to invasion by non-native plants.   
 
On a more local scale, habitats that have been subject to relatively constant 
disturbance (e.g., the degraded tree groves adjacent to the Queen’s Highway and the 
access road, and the herbaceous vegetation occurring on the sand spit of Naqarai 
Point) and those categorized as secondary vegetation (e.g., the areas of past 
mahogany and Casuarina plantings) are more susceptible to invasion (Figs. 4.26 and 
4.27).  A possible explanation for the success of introduced plants in these habitats is 
the Resource Fluctuation Hypothesis.  According to this hypothesis, resource 
fluctuations promote invasions by creating resource openings for new species, or 
reducing potential competition from existing species at certain times (Inderjit et al. 
2005).  There are two mechanisms for increases in resource availability: 1) if 
resource use by existing species has declined, or 2) if resource supply has increased 
(Davis et al. 2000, cited in Inderjit et al. 2005).   The first mechanism seems to 
explain the higher rate of invasion in disturbed habitats, i.e., disturbance could 
reduce the number of existing individuals, thus increasing resource availability for 
new or long-established, potentially invasive, introduced species. The second 
mechanism, on the other hand, could explain the higher rate of invasion in the areas 
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of past mahogany and Casuarina plantings.  Specifically, the incidental substrate 
enrichment in the area of past deliberate plantings of Casuarina equisetifolia 
resulting from the invasion by the nitrogen fixing species, Leucaena leucocephala, 
appears to have promoted the widespread invasion by Samanea saman and Albizia 
lebbek. in the upper canopy and Rivina humilis in the understorey within the area.  
 
 

 
Figure 4.26. Relative dominance of introduced species within the coastal dry forest 
and coastal shrubland communities, shown in relation to the environmental gradient.   
 
 

 
Figure 4.27. Relative dominance of introduced species in both the herbaceous strand 
and coastal herbland communities, shown in relation to the environmental gradient.   
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4.4   NATURE OF VEGETATION CHANGES 
 
Perceived changes in community structure, species composition and species 
diversity of the vegetation of the Sigatoka Sand Dunes during the past three decades 
were analyzed by comparing the 2007 vegetation map and its floristic descriptions 
with those from the 1978 study by Kirkpatrick and Hassall (1981). It should be 
noted that the plant communities of the 2007 vegetation map have been reclassified 
using the community classification criteria used for the 1978 survey (section 3.3.6). 
 
This section firstly presents a summery of the descriptions of the plant communities 
studied in 1978 (Kirkpatrick and Hassall 1981).  The apparent vegetation changes 
since 1978 are then discussed under five sub-headings: 1) closed-forest; 2) 
Casuarina equisetifolia open forest; 3) Pandanus low open-woodland; 4) open-
grassland; and 5) coastal communities.   
 
 
4.4.1 Plant Communities in 1978 
 
Seven major plant communities were distinguished in 1978.  They included: 1) 
closed-forest: 2) degraded closed-forest; 3) Casuarina equisetifolia open-forest; 4) 
Pandanus low open-woodland; 5) open-grassland; 6) open-herbland and 7) coastal 
communities (Fig. 4.28).   
 
 

 
 
Figure 4.28. Distribution of the 1978 plant communities and the coast-to-inland 
variation in species composition (i.e., the floristically-classified groups of sampling 
sites: groups 1, 2, 3, 4 and 5).   
 
 
These communities, which were classified based on the structure (cover-density, layer 
height and life form), were distributed in zones extending inland from the coast along 
the dunes that were aligned in parallel with the prevailing southeast trade winds.  
Consequently, there was coast-to-inland variation in species composition among each 
classified community.  The pattern was also indicated by the analysis of floristic 
relationships between sites/quadrats using association analysis and stand ordination 
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(William and Lambert 1959, Kirkpatrick and Hutchison 1977, respectively, cited in 
Kirkpatrick and Hassall 1981), that is, the distinct distributional patterns between 
Groups 1 and 2 appeared to be strongly subject to a coast-to-inland environmental 
gradient.  It should be noted that the remaining groups seemed to subject to human 
disturbance factors, specifically Groups 3 and 5 to incidental substrate enrichment 
associated with past Casuarina planting and Group 4 to livestock grazing.     
 
1   Closed-forest (31 ha.).  This plant community was composed of closed-forest 
occurring inland and closed-scrub found in areas toward the coast where tree/shrub 
height was reduced by exposure to salt spray.  Although the community structure 
was classified as closed (70-100% cover density), this plant community was 
considered moderately-degraded because burning, grazing and cutting had opened 
the canopy of much of the forest, allowing it to be invaded by introduced species, 
particularly grasses. The most common canopy species include the native trees, 
Dysoxylum richii, Calophyllum inophyllum, and Syzygium richi.  However, S. richii 
was often absent in more-inland locations where the introduced species, Albizia 
lebbek and Delonix regia, joined the canopy. Less common canopy species include 
the native trees, Cerbera manghas, Terminalia catappa, Aleurites moluccana, Ficus 
storckii, F. oblique, Trichospermum richii and Thespesia populnea. Around quadrat 
7 (i.e., Naqarai Point), the native trees, Barringtonia asiatica, Hernandia 
nymphaeifolia and Guettarda speciosa formed a floristically distinct forest, the 
development of which was assumed to be related to the calcareous nature of the 
substrate and the sheltered western leeward location (i.e., the Naqarai Bay area).  
Although Swietenia macrophylla (mahogany) had been deliberately planted in the 
forest near quadrats 26 and 27, native species had not been excluded from the 
canopy and understorey.  
 
In the least disturbed areas of this community, two lower layers were distinguished.  
A shrub layer (2–6 m tall, 30–70% cover density) was mainly dominated by the 
native shrub or small tree, Vavaea amicorum, whereas the understorey was 
dominated by the native ferns, Nephrolepis hirsutula and Christella pacifica (or 
Sphaerostephanos invisus) inland and the fern, Microsorum grossum, and the 
tuberous herb, Tacca leontopetaloides (probably an aboriginal introduction), near 
the coast.  The native fern and orchid, Pyrrosia lanceolata and Taeniophyllum 
fasciola, were the only epiphytes observed on more than one tree, and were limited 
in occurrence to the deeper parts of the closed-forest where quadrats 34, 35, 36, 38 
and 39 were located. The most common vines and lianas were the native species, 
Hoya australis and Derris trifoliata, and Epipremnum pinnatum. 
 
2   Degraded closed-forest (13 ha.).  This community was considered to be a 
severely-degraded part of the closed-forest, the canopy cover of which had been 
vastly reduced in density due to periodic burning in the western part of the dunes 
and by livestock grazing and cutting in the central and eastern parts. This 
community included mosaics of open-forest, woodland, open-scrub and grassland. 
Although floristic information of the community was not provided in any detail, 
species typifying the community were presumed to include some of those typical of 
the closed forest. 
 
3   Casuarina equisetifolia open-forest (23 ha.).  This community was composed of 
open-forest occurring inland where the deliberately-planted native tree, Casuarina 
equisetifolia, was still dominant in the upper canopy (10–14 m).  It should be noted 
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that, compared to the supposed area of the original Casuarina planting shown in Fig. 
2.4 in section 2.1.2, the Casuarina-dominated vegetation was more extensive in 
1978.  However, it is unclear whether this was a result of the successful invasion of 
the species into areas beyond the original planting area, or the original planting area 
was in fact more extensive than the area discernable and mapped on the 1967 aerial 
photograph.  The lower component of this radically-modified forest had been 
moderately invaded by the introduced shrub, Leucaena leucocephala, forming a 
sparse low layer, and the introduced grass, Panicum maximum, which dominated the 
understorey with a 30–70% cover-abundance. However, in some areas, species 
typical of closed forest were found in lower layers; and, near the coast where the tree 
height of C. equisetifolia attained only 4–6 m, Syzygium richii and Pandanus 
tectorius shared dominance.  This community also included Leucaena leucocephala 
open-scrub where Panicum maximum and Rivina humilis dominated the understorey, 
typically with few other species. 
 
4   Pandanus low open-woodland (52 ha.).  This community was essentially a 
savanna community consisting of a very sparse layer (5–8 m) dominated by 
Pandanus tectorius overlaying open grassland, which was dominated by Panicum 
maximum and Pennisetum polystacyon in the western section and by a mixture of 
creeping grass and herbaceous and small shrubby weeds in the more heavily grazed 
eastern section. Although ruderal vegetation was not specifically classified by 
Kirkpatrick and Hassall, it must have been present at the time in narrow zones along 
the Queen’s Road, as a large-scale, civil engineering activity for redirecting the road 
within the area was recognizable on the 1978 aerial photograph.  
 
5   Open-grassland (39 ha.).  This community was merely the previous one without 
Pandanus.  Most of the western sections were dominated by Panicum maximum, 
often found in monospecific-grasslands, whereas the central and eastern sections, 
which were heavily grazed, were dominated by Brachiaria reptans, along with 
Stachytarpheta cayennensis, Cyanthillium cinerea, Psidium guajava and Indigofera 
suffruticosa, which had replaced P. maximum-dominated grasslands (i.e., P. 
maximum was presumably uncommon or rare in the central and eastern sections in 
1978).  
 
6   Open-herbland (2 ha.).  This community included open, often sparsely 
vegetated areas covered by a mixture of prostrate grasses, weedy herbs and small 
shrubs, and coastal herbaceous strand species. 
 
7   Coastal communities (12 ha.).  Coastal communities were composed of either 
herbaceous strand dominated by either Ipomoea pes-caprae and Canavalia rosea or 
I. pes-caprae and the deliberately introduced sand-binding grass, Spinifex hirsutus; 
closed-shrub dominated by either Scaevola taccada or Hibiscus tiliaceus and Vitex 
trifolia, or by monospecific stands of H. tiliaceus; or open Pandanus tectorius scrub. 
 
 
 
4.4.2 Vegetation Changes since 1978 
 
In Table 4.1, the frequency of occurrence of some common species estimated for 
each of the five floristically-classified groups of the 1978 sampling quadrats and the 
respective groups of the 2007 sampling sites are tabulated, showing increases or 
decreases in frequency of occurrence of the species over the intervening period for 
each of the five localities. (Note: frequency of occurrence of a species is defined as a 
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percentage of the total number of sampling quadrats or sites within a group, in which 
the species was present.)  This information was used to support some of the 
conclusions drawn from the comparative analyses of changes in community 
structure, species composition and species diversity.  For example, a change in the 
most dominant species of a certain area from species A to species B since 1978 is 
consistent with the decrease in frequency of occurrence of species A and the 
increase in that of species B, which were estimated for the locality of the sand dunes.    
 
 
Table 4.1 Percentage frequency of occurrence of some common species estimated 
for each of the five floristically-classified groups of the 1978 sampling quadrats and 
the respective groups of the 2007 sampling sites. 
 
 Group 1 Group 2 Group 3 Group 4 Group 5 
 1978 2007 1978 2007 1978 2007 1978 2007 1978 2007 
Panicum maximum 27 55 100 100 71 100 50 100 40 25 
Pandanus tectorius  100 100 78 64 14 50 - - - 25 
Casearia richii 64 45 44 45 - - 50 - 10 - 
Nephrolepis hirsutula 64 27 56 36 - 25 - - - - 
Microsorum grossum 82 100 - - - - - - 10 17 
Coccinea grandis 64 45 44 73 - 100 - - - - 
Tacca leontopetaloides 64 73 11 64 - 50 25 17 10 - 
Syzygium richii 64 100 22 64 - - - - - - 
Rivina humilis 45 73 56 100 29 100 - - - - 
Derris trifoliata 27 73 33 18 - - - - 20 17 
Scaevola taccada 27 55 - - - - - - 10 67 
Solanum americanum  27 9 - - - - - - 10 17 
Dysoxylum richii 27 64 78 91 - 75 - - - - 
Vavaea amicorum 27 36 78 64 - 25 - - - - 
Passiflora laurifolia  27 18 44 27 14 - - - - - 
Abrus precatorius  18 18 44 36 - 25 - - - - 
Jatropha curcas  - - 33 9 - 25 - - - - 
Calophyllum inophyllum 18 45 33 45 - 50 - - - 25 
Pittosporum arborescens 9 - 33 - - - - - - - 
Samanea saman /Albizia 
lebbek  

- 36 33 100 29 100 - 67 - - 

Thunbergia alata - - 33 9 14 25 25 - - - 
Epipremnum pinnatum  - 18 33 18 - - - - - - 
Elephantopus mollis - - 33 18 - - - - - - 
Hibiscus tiliaceus 45 91 44 73 29 75 - 50 20 8 
Leucaena leucocephala 9 45 22 73 57 100 - 83 - 8 
Casuarina equisetifolia  18 18 11 18 29 50 - - - - 
Vernonia cinerea  9 - - 9 - - 100 - 20 - 
Psidium guajava - - 22 9 14 25 100 83 - - 
Brachiara reptans - - - - - - 75 - - - 
Indigofera suffruticosa - - - - - 25 75 67 - - 
Atylosia scarabaeoides  - 9 - 9 - - 50 67 20 8 
Triumfetta rhomboidea 9 18 22 45 14 25 50 83 10 8 
Stachytarpheta urticifolia - - 33 9 - - 50 17 - - 
Wikstroemia foetida 18 27 11 - 14 - 50 - - 17 
Crotalaria pallida - - - - - - 50 83 10 - 
Ipomoea pes-caprae 9 27 - - - - - - 20 100 
Passiflora foetida 27 45 - - 14 25 - 83 60 25 
Vitex trifolia - 36 - - - 25 25 50 50 17 
Cassytha filiformis 18 36 - - - - - - 40 50 
Canavalia rosea 18 - - - - - - - 30 58 
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1   Closed-forest.  In both the western and eastern parts of the sand dunes which had 
been under almost constant human disturbance (reportedly burning in the western 
part and grazing and cutting in the eastern part), much of the area where closed-
forest (including the severely degraded parts) was found in 1978 has since become 
deforested.  It is evident on the 1991 aerial photograph that most of this was 
destroyed during the ensuing decade (1980s) before the site was designated as a 
national park. The deforested areas have been replaced by Panicum maximum 
closed-grassland and, in 2007, showed no sign of reinvasion by shrubs and canopy 
species (Fig. 4.29).   
 
 

 
Figure 4.29. Distribution of the 2007 plant communities, which have been 
reclassified using the same vegetation parameters as the 1978 ones, shown in 
relation to the areas where closed-forest (including the severely-degraded areas) was 
mapped in 1978. 
 
 
The analysis revealed that the separate, relatively isolated forest stands, tree groves 
and thickets and individual trees dotting grasslands currently found in the western 
and eastern parts of the sand dunes are, in fact, the fragmented remnants of the 
former more extensive and more contiguous forest communities. Of these remnants, 
small tree groves and thickets and individual trees found near the coast have retained 
the predominance of native species over introduced species and some of the native 
species composition observed in 1978, due to the lower ability of alien plants to 
colonize the environmentally stressful parabolic dune fields compared to more-
coastally adapted native plants (Figs. 4.30 and 4.31). However, some of the 
distinctive native species-dominated remnants have been, presumably, further 
disturbed, and as a result, invaded and replaced, or reduced in number, by other, 
often more pioneering native species, and have, thus, become less diverse in species 
composition.  For example, the species association once peculiar to Naqarai Point 
(Barringtonia asiatica, Hernandia nymphaeifolia and Guettarda speciosa) is now 
much less distinct as the vegetation currently found at the site has been reclassified 
as Hibiscus-Pandanus low thicket: the current dominant species association of the 
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coastal communities of the sand dunes.  Some remnants of the former associates are 
still found at the site, but no longer as the main components.   
 
On the other hand, the separate forest stands and groves found farther inland, 
particularly those in the western part (where deforestation has occurred on a larger 
scale), have been severely invaded by a wide range of introduced weedy annuals, 
herbaceous perennials, sub-shrubs, shrubs and trees (Fig. 4.31).  
 
In the central part of the dunes, there is no sign of significant direct habitat 
destruction in the areas where closed-forest was found in 1978, as there appears to 
have been almost no change in community structure (Fig. 4.29).  However, the 
mahogany-dominated forest adjacent to the highway has undergone a great floristic 
change towards a more introduced species-dominated, less-diverse vegetation 
compared to that found in 1978 when, according to the Kirkpatrick and Hassall, 
much of the native species component was still observed in the canopy and 
understorey.  Specifically, the canopy of the forest stand is now codominated by 
mahogany (Swietenia macrophylla and, to a lesser extent, S. mahogani) and rain tree 
(Samanea saman and, to a lesser extent, Albizia lebbek)  (relative dominance 58% 
and 42% respectively), whereas the understorey is almost totally dominated by 
Rivina humilis.   
 
 

 
Figure 4.30.  Floristically distinct areas within the closed-forest and the woody 
plant-dominated part of the coastal communities mapped in 2007, shown in relation 
to the areas where closed-forest (including the severely-degraded parts) was mapped 
in 1978. 
 
 
According to the Kirkpatrick and Hassall’s description, rain tree (Albizia lebbek) 
was, in 1978, already an occasional component of the closed-forest in inland 
locations.  However, it is unclear if the invasive species was already a component of 
this deliberately-modified forest shortly after the establishment of mahogany 
planting in the late 1960s.  Because the frequency of occurrence of rain tree 
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(Samanea saman is now more abundant) in the group 2 locality was only 33% in 
1978 compared to 100% in 2007 (Tab. 4.1), it is presumed that the species might 
have been present in the mahogany forest in 1978, but in far less in abundance than 
observed in 2007, indicating the high rate of the invasion of the forest by rain tree 
over the past 30 years.  On the other hand, the deeper, more central areas (sites 37, 
38, 39, 40, 48, 49 and 50) seem to have retained the predominance of native species 
over introduced species with much the same native species composition in 2007 as 
observed in 1978.  In these areas the native trees such as Dysoxylum richii, Vavaea 
amicorum, Hibiscus tiliaceus, Syzygium richii, and Aleurites moluccana, which were 
dominant components of the canopy in 1978, are, in 2007, still observed to be the 
most common species in the canopy, although the understorey has changed to a 
great degree due to the massive invasion by R. humilis (Figs. 4.30 and 4.31).   
 
 

 
Figure 4.31.  Relative dominance of introduced species regimes within the closed-
forest and the woody plant-dominated part of the coastal communities observed in 
2007, shown in relation to the areas where closed-forest (including the severely-
degraded parts) was mapped in 1978. 
 
 
2   Casuarina equisetifolia open-forest.  Within the areas where Casuarina 
equisetifolia open-forest was found in 1978, the vegetation now classified as  
Casuarina open-forest and woodland is now limited to small areas in separate 
locations (Fig. 4.32).  It should be noted that the species composition of the 
vegetation classified as Casuarina open-forest at the two different points in time is, 
except for the canopy, considerably different.  Compared to the closed forest, much 
less of the Casuarina open-forest has been deforested and replaced by Panicum 
maximum closed-grassland.  Some limited areas of grasslands (the internal areas 
surrounded by closed-forest) have been significantly invaded by a range of 
introduced weedy shrubs (in some cases, reinvasion by native species), showing a 
much more complex community structure than the closed-grassland community, 
which possibly indicates a more advanced, less-disturbed successional stage. 
 
On the other hand, much of the area where Casuarina equisetifolia open-forest was 
found in 1978 has become closed in community structure over the last three decades. 
Of these areas, those forest stands found near the coast (sites 9 and 10, and sites 46 
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and 47), i.e., the areas once characterized by co-dominance of C. equisetifolia, 
Syzygium richii and Pandanus tectorius, seem to have retained the predominance of 
native species over introduced species. Again, this is possibly due to the lower 
ability of non-native species to colonize the stressful parabolic dune fields, although, 
over this same period, these areas seem to have been successfully invaded by more 
coastally-adapted common native species, such as Hibiscus tiliaceus and Pandanus 
tectorius, and have consequently become less diverse in species composition.   
 
 

Figure 4.32.  Distribution of the reclassified 2007 plant communities, shown in 
relation to the areas where Casuarina open-forest was mapped in 1978. 
 
 
In contrast, the area found inland on the escarpment of limestone outcrops (sites 66, 
67 and 68) which is distinct from the typical sand dunes environment (i.e., the delta 
plain) seems to have undergone a radical floristic change to a more native species-
dominated, more diverse composition, as it is now characterized by primarily 
Barringtonia edulis and B. asiatica, and secondarily by Dysoxylum richii, Samanea 
saman, Ficus storckii and Dendrocnide harveyi.  It is stressed, however, that B. 
edulis, is a commonly planted nut tree that may have been either deliberately or 
accidentally planted by humans, or dispersed by birds or bats to the area. 
 
Much of the area where Casuarina equisetifolia open-forest was found in 1978 and 
has since become closed in community structure (including the enclosed open-
herbland) has, however, undergone an unfavourable floristic change towards a more 
introduced species-dominated composition (Figs. 4.33 and 4.34).  Specifically, the 
former dominant canopy species, C. equisetifolia, seems to have, in many areas, 
been replaced by the invasive introduced trees Samanea saman and Albizia lebbek.  
The dense canopy of rain tree is now underlain, or codominated in the canopy in 
some areas, by dense thickets of Leucaena leucocephala and Hibiscus tiliaceus.  The 
understorey, much of which is now in shade, is dominated by Rivina humilis, 
pushing out Panicum maximum into ecotones or areas where canopy density is 
moderately reduced.  The canopy that has increasingly become denser over the 
period and the incidental substrate enrichment presumably resulting from the 
invasion by the nitrogen-fixing tree, L. leucocephala, which was triggered by the 
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deliberate plantings of C. equisetifolia, seems to explain, in part, the massive 
invasion of the understorey by the shade-tolerant, introduced herb, R. humilis.   
The current dominance of these species in this area is consistent with the result 
shown in Table 4.1, as, in the groups 2 and 3 locality, rain tree have, on average, 
increased in the frequency of occurrence by 69%, L. leucocephala by 47%, H. 
tiliaceus by 38%, and R. humilis by 58%.   
 
 

 
Figure 4.33.  Floristically distinct areas within the closed-forest and the woody 
plant-dominated part of coastal communities observed in 2007, shown in relation to 
the areas where Casuarina open-forest was mapped in 1978. 
 
 

 
Figure 4.34.   Relative dominance of introduced species regimes within the closed-
forest and the woody plant-dominated part of the coastal communities observed in 
2007, shown in relation to the areas where Casuarina open-forest was found in 
1978. 
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Furthermore, the change to a closed structure, but a more introduced species-
dominated composition, particularly being dominated by those invasive species that 
often form monospecific stands (dense canopy covers, thickets or mats), seems to 
have kept the area at a low level of species diversity or in a high state of 
homogeneity of species composition.  This trend is graphically shown by the ranked 
species abundance curve below (Fig. 4.35).  The area of past Casuarina planting 
(i.e., the area currently characterized as the Samanea-Leucaena-Hibiscus 
association) is floristically much less diverse than the least invaded habitat (i.e., the 
Dysoxylum-Samanea-Hibiscus-Vavaea association), although there is almost no 
difference in species richness between the two associations (74 and 78 respectively). 
Specifically, the 12 most common species of the Samanea-Leucaena-Hibiscus 
association dominate a much larger area (13.9 ha. compared to 8.2 ha.) with a higher 
relative dominance value (76% compared to 59%).   In addition, the mean 
percentage frequency of 62 less-common species of this association is only 14%, 
whereas that of 66 less-common species of the Dysoxylum-Samanea-Hibiscus-
Vavaea association is 34%.  The same goes for the mahogany forest which seems to 
be far less diverse in species composition, although the comparison is not as 
straightforward as between the former two associations because there is a 
considerable difference in the species richness and the area of vegetation cover 
between the mahogany forest and the other two associations.  
 
 

 
Figure 4.35. Ranked species abundance curves of the three associations of the 
coastal dry forest: the mahogany forest, the Samanea-Leucaena-Hibiscus association 
and the Dysoxylum-Samanea-Hibiscus-Vavaea association.  
 
 
Another notable pattern observed in the area where rain tree is now dominant in the 
canopy is that seedlings and saplings of Dysoxylum richii, the most common native 
canopy species in the park, are more frequently seen in the understorey than those of 
rain tree (Fig. 4.36).  A possible explanation is that the closed canopy provides D. 
richii with favourable conditions for the regeneration of its seedlings and saplings. 



 125 

Native trees are often adapted to growing in shady areas, whereas many successful, 
invasive introduced trees are heliophytes that require bright sunlight for germination 
and growth, as it is their most important life strategy to naturalize in disturbed, open 
areas.  In fact, samplings and seedlings of rain tree are more common in grasslands 
than in forest stands, and some studies indicate that rain tree seedlings are intolerant 
of shade (Staples and Elevitch 2006).  However, it is still too early to say if this 
could be a sign of another major successional change in the dominant canopy 
species or a reversion to native forest in the area.   
 
 

 
Figure 4.36.  Abundance or frequency of occurrence of Dysoxylum richii and rain 
tree (Samanea saman and, to a lesser extent, Albizia lebbek) in the understorey of 
closed-forests and the floor of the closed-grasslands, mapped in 2007. 
 
 
3   Pandanus low open-woodland.    Most of the areas where Pandanus low open-
woodland was found in 1978 have since become deforested. It should be noted that 
it is evident on the 1991 aerial photography that the western section was already 
deforested before 1989, whereas the eastern section was destroyed some time after 
1989 when the site was designated as a national park. The deforested areas have 
been replaced by Panicum maximum closed-grassland (Fig. 4.38).   A decrease in 
grazing pressure and periodic occurrence of fire in the east section after 1989 seems 
to have contributed to this widespread invasion of this fire resistant invasive grass, 
P. maximum. 
   
The narrow zones along the Queen’s Highway that have been subject to constant 
human disturbance (e.g., cutting, trampling by vehicles and hikers, burning, and 
incineration in the rubbish dump) have been invaded by a wide range of introduced 
annuals or herbaceous perennials that form a distinct plant community classified as 
ruderal vegetation.   
 
Some areas along the highway have become significantly invaded by a wide range 
of introduced weedy shrubs (i.e., weedy shrubland), showing a more complex 
community structure than mere closed-grassland. There is little sign of reinvasion by 
both introduced and native canopy species. 
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Figure 4.37. Pandanus low open-woodland found in Navua today, a plant 
community assumed to be similar in structure to the Pandanus low open-woodland 
found in the sand dunes in 1978.  
 

 
Figure 4.38. Distribution of the reclassified 2007 plant communities shown in 
relation to the areas where Pandanus low open-woodland was found in 1978.  
 
 
4   Open-grassland.    Much of the area where open-grassland was found in 1978 
has become closed-grassland during the past 30 years, i.e., it grows so densely that 
passage through the area is difficult (Fig. 4.39).   The western sections remain pure 
stands of Panicum maximum (i.e., other annuals and herbaceous perennials are only 
occasional), whereas the central and eastern sections have undergone a radical 
floristic change back to monospecific, P. maximum-dominated grasslands as the 
former dominant species such as Brachiaria reptans, Stachytarpheta urticifolia, 
Cyanthiilium cinereum, Psidium guajava and Indigofera suffruticosa and a wide 
range of weedy herbs, subshrubs, shrubs and trees, can now be seen only as minor 
components.  Similar to the area where a species-rich grassland overlain by a sparse 



 127 

layer of Pandanus trees was found in the past, a decrease in grazing pressure and 
periodic occurrence of fire in the central and eastern sections after 1989 seem to 
have contributed to this widespread invasion of these areas by the fire resistant 
invasive grass, P. maximum.  
 
Of these weedy species, the tree, Samanea saman, has become increasingly common 
within the central section over the past few years with a rapid increase in cover-
abundance of the species very apparent in the comparison of digital photos taken of 
the area in the past few years (Figs. 4.40 and 4.41).  In the hilly area northeast of the 
visitor centre it even appears that a small, monospecific community of S. saman is 
beginning to establish itself (Fig. 4.42).  Although this might be a sign of another 
major change in species composition since 1978, it is too early to say if this could be 
a sign that the central section of closed-grassland is starting to develop into a more-
structurally-complex woodland or forest community.  
 
 

 
Figure 4.39.  Distribution of the reclassified 2007 plant communities and saplings 
and seedlings of Samanea saman shown in relation to the areas where open-
grassland was mapped in 1978. 
 
 



128

Figure 4.40. Seedlings and saplings of Samanea saman dotting a grassland savanna 
in the central part of the sand dunes. Photographed in May 2005. Source: 
DPFJSD1248, FILE 08.

Figure 4.41. Seedlings and saplings of Samanea saman dotting a grassland savanna 
in the central part of the sand dunes. Photographed in March 2007.



129

Figure 4.42. A small, monospecific community of Samanea saman beginning to 
establish itself in the hilly area northeast of the visitor centre.   Photographed in 
April 2007.

5   Coastal communities.  Much of the area where coastal communities were 
found in 1978 is, three decades later, also dominated by coastal communities (Fig. 
4.43).  However, the very dynamic foredune ridges and terraces, which have very 
unstable substrate due to apparently increasing episodic wave erosion and foredune 
redevelopment, seem to be no longer overgrown with permanent vegetation. 
Similarly, the area near site 111 seems to have become deforested and replaced by 
open weedy-shrubland. 

Figure 4.43. Distribution of the reclassified 2007 plant communities shown in 
relation to the areas where coastal communities were mapped in 1978.

The area grown over with shrubby or scrubby vegetation remains Hibiscus tiliaceus,
Pandanus tectorius and Scaevola taccada-dominated.  However, changes in 
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distribution or abundance of the scrubby or shrubby vegetation within the area 
where coastal communities were found in 1978 is unclear because Kirkpatrick and 
Hassall’s 1978 description does not include information on the distribution or 
abundance of the scrubby or shrubby vegetation within the coastal communities at 
the time. Nevertheless, it is assumed that the scrubby or shrubby vegetation in the 
area has slightly increased in abundance making the coastal communities more 
monospecific because H. tiliaceus in the group 1 locality has increased in frequency 
of occurrence by 50% (41%, 91%), P. tectorius remaining 100%, and S. taccada by 
28% (27%, 55%) (Tab. 4.1). 
 
However, the herbaceous strand vegetation, which was in 1978 dominated by either 
Ipomoea pes-caprae and Canavalia rosea or Spinifex hirsutus and I. pes-caprae 
seems to have undergone a floristic change towards a more diverse native species 
composition, as it is now dominated by either I. pes-caprae and Thuarea involuta, I. 
pes-caprae and Canavalia rosea, or I. pes-caprae and the sedge, Cyperus 
stoloniferus, followed by Paspalum vaginatum, Vigna marina and Lepturus repens.  
Spinifex hirsutus, one of the common foredune grasses in subtropical and temperate 
zones, which was deliberately planted in the 1960s to aid in the stabilization of 
foredunes, is now considered to be only an occasional component of the coastal 
communities.  
 
Although the dominance by native species within herbaceous strand vegetation 
remains very high (82%), introduced species seem to be a more common component 
of this vegetation than was observed in 1978, particularly in the areas near Naqarai 
Point, as introduced species such as Cenchrus echinatus, Passiflora foetida, and 
Sphagneticola (Wedelia) trilobata are now frequently seen.  
 
 

 
Figure 4.44. Floristically distinct areas within the parabolic dunes habitat observed 
in 2007 shown in relation to the areas where coastal communities were mapped in 
1978. 
 
 
 
 



 131 

6   Summary.  In concluding this section, the most important aspects that emerged 
from the comparison of the 1978 and 2007 survey results are outlined below. 
 

• Since 1978, the Panicum maximum monospecific closed-grassland has vastly 
increased in area as a result of direct human destruction (e.g., burning, cutting, 
livestock grazing) of the closed-forest, Casuarina open-forest, and Pandanus 
low open-woodland.  This deforestation mostly took place during the ensuing 
decade (1980s) before the site was designated as a national park in 1989. 

• Much of the remaining forest stands and tree groves have since become denser 
as a result of increasing dominance and cover-abundance of canopy species 
such as, within inland habitats, Dysoxylum richii, Hibiscus tiliaceus, Vavaea 
amicorum, Samanea saman, Albizia lebbek, and Leucaena leucocephala (in 
particular, the latter two introduced species have vastly increased in cover-
abundance), and in the parabolic dune fields, H. tiliaceus and Pandanus 
tectorius.  

• Of the remaining forest stands and tree groves, those found within the 
environmentally less stressful, protected inland areas have become more 
introduced-species-dominated, whereas those found in the more stressful, 
exposed parabolic dune fields have remained native-species-dominated.  

• Of the forest stands and tree groves found in the inland areas, the relative 
dominance of introduced species is particularly high for the habitats close to 
the highway (the fragmented remnants that have been subject to constant 
human disturbance) and the secondary vegetation (the area of past Casuarina 
and mahogany plantings), making the vegetation less diverse. Conversely, the 
habitats that have been immune from radical human disturbance (sites 37, 38, 
39, 40, 48, 49 and 50) have retained the predominance of native species over 
introduced species, with relatively high species diversity and the composition 
remaining very much the same as observed in 1978.   

• Of the forests and shrubs found in the parabolic dune fields, much has become 
more monospecific or less diverse because of increasing dominance of the 
three most common species, H. tiliaceus, P. tectorius and Scaevola taccada.  
Those habitats that have retained heterogeneity in species composition 
(presumably part of the native species association observed in 1978) are 
limited to small areas at a few locations (sites 4, 7, 25, and 47). 

• Finally, the herbaceous strand vegetation found on the most stressful beach 
areas has since become more diverse in native species composition, which 
seems to have resulted in a reduction in the total area dominated by the 
deliberately-introduced, sand-binding grass, Spinifex hirsutus.   Conversely, 
herbaceous vegetation, where Ipomoea pes-caprae and Panicum maximum are 
codominant along with a wide range of introduced weedy annuals and 
herbaceous perennials, has since increased in area in the parabolic dune fields, 
creating, in a sense, an expanding transition zone between the P. maximun 
closed-grassland in the inland areas and the Ipomoea pes-caprae herbaceous 
strand vegetation on beaches (i.e., the areas classified as coastal herbland in 
2007).    
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4.5   SPECIES OF SPECIAL CONCERN 
 
Some 263 vascular plant species (from 82 families) have been reported from the 
Sigatoka Sand Dunes. These include those originally reported by Kirkpatrick and 
Hassall (1981), the additional species listed in the periodically updated checklist by 
Thaman et al. (1993–2003) and new species identified during this study (2007–
2009).  Of these, 113 (under one-half) species are presumed to be native and 150 
introduced.   Of particular interest are: 1) species previously not recorded; 2) species 
endemic to Fiji; 3) species presumed to have become extirpated; 4) endangered 
species; 5) species that could be endangered in the future; 6) invasive species; and, 
7) potentially invasive species. These species are discussed below with emphasis on 
distribution, the actual state of endangerment or encroachment, impacts on native 
flora and vegetation, and their bio-ecological characteristics.  
 
 
4.5.1   Species 

Family  

previously not recorded   
 
Of the 263 species, 71 (28 native and 43 introduced) are plants that had not been 
reported present in the sand dunes before 2003 (Tab. 4.2).  They exclude adventives 
or escapes found only outside the park. These are presumed to have been either 
relatively recently, accidentally or deliberately introduced to the sand dunes, or had 
been overlooked or misidentified in surveys before 2003. Where a given species is 
currently present or abundant, it is normally assumed that this is the apparent point or 
location of its introduction or establishment in the dunes.   
 
On the basis of the observable current distribution and cover-abundance, the 
“invasion status” of the 71 species relatively new to the sand dunes has been 
identified and classified into four stages: STAGE 1 (introduction); STAGE 2 
(naturalized/established); STAGE 3 (widespread or abundant); and STAGE 4 
(widespread and abundant). It should be noted that, although two stages before 
introduction, “source pool” and “transported”, are generally distinguished in modern 
invasion ecology literature (Inderjit n.d.), they are not discussed here because this 
study concerns the invasion process after introduction.  It should also be stressed that 
many of the newly reported species are classified as 1 or 2 because they are still 
relatively limited in distribution or abundance.  In some cases, a question mark (?), 
rather than one of the four stages, is given to indicate that a stage cannot be 
distinguished because the year when a given species was first recorded is uncertain.   
 
 
Table 4.2. Seventy-one species (26 native and 45 introduced) previously unrecorded 
prior to 2003. (Note * before a species name indicates that the species is presumed to 
be introduced; all others are presumed to be native.  ? before the species name 
indicates that the identification of a given species/the scientific name provided is 
uncertain and requires verification.)  
 

Scientific Name Perceived Stage of Invasion Process  
PTERIDOPYTA 

Adiantaceae Pteris tripartita (1) Small numbers when present  
Aspidiacese Tectaria latifolia (1) Small numbers when present  
Aspleniaceae Asplenium polydon (1) Small numbers when present  
Davalliaceae 
 

Davallia fejeensis (1) Small numbers when present  
Davallia solida (1) Small numbers when present  

Nephrolepidaceae Nephrolepis biserrata (3) Widespread, but not abundant  
Polypodiaceae Schellolepis subauriculata (1) Small numbers when present  
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Ophioglossaceae Ophioglossum pendulum (1) Small numbers when present  
GYMNSPERMAE/CONIFEROPHYTA 

Araucariaceae  *Araucaria sp. (1) Small numbers where deliberately planted 
Podocarpaceae Dacrycarpus imbricatus (1) Small numbers where apparently deliberately 

planted 
MONOCOTYLEDONAE 

Agavaceae 
 

*Dracaena fragrans (1) Small numbers where apparently introduced 
*Sanseviera trifasciata (1) Small numbers where apparently introduced 

Araceae 
 

*Alocasia cucullata (1) Small numbers where apparently introduced 
*Xanthosoma sagittifolium (1) Small numbers where apparently introduced 
?*Ptychosperma hospitum (1) Small numbers where apparently introduced 

Cyperaceae 
 

*Chloris inflata (2) Naturalized in multiple ruderal sites  
Scleria lithosperma (1) Small numbers when present  
?Scleria polycarpa -  

Dioscoreaceae *Dioscorea bulbifera (3) Widespread, but not abundant 
Liliaceae *Asparagus setaceus (2) Naturalized in multiple ruderal sites 
Philesiaceae Geitonoplesium cymosum (1) Small numbers when present  
Poaceae 
 

*Paspalum conjugatum (2) Naturalized in a few separate locations 
Stenotaphrum micranthum (2) Occasional in natural or semi-natural habitats  

Zingiberaceae *Zingiber zerumbet (1) Small numbers where apparently introduced 
DICOTYLEDONAE 

Acanthaceae *Asystasia gangetica (2) Naturalized in multiple ruderal sites 
Acanthaceae *Justicia betonica (2) Naturalized in multiple ruderal sites 
Annonnaceae *Annona muricata (1) Small numbers where apparently introduced 
Araliaceae *Schefflera actinophylla  (1) Small numbers where apparently introduced 
Asclepiadaceae Tylophora brackenridgei (?) Widespread (but not abundant) 
Convolvulaceae Ipomoea indica (2) Naturalized in multiple ruderal sites 
Convolvulaceae *Merremia tuberosa (1) Small numbers where apparently introduced 
Convolvulaceae *Stictocardia tiliifolia (or 

Merremia peltata) 
(2) Naturalized in multiple ruderal sites 

Crassulaceae *Kalanchoe pinnata (1) Small numbers where apparently introduced 
Euphorbiaceae 
 

Excoecaria agallocha (2) Occasional in natural or semi-natural habitats 
*Chamaesyce thymifolia (2) Naturalized in several separate ruderal sites 

Fabaceae 
 

*Alysicarpus vaginalis (2) Naturalized in a few separate ruderal sites 
?Canavalia cathartica - 
*Centrosema pubescens (2) Naturalized in multiple ruderal sites 
*Crotalaria spectabilis (2) Naturalized in natural or semi-natural habitats 
Cynometra insularis (1) Small numbers when present  
*Derris elliptica (1) Small numbers when present 
*Desmodium incanum (2) Naturalized in multiple ruderal sites 
*Gliricidia sepium (2) Naturalized in multiple ruderal sites 
*Indigofera trita (2) Naturalized in multiple ruderal sites 
*Senna tora (1) Small numbers where apparently introduced 
*Tamarindus indica (1) Small numbers where apparently introduced 

Malvaceae *Malvastrum coromandelianum (2) Naturalized in multiple ruderal sites 
Meliaceae *Melia azedarach (1) Small numbers where apparently introduced 
Moraceae 
 

*Artocarpus artilis (1) Small numbers where apparently introduced 
Ficus barclayana (1) Small numbers when present  
Malaisia scandens (2) Occasional in natural or semi-natural habitats 
?Streblus anthropophagorum (1) Rare in interior forest 

Moringaceae *Moringa oleifera (1) Small numbers where apparently introduced 
Myrtaceae *Pimenta racemosa (1) Small numbers where apparently introduced 
Nyctaginaceae *Boerhavia coccinea (2) Naturalized in multiple ruderal sites 
Onagraceae *Ludwigia octovalvis (1) Small numbers where apparently introduced 
Oxalidaceae *Averrhoa carambola (1) Small numbers where apparently introduced 
Passifloraceae *Passiflora edulis (2) Naturalized in multiple ruderal sites 
Piperaceae 
 

Macropiper puberulum (2) Occasional in inland forest and  ruderal sites 
*Piper aduncum (2) Naturalized in multiple ruderal sites 
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Polygonaceae *Antigonon leptopus (3) Abundant and invasive (but not widespread) 
Rhamnaceae 
 

Smythea lanceata (2) Occasional in natural or semi-natural habitats 
Ventilago vitiensis (2) Occasional in natural or semi-natural habitats 

Rubiaceae 
 

*Coffea arabica (2) Naturalized in natural or semi-natural habitats 
*Mitracarpus hirtus (2) Naturalized in multiple ruderal sites 
*Spermacoce mauritiana (2) Naturalized in multiple ruderal sites 

Rutaceae 
 

Micromelum minutum (2) Widespread (but not abundant)  
*Murraya koenigii (1) Small numbers where apparently introduced 

Sapindaceae Elattostachys falcata (?) Naturalized in natural or semi-natural habitats 
Sterculiaceae Kleinhovia hospita                                                                                                                                                                                                                                                                                                                                                                                                     (1) Single individual in open woodland 
Vitaceae Cayratia seemanniana (1) Small numbers when present  

 
 
Special attention is given to introduced species such as Asparagus setaceus, 
Paspalum conjugatum, Asystasia gangetica, Justicia betonica, Schefflera 
actinophylla, Merremia tuberosa, Stictocardia tiliifolia (or Merremia peltata), 
Centrosema pubescens, Derris elliptica, Gliricidia sepium, Passiflora edulis, Piper 
aduncum, Antigonon leptopus, and Coffea arabica (the bold species names in the 
table) that are known to be noxious weeds in highly disturbed or degraded habitats, 
or, to some degree, invaders in natural or semi-natural habitats elsewhere in the Fiji 
Islands or in other Pacific Islands (also listed as potential invaders in Tab. 4.8).   It is, 
however, still too early to say if they will be invasive in natural or semi-natural 
habitats of the Sigatoka Sand Dunes in the long run, because some other long-
established introduced species that are known to be invasive elsewhere in the Fiji 
Islands and other Pacific Islands have so far been limited in their distribution to 
disturbed habitats or have insignificant cover-abundances in the dunes (e.g., 
Syngonium podophyllum, Annona glabra, Ricinus communis, Spathodea campanulata 
and Passiflora laurifolia) (Fig. 4.45). It should be stressed, however, that over longer 
periods of time some of these could become more invasive in the dunes.   
 
 

 
Figure 4.45.  Distribution of some long-established species known as invasive 
elsewhere, but insignificant in the Sigatoka Sand Dunes, mapped in 2007. 
 
 
Some species such as A. setaceus. A. gangetica, G. sepium, P. aduncum, A. leptopus 
and C. arabica have shown extremely aggressive habits where naturalized (Figs. 
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4.46, 4.47, 4.48, and 4.49).  Some of these species have even already shown the 
ability to colonize the environmentally stressful parabolic dune fields.  For example, a 
monospecific stand of prostrate G. sepium occurs on a very unstable, dry sandy slope 
at site 102 (Figs. 4.46 and 4.50), whereas dense mats of A. gangetica are located in 
the understorey of coastal thickets at sites 56 and 57 (Figs. 4.46 and 4.51).  Because 
of this, it is strongly recommended that these species be eradicated or, if that is 
impossible, at least controlled by closely monitoring disturbed sites (both human and 
natural) for possible adventives or escapes to limit their distribution to current 
locations.   A. setaceus should be treated with extreme caution, particularly to the 
population near site 44, because it is potentially a serious nuisance to hikers and visitors 
if it spreads along hiking trails, due to its thorny stems.    
 

 
Figure 4.46.  Distribution of previously unrecorded species, but already showing 
extremely aggressive habits where naturalized, mapped in 2007. 
 
 

 
 
Figure 4.47. Population of Asparagus setaceus, a woody shrub with slender, spreading, 
thorny stems, at site 64 in a forest stand outside the park, seen in 2007.  
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Figure 4.48. Extremely dense mat of Asystasia gangetica at disturbed site 112 near 
the visitor centre along the Queen’s Highway, seen in 2007. 
 
 

 
 
Figure 4.49. Dense cover of Antigonon leptopus climbing in a forest canopy at site 
112 near the visitor centre along the Queen’s Highway, seen in 2007. 
 
 
 
 
 
 



 137 

 
 
Figure 4.50. Monospecific stand of prostrate Gliricidia sepium at site 102 on a very 
unstable, dry sandy slope in the sand dunes, seen in 2007. 
 
 

 
 
Figure 4.51. High concentration of Asystasia gangetica in the understorey of the 
coastal thicket at site 57, seen in 2007. 
 
 
It should be noted that, during the survey in 2007, it was observed that physical 
control (especially, cutting and slashing) has been actively practised by the park 
rangers for the two potentially invasive plants, Spathodea campanulata and Piper 
aduncum, as many tree saplings were found cut and slashed.  This intervention seems, 
however, to have been inadequate and ineffective, as it often is, for many of the more 
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serious invaders, especially these two species, because every sapling observed had 
resprouted.  Because they are such serious potential invaders and are still in 
comparatively small numbers within a small area, the removal of entire root systems 
is suggested, even though this is more labour intensive. Given the prevailing southeast 
trade winds, the easy dispersal means of S. campanulata (seeds with transparent wings 
that are easily dispersed by winds), and the current distribution of seedlings and 
saplings, a group of mature S. campanulata trees, located at site 55 in open tree groves 
in the eastern grassland savanna, seems to be a likely source of the invasion in the sand 
dune habitats (Fig. 4.45).   It could be practical and probably very effective to remove 
this probable source population since they are still few in number and limited to a single 
location.   
 
 
4.5.2   Species endemic to Fiji     
 
Of the 113 native species, Davallia fejeensis, Tylophora brackenridgei, Barringtonia 
edulis, Ficus barclayana and Airosperma trichotomum are reportedly endemic to Fiji 
(Tab. 4.3).    
 
These endemic species were not reported in the original study by Kirkpatrick and 
Hassall (1981).  This is probably because they are either relatively recent introductions 
to the sand dunes or had been misidentified or overlooked in the past surveys, or 
possibly because occurrence is limited to isolated, inconvenient locations (Fig. 4.52). It 
should be noted that the vegetation map excludes A. trichotomum due to uncertain 
identification and estimation of cover-abundance of the species.  
 
It should also be noted that, although T. Brackenridgei is similar in preferred habitat 
to other common native vines (e.g., Parsonsia laevis, Hoya autralis, Jasminum 
simplicifolium and Vitex trifolia) and typically occurs in shady areas or under 
canopies, this endemic vine was, interestingly, more common in more disturbed, 
inland habitats than in seaside habitats where the other native vine species are often 
more common (Fig. 4.52). 
 

 
 
Figure 4.52.  Distribution of endemic species in the Sigatoka Sand Dunes, mapped in 
2007. 
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Table 4.3. Endemic species recorded in the Sigatoka Sand Dunes. (Note: the 
frequency occurrence of a given species is defined as the frequency with which the 
species was recorded in sampling sites, which is expressed as a percentage of the total 
number of sampling sites within a supposed ecological range of the species.) 
 

Family  Scientific Name Life Form  Frequency Occurrence  
PTERIDOPYTA 

Davalliaceae Davallia fejeensis Epiphytic fern 2%   (1/53 sites) 
DICOTYLEDONAE 

Asclepiaceae Tylophora brackenridgei Vine 44%  (30/68 sites) 
Lecythidaceae Barringtonia edulis Tree 19%  (10/53 sites) 
Moraceae Ficus barclayana  Shrub  13%  (7/53 sites) 
Rubiaceae Airosperma trichotomum Shrub - 

 
 
4.5.3   Species presumed to have become extirpated   
 
Of the 262 species, 22 (13 native and 9 introduced) are presumed to have become 
extirpated or locally extinct during the last 30 years (Tab. 4.4). It should be noted that 
some of these, such as Chamaesyce chamissonis, Sophora tomentosa, and 
Dendrolobium umbellatum, may represent ocean-dispersed ephemeral species that 
come and go during episodes of local dispersal and extirpation. The same might be 
the case for some of the weeds or garden escapes, such as Solanum lycopersicon, 
Ipomoea aquatica and Xanthium pungens that might be reintroduced periodically 
with garden refuse via the nearby dump site.    
 
Table 4.4. Twenty-two species (13 native and 9 introduced) presumed to have 
become extirpated or locally extinct during the last three decades. (Note: * before a 
species name indicates that the species is presumed to be an introduced species.) 
 

Family  Scientific Name Life Form Supposed Habitat  
PTERIDOPYTA 

Cyathaceae Cyathea lunalata Tree fern  Inland forests  
Lycopodiaceae Lycopodium phlegmaria Terrestrial fern Inland forests  
Vittariaceae Vaginularia angustissima Epiphytic fern Inland forests  

MONOCOTYLEDONAE 
Agavaceae *Agave americana Subwoody herb Ruderal sites 
Poaceae 
 

Sporobolus virginicus Grass Beaches, foredunes  
Miscanthus floridulus Grass Ruderal sites  

DICOTYLEDONAE 
Asteraceae 
 

*Pseudoelephantopus spicatus Herb Ruderal sites 
*Xanthium pungens  Subshrub Ruderal sites 

Convolvulaceae *Ipomoea aquatica Vine Ruderal sites 
Cuscutaceae *Cuscuta campestris Vine Beaches, foredunes 
Euphorbiaceae Chamaesyce chamissonis Herb  Coastal shrublands 
Fabaceae 
 

*Dendrolobium umbellatum Shrub Coastal shrublands 
*Glycine tabacina Herb Ruderal sites 
Kingiodendron platycarpum Tree Inland forests 
Sophora tomentosa Shrub Coastal shrublands  

Myrtaceae *Eucalyptus deglupta Tree Inland forests 
Rubiaceae 
 

Gynochthodes epiphytica Vine  Inland forests 
Mussaenda raiateensis Shrub  Inland forests  

Solanaceae *Lycopersicon esculentum Herb Ruderal sites 
Thymelaeaceae Phaleria disperma Shrub Coastal shrublands 
Tiliaceae Trichospermum richii Tree Inland forests 
Verbenaceae *Clerodendrum buchananii  Subshrub Ruderal sites 
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4.5.4   Endangered Species   
 
Of the 113 native species, 24 are considered to be endangered because of the current, 
very small, observable populations (less than 10 % frequency occurrence) (Tab. 4.5).  
It should be noted that this category (and the following category) includes the native 
species originally reported by Kirkpatrick and Hassall (1981) and in the subsequent 
periodic surveys by Thaman et al. (1993–2003), particularly those in the early 1990’s, 
but excludes rare or uncommon native species that are presumed to have been 
relatively recently (post 2003) introduced, either accidentally or deliberately, to the 
sand dunes (i.e., the native species listed in Tab. 4.2) 
 
It should also be noted that the frequency occurrence may not reflect the actual status 
of endangerment of some of these species.  As shown in Fig. 4.53, some species such 
as Cerbera manghas, Barringtonia asiatica, and Ficus storckii are found as relatively 
large numbers of mature individuals in some isolated, more protected areas.   
Contrarily, some species limited in distribution to areas subject to either human or 
natural disturbance often occur as a small number of individuals (e.g., Tournefortia 
argentea, Thespesia populnea).  To ensure the future survival of these species, it may 
be necessary to encourage deliberate planting of these species in more protected 
locations. The area along the Nokonoko Track (sites 25, 26 and 30) seems to be a 
suitable site for doing so.   
 
Table 4.5.  Twenty-four (24) native species considered to be currently endangered. 
(Note: the frequency occurrence of a given species is defined as the frequency with 
which the species was recorded in sampling sites, which is expressed as a percentage 
of the total number of sampling sites within a supposed ecological range of the 
species.) 
 

Family  Scientific Name Frequency Occurrence  
PTERIDOPYTA 

Adiantaceae Pteris ensiformis 4%  (2/53 sites of coastal dry forest) 
DICOTYLEDONAE 

Apocynaceae 
 

Cerbera manghas 6%  (4/68 sites of coastal forest and shrubland) 
Tabernaemontana pandacaqui -  
Neisosperma oppositifolium 7%  (1/15 sites of coastal shrubland) 

Asclepiadaceae Hoya australis 9%   (6/68 sites of coastal forest and shrubland) 
Boraginaceae Tournefortia argentea 4%  (3/80 sites of forest, shrubland and foredune) 
Fabaceae 
 

Caesalpinia bonduc 4%   (1/27 sites of coastal shrubland and beach) 
Entada phaseoloides - 
Inocarpus fagifer 2%  (1/53 sites of coastal dry forest)  

Gyrocarpaceae Gyrocarpus americanus 6%  (4/68 sites of coastal forest and shrubland) 
Lecythidaceae Barringonia asiatica 7%  (5/68 sites of coastal forest and shrubland) 
Loganiaceae Geniostoma uninervium - 
Malvaceae Thespesia populnea 6%  (4/68 sites of coastal forest and shrubland) 
Moraceae 
 
 

Ficus obliqua 1%  (1/68 sites of coastal forest and shrubland) 
Ficus storckii 4%  (3/68 sites of coastal forest and shrubland) 
Ficus tinctoria 10%  (7/68 sites of coastal forest and shrubland) 

Myrsinaceae Maesa tabacifolia 7%  (5/68 sites of coastal forest and shrubland) 
Pittosporaceae Pittosporum arborescens - 
Rhamnaceae Colubrina asiatica 7%  (1/15 sites of coastal shrubland) 
Rubiaceae 
 

Airosperma trichotomum -  
Guettarda speciosa 6%  (4/68 sites of coastal forest and shrubland) 

Sterculiaceae Kleinhovia hospita - 
Ulmaceae Trema cannibina 7%  (1/15 sites of coastal shrubland) 
Verbenaceae Clerodendrum inerme - 
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Figure 4.53.  Distribution of endangered species in the Sigatoka Sand Dunes, mapped 
in 2007. 
 
 
4.5.5 Species that could be endangered in the future   
 
Of the 113 native species, 9 are considered to be plants that could be endangered or 
threatened in the future. This is because, although the current observable populations 
are not as small as the endangered species (between 10 and 25 % frequency of 
occurrence) (Tab. 4.6, Fig. 4.54), these species, which were reportedly more common 
in the past, have decreased in cover-abundance considerably during the past 30 years, 
probably due, as highlighted in the analysis of vegetation change (section 4.4.2), to 
the increasing dominance of invasive species and more-coastally-adapted native 
species over the period, and the trend is likely to continue in the future.   
 
Specifically, the decreases in the population of Casuarina equisetifolia are probably 
related to the increasing dominance of invasive canopy species such as Samanea 
saman (and to a lesser extent, A. lebbek), Leucaena leucocephala and a more-
coastally-adapted native species, such as Hibiscus tiliaceus (Fig. 4.55).  Similarly, the 
decrease of understorey species in inland forests such as Nephrolepis hirsutula, 
Sphaerostephanos invisus (or Christella pacifica), and Centosteca lappacea is 
probably due to the widespread invasion of the forest floors by Rivina humilis in 
shady areas and Panicum maximum in ecotones or areas where canopy density is 
moderately reduced  (Fig. 4.56).  On the other hand, decreases of coastal species such 
as Hernandia nymphaeifolia, Premna serratifolia and Canavalia sericea could be 
related to frequent fires, their natural death or removal, or the increasing dominance 
of more-coastally-adapted native species such as Hibiscus tiliaceus, Pandanus 
tectorius and Scaevola taccada (Fig. 4.57). 
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Table 4.6. Nine (9) native species that could be endangered or threatened in the 
future. (Note: frequency occurrence of a given species is defined as the frequency 
with which the species was recorded in sampling sites, which is expressed as a 
percentage of the total number of sampling sites within a supposed ecological range 
of the species.) 
 

Family  Scientific Name Frequency Occurrence  
PTERIDOPYTA 

Nephrolepidaceae Nephrolepis hirsutula 21%  (11/53 sites of coastal dry forest) 
Thelypteridaceae Sphaerostephanos invisus 

 (or Christella pacifica) 
17%  (9/53 sites of coastal dry forest) 
 

MONOCOTYLEDONAE 
Poaceae Centosteca lappacea 11%  (6/53 sites of coastal dry forest) 

DICOTYLEDONAE 
Casuarinaceae Casuarina equisetifolia 24% (16/68 sites of coastal forest and shrubland) 
Fabaceae 
 

Canavalia sericea 13% (2/15 sites of coastal shrubland) 
Erythrina variegata  
var. orientalis 

16% (11/68 sites of coastal forest and shrubland) 

Hernandiaceae Hernandia nymphaeifolia 22% (6/27 sites of coastal shrubland, foredune) 
Moraceae Streblus anthropophagorum -  
Verbenaceae Premna serratifolia 25% (17/68 sites of coastal forest and shrubland) 

 
 

 
 
Figure 4.54.  Distribution of species that could be endangered in the future, mapped 
in 2007. 
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Figure 4.55.  Distribution of Casuarina equisetifolia, Samanea saman (and, to a lesser 
extent, Albizia lebbek), Leucaena leucocephala and Hibiscus tiliaceus, mapped in 
2007. 
 
 

 
 
Figure 4.56.  Distribution of Nephrolepis hirsutula, Sphaerostephanos invisus (or 
Christella pacifica), Centosteca lappacea and Rivina humilis, which all occur in the 
understorey of inland forests, mapped in 2007. 
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Figure 4.57.  Distribution of Hernandia nymphaeifolia, Premna serratifolia, 
Canavalia sericea, Hibiscus tiliaceus, Pandanus tectorius and Scaevola taccada, 
mapped in 2007.  
 
 
 
4.5.6 Invasive species   
 
Of the 150 introduced species, 12 are considered to be invasive in natural or semi-
natural habitats of the Sigatoka Sand Dunes (Tab. 4.7).  It is stressed that these 
species are considered to have spread from areas where they were deliberately or 
accidentally introduced and, after becoming successfully naturalized, have dominated 
disturbed habitats and have increased their dominance in natural or semi-natural 
habitats of the sand dunes, causing significant changes in the dunes’ species 
composition, community structure and species diversity.   This category, therefore, 
excludes annual or perennial “invasive” herbs and grasses found as minor weeds in 
natural or semi-natural habitats of the dunes (e.g., Cyperus rotundus, Cynodon 
dactylon, Dactyloctenium aegyptium and Pycreus polystachyos).  “Minor weeds” in 
this context refers to non-native herbaceous plants, the dominance or cover-
abundance of which does not significantly affect species composition and species 
diversity of a plant community. 
 
 
Table 4.7. Twelve (12) introduced species considered to be invasive in natural or 
semi-natural habitats of the Sigatoka Sand Dunes. (Note: * before a species name 
indicates that the species is presumed to be an introduced species.) 
 
Family  Species  Bio-ecological attributes vital for efficient dispersal    

MONOCOTYLEDONAE 
Poaceae 
 

*Cenchrus echinatus Produces animal and human-dispersed spike-like racemes of 
sharp-spined burs  

*Panicum maximum Produces numerous wind-dispersed seeds  
DICOTYLEDONAE 

Asteraceae 
 

*Mikania micrantha Produces numerous wind-dispersed seeds 
*Sphagneticola trilobata Vegetative and prolific reproduction  
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Cucurbitaceae *Coccinia grandis Produces small cucumber-like fruits with numerous animal-
dispersed seeds; also reproduces vegetatively 

Fabaceae 
 
 

*Albizia lebbek Produces pods with numerous animal-dispersed seeds  
* Leucaena leucocephala  Produces pods with numerous animal-dispersed seeds  
*Samanea saman Produces pods with numerous animal-dispersed seeds 

Passifloraceae 
 

*Passiflora foetida Produces fruits with numerous animal-dispersed seeds  
*Passiflora suberosa Produces fruits with numerous animal-dispersed seeds 

Phytolaccaceae *Rivina humilis Produces numerous animal-dispersed berries 
Verbenaceae *Lantana camara Produces animal-dispersed drupes, also reproduces 

vegetatively. 
 
 
Of these 11 invasive species, Cenchrus echinatus, Panicum maximum, Mikania 
micrantha, Sphagneticola (Wedelia) trilobata, Coccinia grandis, Albizia lebbek, 
Samanea saman, Leucaena leucocephala, Passiflora foetida, and Lantana camara are 
also known to be among the most significant or dominant invasive species throughout 
the Pacific Islands, whereas Passiflora suberosa and Rivina humilis are commonly 
classified as moderate or potential invaders in the region.  
 
The current distribution and cover-abundance of these more dominant introduced 
species support the indications given in the analysis of the invasibility characteristics 
(section 4.3).  Some invasive species such as Samanea saman, Albizia lebbek and 
Rivina humilis are generally more abundant in less stressful inland habitats, clearly 
showing their lower ability to withstand higher levels of intensity of coastal dune 
environmental stress agents, compared to more-coastally-adapted, native species 
(Figs. 4.58 and 4.59).  However, given the potential adaptability of these invasive 
species to coastal dune environments, this current observable invasibility seems to 
be a temporary pattern.  It fact, it was observed that Samanea saman has 
successfully co-established itself with Hibiscus tiliaceus as prostrate or dwarfed 
shrubby vegetation at sites 103 on a highly unstable sandy slope of the second 
highest dune in the park (Fig. 4.60). 
 
 

 
 
Figure 4.58.  Distribution of Samanea saman and, to a lesser extent, Albizia lebbek, 
mapped in 2007. 
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Figure 4.59.  Distribution of Rivina humilis, mapped in 2007.  
 
 
 

 
 
Figure 4.60.  Hibiscus-Samanea thicket on an unstable dune slope at site. The 
yellowish green areas (enclosed in white circles) are Samanea saman.  
 
 
Similarly, species such as Panicum maximum, Leucaena leucocephala and Coccinia 
grandis are capable of invading, or may have adapted to, stressful parabolic dune 
fields as indicated by the increasing dominance of these invasive species in the 
seaside habitats (Fig. 4.61, 4.62, 4.63 and 4.64).  Figure 4.61 shows that the 
increasing area of discontinuous forest cover appears to have allowed these 
heliophytes to invade deeper areas or seaside habitats by using gaps or margins of 
forest stands as dispersal corridors, since their cover-abundance is significantly low 
in inner areas, or under the dense canopy, of the larger forest stands, indicating their 
apparent inability to penetrate dense vegetation stands.  
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Figure 4.61.  Current distribution of Coccinia grandis, Leucaena leucocephala, 
Panicum maximum-dominated vegetation (i..e., the grassland savanna, coastal 
herbland, weedy shrubland and ruderal vegetation communities), mapped in 2007.  
 
 
 

 
 
Figure 4.62. Leucaena-Panicum weedy shrubland at coastal site 111, seen in 2007. 
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Figure 4.63. Panicum maximum-dominated site 95 on an unstable dune slope, seen 
2007. 
 
 

 
 
Figure 4.64. Dense cover of Coccinia grandis on coastal shrub at site 41, seen 2007. 
 
 
Similar to dominant invasive plants elsewhere in the Fiji Islands and the Pacific 
Islands, these species produce either fleshy fruits (berries or drupes) (e.g., Coccinia 
grandis, Passiflora foetida, P. suberosa, Rivina humilis and Lantana camara) or seed 
pods (e.g., Leucaena leucocephala, Samanea saman, Albizia lebbek); have an asexual 
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or vegetative reproduction system, i.e., easily-established cuttings (e.g., 
Sphagneticola trilobata, C. grandis), which are actively dispersed by birds and 
rodents in the sand dune area; produce spiny or sticky dry fruits (e.g., Cenchrus 
echinatus) dispersed by animals on hairs, on people’s clothing and on vehicles; or, 
wind-dispersed seeds (e.g., Panicum maximum, Mikania micrantha) (Table 4.7). 
Other important characteristics common among these invasive plants include a large 
and long-lived seed bank, which allows them to persist and regenerate over long 
periods, rapid growth and prolific reproduction.  All of these invasive species form 
monospecific stands (dense canopy covers, thickets, or mats).  Some are fire-adapted 
(pyrophytic) species that quickly reestablish themselves after a fire (e.g., P. 
maximum). Some are nitrogen-fixing plants (e.g., L. leucocephala), which increase 
nitrogen inputs and alter the soil nutrient status, thus facilitating the invasion of other 
introduced species (e.g., Samanea saman, Albizia lebbek, R. humilis) (Meyer 1999).  
These bio-ecological characteristics seem to make it extremely difficult, or almost 
impossible, to control the dominant invasive species, as attempts over the past five 
years to control Sphagneticola trilobata through physical removal and uprooting has 
been shown to be unsuccessful. 
 
 
4.5.7 
 
Of the 136 introduced species, 18 species are presumed to be potentially invasive in 
natural or semi-natural habitats of the Sigatoka Sand Dunes (Tab. 4.8).  These 
species are classified as “potentially invasive” species because, although currently 
limited in distribution to highly disturbed or degraded habitats within the dunes,  
they are known to be noxious weeds in highly disturbed or degraded habitats, or, to 
some degree, invaders in natural or semi-natural habitats elsewhere in the Fiji 
Islands and other Pacific Islands.   
 
Table 4.8. Eighteen (18) introduced species presumed to be potentially invasive in 
natural or semi-natural habitats of the Sigatoka Sand Dunes. (Note: * before a species 
name indicates that the species is presumed to be an introduced species.  The bold 
species names indicates that they had not been reported before 2003.) 
 

Potentially invasive species  

Family  Species  Bio-ecological attributes vital for efficient dispersal    
MONOCOTYLEDONAE 

Araceae *Syngonium podophyllum Vegetative reproduction 
Liliaceae *Asparagus setaceus Produces bird-dispersed, one- to three-seeded fruits; also 

vegetatively reproduced.  
DICOTYLEDONAE 

Acanthaceae 
 

*Asystasia gangetica Produces explosive capsules with seeds. Vegetative and 
prolific reproduction. Shade tolerant.  

*Justicia betonica Produces abundant seeds.  Rapid growth and prolific 
reproduction.  Shade tolerant  

Annonaceae *Annona glabra Produces fruits with very hard seeds that can remain viable 
for considerable periods 

Araliaceae *Schefflera actinophylla Produces berries with fleshy seeds which can germinate 
epiphytically. Vegetative reproduction.   

Bignoniaceae *Spathodea campanulata Produces numerous wind-dispersed seeds. 
Convolvulaceae 
 

*Stictocardia tiliifolia (or 
Merremia peltata) 

Produces capsules with seeds. Vegetative reproduction.  

*Merremia tuberosa Produces seeds that can remain viable for years. 
Euphorbiaceae *Ricinus communis Produces numerous seeds (1000 to 100,000 per plant). 
Fabaceae *Centrosema pubescens Produces numerous sticky seeds. 
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* Derris elliptica Produces pods with numerous animal-dispersed seeds. 
Vegetative reproduction. 

*Gliricidia sepium Produces explosive pods with seeds. Vegetative 
reproduction. 

Passifloraceae 
 

*Passiflora edulis Produces fruits with animal-dispersed seeds. Shade tolerant. 
*Passiflora laurifolia Produces berries with animal-dispersed seeds. Shade tolerant.  

Piperaceae *Piper aduncum Produces animal-dispersed seeds. Vegetative reproduction.  
Requires abundant sunlight to grow. 

Polygonaceae *Antigonon leptopus Vegetative reproduction. Produces animal-dispersed seeds.  
Rubiaceae *Coffea arabica Seeds dispersed by birds and rodents. Shade tolerant. 
 
Possible reasons why these “known invasive” species are currently not abundant in 
the Sigatoka Sand Dunes are: some may have been only relatively recently 
introduced to the sand dune area (e.g., Asparagus setaceus, Paspalum conjugatum, 
Asystasia gangetica, Justica betonica, Schefflera actinophylla, Merremia tuberosa, 
Stictocardia tiliifolia or Merremia peltata, Centrosema pubescens, Derris elliptica, 
Gliricidia sepium, Passiflora edulis, Piper aduncum, Antigonon leptopus, and 
Coffea arabica), whereas others may have been unsuccessful in invading natural or 
semi-natural habitats of the sand dunes, despite being established for considerable 
periods in disturbed sites (e.g., Syngonium podophyllum, Annona glabra, Spathodea 
campanulata, Ricinus communis, and Passiflora laurifolia) (Fig. 4.45).  Possible 
reasons why these long-established known invasive species have been unsuccessful 
in the sand dunes may include the fact that seedlings of some species require ample 
to moderate soil moisture and soil fertility to survive (e.g., A. glabra, S. 
podophyllum), whereas some unfavourable attributes such as poisonous seeds may 
hinder efficient dispersal by certain animals present in the area (e.g., R. communis).   
 
It is, however, again stressed that, because A. staceus. A. gangetica, G. sepium, P. 
aduncum, A. leptopus and C. arabica have already shown extremely aggressive habits 
in disturbed or degraded habitats where naturalized (e.g., monospecific stands, dense 
covers and mats almost totally excluding other species), it is strongly recommended 
that they be eradicated, or if this is impossible, at least controlled by closely 
monitoring any disturbed places (both human-induced and natural) for possible 
adventives or escapes so that they can be restricted in distribution to current locations.  
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CHAPTER 5 
 

CONCLUSIONS AND IMPLICATIONS 
  
 
This study of the vegetation and flora of the Sigatoka Sand Dunes National Park used 
remote sensing images, field data and GIS in complementary ways to allow the 
conversion of in-depth plot-based quantitative species data to more informative spatial 
vegetation and floristic patterns at multiple levels of hierarchical classification. The 
rigorous quantitative and spatial analysis allowed for the production of multiple-layer 
vegetation maps and other related spatial data that could be overlain and examined to 
highlight important emerging patterns that could not have been identified based on 
either remotely-sensed images or field observations alone. The composite analysis 
made possible the accurate classification of plant communities and associations, the 
spatial representation of invasibility characteristics, the determination of the rate and 
direction of associated vegetation changes or succession in invaded habitats, and the 
accurate mapping and identification of species of particular concern, such as 
endangered native species and invasive alien plants. 
 
The results clearly show that the increasing dominance of some of the most aggressive 
invasive alien plants and more coastally-adapted, competitively-superior, native plants 
has, with the inclusion of some new species, continued unabated over the past 30 years. 
This continuing trend has caused considerable change in the species composition and 
community structure of the vegetation, which was, in the past, composed of a greater 
diversity of native species associations peculiar to the sand dunes. Many of these 
species have become less common and increasingly threatened by this competitive 
pressure. The study has also shown that more protected inland habitats with more fertile 
soils are generally more susceptible to invasion than seaside habitats occurring on 
unstable sandy soils of the more exposed parabolic dune fields, and that disturbed 
habitats (e.g., secondary vegetation subject to constant human and/or natural 
disturbance) are more vulnerable to invasion. 
 
Of particular concern is the rapid expansion of the area covered by almost monospecific 
stands of the invasive introduced grass, Panicum maximum, which is at least twice the 
size of that mapped in the late 1970s.  Because of P. maximum’s high flammability and 
ability to survive fire and to invade margins of the understorey of forest stands where 
canopy density is moderately reduced, there is a serious risk of losing the remaining 
predominantly native species forest communities due to accidental (and probably some 
deliberate) fires, which have proven extremely difficult to control even after the site 
was officially protected and placed under watch after the establishment of the Sigatoka 
Sand Dunes National Park.  
 
Remaining extensive areas of continuous dense forest cover now occur mainly in areas 
where the parabolic dunes extend furthest inland, indicating that past deliberate 
plantings to prevent dunes from developing further inland have been successful.  
However, the increasing dominance of invasive introduced species, such as Samanea 
saman (and, to a lesser extent, A. lebbek), Leucaena leucocephala and Rivina humilis, 
which all form monospecific stands (dense canopy covers, thickets, or mats), has made 
this secondary climax vegetation increasingly more monospecific and similar in species 
composition to areas of coastal dry forest commonly observed in nearby disturbed 
lowlands along Fiji’s Coral Coast.    
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The increasing dominance of Leucaena is seen even in the coastward margin of the area 
(i.e., in the central parabolic dune fields extending into foredune and beach areas), 
indicating the species’ extraordinary adaptability to stressful coastal sand dune 
environments.  The raintree might follow the same pattern as the increasing abundance 
of these species in the area may be associated with incidental substrate enrichment by 
the nitrogen fixing species, Leucaena, associated with the past deliberate plantings of 
Casuarina equisetifolia, itself an important nitrogen fixing species.  In addition, the 
raintree. alone, seem to be capable of invading, or may have adapted to, stressful 
parabolic dune fields as these species have successfully co-established themselves as 
prostrate or dwarfed shrubby vegetation along with Hibiscus tiliaceus on a highly 
unstable sandy slope of the second highest dune in the park (site 103). 
 
The invasive herb, R. humilis, now dominates the understorey of most inland forest stands 
(mostly in inner, shady areas). This species may be the worst invader in the Sigatoka Sand 
Dunes in terms of its ability to invade natural or semi-natural habitats or penetrate dense 
vegetation stands, imposing competitive pressures on native species.  The current small 
populations of the native terrestrial ferns, Nephrolepis hirsutula and Sphaerostephanos 
invisus (or Christella pacifica) and the grass Centosteca lappacea, which were reportedly 
more common throughout inland forest floors in the past, are probably explained by the 
widespread invasion by this herb.  However, the Rivina invasion might have some positive 
aspects.  The dense mats of this less inflammable herb on forest floors might be serving as 
natural firebreaks, preventing fires from starting and spreading from surrounding areas of 
Panicum maximum closed grassland into the understorey of forest vegetation.  The high 
vulnerability to fires of disturbed forest stands with Panicum maximum-dominated 
understorey was also indicated in the past study.  The resultant less-vulnerable areas of 
forest understorey might be also serving as a nursery for seedlings and saplings of the 
shade-tolerant tree, Dysoxylum richii, which is currently the most dominant native upper 
canopy species in the inland areas of the sand dunes.  
 
Although there remain extensive areas of dense coastal scrub and shrub forest in the 
parabolic dune fields, the increasing dominance of the more coastally-adapted species, 
Hibiscus tiliaceus, Pandanus tectorius and Scaevola taccada, has made the coastal 
vegetation increasingly less diverse.  The continuing fragmentation of current 
vegetation stands in the Sigatoka Sand Dunes, coupled with the increasing adaptability 
of aggressive invaders to the coastal environment, particularly heliophytes such as 
Coccinia grandis, Mikania micrantha, Passiflora suberosa, Sphagneticola (Wedelia) 
trilobata, Leucaena leucocephala, and Lantana camara, which have shown the ability 
to invade gaps and margins of dense vegetation stands, has made these seaside habitats 
increasingly vulnerable to invasion.  
 
Because of this competitive pressure, many of the original native species associations, 
which make the vegetation of the Sigatoka Sand Dunes unique and distinct from typical 
Fijian beach forests (Parham 1972, Smith 1979, Kirkpatrick and Hassall 1981), have 
become increasingly less common, with some species such as Cerbera manghas, 
Neisosperma oppositifolium, Tournefortia argentea, Thespesia populnea and Ficus 
obliqua on the brink of extirpation.  
 
In short, apart from accidental fires that periodically raze areas of the grassland savanna 
and forest margins, converting them to increasingly monospecific Panicum grasslands, 
the indiscriminate use of resources, which resulted in the extensive losses of forest 
cover in the past, has been well-controlled since 1989 when the site was designated a 
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national park.  However, the degradation of the remaining natural or semi-natural 
habitats of the Sigatoka Sand Dunes has continued unabated due to vegetation changes 
that have, as a result of a disturbed natural succession, progressed in an unfavourable 
direction at a much faster rate than had been expected. This seems to have been largely 
due to the increasingly widespread invasion by an increasing complement of aggressive 
alien species. As a result, the vegetation of the dunes seems to have lost some of its 
unique components of the original species associations.  It is, therefore, recommended 
that the National Trust of Fiji re-assess their existing management strategies for the 
conservation of native taxa and the control of invasive plants in the light of the new 
information and recommendations provided in this study, in order to concentrate 
limited resources on priority habitats and species.   
 
Lastly, and very importantly, the computer-based geographical information system 
(GIS) of the Sigatoka Sand Dunes National Park, Fiji Islands must be seen and assessed 
as an integral and central output of this study. (Note: a DVD, which contains the GIS, 
files of source data and an installation file for software for using the GIS, is included 
with this written version of the thesis.  Instructions for the software are provided in 
Appendix 5 “Guidelines for the Use of the GIS of the Sigatoka Sand Dunes National 
Park, Fiji Islands in ArcReader”.)  All the maps and related items, which have been 
produced, used and presented in this study, have been assembled, spatially-linked, and 
stored as a GIS that can be used as a baseline system and database for resource 
management and future studies. The GIS consists of: 1) vegetation maps of plant 
communities and associations, 2) distribution maps of individual plant species, and 3) 
other spatial data and information, such as the environmental gradients, relief, aerial 
photographs, satellite imagery, and groundtruth photos of plants, vegetation and 
landscape features. Particularly important features of the GIS (which have not been 
included in the written version) include the abilities of a GIS to zoom-in and-out on 
various scales or resolutions and to show groundtruth photos of species and other items 
of interest that have been spatially linked to their locations on a map. Compared to 
conventional documents, aerial and groundtruth photos and paper or electronic maps 
that can only be stored and managed separately, the GIS of the Sigatoka Sand Dunes 
National Park, Fiji Islands constitutes a user-friendly integrated tool for use by park 
managers, researchers, students and other target audiences who wish to apply 
biogeographical data and information to their particular field of interest, whether it be 
the dedicated management and conservation of the unique features of the dunes or a 
better understanding of the dynamic physical and biological complexity of this unique 
area. This particular methodology has also been applied to the GIS of the vegetation 
and flora of Nauru, an output of the resurvey of the vegetation and flora of Nauru 
carried out by a USP-SPC team in September 2007 (Thaman et al. 2008), an output that 
has proven to be practical and very useful for resource management in one of the 
Pacific’s most highly degraded and threatened environments. It is hoped that this study 
and the associated GIS will provide a basis for the conservation and informed 
management of the Sigatoka Sand Dunes National Park, Fiji’s first national park, which 
was formally established in 1989 because of its unique and highly threatened status. 
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APPENDIX 1 
 

CHECKLIST OF THE VASCULAR PLANTS OF  
THE SIGATOKA SAND DUNES 

 
Appendix 1 is an enumeration of 263 vascular plant species that have been reported to 
have been present at some time in the Sigatoka Sand Dunes. It begins with Pteridophyta 
(ferns and fern allies), followed by Gymnosperms and then Angiosperms. Within 
Angiosperms, Monocotyledons precede Dicotyledons. Under these headings individual 
families are listed in alphabetical order (e.g., Acanthaceae, Amaranthaceae, 
Anacardiaceae…), with individual species being listed in alphabetical order by genus 
within each family (e.g., Asystasia gangetica, Justica betonica, Thunbergia alata…). 
Under each species/entry the information is as follows. It should be noted that this list 
excludes a few rare species seen only on the inland side of the Queen’s Highway (e.g., 
Jatropha integerrima, Polyscias sp., Lygodium sp., Ziziphus sp.), although some are 
included in the main discussions. 
 

1. Latin/Scientific Names.   The Latin or scientific name in bold print indicates that the 
species is presumed to be native (either indigenous or endemic) to Fiji.  The italicized 
Latin name provided with * indicates that the species is presumed to be an introduced 
species; + indicates a native species not naturally found in the dunes, but which has been 
deliberately planted; ? indicates that the determination as to whether a species is native 
or an aboriginal introduction is uncertain (e.g., Tacca leontopetaloides). After each 
species names, the name(s) or the abbreviation of the name(s) of the taxonomic 
authority or authorities (persons responsible for describing and publishing a given 
species name) are provided, e.g., (L.) Farwell, indicating that a given plant was 
originally named and classified by Linnaeus (L.), but at a later date, renamed and 
reclassified by Farwell.   
 

2. Years of Surveys, during which a given species was reported present in the sand dunes.   
K&H 1978 indicates species originally reported present by Kirkpatrick and Hassall in 
1978; T, V&W 1993–97 indicates species subsequently reported by Thaman, 
Vodonaivalu and Whistler between 1993 and 1997; RRT 1998 and 2001 indicates those 
recorded by Thaman in 1998 and 2001; T&V 1999 indicates those recorded by Thaman 
and Vodonaivalu in 1999; T&N 2002 indicates those recorded by Thaman and Niukula 
in 2002; T et al. 2003 indicates those recorded by Thaman, Keppel, Niukula, Naikatini, 
Thaman and Rounds in 2003; and, Takeda et al. 2006–2009 indicates those recorded by 
Takeda alone on pre-in-depth-survey reconnaissance visits and during the main in-depth 
survey, or by Takeda, Thaman, Keppel, Niukula, Fong, Robinson and Whistler on 
occasional visits between 2006 and 2009. 

 

3. Abundance or Frequency Occurrence.  The estimate of current abundance of a given 
species is provided based on relative magnitude: V = very abundant; A = abundant; C = 
common; O = occasional; U = uncommon; R = rare; and, E = extirpated or locally 
extinct.  It should be noted that the abundance of a given species was estimated for an 
area that was considered to be a typical ecological range of the species within the sand 
dune area.  For example, Ipomoea pes-caprae has been classified as abundant, despite 
the fact that it was rare or almost absent within inland habitats, because it dominated 
herbaceous communities in seaside habitats within its typical ecological range. 



 

Scientific Name 
 

K&H 
1978 
 

  
 T, V&W 
  1993–97 

  
RRT 
1998 

 

T&V 
1999 

   
RRT 
2001 

 

T&N 
2002      

  
T et al.   
  2003 

 

Takeda et al. 
  2006–2009     

 
Abun. 

 

PTERIDOPHYTA (Ferns and Fern Allies) 
 

ADIANTACEAE 
Pteris ensiformis Burm. + - - - - - + + R 
Pteris tripartita Sw. - - - - - - - + R 

 

ASPIDIACEAE 
Tectaria latifolia (Forst.) Copel. - - - - - - - + R 

 

ASPLENIACEAE          
Asplenium nidis L. - - - - - + + + O 
Asplenium polydon Forst. f  - - - - - - - + R 

 

CYATHACEAE 
Cyathea lunalata (Forst.) Copel. - - - - - - - + E 

 

DAVALLIACEAE 
Davallia fejeensis Hooker - - - - - - - + R 
Davallia solida (Forst. f.) Sw. - - - - - - - + R 

 

LYCOPODIACEAE 
Lycopodium phlegmaria L. + + - - - - - - E 

 

NEPHROLEPIDACEAE 
Nephrolepis biserrata (Sw.) Schott                          - - - - - - - + O 
Nephrolepis hirsutula (Forst.) Presl + + + + + - + + O 
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OPHIOGLOSSACEAE 
Ophioglossum pendulum L - - - - - - - + R 

 

POLYPODIACEAE 
Microsorum grossum (Langsd. & Fisch.) S.B. Andrews + + + + + + + + C 
Pyrrosia lanceolata (L.) Farwell + + - - - - + + O 
Schellolepis subauriculata (Bl.) J. Sm. - - - - - - - + R 

 

THELYPTERIDACEAE 
Christella pacifica Holttum + + + + - - - ? ? 
Sphaerostephanos invisus (Forst.) Holttum. + - - - - - - - U 

 

VITTARIACEAE 
Vaginularia angustissima (Brack.) Mett.    + - - - - - - - E 

 

GYMNOSPERMAE (Gymnosperms) 
CONIFEROPHYTA 

 

ARAUCARIACEAE 
*Araucaria sp.                                                          - - - - - - - + R 

 

PODOCARPACEAE 
+Dacrycarpus imbricatus (Blume) de Laubenfels                    - - - - - - - + R 

 

ANGIOSPERMAE (Angiosperms)  
MONOCOTYLEDONAE (Monocotyledons) 
 

AGAVACEAE 
*Agave americana L.  + - + + + + + - E 
*Agave sisalana Perr. Ex Engelm. + - + + + + + - E 
*Dracaena fragrans (L.) Ker-Gawl. - - - - - - - + R 
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*Sanseviera trifasciata Prain - - - - - - - + R 
 

AMARYLLIDACEAE 
*Crinum asiaticum L.  + - - - - - - + R 

 

ARACEAE 
*Alocasia cucullata (Lour.) G. Don - - - - - - - + R 
Epipremnum pinnatum (L.) Engler + + + + - + + + O 
*Syngonium podophyllum Schott - + + + - - - + R 
*Xanthosoma sagittifolium (L.) Schott - - - - - - - + R 

 

ARECACEAE or PALMAE 
Cocos nucifera L. + + + + + + + + U 
*Ptychosperma hospitum (Burret) Burret - - - - - - - + R 

 

CYPERACEAE 
*Cyperus compressus L. + + + + - + - ? ? 
*Cyperus involucratus Rottb.  + - - - - - - - E 
*Cyperus rotundus L. + + + + - + - + O 
Cyperus stoloniferus Retz. - + + + + + + + C 
Fimbristylis cymosa R. Br. + + + + + + + + O 
*Kyllinga brevifolia Rottb. + + + + - + - + U 
*Kyllinga nemoralis (Forst.) Dandy - + + + - + - + U 
Mariscus javanicus (Houtt.) Merr. - - - - + ? + + U 
*Pycreus polystachyos (Rottb.) P. Beauv. - - - - + ? + + U 
Scleria lithosperma (L.) Sw. - - - - - - - + U 
Scleria polycarpa Boeck. - - - - - - + ? ? 

 

DIOSCOREACEAE 
*Dioscorea bulbifera L. - - - - - - + + O 
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LILIACEAE 
*Asparagus setaceus (Kunth) Jessup - - - - - - - + U 

 

ORCHIDACEAE 
Taeniophyllum fasciola (Forst.) Seem. + - - - - + + + U 

 

PANDANACEAE 
Pandanus tectorius Soland. + + + + + + + + A 

 

PHILESIACEAE 
Geitonoplesium cymosum (R. Br.) A. Cunn. - - - - - - + + U 

 

POACEAE  
*Axonopus compressus (Sw.) Beauv.  - + + + - + + + O 
*Brachiaria mutica (Forssk.) Stapf - - - - - - - + U 
*Brachiaria reptans (L.) Gard. & Hubb. + + + + + + + ? ? 
*Brachiaria subquadripara (Trin.) Hitchc. + + + + + + + + O 
*Cenchrus echinatus L. + + + + + + + + C 
Centosteca lappacea (L.) Desv. + + + - - - + + U 
*Chloris inflata Link - - - - - - - + U 
*Cynodon dactylon (L.) Pers.  - + + + + + + + O 
*Cytococcum oxyphyllum (Steud.) Staph + - + - - ? ? ? E 
*Dactyloctenium aegyptium (L.) Willd. - + + + + + + + O 
*Eleusine indica (L.) Gaertn.  - + + + + + + + C 
*Eragrostis tenella (L.) Beauv. ex Roem. & Schult. - - - - - - + - E 
Lepturus repens (Forst. f.) R. Br. + + + + - + + + C 
Miscanthus floridulus (Labill.) K. Schum. & Lauterb. + - + + + + + - E 
*Panicum coloratum L. + + + - - - + ? ? 
*Panicum maximum Jacq. + + + + + + + + V 
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*Paspalum conjugatum Berg. - - - - - - - + O 
Paspalum vaginatum Sw.  - + + + - + + + O 
*Pennisetum polystachyon (L.) Schult. + + + + + + + + C 
*Spinifex hirsutus L. + + + + + + + + O 
*Saccharum officinarum L. + + + - - + + - E 
*Sporobolus diander (Retz.) Beauv. - - - - - - - + O 
*Sporolobus elongatus R. Br.  + + + + - - - + R 
Sporobolus virginicus (L.) Kunth + + + + - ? - - E 
Stenotaphrum micranthum (Desv.) Hubb. - - - - - - - + U 
Thuarea involuta (Forst.f.) Roem. & Schult. + + + + + + + + C 

 

TACCACEAE 
*?Tacca leontopetaloides (L.) O. Kuntze + + + + + + + + C 

 

ZINGIBERACEAE 
*Zingiber zerumbet (L.) Sm. - - - - - - - + R 

 

MAGNOLIOPHYTA (Flowering Plants) 
DICOTYLEDONAE (Dicotyledons) 

 

ACANTHACEAE 
*Asystasia gangetica (L.) Anders. - - - - - - - + U 
*Justicia betonica L. - - - - - - - + U 
*Thunbergia alata Sims + + + + - + + + O 

 

AMARANTHACEAE 
Achyranthes aspera L. + + + + + + + + U 
*Amaranthus viridis L. + + + + - + - + R 

 

ANACARDIACEAE 



 

 160 

*Mangifera indica L. + + + + + + + + O 
 

ANNONACEAE 
*Annona glabra L. - + + + - + - + U 
*Annona muricata L. - - - - - - - + R 

 

APOCYNACEAE 
*Catharanthus roseus (L.) G. Don. + - - - - - - + R 
Cerbera manghas L. + + + + - + + + U 
Neisosperma oppositifolium (Lam.) Fosberg and Sachet          - + - - - - - + R 
Parsonia laevis (A. Gray) Markgraf - + + + + + + + O 
Tabernaemontana pandacaqui Lam. - + + + - + + ? ? 

 

ARALIACEAE 
*Schefflera actinophylla (Endl.) Harms - - - - - - - + R 

 

ASCLEPIADACEAE 
Hoya australis R. Br. ex Traill + + + + - + + + U 
Tylophora brackenridgei A. Gray - - - - - - + + C 

 

ASTERACEAE (COMPOSITAE) 
*Ageratum conyzoides L.  + + + + - + + + R 
*Conyza canadensis (L.) Cronquist + + + + + + + + C 
*Crassocephalum crepidioides (Benth.) S. Moore - + + + - + + + U 
* Cyanthillium cinerea (L.) H. Robins. + + + + - + + + U 
*Eclipta prostrata (L.) L. + + + - - - - - E 
*Elephantopus mollis H. B. & K. + + - - - - - + U 
*Emilia sonchifolia (L.) DC.  - + + + + + + + C 
*Mikania micrantha H. B. & K. + + + + + + + + C 
*Pseudoelephantopus spicatus (B. Juss.) Gleason - - - - + - - - E 
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*Sonchus oleraceus L. + + + + - + - + R 
*Sphagneticola trilobata (L. C. Rich.) Pruski - - - - + + + + O 
*Synedrella nodiflora (L.) Gaertn. - + + + - + + + U 
*Tridax procumbens L. + + + + + + + + C 
*Xanthium pungens Wallr. - + + + - + + - E 

 

BIGNONIACEAE 
*Spathodea campanulata Blume - + + - - + + + O 

 

BORAGINACEAE 
Cordia subcordata Lam. - - - - - - - + R 
Tournefortia argentea L. f. + + + + - + + + U 

 

CAPPARACEAE 
*Cleome viscosa L. - - - - - - - + R 

 

CARICACEAE 
*Carica papaya L. - + + + + + + + O 

 

CASUARINACEAE 
Casuarina equisetifolia L. + + + + + + + + C 

 

CLUSIACEAE 
Calophyllum inophyllum L. + + + + + + + + O 
 

COMBRETACEAE 
Terminalia catappa L. + + + + + + + + O 

 

CONVOLVULACEAE 
*Ipomoea aquatica Forssk + - - - - - - - E 
Ipomoea indica (Burm.) Merr. - - - - - - - + U 
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Ipomoea littoralis Bl. - + + + - + - + O 
Ipomoea macrantha Roem. & Schult. - + + + + + + ? ? 
*Ipomoea obscura (L.) Ker-Gawl. - + + + + + + + O 
Ipomoea pes-caprae (L.) R. Br. + + + + + + + + V 
Merremia peltata (L.) Merrill + + + + - + + ? ? 
*Merremia tuberosa (L.) Rendle - - - - - - - + U 
*Stictocardia tiliifolia (Desr.) Hill. f.                        - - - - - - - + U 

 

CRASSULACEAE 
*Kalanchoe pinnata (Lam.) Pers. - - - - - - - + U 

 

CUCURBITACEAE 
*Citrullus lanatus (Thunb.) Mansf. - + - - - + - + R 
*Coccinia grandis (L.) Voight + + + + + + + + C 
*Cucurbita pepo L. + - - - - - - + R 
*Momordica chanrantia L. - - - - - + + + C 

 

CUSCUTACEAE 
*Cuscuta campestris Yuncker - + - - - + - - E 

 

EUPHORBIACEAE 
*Aleurites moluccana (L.) Wild. + + + + + + + + O 
Chamaesyce chamissonis (Klotzsch & Garcke) F. C. Ho. + + + - - + + - E 
*Chamaesyce hirta (L.) Millsp. + + + + + + + + O 
*Chamaesyce hypericifolia (L.) Millsp. - + + - - + + + U 
*Chamaesyce thymifolia (L.) Millesp. - - - - - - - + O 
*Euphorbia cyathophora Murr. + + + + + + + + U 
Excoecaria agallocha L. - - - - - - - + U 
Glochidion concolor Muell. Arg + + + - + + + + O 
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*Jatropha curcas L. + - - + + + - + O 
*Phyllanthus amarus Sch. & Th. - - + + - + + + U 
*Phyllanthus urinaria L. - + + + + + + ? ? 
*Ricinus communis L.  + + + + + + + + O 

 

FABACEAE (including CAESALPINIACEAE and MIMOSACEAE) 
Abrus precatorius L.  + + + - - - - + O 
*Adenanthera pavonina L. - - - - - - - + R 
*Albizzia lebbek (L.) Benth. + + + + + + + + C 
*Alysicarpus vaginalis (L.) DC. - - - - - - - + O 
*Atylosia scarabaeoides (L.) Benth. + + + + + + + + C 
*Bauhinia monandra Kurz + - - - - - - - E 
Caesalpinia bonduc (L.) Roxb - - + + - - + + R 
Canavalia cathartica Thouars                                 - - - - - - - ? ? 
Canavalia rosea DC. + + + + + + + + C 
Canavalia sericea A. Gray + + - - - + + + O 
*Centrosema pubescens Benth. - - - - - + - + U 
*Chamaecrista nictitans (L.) Moensch - - - + + + + + O 
*Crotalaria pallida L. + + + + + + + + O 
*Crotalaria spectabilis Roth - - - - - - - + O 
Cynometra insularis A.C. Smith - - - - - - - + R 
*Delonix regia (Boj.) Rafin. + + + + + + + + U 
Dendrolobium umbellatum (L.) Benth. + - - - - - - - E 
*Derris malaccensis Prain - - - - - - - + R 
Derris trifoliata Lour. + + + + + + + + C 
*Desmodium incanum DC. - - - - - - - + R 
*Desmodium triflorum (L.) DC. + + + + + + + + C 
Entada phasioloides (L.) Merr. + + - - - - ? ? ? 
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Erythrina variegata L. - + + + + + + + U 
*Gliricidia sepium (Jacq.) Kunth ex Walp. - + - - - - - + U 
*Glycine tabacina (Labill.) Benth. ex Seem. + - - - - - - ? ? 
*Indigofera suffruticosa Mill.  + + + + - - + + O 
*Indigofera trita L. f. - - - - - - - + R 
Inocarpus fagifer (Parkinson) Fosb. - - - - - - - + R 
*Leucaena leucocephala (Lam.) + + + + + + + + V 
*Macroptilium atropurpureum (DC.) Urb. - - - + - + + + C 
*Mimosa pudica L. + + + + + + + + C 
*Samanea saman (Jacq.) Merr. - + + + + + + + V 
*Senna occidentalis (L.) Link  + + + + + + + + O 
*Senna tora (L.) Roxb.   - - - - - - - + R 
Sophora tomentosa L. - + + - + + + - E 
*Tamarindus indica L. - - - - - - - + R 
Vigna marina (Burm.f.) Merrill + + + + + + + + C 

 

FLACOURTIACEAE 
Casearia richii A. Gray + + + + + + + + C 

 

GOODENIACEAE 
Scaevola taccada (Gaertn.) Roxb. + + + + + + + + V 

 

GYROCARPACEAE 
Gyrocarpus americanus Jacq. - + + + + + + + R 

 

HERNANDIACEAE 
Hernandia nymphaeifolia (Presl) Kubitzki + + + + + + + + U 
 

LAMIACEAE (LABIATAE) 
*Leucas lavandulifolia Sm. - + - - + - + + U 
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LAURACEAE 
Cassytha filiformis L. + + + + + + + + C 
 

LECYTHIDACEAE 
Barringtonia asiatica (L.) Kurz + + + + - + + + U 
Barringtonia edulis Seem. - - - - - + + + U 

 

LOGANIACEAE 
Geniostoma uniervium A. C. Smith & B. C. Stone + + + + + + + ? ? 

 

MALVACEAE 
*Hibiscus rosa-sinensis L. - - - + - + + + R 
Hibiscus tiliaceus L. + + + + + + + + V 
*Malvastrum coromandelianum (L.) Garcke - - - - - - - + U 
*Sida acuta Burm. f. - + + + + + + + O 
*Sida rhombifolia L. + + + + + + + + C 
Thespesia populnea (L.) Correa + + + + - + + + R 
*Urena lobata L. - + + + - + + + R 

 

MELIACEAE 
Dysoxylum richii (A. Gray) DC. + + + + + + + + A 
*Melia azedarach L. - - - - - - - + R 
*Swietenia macrophylla King  + + + + + + + + O 
*Sweitenia mahogani (L.) Jacq. + + + + + + + + U 
Vavaea amicorum Benth + + + + + + + + C 

 

MORACEAE 
*Artocarpus altilis (Park.) Fosb. - - - - - - - + U 
Ficus barclayana (Miq.) Summerhayes - - - - - - - + U 
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Ficus obliqua Forst. f. + + - - - - + + R 
Ficus storckii Seem. + + + + - + + + U 
Ficus tinctoria Forst. f. + + + + - + + + U 
Malaisia scandens (Lour.) Planch.   - - - - - - - + U 
Streblus anthropophagorum (Seem.) Corner - - - - - - - + R 

 

MORINGACEAE 
*Moringa oleifera Lam. - - - - + - - + R 

 

MYRSINACEAE 
Maesa tabacifolia Mez + + + + - + + + U 

 

MYRTACEAE 
*Eucalyptus deglupta Blume + + + + - - - - E 
*Pimenta racemosa (Mill.) J. W. Moore - - - - - - - + R 
*Psidium guajava L. + + + + + + + + O 
Syzygium richii (A. Gray) Merrill & Perry + + + + + + + + C 

 

NYCTAGINACEAE 
*Boerhavia coccinea Mill. - - - - - - - + U 
*Bougainvillea glabra Choisy + - - - - + + + U 
* Bougainvillea x buttiana Houlttum & Standley + - - - + + + ? ? 

 

OLEACEAE 
Jasminum simplicifolium Forst. f. - + + + - + + + O 

 

ONAGRACEAE 
*Ludwigia octovalvis ( Jacq.) Raven - - - - - - - + R 

 

OXALIDACEAE 
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*Averrhoa carambola L - - - - - - - + R 
 

PASSIFLORACEAE 
*Passiflora edulis Sims - - - - - - - + U 
*Passiflora foetida L. + + + + + + + + C 
*Passiflora laurifolia L. + + + + - + + + O 
*Passiflora suberosa L. - + + + + + + + C 

 

PHYTOLACCACEAE 
*Rivina humilis L. + + + + + + + + V 

 

PIPERACEAE 
*Macropiper puberulum Benth. - - - - - - - + R 
*Piper aduncum L. - - - - - - - + O 

 

PITTOSPORACEAE 
Pittosporum arborescens Rich + + + - + - + ? ? 

 

POLYGALACEAE 
*Polygala paniculata L. + + + + - + + + O 

 

POLYGONACEAE 
*Antigonon leptopus H. & A. - - - - - - - + U 

 

RHAMNACEAE 
Colubrina asiatica (L.) Brongn. + + + + + + + + U 
Smythea lanceata (Tul.) Summerhayes - - - - - - - + O 
Ventilago vitiensis A. Gray - - - - - - - + O 

 

RUBIACEAE 
Airosperma trichotomum (Gillesp.) A. C. Sm. - + - - - ? ? ? ? 
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*Coffea arabica Linn. - - - - - - - + U 
Guettarda speciosa L. + + + + - - + + U 
Gynochtodes epiphytica (Rech.) A. C. Sm. & S. P. Darwin    + + - - - - - - E 
*Mitracarpus hirtus (L.) DC. - - - - - - + + O 
Morinda citrifolia L.  + + + + + + + + O 
Mussaenda raiateensis J.W. Moore - + - - - - - ? E 
*Spermacoce assurgens Ruiz & Pavón + + + + + + + + O 
*Spermacoce mauritiana Gideon - - - - - - - + O 

 

RUTACEAE 
*Citrus limon (L.) Burm. f. + + + + + + + + O 
*Citrus sp. - - - - + + + + R 
Micromelum minutum (Forst. f.) Seem. 
 

- - - - - - - + C 

*Murraya koenigii (L.) Spreng. - - - - - - - + O 
 

SAPOTACEAE 
Elattostachys falcata (A. Gray) Radlk. - - - - - - - + O 
Planchonella grayana St. John - + - + + + + + O 
Planchonella sp. - - - - - - - ? ? 

 

SOLANACEAE 
*Capsicum frutescens L. + + + + + + + + U 
*Lycopersicon esculentum L.   + - - - - - - - E 
*Physalis angulata L.  - + + + - + + + U 
*Solanum americanum Mill.  + + + + - + + + O 
*Solanum torvum Swartz + + + + - + + + O 

 

STERCULIACEAE 
Kleinhovia hospita L - - - - - - - + R 
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THYMELAEACEAE 
Phaleria disperma (Forst. f.) Baill. + + + - - - - - E 
Wikstroemia foetida (L. f.) A. Gray  + + + + + + + + C 

 

TILIACEAE 
Trichospermum richii (A. Gray) Seem. + - - - - - - - E 
*Triumfetta rhomboidea Jacq. + + + + - + + + C 
Triumfetta procumbens Forst. f. + + + + + + + + C 
 

ULMACEAE 
Trema cannibina Lour. - + + + - - - + R 
 

VERBENACEAE 
*Clerodendrum buchananii (Roxb.) Walp. + + - - - - - - E 
Clerodendrum inerme (L.) Gaertn. - + + - - + + ? ? 
*Lantana camara L. + + + + + + + + C 
Premna serratifolia L. + + + + + + + + O 
*Stachytarpheta cayennensis (Ruiz & Pavon) Vahl - + + + + + + + C 
Vitex trifolia L. + + + + + + + + C 
 

VITACEAE 
Cayratia seemanniana A. C. Smith - - - - - - - + R 
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APPENDIX 2 
 

VASCULAR FLORA OF THE SIGATOKA SAND DUNES 
 
 
Appendix 2 consists of a listing of, and relevant information on, the 263 vascular plants 
of the Sigatoka Sand Dunes that are listed in Appendix 1.  
 
Under each species/entry the information given is as follows: 1) Latin/scientific names; 
2) common names; 3) synonyms for the Latin or scientific names; 4) local vernacular 
Fijian and Indian names; 5) antiquity status of the species; 6) geographical origin of the 
species; 7) abundance or frequency of occurrence; 8) preferred habitat in the sand 
dunes; 9) brief botanical descriptions on growth/invasive habits, diagnostic features, 
and uses and cultural importance; 10) survey years when it was reported present; 11) 
numbers of digital photos; and 12) vegetation map showing the distribution of a given 
species.    (Note: to simplify the appendix and avoid repetition, citations have been left 
out in the individual species entries. The main sources used include Andrews 1990; 
Cambie and Ash, 1994; Kirkpatrick and Hassall, 1981; Meyer 1999; Neal, 1965; 
Parham, 1972; Smith, 1979, 1981, 1985, 1988, 1991; and Whistler 1980, 1992, 1995, 
2000.) 
 
 
1 Latin/Scientific Names.  The first name listed in bold print is what is considered 

to be the currently most widely accepted published Latin binomial for a given 
species (usually the earlist published name or basionym). All names follow the 
International Code of Botanical Nomenclature.  The question mark (?) designates 
unverified or doubtful species name. After each species name, the name(s) or the 
abbreviation of the name(s) of the taxonomic authority or authorities (persons 
responsible for describing and publishing a given species name) are provided. 
 

2 Common Names.  English or common names for a given species, and other 
widely-used names, e.g., coconut, are listed to the far right of the Latin name.  

 
3 Synonyms (Syns.).  Latin binomial synonyms or formerly used scientific names 

that are no longer considered to be the accepted name for a given species are 
provided in italics after the common names or the Latin name so that a given 
species that has been widely known by a past name is identifiable.  Incorrect names 
commonly applied to the species are idicated by sensu auct. non, followed by the 
name(s) of a person(s) responsible for the incorrect names. 

 
4 Vernacular Names. When known, vernacular Fijian names (often in a number of 

dialects) and Indian names for a given species are provided in bold print after the 
synonyms, the common names or the Latin name.  The question mark (?) is 
provided when unknown.  It should be noted that Fiji Hindi is a distinctive type of 
pidginized, hybrid Hindustani. It should also be noted that some species, 
particularly recently introduced weedy species, often have no local vernacular 
name. 

 
5 Antiquity Status.   Antiquity status of a given species, i.e., whether the species is 

presumed to be native (i.e., either indigenous or endemic) to Fiji; an aboriginal 
introduction by Fijian or other Pacific Islanders before European contact; or a post-
European-contact (recent) introduction to Fiji, is provided after the vernacular 
names, the synonyms, the common names or the Latin name. 
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6 Geographical Origin.  Geographical origin, which refers to what seems to be the 

original natural distribution of a given species before humans began to act as 
dispersal agents for plants, is provided after the antiquity status.  

 
7 Abundance or Frequency of Occurrence.  The estimate of current abundance for 

a given species based on relative magnitude: very abundant; abundant; common; 
occasional; uncommon; rare; and, extirpated or locally extinct is given after the 
geographical origin.  It should be noted that “rare” has been given to a species (both 
native and introduced) if it is in very low numbers, regardless of whether it is 
considered to be an endangered species, a species growing by nature in small 
numbers, or a species only recently introduced to the sand dunes.  

 
8 Preferred Habitat in the Sand Dunes.  The preferred habitat of a given species 

(i.e., an area considered to be the typical ecological range of the species within the 
sand dune area), for which the abundance of the species was estimated, is normally 
provided after the abundance.  For example, the preferred habitat of Ipomoea pes-
caprae within the sand dune area was considered sunny seaside habitats (i.e., 
exposed, windswept, open parabolic dune fields and beach areas).   

 
9 Botanical Descriptions.  General descriptions on botanical characteristics: 1) 

growth or invasive habits; 2) diagnostic morphological features; and/or, 3) some of 
the main cultural uses, are provided after the preferred habitat in the sand dunes. 

 
10 Survey Years.   Survey years when a given species was reported present are 

provided in brackets after the botanical descriptions, e.g., (1978, 1993–2003, 2007). 
  
11 Numbers of Digital Photos.   The numbers of digital photos of a given species are 

provided in brackets after the survey years, e.g., (DPFJSD1103, 1104, 1182, 1371, 
3126, 3128).  DPFJSD stands for “Digital Photo Fiji Sigatoka Dunes.”  This is 
followed by the number(s) of a digital photo(s) that has been actually used in this 
appendix, e.g., (Photo Source: DPFJSD1103).  In cases where there were no “good 
original photos” (i.e., photos that highlight diagnostic features of a given species) 
available of a given species from the sand dunes, those that have been taken of the 
species from other similar coastal habitats in the Fiji Islands or other Pacific 
Islands, or those available from on-line sources, have been used, along with 
citations. These include: 1) DPNAU2007RT/DH/ST which indicates photos taken in 
Nauru 2007 by R.R. Thaman, D. Hassall, or S. Takeda; 2) DPFJNUK for photos 
taken on Nukulau Is., Fiji by Thaman, Takeda or Fong; 3) DPFJMK for Makuluva 
Is., Fiji taken by Thaman and Takeda; 4) DPFJNA for Nasoata Is., Fiji taken by 
Thaman; 5) DPFJNB for Nadi Bay, Fiji taken by Thaman; 6) DPFJNV for Navo Is., 
Fiji, taken by Thaman; 7) DPFJNAM for Namuka Is., Fiji taken by Thaman; 8) 
DPFJNAV for Navai, Fiji taken by Thaman; 9) DPMJ for Majuro Is. (Marshall Is.) 
taken by Thaman; 10) DPTW for Tarawa (Kiribati) taken by Thaman; 11) 
DPFJSUVA for Suva, Fiji taken by Takeda; 12) DPFJUSP for USP Campus, Fiji 
taken by Takeda; and, 13) Google Image, with the name of a person responsible for a 
given photo where available, e.g., (Photo Source: Google Image–Bruce Cook). 

 
12 Vegetation Map.  For some species of particular concern, vegetation maps showing 

their distribution are provided at the end of the entry. 
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PTERIDOPHYTA (Ferns and Fern Allies) 
 
 

ADIANTACEAE 
 
Pteris ensiformis Burm.                                                                 slender bracken fern                                                                                                    
        Fijian Name: ? 
 
Indigenous.  Tropical Asia to 
Polynesia. Uncommon. 
Terrestrial fern considered 
endangered based on current 
small population limited to 
sites 49 and 50, where the 
invasive introduced herb 
Rivina humilis seems to have 
increasingly dominated  
the same habitat.  Exhibits a wide range of life forms: leaves elongated as it becomes 
mature (1978, 2003, 2007) (DPFJSD1103, 1104, 1182, 1371, 1416, 3126, 3128, 
3148) (Photo Sources: DPFJSD1103; 1371). 
 
 
Pteris tripartita Sw.                         lacy fern, giant bracken fern, sword brake 
         Fijian Name: ? 
  
Indigenous. Paleotropics 
to Micronesia and 
Polynesia. Rare. 
Terrestrial fern seen only 
near site 31 in a disturbed 
forest stand east of the 
visitor centre (2007) 
(DPFJSD2752, 2753)  
(Photo Sources: 
DPFJNAU2007RT1056; 
RT1058). 
 
 
 

ASPIDIACEAE 
 

Tectaria latifolia (Forst.) Copel.                                                                                                                                                                                                                                     
              Fijian Names: Otala, Otaloa 
               
Indigenous.  Rare.  Terrestrial fern seen at site 31 
in the disturbed forest stand east of the visitor 
centre along with Pteris tripartita (mentioned 
above).  Outside the park, it dominated the 
understorey of Barringtonia forest at sites 66, 67 
and 68.  Moderately common in Fiji (2007) 
(DPFJSD2755, 3633, 3644, 3648, 3654, 3684) 
(Photo Source: DPFJSD3648). 
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ASPLENIACEAE (Spleenwort Fern Family) 
 

Asplenium nidus L.                                     bird's-nest fern 
Fijian Names: vale ni gata, beluve, butubutu, dovidovi, taqala 
 

Native. Paleotropical. Uncommon to 
occasional. Epiphytic or terrestrial fern with 
large, stemless fronds seen in inland forest 
stands, specifically at sites 39, 40, 49 and 50 
in less-disturbed areas on the eastern side of 
the dunes.  Rare or absent in seaside habitats 
(2002, 2003, 2006, 2007)  (DPFJSD1031, 
1181, 1412, 1415ab, 1425, 1428ab, 2813) 
(Photo Source: DPFJSD1031). 
 
 
 
 
 
 
 
 
 
 
 
Asplenium polydon Forst. f                                                                                           
            Fijian Name: ? 
 
Indigenous. Madagascar and S. Asia to 
Australia, New Zealand and Polynesia.  Rare. 
Terrestrial fern (six individuals) seen near site 
50 on a slope northeast of the place where ivi 
trees (Inocarpus fagifer) were located at the 
back of the forest stand in the Driodrio area 
(2007) (DPFJSD0062, 1431) (Photo Source: 
DPFJSD1431). 
 
 
 

CYATHACEAE (Tree Fern Family) 
 
Cyathea lunalata (Forst.) Copel.                                                                       tree fern  

Fijian Name: balabala 
 
Indigenous. Melanesia to Polynesia. 
Extirpated or locally extinct?  Large terrestrial 
tree fern. A single stump previously seen near 
site 31 in the disturbed forest stand east of the 
visitor centre, on a slope immediately off 
Wooden Track, but not seen in 2007. Used for 
carving pillows, as supports or trellises for 
orchids, and as decoration on the ends of the 
eaves of Fijian houses (bure) (Photo Source: 
DPFJUSP0001). 
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DAVALLIACEAE (Hare’s-Foot Fern Family) 
 
Davallia fejeensis Hooker                                                 Fiji hare’s-foot fern  
 Fijian Names: kalacaucau, wavulovulo, auvutimerakula, vuluvululevu 
 
Endemic to Fiji. Found on Viti Levu, Vanua 
Levu, Ovalau and Taveuni. Rare. Epiphytic fern 
seen only near site 37 along Vau Track in the 
cental forest stand.  Young individuals appear 
very similar to D. solida, which is also present 
in the park.  Fronds crushed and used to treat 
and bandage wounds; juice used to aid the 
healing of fractured bones and reportedly to 
treat stomachaches (2007) (DPFJSD2769, 2795) 
(Photo Source: DPFJSUVA0057). 
 
 
 
 
 
 
Davallia solida (Forst. f.) Sw                                                                 hare’s-foot fern 
 Fijian Names: kalacaucau, mokomokoni ivi?, wavulovulo, auvutimerakula 
 
Native. Malaysia to eastern Australia and 
Polynesia.  Rare.  Epiphytic fern seen only in 
disturbed forest stands along the Queen’s 
Highway between the visitor centre and the 
rubbish dump. Young individuals appear very 
similar to D. fejeensis.  Although it is only a 
small difference, the segments of the fronds 
appear wider than those of D. fejeensis. When 
mature, the fronds tend to form in a broadly 
triangular shape and appear arranged more 
sparsely than D. fejeensis (see photo) (2007) 
(Photo Source: DPFJNUK1316). 
 
 
 
 
 
 
 

LYCOPODIACEAE 
 

Lycopodium phlegmaria L.                                                                 common tassel fern  
Fijian Names: lewanini, sevaseva 

 
Native. Tropical Africa to the Pacific Islands. 
Extirpated or locally extinct?  Epiphytic or 
terrestrial fern ally (1978, 1993–97) (Photo Source: 
DPNA1010194). 
 
 
 
 
 

 

 

 



 175 

NEPHROLEPIDACEAE (Sword Fern Family) 
 

Nephrolepis biserrata (Sw.) Schott                                                  fishtail fern 
Fijian Name: digi   

 
Indigenous.  Pantropical.  
Occasional.  Epiphytic or 
terrestrial fern seen in both 
inland and coastal forest 
stands (Fig. 5.1).  Both 
epiphytic and terrestrial in 
contrast to N. hirsutula, 
which is only found 
terrestrially in the sand 
dunes. No projecting part  
(‘shoulder’) located near the 
leaf node, even if there is, 
hardly noticeable as shown in 
the photo.  Glabrous, i.e., the 
surface lacks pubescence or 
is hairless.  Used medicinally  
to aid child delivery in some  
areas of Fiji (2006, 2007) (DPFJSD1355, 1808, 1809, 1810, 1823, 1824, 1830, 1847, 
2796, 3152) (Photo Sources: DPFJNUK0949; DPFJSD1810). 
 
 

 
Figure 5.1. Distribution of Nephrolepis biserrata in the Sigatoka Sand Dunes, mapped 
in 2007. 
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Nephrolepis hirsutula (Forst.) Presl.                                                    hairy sword fern  
            Fijian Name: digi   
 
Native. Tropical Asia to 
Polynesia and 
Micronesia. Occasional. 
Terrestrial fern seen in 
inland forest stands on the 
eastern side of the dunes 
(Fig. 5.2).  Rare in 
seaside habitats.  
Reported to be more 
abundant in the 
understorey of inland 
forest stands in 1970s. 
Could be endangered in 
the future based on 
current small population 
limited to sites where the 
invasive introduced herb  
Rivina humilis seems to have increasingly dominated the same habitat.  Mostly 
terrestrial in the sand dunes, in contrast to N. biserrata, which was found both as an 
epiphyte and a terrestrial fern.  The projecting part  (‘shoulder’) located near the leaf 
node prominent as shown in the photo. Pubescent, i.e., the surface is hairy.  Used 
medicinally to treat diarrhoea in some areas of Fiji (1978, 1993–2003, 2007) 
(DPFJSD1222, 1081, 3123) (Photo Sources: DPNAU2007RT0370; DPFJNUK0538). 
 
 

 
Figure 5.2. Distribution of Nephrolepis hirsutula in the Sigatoka Sand Dunes, mapped 
in 2007. 
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OPHIOGLOSSACEAE  
 
Ophioglossum pendulum L.                                                                        ribbon fern 
                 Fijian Name: ? 
                    
Native. Rare. Epiphytic fern seen near site 49 in 
the forest stand in the Driodrio area.  (2006) 
(DPFJSD1370) (Photo Source: DPFJSD1370). 
 
 
 
 
 
 
 
 
 
 
 

POLYPODIACEAE (Common Fern Family) 
 
 

Microsorum grossum (Langsd. & Fisch.) S.B. Andrews                           scented fern  
Syns: Phymatosorus grossus (Langsd. & Fisch.) Brownlie; Polypodium 
grossum Langsd. & Fisch.  Misapplied names: Phymatosorus scolopendria 
(Burm. f.) Pichi-Serm.; Polypodium scolopendria Burm.f.; Phymatodes 
scolopendria (Burm.) Ching; Microsorium scolopendria (Burm.) Copel.; 
Polypodium phymotodes L. 

 Fijian Name: vativati 
 
Native. Paleotropical. Common. Terrestral fern 
seen in the seaward margin of parabolic dune 
fields, particularly dominant in the understorey of 
Pandanus forest stands (Fig. 5.3).  Absent 
anywhere far from the coast.  The distribution 
and cover-abundance of the species seem to have 
remained the same over the past 30 years. Very 
important medicinal plant in Fiji; juice from the 
leaves used to treat stomachache and boils as a 
purge and to treat swollen breasts during breast 
feeding; also used with slimy rhizome to assist 
breathing; infusion of pounded stem used to 
treat fish-poisoning, to strengthen mothers after 
childbirth and to assist postnatal discharge 
(1978, 1993–2003, 2007) (DPFJSD1016, 1043, 
1149, 1235, 1469, 2886, 2966, 3427) (Photo 
Source: DPFJSD2886). 
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Figure 5.3. Distribution of Microsorum grossum in the Sigatoka Sand Dunes, mapped 
in 2007.

Pyrrosia lanceolata (L.) Farwell lanceolate felt fern
Syn: Pyrrosia adnascens (Sw.) Ching.
Fijian Name: mokomoko ni ivi

Indigenous. Paleotropical. India and South 
China to Polynesia. Uncommon to occasional.  
Epiphytic fern seen in inland forest stands, 
specifically in disturbed open tree groves on the 
eastern side of the dunes; rare or absent in 
seaside habitats.  Used medicinally in many 
areas of Fiji.  Leaves crushed and used to treat 
and cover fresh wounds; stems used to treat 
urinary infections and, reportedly, fevers (1978, 
1993–2003, 2007) (DPFJSD1075, 1113, 1438, 
2789, 3350) (Photo Source: DPFJSD1113).

Schellolepis subauriculata (Bl.) J. Sm.
Syn. Polypodium subauriculatum Bl.                                        
Fijian Name: ?

Indigenous. India and Southeast Asia and 
Queensland to Fiji. Rare. Epiphytic fern seen 
only near site 33 in the mahogany forest stand 
southeast of the visitor centre (2007) 
(DPFJSD3811) (Photo Source: DPFJSD3811).
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THELYPTERIDACEAE 
 
Christella pacifica Holttum                                                                                      fern 
            Fijian Name: ? 
   
Indigenous. Uncertain identification of the species: Sphaerostephanos invisus might 
have been misidentified as this species.  (1978, 1993–2003? 2007?) 

 
 
Sphaerostephanos invisus (Forst.) Holttum.                                                           fern 
                  Fijian Name: ? 
 
Indigenous. Uncommon. Terrestrial fern seen in 
inland forest stands; rare in seaside habitats. 
Reported to be more abundant in the understorey 
of inland forest stands in 1970s. Could be 
endangered in the future based on current small 
population limited to sites where the invasive 
introduced herb Rivina humilis seems to have 
increasingly dominated the same habitat. Exhibits 
distinct morphological variation, i.e., the leaves of 
some individuals are more densely or less densely 
situated and the projected part  (‘shoulder’) 
located near a leaf node more or less apparent, 
depending the individual (1998–2003, 2007) 
(DPFJSD1089, 1090, 2805, 3113, 3114) (Photo 
Source: DPFJSD1089). 
 
 
 

VITTARIACEAE (Tape Fern Family) 
 

Vaginularia angustissima (Brack.) Mett.                                                       grass fern 
Syns: Monogramma paradoxa (Fee) Bedd.; V. paradoxa Fee 

            Fijian Name: mokomoko ni ivi 
 
Indigenous. Fiji and possibly Vanuatu.  
Extirpated or locally extinct.  Epiphytic fern. 
Used medicinally with vativati (Microsorum 
grossum) as a medicine for babies and young 
children (1978) (Photo Source: 
DPFJNUK0551). 
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GYMNOSPERMAE (Gymnosperms) 
CONIFEROPHYTA 

 
 

ARAUCARIACEAE 
 

Araucaria sp.                                                                                                                   
                 Fijian Name: ? 
 
Recent introduction.  Rare.  Evergreen 
coniferous tree (a huge mature individual) seen 
near site 33 in the mahogany forest stand 
southeast of the visitor centre.  First reported in 
2009.  Apparently deliberately planted many 
years ago, possibly along with the planting of 
mahogany trees in the 1960s (2009) 
(DPFJSD3817, 3818, 3819, 3820) (Photo 
Source: DPFJSD3819). 

 
 

PODOCARPACEAE 
 

Dacrycarpus imbricatus (Blume) de Laubenfels                                                  
            Syns:  Podocarpus imbricata Blume; P.cupressina R. Br. ex Mirb.;   
            P. javanica sensu Gillespie 
            Fijian Names: amunu, kausola, kautabu 
              
Indigenous. Rare.  A single seedling seen in the 
mahogany forest stand southeast of the visitor 
centre, where Mahogany Track connects with 
Vau Track and Nokonoko Track.  Although 
appearing to be growing naturally, there is a 
high probability (unconfirmed) that it was 
deliberately planted. Moderately common, 
handsome timber tree throughout Fiji (2007) 
(DPFJSD2781) (Photo Source: DPFJSD2781). 
 
 
 

ANGIOSPERMAE (Angiosperms) 
MONOCOTYLEDONAE (Monocots) 

 
 

AGAVACEAE (Century Plant Family) 
 
Agave americana L.                       American sisal, century plant 
            Fijian Name: dali 
                   
Recent introduction. Native to Mexico. Extirpated 
or locally extinct?  Ornamental plant previously 
planted in the visitor centre garden?  Can be 
invasive in disturbed habitats (1978, 1998–2003) 
(Photo Source: DPFJUSP0068). 
 
 

 

 

 



181

Agave sisalana Perr. ex Engelm. sisal hemp
Syn: Agave rigida Mill. var. sisalma.
Fijian Name: dali

                 
Recent introduction. Native to Mexico. 
Extirpated or locally extinct.   Perennial plant 
lacking a stem, previously planted as an 
ornamental in the visitor centre garden (see 
photo), now replaced by Cocos nucifera (coconut 
palms). Introduced to Fiji in the early 1900’s as a 
plantation crop for fibre production. Moderately 
invasive species throughout the Pacific Islands. 
The large sub-woody flowering stalk grows up to 
10 m in height when plant is at maturity (1978, 
1998–2003) (DPFJSD1058) (Photo Source: 
DPFJSD1058).

Dracaena fragrans (L.) Ker-Gawl. fragrant dracaena, dragon flower
Syn: Pleomele fragrans (L.) Salisb. 
Fijian Name: ?

Recent introduction. Tropical West Africa.  
Uncommon.  Shrub seen as an adventive in sites 
16 and 34 in disturbed forest stands along the 
Queen’s Highway; also planted as an ornamental 
within the visitor centre garden.  Sometimes seen 
as a roadside weed in Fiji.  Dispersed by cuttings 
and thrives on fertile, moist soils in moderately 
shady places. Widely cultivated ornamental 
(2007) (DPFJSD2654, 2645, 2646, 2654, 2671, 
3786, 3847) (Photo Source: DPFJSD2671).

Sanseviera trifasciata Prain                      bowstring hemp, mother-in-law’s tongue
Syn: Sansevera guineensis (Jacquin) Willdenow
Fijian Name: ?

Recent introduction. Tropical Africa. 
Uncommon.  Stemless herb seen as an adventive 
at sites 16 and 17 in disturbed forest stands 
along the Queen’s Highway and at sites 55 and 
56 in open tree groves in the eastern grassland-
savanna. Can be invasve in disturbed sites.  
Widely cultivated ornamental, stemless herb.  
Fibres extracted from leaves used to make 
twine, mats and bowstrings (2007) 
(DPFJSD3326, 3327, 3353, 3695, 3696, 3697, 
3698) (Photo Source: DPFJSD3697).



 182 

AMARYLLIDACEAE (Amaryllis Lily Family) 
 

Crinum asiaticum L.                                   crinum lily, false spider lily, grand crinum    
            Fijian Name: viavia 
                   
Recent introduction. Tropical Asia. Rare. 
Perennial herb seen near site 30 along the 
Nokonoko Track, at site 74 on the foredune 
terrace on Naqarai Point, and in coastal shrub in 
the Sese Sand hills area. Well adapted to coastal 
environments. White flowers and white stems 
used in personal decoration (1978, 2007) 
(DPFJSD2045, 2547, 2735) (Photo Source: 
DPFJSD2045). 
 
 

ARACEAE (Arum Family) 
 
Alocasia cucullata (Lour.) G. Don                                                             Chinese taro 
            Fijian Name: ? 
 
Recent introduction. India (China?). Rare. 
Perennial herb seen only at site 31 in the disturbed 
understorey of a forest stand immediately behind 
the visitor centre.  Disperses by division and 
thrives on highly organic, moist soils in shady 
places.  Common ornamental plant (2007) 
(DPFJSD2747) (Photo Source: DPFJSD2747). 
 
 
 
Epipremnum pinnatum (L.) Engler                              taro vine, pothos, money plant 
            Syns: Epipremnum aureum (Linden & Andre) Bunting; Raphidophora aurea 
            (Linden & Andre) Birdsey and Andre; R. pinnata (L.) Schott; 
            Scindapsus aureus (Linden & Andre) Engler 
            Fijian Names: yalu, alu, naqalaqala, naqaliqali, taga, toga 

   
Indigenous. Southeast Asia through Malaysia 
into the Pacific Islands. Occasional. High 
climbing liana seen in inland forest stands; rare 
or absent in seaside habitats.  Young individuals 
creep on the ground with small, entire leaves 
making an excellent ground cover that excludes 
most weeds, whereas mature individuals climb 
up into trees with larger leaves often with split 
margins (see photo).  Used medicinally to treat 
stomachaches, women's sicknesses and chest 
pains; stems used to tie firewood (1978, 1993–
2003, 2007) (DPFJSD1030, 1078, 1079, 1255, 
2978, 2979, 3238, 3492, 3642) (Photo Source: 
DPFJNUK1282). 
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Syngonium podophyllum Schott                                                                  syngonium
Syn. Syngonium angustatum sensu auct. non. Schott
Fijian Name: ?

Recent introduction. Rare. Liana seen only in 
disturbed sites 3 and 35 (Fig. 5.4).  Long 
established in the dunes but not yet invasive in 
other locations. Heavy, fleshy climbing stems 
are heavier than most native vines, thus 
potentially making trees top heavy and more 
susceptible to windfall.  Forms an extremely 
dense mat in understorey, which can exclude 
seedlings of native trees (e.g., site 35).  
Typically thrives on fertile, moist, but well-
drained soils in shady places (1993–99, 2007) 
(DPFJSD1504, 1505, 1705, 1842, 2778, 2779, 
2780) (Photo Sources: DPNAU2007RT0968; DPFJSD2779; 2780).

Figure 5.4. Distribution of Syngonium podophyllum in the Sigatoka Sand Dunes, 
mapped in 2007.

The population of Syngonium podophyllum near site
35 along Mahogany Track in mahogany forest  
southeast of the visitor centre. 
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Xanthosoma sagittifolium (L.) Schott                                    cocoyam, American taro 
            Fijian Name: dalo ni tana 
 
Recent introduction. West Indies. Rare. Seen as 
adventives in site 31 in the disturbed understorey 
of a forest stand immediately behind the visitor 
centre and in some locations outside the park 
(e.g., site 59). Leaves cooked as spinach (2007) 
(DPFJSD2746) (Photo Source: DPFJSD2746). 
 
 
 
 
 
 
 

ARECACEAE or PALMAE (Palm Family) 
 

Cocos nucifera L.                                                                      coconut palm 
Fijian Name: niu 

 
Indigenous; some cultivars aboriginal and recent 
introductions. Southern Asia, Indian Ocean and 
Pacific Islands.  Uncommon.  The Pacific 
Island’s tree of life seen as deliberately planted 
trees along Wooden Track near Delena Lookout 
and as a living fence around the boundary of the 
rubbish dump and within the visitor centre 
compound.  Also seen as ephemeral seedlings in 
seaside habitats.  Used for a wide range of 
purposes in the Pacific. Formerly processed into 
copra for sale on the island and now seen as a 
possible source stock for biofuel (1978, 1993–
2003, 2007)  (DPFJSD1486ab, 3257) (Photo 
Source: DPNAU2007RT0321). 
 
 
 
 
Ptychosperma hospitum (Burret) Burret ?                                                                      
            Syn: Archontophloeus hospitus Burret 
            Fijian Name: ? 
    
Recent introduction. Rare? Uncertain 
identification of the species.  Some individuals 
only seen near site 49 in a forest stand in the 
Driodrio area (2007?) (DPFJSD3138? 3139?) 
(Photo Source: DPFJSD3138). 
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CYPERACEAE (Sedge Family) 
 

Cyperus compressus L.                                         compressed sedge   
            Fijian Name: ? 
 
Recent introduction. Pantropical and warm 
subtropics.  Uncommon?   Not seen or recorded 
in 2007, but, likely to have been present in 
some disturbed habitats (1978, 1993–2003, 
2007?) (Photo Source: DPTW2493). 
 
 
 
 
 
 
 
 
 
Cyperus involucratus Rottb.                                        umbrella sedge, umbrella plant  
            Syn: Cyperus alternifolius L.  
            Fijian Name: ? 
                                 
Recent introduction. Madagascar.  Extirpated 
or locally extinct.  Perennial sedge typically 
thrives in moist and even swampy soils in 
partially shady places.  Often planted as an 
ornamental, but is invasive in wet areas 
elsewhere in Fiji (1978)  (Photo Source: 
DPNAU2007RT1761). 
 
 
 
 
 
 
 
 
 
 
Cyperus rotundus L.                                                                     nut sedge, nut grass  
            Fijian Names: soro ni kabani, pako mot ha (Hindustani) 
 
Pre-World War Π introduction. Cosmopolitan.  
Occasional. Perennial sedge seen in open, 
sunny seaside habitats, especially in disturbed 
sites along Naqarai Beach, but absent in 
inland habitats. Pungent nut-like corms on 
roots used to scent coconut oil, but Cyperus 
stoloniferus is preferred for this purpose. 
Difficult to eradicate because of underground 
runners and tubers (1978, 1993–2002, 2007)  
(Photo Source: DPFJNUK0406). 
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Cyperus stoloniferus Retz.                                                                                beach sedge 
Fijian Names: malaga, pako 

 
Indigenous. Madagascar eastward to Tonga and 
Samoa. Common.  Perennial sedge seen in 
beach habitats; absent in other locations. High 
concentration seen on the western side of the 
coast, specifically in beach sites 71, 72 and 78.  
Pungent nut-like corms on roots used to scent 
coconut oil (1993–2003, 2007)  (DPFJSD1013, 
1048, 1273, 1277, 1384, 1433, 1453, 1454, 
1931) (Photo Source: DPFJSD1433). 
 
 
 
 
 
Fimbristylis cymosa R. Br.                                                                         beach sedge 
            Fijian Name: ? 
             
Indigenous. Pantropical. Occasional.  Densely 
tufted sedge seen in open, sunny seaside 
habitats; absent in other locations.  High 
concentration seen near site 41.  Flower stem 
once used to clean the ears (1978, 1993–2003, 
2007)  (DPFJSD2096ab, 2097ab, 2098abc, 2097, 
2824) (Photo Source: DPNAU2007RT1540). 
 
 
 
 
 
Kyllinga brevifolia Rottb.                                      green watersedge, green kyllinga 
            Syn: Cyperus brevifolius (Rottb.) Hassk. 
            Fijian Name: ? 
 
Recent introduction.  Old World tropics, now 
pantropical. Uncommon. Perennial creeping 
sedge seen only near site 38 just off Mahogany 
Track.   Common roadside weed. Typically 
thrives in relatively moist, disturbed places. 
Distinguished from K. nemoralis by its green 
flowerhead (K. nemoralis has a white 
flowerhead) (1978, 1993–2002, 2007)  (Photo 
Source: DPFJSUVA0061). 
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Kyllinga nemoralis (Forst.) Dandy ex Hutchinson and Dalziel         white watersedge 
             Syns: Cyperus kyllingia Endl. 
             Fijian Name: ? 
 
Recent introduction. Old World tropics. 
Occasional.  Perennial creeping sedge seen in 
sunny open disturbed roadsides along the 
Queen’s Highway and on hiking trails. 
Monospecific stand seen near site 91 as a dense 
mat on Coastal Walk Track.  Common roadside 
weed in Fiji.  Distinguished from K. brevifolia 
by its white flowerhead (K. brevifolia has a 
green flowerhead). Typically thrives at 
relatively moist, disturbed places (1993–2002, 
2007)  (DPFJSD3054, 3055) (Photo Source: 
DPFJNUK1121). 
 
 
Mariscus javanicus (Houtt.) Merr.                                     sedge, marsh sedge 
 Syns: Cyperus javanicus Houtt.  
 Fijian Names: dava ira duna, benici selesele, benici 
             
Indigenous. Paleotropical from Africa through 
tropical Asia into the Pacific Islands to 
Micronesia and Polynesia. Uncommon. Coarse 
tufted sedge seen in open, sunny seaside 
habitats; absent in other locations. Some 
individuals seen on Naqarai Beach.  Stem fibres 
sometimes still used to squeeze grated coconut 
to extract the cream and for filtering native 
medicines in eastern Polynesia. Leaves and 
stems were also once employed in native 
medicines in the region (2001, 2003, 2007) 
(DPFJSD1158, 1707, 1905) (Photo Source: 
DPFJSD1707). 
 
 
Pycreus polystachyos (Rottb.) P. Beauv.                                                      wild sedge 
 Syn: Cyperus polystachyos Rottb. 
            Fijian Name: ? 
 
Recent introduction. Uncertain origin,  
now pantropical and subtropical. Uncommon. 
Tufted sedge seen in open, sunny seaside habitats; 
absent in other locations.  Significant numbers 
seen near site 40, along with Dactyloctenium 
aegyptium, on the southeastern slope of a 
parabolic dune grown over with Casuarina open-
forest. Typically thrives in relatively moist, 
disturbed places (2001, 2003, 2007)  
(DPFJSD1159, 1720, 2818, 2819) (Photo Source: 
DPFJSD2818). 
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Scleria lithosperma (L.) Sw.       
Fijian Names: weisa, o selesele 

 
Indigenous. Pantropical. Uncommon.  Sedge seen 
in inland forest stands, particularly on relatively 
wet shady areas along Mahogany Track and Ivi 
Track.  Rare or absent in seaside habitats (2007) 
(DPFJSD1521, 2926, 2928, 3094, 3117) (Photo 
Source: DPFJSD2928).  
 
 
Scleria polycarpa Boeck.?                                                                                              
            Fijian Names: tavatava i raduna, benici selesele 
             
Indigenous. Ranges from northeastern Australia 
through Melanesia to Samoa and Tonga and to 
the Marianas and Caroline Islands in 
Micronesia.  Uncommon?  Uncertain 
identification of the species (2003, 2006?) 
(DPFJSD1083?) (Photo Source: DPFJSD1083). 
 
 
 
 
 
 
 
 
 
 
 

DIOSCOREACEAE (Yam Family) 
 
Dioscorea bulbifera L.                                 bitter yam, air yam, aerial yam, air potato 
            Fijian Names: kaile, kaile gaga, kaile dranu, kaile manu 
             
Aboriginal introduction. Tropical Asia to 
Africa. Occasional.  Climbing vine seen in a 
wide range of the sand dune habitats, ranging 
from moderately sunny seaside habitats to 
shady inland forests.  Similar vines with 
smaller and narrower leaves also seen in 2007, 
but uncertain whether they are other 
Dioscorea spp. or merely D.bulbifera that is in 
its early stage of development.   Edible tuber 
used only as a famine food since it contains a 
bitter substance that must be removed by 
washing and cooking (2003, 2007) 
(DPFJSD0048, 1076, 1806, 1850, 2809) 
(Photo Source: DPFJSD1806; 
DPFJNUK0662). 
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LILIACEAE (Lily Family)

Asparagus setaceus (Kunth) Jessup             lacy asparagus fern, climbing asparagus fern
             Syns: Asparagus setacea Kunth; A. plumosus Baker
             Fijian Name: ?
            
Recent introduction. South Africa. Uncommon.  
Woody shrub with slender, spreading, thorny 
stems seen in disturbed forest stands and tree 
groves (Fig. 5.5).  Could be an extreme nuisance  
if it spreads along hiking trails, as evidenced by 
its invasion of site 64 (photos below) and by the 
successful invasion of site 1 from a limited 
number of escapes seen in 2007. Reportedly 
capable of withstanding herbicide treatments. 
Commonly planted ornamental (2007) (DPFJSD1360, 1804, 3336, 3348, 3583, 3586, 
3600, 3601, 3602, 3613ab) (Photo Source: DPFJSD3336; 3601; 3602).

Figure 5.5. Distribution of Asparagus setaceus in the Sigatoka Sand Dunes, mapped in 
2007.

The population of Asparagus setaceus at site 64
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ORCHIDACEAE (Orchid Family) 
 
Taeniophyllum fasciola (Forst. f.) Seem.                                                             orchid  
 Syns: Epidendrum fasciola Forst. f.  
            Fijian Names: de ni caucau, bevula 

 
Indigenous. Pacific Islands from New 
Caledonia northward to Guam and eastward to 
the Society Islands. Uncommon. Epiphytic 
leafless orchid seen in inland forest stands and 
tree groves on the eastern side of the dunes; 
absent in seaside habitats (1978, 2002, 2003, 
2007)  (DPFJSD1074, 1408ab) (Photo Source: 
DPFJSD1408ab). 
 
 
 

PANDANACEAE (Screwpine  Family) 
 
Pandanus tectorius Warb.                                                        pandanus, screw pine  

Fijian Names: vadra, balawa 
 
Indigenous and probably an aboriginal 
introduction or selection in the case of the 
particularly useful cultivars. Native to 
Melanesia, Polynesia and Micronesia, although 
its natural range is uncertain.  Abundant. 
Common coastal tree co-dominating seaside 
vegetation with Hibiscus tiliaceus and 
Scaevola taccada (Fig. 5.6).  Only occasional 
in inland habitats.  One of the Pacific’s most 
useful trees; leaves of some wild varieties 
used for weaving; young stilt roots used for  
medicine to treat “ura” on the skin; trunks used for rafters in housing; fibre from the 
roots used to tie thatch on the rafters of houses (1978, 1993–2003, 2007)  
(DPFJSD1116ab, 1117ab, 1131, 1132, 1136, 1154, 1207, 1313, 1606, 1611, 1835, 2576, 
2579, 2688, 2689, 2694, 2695, 2697, 2887, 3164) (Photo Source: DPFJSD1835; 1313). 
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Figure 5.6. Distribution of Pandanus tectorius in the Sigatoka Sand Dunes, mapped in 
2007. 
 
 

PHILESIACEAE  
 

Geitonoplesium cymosum (R. Br.) A. Cunn.                                                kauri vine 
            Syn: Luzuriaga cymosa R. Br. 
 Fijian Names: wadakua, naveavea                                                               

 
Indigenous. Uncommon. Common forest 
climber seen in inland forest stands, especially 
in the forest stand in the Driodrio area; rare or 
absent in seaside habitats (2003, 2007)  
(DPFJSD0051, 1082, 1198, 1373) (Photo 
Source: DPFJSD1082). 
 
 
 
 
 
 
 
 

POACEAE (Grass Family) 
 
Axonopus compressus (Sw.) Beauv.                                               American carpet grass 
            Fijian Name: kabutu ni vavalagi 
 
Recent introduction. Tropical and subtropical 
America.  Occasional?  Creeping perennial seen 
on disturbed roadsides along the Queen’s 
Highway and on hiking trails?  Common lawn 
grass (1993–2003, 2007) (Photo Source: 
DPFJNUK0298). 
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Brachiaria mutica (Forssk.) Stapf                                            Para grass, Mauritius grass 
             Syn: Panicum muticum Forssk. 

 Fijian Names: para, parakarasi 
          
Recent introduction. Northern Africa, but 
probably established in South America in the 
early days of trading; now a widespread fodder 
grass.  Uncommon. Coarse, spreading perennial 
grass seen near site 94 near Najuvonulevu 
Lookout; rare in other locations?   Typically 
thrives in wet areas; a serious pest in wetlands 
in Fiji.  An important pasture grass in moist 
lowland habitats in Fiji (2007)  (DPFJSD1382, 
1452) (Photo Source: DPFJD1382). 
 
 
 
Brachiaria reptans (L.) Gard. & Hubb.                                                                            
            Syns: Panicum repens L.; Urochloa repens (L.) Stapf  

Fijian Name: o seni? 
 
Introduced, naturalized and recorded from many parts of Fiji.  Rare to uncommon?  
Although not seen in 2007, most likely to have been present. The most dominant grass 
species in central and eastern grasslands in 1978 (1978, 1993–2003).  No photo 
available. 
 
 
Brachiaria subquadripara (Trin.) Hitchc.                                                                    
            Syn: Panicum subquadriparum Trin. 

Fijian Name: ? 
 
Recent introduction.  Now pantropical; first 
recorded from Fiji in 1927. Occasional. Low 
perennial grass seen in open, sunny seaside 
habitats; rare in other locations (1978, 1993–
2003, 2007)  (DPFJSD1133, 1890x, 1891ab) 
(Photo Source: DPNAU2007RT3028). 
 
 
Cenchrus echinatus L.      burgrass, sand bur 
              Fijian Name: he bulubulu 
 
Recent introduction. Tropical America. 
Common.  Annual, somewhat tufted grass, 
common weed, invasive in open, sunny seaside 
habitats.  Also occasional in disturbed roadsides 
along the Queen’s Highway and the access road 
to Naqarai Bay.  High concentration seen at 
picnic site 83 on Naqarai Point.  Extreme 
nuisance to picnickers and visitors due to its 
sharp-spined bur that readily adheres to clothing 
(1978, 1993–2003, 2007)  (DPFJSD1435, 1451, 
1855, 1923, 1966ab, 3708) (Photo Source: 
DPTW3376). 
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Centosteca lappacea (L.) Desv.                                                                                                    
             Syns: Cenchrus lappaceus L.; Centotheca latifolia Trin. 
             Fijian Names: luna, bitubitu                                                                          
 
Probably an aboriginal introduction. Tropical 
Africa through Asia and Malaysia to the western 
Pacific.  Uncommon.  Grass seen in the forest 
stand in the Driodrio area, especially in relatively 
wet areas along Ivi Track.  Absent in seaside 
habitats. Could be endangered in the future 
based on current relatively small population 
limited in distribution to sites where the 
invasive introduced herb, Rivina humilis, seems 
to have increasingly dominated the same 
habitat. Distinguished by its spirally-spreading, 
inflorescences or flowers and relatively wide 
leaves (1978, 1993–2003, 2007)  (DPFJSD1091, 
1092, 3154) (Photo Source: DPFJSD1092). 
 
 
Chloris inflata Link                                                   finger grass, swollen fingergrass 
            Syn: Chloris barbata sensu auct. non (L.) Sw. 
            Fijian Name: ? 
             
Recent introduction. Tropical America. 
Uncommon.  Tufted annual grass seen 
naturalized in several locations along disturbed 
roadsides along the Queen’s Highway (2007) 
(DPFJSD3556) (Photo Source: 
DPNAU2007RT0007). 
 
 
 
Cynodon dactylon (L.) Pers.                                                                   Bermuda grass 
            Fijian Names: kabuta, doub                                                                                    
 
Recent introduction. Old World. Occasional. 
Creeping perennial grass seen in disturbed 
beach habitats, such as the main picnic area on 
Naqarai Bay, and in some disturbed sites along 
hiking trails and the Queen’s Highway.  
Distinguished from similar grasses by its spiky 
leaves. Mat-forming grass used as a lawn grass 
in the drier parts of Fiji (1993–2003, 2007)  
(DPFJSD1878ab)  (Photo Source: DPTW2490). 
 
Cytococcum oxyphyllum (Steud.) Staph                                                                                             
            Syn: Panicum oxyphyllum Steud. 
            Fijian Name: ? 
 
Recent introduction. Old World. Extirpated or locally extinct?  Not reported since 
1998.  Typically thrives in shady places (1978, 1998).   No photo available. 
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Dactyloctenium aegyptium (L.) Beauv.              four-finger grass, beach wiregrass  
            Syn: Cynosorus aegyptius L.  
            Fijan Name: ? 

                        
Recent introduction. Paleotropics. Occasional. 
Annual grass seen in open sunny seaside 
habitats, and in disturbed roadsides along the 
Queen’s Highway.  High concentration seen 
near site 40, along with Pycreus polystachyos, 
on the southeastern slope of a parabolic dune 
grown over with Casuarina open forest (1993–
2003, 2007)  (DPFJSD1128, 1458abc, 1460abc, 
1877abc, 2817) (Photo Source: DPFJNV0332). 
 
 
Eleusine indica (L.) Gaertn.                                   wiregrass, goosegrass, crow’s foot 
            Fijian Names: kavoronaisivi, vorovoroisivi, o vatu, ghoraya 

 
Recent introduction. India; long naturalized in 
Old World. Common. Tufted annual grass seen in 
disturbed roadsides along the Queen’s Highway 
and hiking trails (1993–2003, 2007)  
(DPFJSD1490, 1670, 1787, 1865, 3514) (Photo 
Source: DPBT2891). 
 
 
 
 
 
 
Eragrostis tenella (L.) Beauv. ex Roem. & Schult.                                        lovegrass 
 Syns: Eragrotis amabilis (L.) Wight & Arn. ex Hook. & Arn. 
            Fijian Name: ? 
             
Recent introduction?  Old World.  Extirpated or 
locally extinct?  Delicate annual grass reportedly 
seen in some places along Wooden Track 
between the visitor centre and Delana (Clark) 
Lookout in 2003 (2003) (Photo Source: 
DPFJNUK0712). 
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Lepturus repens (Forst. f.) R. Br.                                                     beach bunch grass
Fijian Name: vutika

Indigenous. Sri Lanka through Malaysia and 
northern Australia to Polynesia and Micronesia.
Occasional to common. Tufted perennial sand-
binding grass seen in beach habitats; rare or 
absent in other locations (1978, 1993–2003,
2007) (DPFJSD1465ab, 2602, 3734) (Photo 
Source: DPFJSD3734).

Miscanthus floridulus (Labill.) Warb. sword grass
Fijian Names: gasau, sina

Indigenous. Indian Ocean through Malaysia to 
the Society Islands. Extirpated or locally 
extinct?  Previously sighted location 
unknown. Bamboo-like stems used for walling 
and for making fish traps and as trellising in 
yam gardens; leaves for thatching for the roofs 
of Fijian houses (bure)  (1978, 1998–2003) 
(Photo Source: Google Image).

Panicum coloratum L.
                  Fijian Name: ?

Introduced in 1956.  Native range unknown.  
Abundance uncertain. Hard to distinguish from 
Panicum maximum due to the similarity in 
appearance (1978, 1993–98, 2003, 2007?) 
(Photo Source: Google Image- Bruce Cook).

Panicum maximum Jacq.                                                      Guinea grass, green panic
Fijian Name: qini

An early introduction. Tropical Africa. Very 
abundant. Tufted perennial grass invasive in both 
inland and seaside sunny open habitats; dominant 
in extensive grassland-savanna and invasive in 
ecotones of forest stands or where canopy density 
is moderately reduced; rare in beach areas (Fig. 
5.7). Provides fuel for fires and easily regenerates 
from underground rhizomes after fire,
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perpetuating a fire cycle. One of the most dominant invasive species throughout the 
Pacific Islands (1978, 1993–2003, 2007) (DPFJSD1034, 1037, 1173, 1246ab, 1248, 
1459abc, 1463ab, 1484, 1623, 2985, 3102, 3203) (Photo Source: DPFJSD2985). 
 
 

 
Figure 5.7. Distribution of Panicum maximum in the Sigatoka Sand Dunes, mapped in 
2007. 
 
Paspalum conjugatum Berg.                                                T-grass, sour grass 
            Fijian Name: ? 
 
Recent introduction. Tropical America. 
Occasional.  Creeping perennial grass seen in 
disturbed roadsides along the Queen’s Highway 
and hiking trails. Distinguished by its two 
widely-spreading T-like inflorescence. 
Typically thrives in wet places. One of the most 
dominant invasive species throughout the 
Pacific Islands (2007) (DPFJSD3034, 3364, 
3544) (Photo Source: DPNUK0919). 
 
 
Paspalum vaginatum Sw.                 swamp couch grass, knottgrass, saltgrass  
 Syns: Paspalum distichum L. 
             Fijian Names: kabuta, kabuta ni waitui 
 
Aboriginal introduction. Widespread throughout 
the tropics. Occasional to common. Erect 
perennial coastal grass seen in open sunny seaside 
habitats, particularly very abundant at site 77; 
uncommon in inland habitats. Typically 
common on sandy and rocky shores, but rare far 
from the shore (1993–2003, 2007) 
(DPFJSD1671, 2100, 2101, 2117ab) (Photo 
Source: DPFJMK2033). 
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Pennisetum polystachion (L.) Schult.                                                      mission grass 
            Syn: Panicum polystachion L.  

Fijian Names: manivusi, volisi 
 
Recent introduction. Tropical Africa. 
Uncommon to common. Perennial grass seen in 
grassland-savanna; uncommon in seaside 
habitats (although, during a recent 2009 field 
trip, some escapes seen near site 72 in the 
disturbed beach area on Naqarai Point). Locally 
abundant, co-dominating with Panicum 
maximum, in the grassland along Naqarai Bay 
and in the grassland along Nukucagina  
Track.  Some value as fodder when young, but generally considered a weed.  
Provides fuel for fires and easily regenerates from underground rhizomes after fire, 
perpetuating a fire cycle.  One of the most dominant invasive species throughout the 
Pacific Islands (1978, 1993–2003, 2007) (DPFJSD1071, 1246, 3283, 3287) (Photo 
Source: DPFJSD1246). 
 
 
Spinifex hirsutus L.                                                                                   hairy spinifix 
              Fijian Name: ?                                                               
 
Recent introduction. Occasional. Sand-binding 
grass seen only along the foredune ridges in the 
central part of the main coast; absent in other 
locations (Fig. 5.8).  Distinguished from other 
common sedges and grasses by its silverish leaf 
and linear clustering growth habit. Common 
foredune sand-binding grass in temperate and 
subtropical zones. Deliberately introduced to the 
dunes to stabilize foredunes in the 1960s (1978,  
1993–2003, 2007) (DPFJSD1008, 1144, 1145,  
1203abc, 1389, 1476abc, 1477abc, 1608, 1610, 
2105, 2106, 2862, 2864, 3022, 3763) (Photo 
Sources: DPFJSD1144; 1389; 2105). 
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Figure 5.8. Distribution of Spinifex hirsutus in the Sigatoka Sand Dunes, mapped in 
2007. 
 
Saccharum officinarum L.                               sugarcane  

Fijian Names: dovu, tovu; ganna 
 
Recent introduction.  Extirpated or locally 
extinct?  Previously sighted locations unknown. 
Commonly cultivated in the neighbouring 
farmlands (Kulukulu settlement); Fiji’s number 
one cash crop and an important supplementary 
crop in Fijian food gardens (1978, 1993–2003) 
(Photo Source: Google Image). 
 
 
 
 
Sporobolus diander (Retz.) Beauv.                               Indian dropseed 
 Syn: Agrostis diander Retz. 
            Fijian Name: ? 
 
Recent introduction. Southern Asia. 
Occasional.  Tufted perennial grass. Almost 
monospecific stand seen in a single location 
along Coastal Walk Track opposite the north 
slope of the second highest dune.  A co-
dominant species (with Digitalia sp.) within 
the Western Wreckers lot.  Rare or absent in 
other locations.  Distinguished from other 
Sporobolus spp. by its loose, narrow 
inflorescences with erect to spreading 
branches (2007) (DPFJSD0023, 2556, 3489, 
3490, 3516) (Photo Source: DPFJSD3489). 
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Sporobolus elongatus R. Br.                                                                            wiregrass 
            Fijian Name: ? 
 
Recent introduction. Rare.  Perennial grass 
seen only in disturbed, picnic site 83 on 
Naqarai Point.  Distinguished from other 
Sporobolus spp. by its florescence (flowers) 
spiraling along the rachis (1978, 1993–1999, 
2007) (Photo Source: Google Image).  
 
 
 
 
 
 
 
 
 
 
Sporobolus virginicus (L.) Kunth                                                         beach dropseed  
            Syn: Agrostis virginica L. 
            Fijian Name: ? 
 
Indigenous. Widely distributed in tropics and 
subtropics, but scattered in the Pacific Islands 
where it is reported from Fiji, Tonga, 
Micronesia and Hawai’i. Extirpated or locally 
extinct?  Considered to be an important part of 
beach vegetation because it serves a useful 
purpose in stabilizing sand dunes. Distinguished 
from other Sporobolus spp. by its inflorescences 
which are dense, narrow, cylindrical, spike-like 
panicles, but is often misidentified as Paspalum 
vaginatum, because it is often found in a sterile 
condition (1978, 1993–99) (Photo Source: 
Google Image). 
 
 
Stenotaphrum micranthum (Desv.) Hubb.                                                                 
 Syns: Ophiurinella micrantha Desv.; Stenotapharum subulatum Trin. 
            Fijian Name: ? 
 
Indigenous. Mascarene Islands in the Indian 
Ocean through Malaysia to eastern Polynesia 
and the Marshall Islands. Uncommon. 
Perennial grass seen in both inland and coastal 
forests; rare or absent in sunny locations.  
Distinguished from other grasses by its 
flowers in slender, corky, cylindrical spikes 
(2004, 2007) (DPFJSD1241) (Photo Source: 
DPBT2726).  
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Thuarea involuta (Forst. f.) R. Br. ex R. & S.                                                   thuarea   
            Fijian Name: co seni ni wei taci 
 
Indigenous. Madagascar to E. Polynesia and 
Micronesia. Common. Prostrate perennial, 
useful sand-binding grass that co-dominated 
beach sites 70, 73, 74, 76, 77 and 80 with 
Ipomoea pes-caprae.  Absent in other locations 
(1978, 1993–2003, 2007) (DPFJSD1209ab, 
1299, 1308, 1461, 1470, 2893, 3718) (Photo  
Source: DPBT2783). 
 
 

TACCACEAE (Polynesian Arrowroot Family) 
 
Tacca leontopetaloides (L.) O. Kuntze                     Polynesian arrowroot 

Syns: Tacca pinnatifida Forst.; Leontice leontopetaloides L. 
Fijian Names: yabia, yabia dina 

 
Probably an aboriginal introduction into Fiji and 
Polynesia, but may have reached Fiji naturally. 
Now distributed from India and Sri Lanka through 
Malaysia to Melanesia, Polynesia and Micronesia.  
Occasional to common.  Stemless coastal herb 
seen in the understorey of seaside vegetation 
stands; occasional in shady places in inland 
habitats (Fig. 5.9).  Potato-like tubers used in the 
past to make starch for Fijian pudding (madrai ni 
Viti); used as glue or paste for tapa cloth in other 
areas of Fiji; long flowering stalk reportedly cut 
into short sections and strung into leis (1978, 
1993–2003, 2007) (DPFJSD1407, 1423, 1851, 
1884, 1917) (Photo Source: DPFJSD1917).  
 

 
Figure 5.9. Distribution of Tacca leontopetaloides in the Sigatoka Sand Dunes, mapped 
in 2007. 
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ZINGIBERACEAE (Ginger Family) 
 
Zingiber zerumbet (L.) Sm.                                                  wild ginger 
            Fijian Names: beta, gagolaya, danidani 
 
Aboriginal introduction. Tropical Asia. Rare. 
Herb seen as an adventive at site 31 in the 
disturbed understorey of the forest stand east of 
the visitor centre.  Widely naturalized 
throughout Fiji, often in coastal lowland areas. 
Important medicinal plant in tropical Asia and 
the Pacific Islands: cut into pieces and mixed 
with hot water and drunk or chewed on to cure 
sore throat (2007) (DPFJSD2748) (Photo 
Source: DPFJNUK0553). 
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MAGNOLIPPHYTA (Flowering Plants) 
DICOTYLEDONAE (Dicots) 

 
 

ACANTHACEAE (Acanthus Family) 
 

Asystasia gangetica (L.) Anders.                                                  asystasia, Chinese violet 
            Syns: Justicia gangetica L.; Asystasia coromandeliana Nees 
            Fijian Name: ? 
 
Recent introduction. Paleotropics. Uncommon. 
Weak-stemmed perennial herb with white to 
bluish flowers locally very abundant in disturbed 
sites 16, 17, 34 and 112 along the Queen’s 
Highway (Fig. 5.10). Some populations also seen 
at site 1 in the tree grove along the access road to 
Naqarai Bay.  Could be invasive in seaside 
natural or semi-natural habitats because its ability 
to colonize dry sandy areas has been evidenced; 
monospecific stands were seen at sites 57 and 58 
in the tree groves northwest of the highest dune 
near Najuvonulevu Lookout.  Often cultivated as 
an ornamental plant to form a semi-hedge around 
houses (2007) (DPFJSD2519, 2608, 2635, 2666, 
3460, 3464, 3477, 3609, 3692, 3799) (Photo 
Source: DPTW2643). 
 
 

 
Figure 5.10. Distribution of Asystasia gangetica in the Sigatoka Sand Dunes, mapped in 
2007. 
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Justicia betonica L.                                                                           white shrimp plant 
               Syn: Nicoteba betonica (L.) Lindau. 
               Fijian Name: ? 
                
Recent introduction. India to tropical East 
Africa.  Uncommon. Shrub with overlapping 
small, white to violet, two-lipped flowers with 
purple markings locally abundant co-
dominating disturbed site 16 near the visitor 
centre off the Queen’s Highway with Asystasia 
gangetica. Common ornamental plant often 
found as escapes along roadsides.  Disperses 
by seeds or cuttings and typically thrives on 
fertile, moist, but well-drained soils in sunny 
or partially shady places (2007) 
(DPFJSD1699, 1741, 1752) (Photo Source: 
DPFJSD1741). 
 
 
Thunbergia alata Sims.                                                                         black-eyed Susan 

Fijian Name: ? 
 

Recent introduction. Occasional.  Perennial, 
herbaceous twining vine seen only as a minor 
weed as it does not readily spread.  Small 
populations seen only in some disturbed sites  
in both inland and seaside habitats.  Leaves 
somewhat superficially similar to those of 
Mikania micrantha. Distinguished by its orange 
flower with a dark throat if in flower (1978, 
1993–2003, 2007) (DPFJSD1213, 1214, 1416) 
(Photo Source: DPFJSD1213). 
 
 

AMARANTHACEAE (Amaranth Family) 
 

Achyranthes aspera L.                                                                       prickly chaff-flower 
            Fijian Names: horihori tavoi, sorisori tavoi 
 
Probably indigenous, but possibly an aboriginal 
introduction because of its medicinal value in 
Polynesia and Melanesia. Uncommon. 
Somewhat weedy, erect, herb seen in sunny, 
open seaside habitats; rare or absent in inland 
habitats.   Young individuals grow in tufts.  
Grass-like fruits readily stick to clothes, feathers, 
and fur. (1978, 1993–2003, 2007) 
(DPFJSD1023, 1672, 1701, 1775, 1789, 1833, 
2607, 3298) (Photo Source: DPFJSD1023). 
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Amaranthus viridis L.                                smooth amaranth, slender amaranth, pigweed 
Fijian Names: moca, tubua, driti tubua, gasau ni vuaka; chauraiya, marsa  
(Hindustani) 

 
Recent introduction. Pantropical. Rare?  Erect, 
annual herb. A common roadside weed, seen 
only as an escape in the rubbish dump in 2007.  
Commonly cultivated in houseyard gardens of 
Indian households for the leaves that are cooked 
as spinach (1978, 1993–2002, 2007) 
(DPFJSD1779) (Photo Source: DPTW2439).  
 
 
 

ANACARDIACEAE (Cashew or Rhus Family) 
 

Mangifera indica L.                                                                                 mango 
Fijian Name: maqo 
 

Recent introduction. Indo-Burma. Occasional.  
Fruit tree seen in inland forest stands, mostly as 
seedlings and saplings; rare or absent in seaside 
habitats.  Mature individuals (probably 
cultivated) seen at site 3 in the disturbed tree 
grove where the Naqarai House is located.  
Important fruit crop for local consumption and 
sale (1978, 1993–2003, 2007) (DPFJSD1421x, 
2011, 2012, 2745) (Photo Source: 
DPNAU2007RT3042). 
 
 

ANNONNACEAE (Custard Apple Family) 
 

Annona glabra L.                                                                          pond apple 
            Fijian Names: uto ni bulumakau, kaitabo 
 
Recent introduction. Tropical and subtropical 
America. Rare.  Small tree seen only as an 
escape; some seedlings and saplings near 
disturbed sites 3, 4, 12, 17, and 71 (Fig. 5.11).  
Outside the park, some mature individuals 
seen near site 68 in the Barringtonia forest 
stand located on the escarpment of limestone 
outcrops. Extremely invasive in mangrove 
swamps in Fiji. A dominant invasive species 
throughout the Pacific Islands (1993–2002, 
2007) (DPFJSD1221, 1673, 1674, 1700, 1774, 
1921) (Photo Source: DPFJSUVA0081). 
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Figure 5.11. Distribution of Annona glabra, mapped in 2007. 
   
Annona muricata L.                                                  soursop 

Fijian Name: seremaia 
 

Recent introduction. 
Tropical America. Rare.  
Small tree (a few 
mature individuals) 
seen only at site 37 
where the Mahogany 
Track connects with the 
Nokonoko and Vau 
Tracks. Cauliflorous, 
with flowers and fruits 
characteristically   
located on the trunk. It 
makes lovely ice-cream  
(2007) (DPFJSD1101, 1495, 2773, 3611) (Photo Source: DPNAU2007RT0973, 
DPFJUSP0059). 
 
 

APOCYNACEAE (Dog-bane Family) 
 

 Catharanthus roseus ( L.) G. Don                       periwinkle, Madagascar periwinkle 
 Syn: Vinca rosea L. 

Fijian Name: seriserilau 
 
Recent introduction. Madagascar. Rare.  
Widely-cultivated ornamental, perennial 
subshrub seen as an escape only near site 13 in 
weedy shrubland.  Used medicinally to treat 
high blood pressure (tubu ni dra) and diabetes 
(mate ni suka) (1978, 2007) (DPFJSD2631) 
(Photo Source: DPFJSD2631). 
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Cerbera manghas L.                                                          cerbera 
            Fijian Names: rewa, vasa 
 
Indigenous.  Tropical Asia to the Pacific. 
Uncommon.  Small to medium-sized, important 
medicinal tree considered endangered based on 
current small population (Fig. 5.12). Some 
mature individuals seen at site 7.  Poisonous 
fruites reportedly eaten as a means of suicide in 
the Marquesas.  Milky latex also poisonous.  
Reportedly used for medicinal purposes in 
Samoa, Tonga, and elsewhere.  Flowers are used 
to treat inflammation with leaves for irritation 
and allergies.  Fruits used for “anesthetic” and  
the root for “cancer”. Sometimes planted around houses for its attractive flowers 
(1978, 1993–2003, 2007)  (DPFJSD2552, 2701, 2714) (Photo Source: DPNA3032). 
 

 
Figure 5.12. Distribution of Cerbera manghas in the Sigatoka Sand Dunes, mapped in 
2007. 
 
 
Tabernaemontana pandacaqui Lam.                                                                     
 Syn: Ervatamia obtusiuscula Markgraf; Tabernaemontana vitiensis Seem. 

Fijian Names: kolovesi, laqaiqai, belolaqai, meme, naselelevu, nasio,  
drega dai lago, drega talotalo, tabua ni kalava, totoka, tutuqaiqai 

 
Indigenous. Vanuatu, Fiji, Tonga, Samoa and 
possibly eastward to the Society Islands and the 
western Tuamotu Archipelago. Uncommon to 
occasional.  Shrub or small tree reportedly seen in 
inland forest and woodland.  Not seen in 2007 
(1993–2003, 2007?) (Photo Source: 
DPFJSUVA0134). 
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 Neisosperma oppositifolium (Lam.) Fosb. & Sachet                       neisosperma  
             Fijian Names: vaokaka, vao, vavakana 
  
Indigenous. Philippines to southeast Polynesia 
and Micronesia. Rare.  Small to medium-sized 
tree considered endangered based on current 
small population.  Only small numbers seen in a 
single location between sites 25 and 26 in a 
Pandanus thicket along Nokonoko Track (Fig. 
5.13). Kernel of ripe fruit edible, but eaten only 
casually or in times of famine; soft wood used 
only for light construction, tool handles, and 
firewood (1993–2003, 2007) (DPFJSD0077, 
1211, 1488, 2134, 2135) (Photo Source: 
DPFJNUK0234). 
 

 
Figure 5.13. Location of Neisosperma oppositifolium in the Sigatoka Sand Dunes, 
mapped in 2007. 
 
 
 
Parsonsia laevis (A. Gray) Markgraf                                                                            
            Syn: Lysonia laevis A. Gray 

Fijian Names: matarisiga, wa sailele 
 
Indigenous. Vanuatu and Fiji. Occasional?   
Uncertain identification of the species during 
some of the earlier visual surveys due to 
similarity in leaf morphology with the endemic 
vine Tylophora brackenridgei, which is also 
present in the park.  Leaves appear to be darker 
in colour and thicker than those of T. 
brackenridgei.  In addition, as shown in the 
photo, the sparsely-situated, pointed leaves are 
also considered characteristic feaures of the  
species. It should be noted that, in the dunes,  
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such leaf morphology was also commonly observed with what appeared to be T. 
brackenridgei. Used for lashing beams of Fijian houses (bure) (1993–2003, 2007) 
(DPFJSD1491? 1528? 1529? 2060? 2061?) (Photo Source: DPFJSD2060). 
 
 
 

ARALIACEAE (Panax Family) 
 

Schefflera actinophylla (Endl.) Harms     Queensland umbrella tree, octopus tree  
            Syn: Brassaia actinophylla Endl. 
            Fijian Names: ? 
             
Recent introduction. Northern Australia. Rare.   
Medium-sized tree (a few mature individuals) 
seen near sites 16 and 34 in the disturbed forest 
stand along the Queen’s Highway. Often begins 
life as an epiphyte on other trees.  Palmately-
compound leaves somewhat superficially 
similar to an umbrella, whereas red flowering 
branches somewhat resemble the tentacles of an 
octopus.  Very weedy in disturbed roadsides in 
Fiji, a moderately dominant invasive species 
throughout the Pacific Islands (2007)  
(DPFJSD2650) (Photo Source: DPNAU2007RT2641). 
 
 

ASCLEPIACEAE (Milkweed Family) 
 
Hoya australis R. Br. ex Traill                                           wax vine 
            Fijian Names: wa bibi, bitibiti, bitabita, bitubitu, wa bi, drau bibi 

 
Indigenous. Northeastern Australia to Tonga 
and Samoa. Uncommon. Coastal climbing vine 
seen in a few locations in both inland and 
coastal forest stands (Fig. 5.14). Absent in other 
locations.  Considered endangered based on 
current small population. High concentration 
seen at site 25 (behind the shelter bure located 
close to the coast) along Nokonoko Track.  
Moderately vigorous climber with unmistakable 
thick, glossy, opposite, round leaves (4-5 cm in 
diameter), sometimes flecked with irregular 
small silvery spots. Stems containing white, 
milky poisonous sap.  Used medicinally 
throughout Fiji and elsewhere in the Pacific 
Islands (1978, 1993–2003, 2007) 
(DPFJSD1095, 1102, 2590, 2718, 2973, 2974) 
(Photo Sources: DPFJSD1102; Google Image). 
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Figure 5.14. Distribution of Hoya australis in the Sigatoka Sand Dunes, mapped in 
2007. 
 
 
Tylophora brackenridgei A. Gray 
             Fijian Names: ?                                                                               
             
Endemic to Fiji. Recorded only from Viti Levu 
and Ovalau. Occasional to common. Slender, 
climbing vine with variable leaf morphology 
seen in both inland and coastal forest stands and 
tree groves; absent in sunny open habitats (Fig. 
5.15).  Uncertain identification of the species 
due to similarity in leaf morphology to 
Parsonsia laevis, which is also considered to be 
present in the park (2003, 2007) (DPFJSD0010,  
1105, 1492, 1749? 1750? 2136? 2064? 2782, 3814?) (Photo Source: DPFJSD1492). 
 

 
Figure 5.15. Distribution of Tylophora brackenredgei in the Sigatoka Sand Dunes, 
mapped in 2007. 
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ASTERACEAE OR COMPOSITAE (Aster, Sunflower or Composite Family) 
 
Ageratum conyzoides L.                                                                goatweed 

Fijian Names: botebotekoro, mata mocemoce, sogovanua  
 

Recent introduction. Rare. Erect, sparingly 
branched annual herb seen in disturbed sites 
along the access road to Naqarai Bay, and on 
Naqarai Beach. Crushed leaves mixed with 
water and injested to treat diarrhoea, fever, and 
cough (1978, 1993–2003, 2007) (DPFJSD1922, 
2528) (Photo Source: DPFJSD2528). 
 
 
 
 
 
 
 
 
 
Conyza canadensis (L.) Cronqist                                              horseweed, fleabane 

Fijian Names: madramadra, tani kula 
 

Recent introduction. 
Common. Erect perennial 
herb seen in sunny open 
seaside habitats. A 
monospecific stand seen 
near site 15 in an open 
site where parabolic 
dunes extend inland most.  
Young densely pubescent 
individuals lack stems 
and grow low in tufts 
(1978, 1993–2003, 2007)  
(DPFJSD0016, 1139, 
1479ab, 1523, 1524,  
1702ab, 1711, 2634)  
(Photo Source:  
DPFJSD0016; Google Image). 
 
 
Crassocephalum crepidiodes (Benth.) S. Moore                                       thickhead 
            Fijian Names: ? 
 
Recent introduction. Uncommon to rare?     
Considered to typically occur in sunny, 
disturbed sites. Distinguished from the similar 
species, Emilia sonchifolia, by leaves with 
irregularly lobed margins (in contrast to those of 
E. sonchifolia that are only lobed deeply at 
nodes) with infloresences with soft, white 
bristles that often droop (1993–2003, 2007?) 
(Photo Source: Google Image). 
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Cyanthillium cinereum (L.) H. Robins.                          ironweed, little ironweed  
            Syns: Vernonia cinerea (L.) Less.    

Fijian Names: kaukamea 
 

Recent introduction. Tropical Asia. Uncommon. 
Erect, loosely branched annual herb seen in 
disturbed sites.  High concentration seen at site 
41. Important Fijian medicinal plant (1978, 
1993–2003, 2007) (DPFJSD2732, 2870) (Photo 
Source: DPTW3274). 
 
 
Eclipta prostrata (L.) L.                                                               false daisy 
            Syns: Eclipta alba (L.) Hassk.; E. erecta L. 
            Fjian Names: tumadu, tumadi, colulu  
 
Recent introduction. Tropical Asia, now 
pantropical weed. Extirpated or ephemeral? (1993–
99) (Photo Source: Google Image-L. Pauwels). 
 
 
 
 
Elephantopus mollis H. B. & K.                                tobacco weed, elephant’s foot 
            Fijian Names: tavako ni veikau; jangli   
 
Recent introduction. Uncommon. Coarse erect 
herb seen in inland forests; some individuals in 
the forest stand in the Driodrio area; high 
concentration seen at site 55 in open tree groves 
in the eastern grassland-savanna; absent in 
sunny open seaside habitats.  Reportedly a 
serious weed in some Pacific countries.  
Disperses by means of its seeds (achenes) that 
stick to clothing and fur (1978, 1993–98, 2007) 
(DPFJSD1369, 3088, 3125, 3335, 3344) (Photo 
Source: DPFJSD3125). 
 
 
Emilia sonchifolia (L.) DC.                                                                                   emilia  
          Fijian Names: ?   
 
Recent introduction. Southern Asia, now 
pantropical. Common. Erect annual herb seen in 
sunny open sites from beaches to disturbed 
roadsides. Young individuals lack stems, 
growing low in tufts (see photo). Distinguished  
from the similar species, Crassocephalum 
crepidiodes, by its leaves that are deeply lobed 
at nodes (see photo) (1993–2003, 2007) 
(DPFJSD1868, 1895abc, 1968ab, 2869, 3429, 
3448?) (Photo Source: Google Image). 
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Mikania micrantha H. B. & K.                       mile-a-minute, mile-a-minute vine  
Fijian Names: wabosucu, usuvanua, wabutako 
 

Recent introduction. Tropical America. Common.  
Climbing, perennial herbaceous vine that is 
invasive in ecotones or edges of inland forest 
stands; uncommon in seaside habitats (Fig. 5.16).  
Locally more abundant in sunny places, forming a 
dense cover on vegetation stands. Seeds disperse 
by wind, as a contaminant on vehicles and 
machinery, on clothing, and in the hair of animals 
and, vegetatively from broken stem fragments. 
One of Fiji’s most commonly used medicinal 
plants: used as a blood coagulant and antibacterial 
treatment for sores and open wounds. One of the  
most serious invasive species throughout the Pacific Islands (1978, 1993–2003, 2007) 
(DPFJSD1704, 1820, 1821) (Photo Source: DPFJNUK0480). 
 

 
Figure 5.16. Distribution of Mikania micrantha in the Sigatoka Sand Dunes, mapped in 
2007. 
 
 
Pseudoelephantopus spicatus (B. Juss.) Gleason                            false tobacco weed 
            Syns: Elephantopus spicatus Aubl.; Distreptus spicatus (Aubl.) Cass. 
            Fijian Names: ? 
             
Indigenous. Extirpated or locally extinct?  Erect, 
tough-stemmed, deep-rooted annual herb. 
Declared noxious weed in Fiji.  Difficult to 
eradicate due to the wiry stems.  One of Fiji’s 
most commonly used medicinal plants.  Leaves 
and stems used as a blood coagulant and an  
antibacterial treatment for sores and open wounds 
(2001) (Photo Source: Google Image-G. 
McCormack). 
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Sonchus oleraceus L.                                                                                     sow thistle  
            Fijian Names; ? 
 
Recent introduction. Native to Europe. Rare?   
Although not seen or recorded in 2007, 
considered to have still been present. Dispersal 
by wind, light, parachute-like achenes (1978, 
1993–2002, 2007?) (Photo Source: Google 
Image). 
 
 
 
 
 
Sphagneticola trilobata (L. C. Rich.) Pruski        wedelia, trailing daisy 
            Syn: Wedelia trilobata ( L.) Hitchc. 
            Fijian Names: ? 
 
Recent introduction. Tropical America. 
Occasional. Noxious weed seen in multiple 
locations along the western end of main beach 
and Naqarai Bay: locally abundant at naturally 
disturbed sites 75 and 76, despite recent 
eradication campaigns by the National Trust 
(Fig. 5.17).  Extremely invasive in sunny open 
habitats of the dunes.  It should be noted that it  
was seen during a recent 2009 field trip that the speices’ cover-abundance in the 
Naqarai beach area seems to have dramatically increased since 2007, particularly at 
sites 70, 74 and 75, dominating the herbaceous vegetation in the area.  One of the 
worst invasive weeds in the Pacific (2001, 2002, 2003, 2007) (DPFJSD1055ab, 
1056ab, 1232, 1888ab, 1899, 1900, 1924, 2047, 2048ab, 3728ab) (Photo Source: 
DPTW2459). 
 

 
Figure 5.17. Distribution of Sphagneticola trilobata in the Sigatoka Sand Dunes, 
mapped in 2007. 
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Synedrella nodiflora (L.) Gaertn.           synedrella, nodeweed 
            Syn: Verbesina nodiflora L. 

Fijian Names: botebotekoro, taqwane 
 
Recent introduction. Tropical America. 
Occasional. Coarse, erect herb seen in disturbed 
roadsides along the Queen’s Highway.  
Introduced to Fiji to be used medicinally. 
Moderately common in disturbed sites 
throughout Fiji (1993–2003, 2007) 
(DPFJSD3543) (Photo Source: DPTW2437). 
 
 
Tridax procumbens L.                               wild daisy, coat buttons 

Fijian Names: tubau leka, lusi  
 

Recent introduction. 
Tropical America. 
Common. Ascending to 
procumbent, perennial 
herb seen in open sunny 
sites ranging from  
beaches to disturbed 
roadsides along the 
Queen’s Highway 
(1978, 1993–2003,  
2007) (DPFJSD1482abc, 1870, 2042abc) (Photo Sources: DPTW3334; 
DPFJSUVA0074). 
 
 
Xanthium pungens Wallr.                                               Noogoora burr 
            Syns: Xanthium strumarium Linn.; X. chinense Mill. 
            Fijian Names: dodo baigani, qatima ni vavalagi, ovuka 

 
Recent introduction. North America; now widely 
distributed.  Extirpated or locally extinct.  Coarse, 
erect annual subshrub previously seen where the 
access road meets Naqarai Bay. Distinguished by 
its large, irregularly toothed leaves, and relatively 
large burr-like fruits covered with hooked 
prickles.  A serious pest in Fiji (1993–2003) 
(DPFJSD1165) (Photo Source: DPFJNB0135). 
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BIGNONIACEAE (Bignonia Family) 
 

Spathodea campanulata Beauv.                              African tulip tree, flame of the forest 
               Syn: Spathodea nilotica Seemann. 
               Fijian Names: ? 
 
Recent introduction. Tropical Africa.  Occasional. 
Large invasive tree seen in disturbed inland forest 
stands and open sunny sites; absent or rare in 
seaside habitats (Fig. 5.18).  Some mature 
individuals seen at site 55 in the open tree groves in 
the eastern grassland-savanna, which seems to be 
the source population in the sand dune area. Seeds 
wind-dispersed. Also disperses by stem or root 
cuttings.  A dominant invasive species throughout 
the Pacific Islands. A current major problem in Fiji 
(1993–2003, 2007) (DPFJSD3222, 3223, 3311,  
3379, 3515, 3559) (Photo Source: DPNAU2007RT1365). 
 

  
Figure 5.18. Distribution of Spathodea campanulata in the Sigatoka Sand Dunes, 
mapped in 2007. 
 

BORAGINACEAE (Heliotrope Family) 
 

Cordia subcordata Lam.                                      sea trumpet, kou (Hawaii) 
Fijian Names: nawanawa, bakanawa 

 
Indigenous. Indian Ocean to Hawaii. Rare. 
Medium-sized coastal tree (only a few 
seedlings) seen near beach sites 74 and 75 on 
the foredune terrace east of Naqarai Point, 
where wedelia currently dominates the 
herbaceous strand vegetation (2007) 
(DPFJSD1714, 2053, 2054, 2074, 2075, 2076) 
(Photo Source: DPNAU2007RT0301). 
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Tournefortia argentea L. f.                                          beach heliotrope  
 Syn: Messerschmidia argentea (L. f.) M. Johnst. 
            Fijian Names: roro ni bebe, kau ni yalewa, evo 

 
Indigenous. Indian Ocean to S.E. Polynesia. 
Rare. Small to medium-sized coastal tree 
considered to be endangered based on current 
small population limited in distribution to highly 
unstable, naturally-disturbed, foredune sites 
(Fig. 5.19). Some individuals prostrate like low-
lying shrubs, indicating the extremely strong, 
salt-ridden, prevailing southeast trade winds.  
High cultural value in Fiji and other Pacific 
Islands, such as medicinal uses to treat high  
blood pressure (tubu ni dra). One of the most important plants for women’s 
medicine  (1978, 1993–2003, 2007)  (DPFJSD1464ab, 2831, 2832, 2834, 2835, 2875, 
2876, 2879, 3031, 3032, 3033) (Photo Source: DPFJMK2192). 
 
 

 
Figure 5.19. Distribution of Tournefortia argentea in the Sigatoka Sand Dunes, mapped 
in 2007.  
 
 

CAPPARACEAE (Caper Family) 
 

Cleome viscosa L.                                                                                                  tickweed 
 Syn: Cleome icosandra L.  
             Fijian Names: ? 
             
Recent introduction. Tropical Asia or Old World 
Tropics.  Rare.  Erect perennial herb seen as an 
escape only in the rubbish dump. Could be very 
weedy in disturbed sites, if it spreads (e.g., Nauru) 
(2007) (DPFJSD1723, 1746, 1786) (Photo Source: 
DPNAU2007RT0091). 
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CARICACEAE (Papaya Family) 
 

Carica papaya L.                                           papaya, pawpaw 
Fijian Names: weleti, maoli, uto 
 

Recent introduction. Tropical America. 
Occasional. Small fruit tree seen in disturbed 
open sunny sites along the Queen’s Highway; 
absent in other locations.  Commonly cultivated 
throughout Fiji: ripe fruit an important cash crop 
commonly sold in markets throughout Fiji; 
green fruits occasionally cooked as a vegetable; 
used to tenderize meat (1993–2003, 2007)  
(DPFJSD1748) (Photo Source: DPFJNUK1147). 
 
 

CASUARINACEAE (Casuarina Family) 
 

Casuarina equisetifolia L.                                  casuarina, she oak, ironwood 
 Syn: Casuarina litorea L. 

Fijian Names: nokonoko, cau 
 
Indigenous. Indian Ocean to Polynesia and 
Micronesia. Occasional to common.  Salt and 
heat-resistant, nitrogen-fixing tree seen in the 
central parabolic dune fields (Fig. 5.20).  
Considered endangered in the future based on  
current population limited in distribution to areas 
where Albizia spp., Leucaena leucocephala, and 
Hibiscus tiliaceus have considerably increased in  
cover-abundance during the past 30 years.  Deliberate introduction in the 1960s.  Hard, 
heavy wood once used to make house poles, tools, pounders and other artifacts; 
infusion of bark reportedly used to treat mouth infections in Fiji (1978, 1993–2003, 
2007) (DPFJSD1281, 2102abcd, 2726, 2727, 2823) (Photo Source: DPTW3371).  
 

 
Figure 5.20. Distribution of Casuarina equisetifolia in the Sigatoka Sand Dunes. 
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CLUSIACEA (Mangosteen Family) 
 
Calophyllum inophyllum L.                 beach mahogany, Portia tree, Alexandrian laurel 
  Fijian names: dilo, jilo 
 
Indigenous. Tropical Africa to Eastern Polynesia 
and Micronesia. Occasional. Highly salt-tolerant, 
common coastal timber tree with very handsome 
leaves seen in a wide range of the sand dune 
habitats (Fig. 5.21).  Often occurs as prostrate 
shrubs, rather than as trees, on windswept, 
exposed seaside locations (see photo below). 
Good dune stabilizer. Beautiful and highly-prized 
wood used in woodcarving (1978, 1993–2003, 
2007) (DPFJSD1485, 1625, 1712, 1977, 2085, 
3373, 3476, 3735) (Photo Source: DPTW3368; 
DPFJSD2805). 
 

 
 
 

 
Figure 5.21. Distribution of Calophyllum inophyllum in the Sigatoka Sand Dunes, 
mapped in 2007. 
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COMBRETACEAE (Terminalia Family) 
 

Terminalia catappa L.    beach almond, Indian almond, Malabar almond 
Fijian Names: tavola, tivi; badam (Hindustani) 

 
Indigenous. Tropical Asia and Australia to W. 
Polynesia and Micronesia. Uncommon to 
occasional. Common coastal large tree; some 
populations located along the western end of the 
main coast (Fig. 5.22). A few individuals also 
seen in disturbed inland forest stands and tree 
groves.   Almond-like seeds eaten as a snack 
food.  Leaves used medicinally to treat sore 
throats and to treat wai ni vu? and thrush 
(macake) in both infants and adults. Wood used 
in woodcarving, especially for making slitgongs 
(lali) (1978, 1993–2003, 2007) (DPFJSD1832, 
3135) (Photo Source: DPFJNUK0237). 
 
 

 
Figure 5.22. Distribution of Terminalia catappa in the Sigatoka Sand Dunes, mapped 
in 2007. 
 
 

CONVOLVULACEAE (Morning-Glory Family) 
 
Ipomoea aquatica Forssk.                                             water spinach, swamp cabbage 
            Syns: Ipomoea repens Poir.; Convolvulus reptans L. 
            Fijian Names: karisi ni Jaina, karamua 
             
Recent introduction. Pantropical. Extirpated or 
locally extinct.  Can be very invasive in wetland 
vegetation (e.g., on Nauru).  Leaves edible when 
cooked (1978) (Photo Source: 
DPNAU2007RT2550). 
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Ipomoea indica (Burm.) Merr.                                                                                                            
            Syns: Convolvulus indicus Burm.; Ipommoea congesta R. Br. 
             Fijian names: wasovivi, wa vuti, wa salasala 
 
Indigenous. Pantropical. 
Uncommon. Seen as an 
adventive in disturbed  
roadsides along the Queen’s 
Highway: some individuals  
on the edge of a forest stand 
behind the visitor centre and 
on the edge of Barringtonia 
forest stand at sites 67 and 
68. Distinguished by its 
attractive blue, purple, or 
pink flowers (rarely white) 
(2007) (DPFJSD3650, 
3652?) (Photo Source:  
DPFJMK2160; Google Image 
-Alvin Diamond). 
 
 
Ipomoea littoralis Bl.                  littoral morning-glory, coastal morning-glory 
            Fijian Names: wa sovivi, sovivi, suani bu 
 
Indigenous. Malaysia and the Pacific. 
Occasional.  Slender, creeping, twining 
herbaceous coastal vine with dark pink to 
lavender flowers seen in moderately shady 
seaside habitats; rare or absent in other 
locations.  Leaves smaller compared to other 
common Ipomoea spp (1993–2002, 2007) 
(DPFJSD1715, 2055, 2056, 2058, 2065ab, 
3487)  (Photo Source: DPFJSD3487). 
 
 
 
 
Ipomoea macrantha R. & S.                wild moon flower, white morning glory 
 Syns: Ipomoea tuba (Schlecht.) G. Don 

Fijian Names: wa tobici, tobili, wa ika, tovici, wa mila? 
 

Indigenous. Pantropical. Occasional. Attractive 
climbing or creeping vine seen in seaside 
habitats; rare or absent in inland habitats.  White 
morning glory flowers bloom at night. Most 
widespread, native morning glory species in the 
Pacific (1993–2003, 2007) (DPFJSD2548) 
(Photo Source: DPTW2666). 
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Ipomoea obscura (L.) Ker-Gawl.                               obscure morning-glory 
            Syn: Convolvulus obscura L.  
             
Recent introduction. Tropical Africa and Indian 
Ocean islands through tropical Asia to 
Queensland. First recorded from the Pacific 
Islands in 1909 (Hawai’i). Now found eastward 
to the Tuamotus. Occasional. Perennial 
herbaceous vine seen as an escape in disturbed 
roadsides along the Queen’s Highway and the 
access road to Naraqarai Bay. Distinguished by 
its glabrous stems and foliage, small, unlobed, 
alternate, heart-shaped leaves, and small, white,  
morning-glory flowers with dark centres (1993–2003, 2007) (DPFJSD1751, 1795ab, 
2531, 3704, 3828) (Photo Source: DPFJSD3828). 
 
 
Ipomoea pes-caprae (L.) R. Br.                                                    beach morning-glory 
 Syn: Ipomoea brasiliense (L.) Sweet 

Fijian Names: lawere, lauwere, lauivi, yale, yaleyale, wa vulavula 
 

Indigenous. Pantropical. Very abundant. Trailing 
glabrous (hairless) vine that dominates herbaceous 
vegetation in open sunny seaside habitats (Fig. 
5.23). Rare or absent in inland habitats.  Leaf 
deeply notched at the tip as shown in the photo, 
whereas that of the co-dominant similar vine, 
Canavalia rosea, is nearly round. The most 
characteristic foredune creeper in the tropics. 
Reportedly once used medicinally to prepare a 
drink for breastfeeding mothers (1978, 1993– 
2003, 2007) (DPFJSD1208, 1245, 1444, 1449, 1874,1875, 1876, 1932ab, 3024, 3419, 
3441) (Photo Source: DPFJSD1874). 
 

 
Figure 5.23. Distribution of Ipomoea pes-caprae in the Sigatoka Sand Dunes, mapped 
in 2007. 
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Merremia peltata (L.) Merrill                                         merremia 
            Fijian Names: wa damu, wa bula, veliyawa 
                
Indigenous.  Indian Ocean islands to the Society 
Islands in Polynesia and to Pohnpei and Kosrae 
in Micronesia.  Native in parts of the Pacific, 
but one of the most dominant invasive species 
throughout the Pacific Islands. Occasional?   
Uncertain identification: the introduced vine 
Stictocardia tiliifolia might have been 
misidentified as this species, due to the 
similarity in leaf morphology. Has white 
flowers (or, rarely, yellow), whereas S. tiliifolia  
has pink to reddish-purple flowers (1978, 1993–2003, 2007?) (Photo Source: Google 
Image-G. McCormack). 
 
Merremia tuberosa (L.) Rendle                 wood rose, yellow morning glory 
            Syn: Ipomoea tuberosa L. 
            Fijian Name: ? 
                
Recent introduction. Tropical America.  Rare. 
High climbing liana or woody vine seen only as 
an escape within the rubbish dump. Can be very 
invasive in ecotones or on edges of vegetation 
stands, such as the dense-cover-forming 
invasive vines Coccinia grandis, Mikania 
micrantha and Antigonon leptopus.  A very 
aggressive roadside weed in Fiji. Leaves 
somewhat superficially similar to those of 
Ipomoea cairica (ivy-leaved morning glory), but 
much larger in size and deeply divided into 7 
lobes, compared to those of I. cairica into 3 pairs  
of 2 or 3 lobes. Distinguished more readily by its yellow flowers and dried woodrose-
like fruits (2007) (DPFJSD1715, 2606, 2675) (Photo Source: Google Image).  
 
Stictocardia tiliifolia (Desr.) Hill. F.   
 Syn: Convolvulus tilaefolius Desr. 
            Fijian Name: ? 
              
Recent introduction. Originally Africa to Asia, 
now pantropical.  Occasional?   Large perennial 
vine seen in disturbed roadsides along the 
Queen’s Highway; some individuals on the edge 
of the forest stand behind the vistor centre and 
the Barringtonia forest stand at site 68 near the 
railroad bridge.  Distinguished by large reddish- 
to pinkish-purple flowers with a darker centre 
and radiating lines, and by tiny dots on a lower 
leaf surface (2007) (DPFJSD0003? 3674? 
3675?) (Photo Source: Google Image-G. 
McCormack, DPFJSD0003?). 
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CRASSULACEAE (Stonecrop Family) 
 

Kalanchoe pinnata (Lam.) Pers.                                                      air plant 
 Syns: Bryophyllum calycinum Salisb.; B. pinnatum (Lam.) kurz 
            Fijian Name: ? 
 
Recent introduction. Tropical Africa. Rare.  
Erect perennial herb seen only as an escape at 
site 21 in the shady understorey in a forest 
stand. Commonly cultivated as an ornamental 
plant and moderately occasional to common in 
disturbed sites such as roadsides and Leucaena 
shrub forest in Fiji.  A common invasive species 
throughout the Pacific Islands (2007) 
(DPFJSD2699) (Photo Source: DPFJSD2699).  
 
 

CUCURBITACEAE (Pumpkin Family) 
 

Citrullus lanatus (Thunb.) Matsum.                                                            watermelon 
 Syn: Citrullus vulgaris Schrad.  
            Fijian Name: mereni 
 
Recent introduction. South Africa. Rare. Seen 
only as an escape at the rubbish dump (1993–
97, 2002, 2007) (DPFJSD1780) (Photo Source: 
DPFJNUK0809). 
 
 
 
Coccinia grandis (L.) Voight                       ivy gourd, knob vine 
            Syns: Coccinia cordifolia (L.) Cogn. 

Fijian Name: kundru (Hindustani) 
 

Recent introduction. Tropical Asia to Africa. 
Common. Climbing, perennial herbaceous vine or 
liana that is invasive in the ecotones or on the 
edges of inland forest stands; uncommon in 
seaside habitats (Fig. 5.24).  Locally more 
abundant in sunny places, forming a dense cover 
on vegetation stands. It should be noted that 
during a recent 2009 field trip some creeping 
individuals (the leaves were thicker, more like 
Triumfetta procumbens!) were seen as escapes on 
an exposed, sunny, windswept foredune terrace on 
Naqarai Point, indicating the species’ high 
adaptability to saltspray.  Mature individuals form 
thick lianas hanging from trees with knob-like 
knots on the woody stem (see photo).  A dominant 
invasive species in the Pacific Islands. Commonly 
cultivated by Indians as a vegetable for curries  
(1978, 1993–2003, 2007) (DPFJSD1057, 1072, 1180, 1251, 1500, 1502, 2873, 
3227ab, 3533) (Photo Source:  DPFJNB0173; DPFJSD2873). 
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Figure 5.24. Distribution of Coccinia grandis in the Sigatoka Sand Dunes, mapped in 
2007. 
 
Cucurbita pepo L.                                              pumpkin 

Fijian Names: wavukeni, gadhu (Hindustani) 
 
Recent introduction. Tropical America. Rare.  
Monospecific stand seen within the rubbish 
dump in 2007, although it appeared to be 
temporary.  Food plant commonly cultivated 
in village food gardens and housyard gardens 
throughout Fiji (1978, 2007) (DPFJSD1788, 
2599, 2601) (Photo Source: DPFJNUK0810, 
DPFJSD2601). 
 
 
 
Momordica charantia L.                                                   bitter gourd, balsam pear 

Fijian Name: kerela (Hindustani) 
 
Recent introduction. Paleotropics. Common.  
High climbing perennial herbaceous vine seen 
in the ecotones or on the edges of inland forest 
stands; uncommon in seaside habitats. Locally 
more abundant in sunny places, forming a dense 
cover on vegetation stands.  Often associated 
with the more common introduced vines 
(Mikania micrantha and Coccinia grandis), 
although usually less-abundant than these 
species. Common roadside weed. Commonly 
cultivated in houseyard gardens with fruits 
cooked in Indian curries; also popular as a 
vegetable in Chinese cooking (2002, 2003, 
2007) (DPFJSD1028, 1755, 1756, 2865, 
3227ab, 3804, 3826) (Photo Source: 
DPFJSD3826). 
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CUSCUTACEAE (Cuscuta Family) 
 

Cuscuta campestris Yuncker                                             golden dodder, field dodder 
              Fijian Names: wa vereverelagi, bua lawalawa 
               
Recent introduction. Originally America, now 
widely dispersed in the Old World and in some 
Pacific Islands.  Extirpated or locally extinct? 
Distinguished by its very small scale-like leaves 
and thin yellowish stems, which are slightly 
thinner and more delicate than the very similar 
native, leafless, herbaceous, parasitic vine, 
Cassytha filiformis. Serious agricultural and 
environmental weed in Fiji (1993–97, 2002) 
(Photo Source: DPMJ0700). 
 
 

EUPHORBIACEAE (Spurge Family) 
 

Aleurites moluccana (L.) Willd.                                                               candlenut                                                                                                                
            Fijian Names: lauci, sikeci, toto, qereqere 
 
Aboriginal introduction. Indo-Malaysia. 
Occasional. Some populations seen in forest 
stands in the Driodrio area and some individuals 
in disturbed tree groves along the Queen’s 
Highway (Fig. 5.25). Distinctive pale green 
leaves often stand out in the landscape.  A good 
dune slope stabilizer often growing well on 
steep slopes.  One of the most useful trees in the 
Pacific Islands: seeds and oil burned for  
illumination, torches or “candles”; sap for dying masi (paper mulberry barkcloth); 
leaves for ripening bananas (1978, 1993–2003, 2007) (DPFJSD0047, 1364, 1633, 
2845, 3105) (Photo Source: DPFJSD0047). 
 

 
Figure 5.25. Distribution of Aleurites moluccana mapped in 2007. 
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Chamaesyce chamissonis (Klotzsch & Garcke) F. C. Ho. beach spurge
Syns: Chamaesyce atoto sensu auct. non Croizat; Euphorbia atoto sensu auct.
non Forst.f.; E. chamissonis (Kl. and Gke.) Boiss.
Fijian Names: selekaleka, totoyava, totolu, ta ni ose

Indigenous. Tropical Pacific. Extirpated or locally 
extinct? Prostrate to erect, somewhat woody herb 
not seen near site 85 in the understorey of a 
Pandanus forest stand where previously seen.  
Probably a short-lived ephemeral coastal littoral 
species that periodically recolonized unstable beach 
habitats (1978, 1993–2003) (DPFJSD1155, 1156) 
(Photo Source: DPFJSD1156).

Chamaesyce hirta (L.) Millsp.                    garden spurge, asthma plant, hairy spurge
Syns: Euphorbia hirta L.; E. pilulifera L.
Fijian Names: de ni ose, ta ni ose, ovuka, samuqawe

Recent introduction. Pantropical. Occasional. 
Ascending, scarcely-branched herb seen in 
disturbed roadsides along the Queen’s Highway. 
Common weed of ruderal sites throughout Fiji and 
the Pacific Islands (1978, 1993–2003, 2007) 
(DPFJSD3510) (Photo Source: DPBT2914).

Chamaesyce hypericifolia (L.) Millsp. graceful spurge
Syns: C. glomerifera Millsp.; Euphorbia glomerifera (Millsp.) Wheeler
Fijian Names: de ni ose, ta ni ose, ovuka

Recent introduction. Tropical America. 
Uncommon.  Erect to ascending annual herb 
seen in disturbed roadsides along the Queen’s 
Highway (1993–2003, 2007) (DPFJSD1839ab, 
1840abc) (Photo Source: DPFJNUK0935).

Chamaesyce thymifolia (L.) Millsp.                                             thyme-leafed spurge
Syn: Euphorbia thymifolia L.; Euphorbia rubricunda Steud.
Fijian Name: ?

Recent introduction. India. Occasional.
Prostrate, mat-forming annual herb with a 
taproot, seen in disturbed roadsides along the 
Queen’s Highway and hiking trails (2007) 
(DPFJSD1489, 2527, 2725, 3560) (Photo 
Source: DPFJSD2725).                  
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Euphorbia cyathophora Murr. Mexican fire plant
Fijian Names: seriserilau

Recent introduction. Tropical America. 
Uncommon. Annual or perennial herb seen only 
at disturbed picnic site 83 on Naqarai Point 
(where there was a fire in 2004). Weed of 
ruderal sites.  Readily distinguished by its red-
based floral bracts (1978, 1993–2003, 2007) 
(DPFJSD1160, 1716 ab, 2068) (Photo Source: 
DPTW2433).

Excoecaria agallocha L.                                           blinding tree, poison mangrove tree
Fijian: sinu, sinu gaga, hinu, toca

              
Indigenous. India to Niue in Polynesia, and Yap 
and Chuuk (Truk) in the Caroline Islands of 
Micronesia. Uncommon. Medium-sized tree seen
in inland forests, especially in the central forest 
stands; rare to uncommon in seaside habitats.
Some mature trees located near site 44 off 
Coastal Walk Track at the northwest entry to the 
forest stand in the Driodrio area. Sap or latex 
burns skin and can reportedly temporarily blind a 
person if it gets in the eyes. Bark used 
medicinally for treating the excruciating pain 
caused by the stings of poisonous fish, and to 
cure leprosy in some parts of Fiji (2007) 
(DPFJSD2717, 2794, 2932, 3150) (Photo 
Source: DPFJSD2932).

Glochidion concolor Muell. Arg.. glochidion
Syn: Glochidion ramiflorum sensu auct. non Seem.
Fijian Names: molau, qalo

              
Indigenous.  Fiji and Tonga.  Occasional. Small 
tree or shrub seen in sunny open sites, especially 
in shrubby areas of grassland-savanna along 
Coastal Walk Track.  Also occasional in coastal 
shrubland, particularly on the sunny edge of 
vegetation stands. Highly variable genus 
characterized by adaptive varieties on high 
islands. Important medicinal plant in Fiji and 
Tonga; wood used as firewood (1978, 1993–2003,
2007) (DPFJSD1175, 1354, 1609, 1856) (Photo 
Source: DPFJSD1175).



 228 

Jatropha curcas L.                                          physic nut 
Fijian Names: wiriwiri ni vavalagi, ba ni dakai, fiki 
 

Recent introduction. Tropical America from 
Mexico and the West Indies to Brazil. Occasional. 
Seen only in disturbed forest stands and tree 
groves along the Queen’s Highway. Small 
ornamental tree, a host plant for vanilla vines or 
as living fencing or hedges. Seeds and leaves 
sometimes used medicinally. Seeds, containing 
strongly purgative and poisonous oil, are used in 
making paint and soap. The consumption of the 
seeds can be fatal (1978, 1999–2003, 2007)  
(DPFJSD1691, 1703, 1747) (Photo Source: DPFJSD1747). 
 
Phyllanthus amarus Schum. & Thon.              sleeping plant, six-o'clock 
 Syn: Phyllanthus niruri sensu auct. non L. 

Fijian Names: kai moku, co mokumoku 
 
Recent introduction. Africa. Occasional. Erect, 
scarcely branching, annual herb seen in disturbed 
sites along the access road to Naqarai Bay; rare in 
seaside habitats.   Can be weedy forming 
monospecific stands in the understorey of 
disturbed forest.  Distinguished by its branch-like 
compound leaves, small, simple, alternate leaves 
rounded at both ends (1998–2003, 2007) (Photo 
Source: DPTW2432). 
 
 Phyllanthus urinaria L.                                                        chamber bitter                           

Fijian Names: kai moku, co mokumoku, se bulubulu 
 
Recent introduction. Probably native to Asia and 
now throughout the tropics. Uncommon?  
Distinguished from the similar species, P. amarus, 
by its reddish stems, yellowish red, warty fruits 
and acute leaf tips (1993–2003, 2007?).  (Photo 
Source: Google Image). 
 
 
 
 
Ricinus communis L.                                                               castor bean, castor oil plant 

Fijian Names: bele ni vavalagi, toto ni vavalagi 
 

Recent introduction. Africa. Occasional. Shrub or 
small tree seen in disturbed forest stands and tree 
groves along the Queen’s Highway. Monospesific 
stands within the rubbish dump in 2007, but not 
seen in 2009. Green variety called drokadroka 
(the red variety, “drisi”, not seen). Used 
medicinally to treat gacagaca and high blood 
pressure (tubu ni dra) A dominant invasive  

 

 

 

 



 229 

species throughout the Pacific Islands (1978, 1993–2003, 2007) (DPFJSD1693, 1753, 
2001ab, 2597, 2602) (Photo Source: DPFJSD1693). 
 
 

FABACEAE (Pea or Legume Family) 
(Including CAESALPINIACEAE/Senna Family and  

MIMOSACEAE/Mimosa Family) 
 
Abrus precatorius L.                                                                              rosary pea 

Fijian Names: leredamu, diri damu, qiri damu, danimana, lele 
 

Indigenous from tropical Africa to the Marquesas 
in French Polynesia. Uncommon to occasional. 
Thin-stemmed liana or woody climbing vine 
seen in inland forest stands; rare in seaside 
habitats.   High concentration located at site 54.  
Attractive black and red seeds used in necklaces; 
leaves used medicinally to treat gonorrhoea (mi 
mudu). Seeds poisonous unless they are boiled. 
(1978, 1993–98, 2007) (DPFJSD0116, 1727, 
1805, 2771, 3277) (Photo Source: DPNV0118). 
 
 
Adenanthera pavonina L.                                                                         red-bead tree 
            Fijian Names: lera, vaivai ni vavalagi 
 
Recent introduction.  Malaysia. Medium-sided, 
nitrogen-fixing, timber tree (seedlings) seen in the 
understorey of the forest stand near site 48. Can 
be invasive forming extensive monospecific forest 
stands (e.g., on Nauru). A dominant invasive 
species in many Pacific Islands. Pods containing 
small red seeds commonly made into necklaces; 
young leaves edible; seed kernel eaten by 
children; extremely hard wood used for boat-
building and furniture-making (2007)  
(DPFJSD3074, 3075) (Photo Source: DPNAU2007ST0209). 
 
 
Albizia lebbek  (L.) Benth.                                                 silver raintree 
            Syn: Mimosa lebbeck L. 

Fijian Names: vaivai ni vavalagi, siris (Hindustani) 
 
Recent introduction. Native to tropical America 
from Mexico to Brazil and Peru.  Probably 
introduced into Fiji not much earlier that 1920. 
Occasional to common?  Uncertain estimation of 
abundance due to the difficulty in distinguishing 
it from the similar species Samanea saman in 
the upper canopy (over 15 m) when not 
flowering (pale yellow for A. lebbek, red-pink 
and white for S. samam).  Because of this, A. 
lebbek and S. saman were identified, recorded  
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and mapped as ‘raintree’ (see Fig. 5.30).  Heat-tolerant, large, spreading tree 
considered invasive in inland disturbed forest stands and sunny open sites; rare in 
seaside habitats.  A most dominant invasive species throughout the Pacific Islands 
(1978, 1993–2003, 2007) (DPFJSD0011, 0018, 0019) (Photo Source: DPFJSD0018). 
 
Alysicarpus vaginalis (L.) DC.                                            alysicarpus 

Fijian Name: ? 
 
Recent introduction. Paleotropics. Uncommon 
to occasional.  Prostrate annual herb seen along 
trailsides, in ruderal sites and in lawns in the 
visitor centre compound.  High concentration 
seen on the floor of a Leucaena-Panicum 
shrubland at site 111 (2007) (DPFJSD2505, 
2820, 2901) (Photo Source: DPFJSD2901). 
 
 
Atylosia scarabaeoides (L.) Benth.                                                            peanut grass 

Fijian Name; ? 
 

Recent introduction. Widespread from Asia to 
Australia. Introduced into Fiji about 1925 as a 
pasture legume. Occasional to common.  
Climbing herb with pubescent stems seen in 
sunny open sites, mainly in grassland-savanna.   
(1978, 1993–2003, 2007) (DPFJSD1120, 1378, 
1706) (Photo Source: DPFJSD1120). 
 
 
 
 
Bauhinia monandra Kurz.                             bauhinia, oechid tree, pink butterfry tree 

Fijian Name: ? 
 
Recent introduction. Extirpated or locally 
extinct. Widely cultivated ornamental tree.  
Distinguished by its deeply notched leaves with 
palmate venation and orchid-like flowers (1978) 
(Photo Source: DPFJUSP0051). 
 
 
 
 
 
 Caesalpinia bonduc Roxb.                                    beach nicker, gray nicker, nicker bean 
             Syns: Caesalpinia bonducella (Linn.) Flem. 

 Fijian Names: soni, soni ni Viti, qalau sori 
 
Indigenous. Pantropical. Rare. Sprawling, prickly 
shrub or high-climbing liana considered to be 
endangered based on current small population. 
Only a few individuals seen on the northwestern 
sandy slope of the highest dune near 
Najuvonulevu Lookout. Thorny vines used to trap 
chickens and fruit bats; root used medicinally  
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when mixed with buatoka (Guettarda speciosa) and dredre (Scaevola taccada) to treat  
rheumatism; attractive grey seeds strung into leis and used as marbles (1998–2003, 
2007) (DPFJSD3452, 3453) (Photo Source: DPNAU2007RT1093). 
 
Canavalia cathartica Thouars                                                                                                                             
            Syns: Canavalia microcarpa (DC.) Piper.; Lablab microcarpus DC. 
            Fijian Names: drau tolu, rau tolu 

 
Indigenous. Pantropical. Uncommon to 
occasional?  Uncertain identification of the 
species.  Prostrate vine to woody liana seen in 
open sunny and moderately shady disturbed sites.  
Somewhat similar in appearance to C. rosea, but 
characterized by more climbing habit, a pointed, 
rather than rounded, leaf tip, and shorter, wider 
pods (2003, 2007?) (DPFJSD1114) (Photo 
Source: DPNAU2007RT2212). 
 
 
Canavalia rosea (Sw.) DC.                  sean bean                             
            Syns: Canavalia maritima (Aubl.) Urb.; C. obtusifolia (Lam.) DC. 
            Fijian Names: drau tolu, dralawa, rautolu 
 
Indigenous. Pantropical. Common. Prostrate or 
weakly climbing vine that co-dominated 
herbaceous strand vegetation in beach habitats 
with Ipomoea pes-caprae; rare or absent in 
inland habitats.  Somewhat similar in 
appearance to C. cathartica, but characterized 
by more prostrate habit, rounded rather than 
pointed leaf tips, more leathery leaves, and 
longer, narrower pods. Useful as a sand binder. 
Leaves used medicinally (1978, 1993–2003,  
2007) (DPFJSD1143, 1386, 1930, 2046, 2050, 2123abcd, 2863) (Photo Source: 
DPFJMK2196). 
 
 
Canavalia sericea A. Gray                                 silky jackbean  
            Fijian Names: drau tolu, dralawa 
 
Indigenous. Fiji to E. Polynesia and Micronesia. 
Uncommon. Weakly climbing vine with silky, 
silverish leaves seen in only a few locations 
along the edges of coastal shrubland in 
parabolic dune fields.  Distinguished by the 
dense silky pubescence of its leaves and the 
flowers that are larger than the other Canavalia 
spp. Could be endangered in the future based on 
current small population, although it is probably 
periodically re-established by drift seedlings 
(1978, 1993–2003, 2007) (DPFJSD1151, 1390, 
1391, DPFJSD1392, 1618, 1619) (Photo 
Source: DPFJNUK0687). 
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Centrosema pubescens Benth.                                                                             centro 
              Fijian Name: ? 
 
Recent introduction.  Tropical America, now 
widespread and often naturalized. Uncommon.  
Climbing or prostrate vine seen in disturbed 
roadsides along the Queen’s Highway. Seems to 
have increased in cover-abundance over the past 
few years. Can be weedy in disturbed habitats 
(e.g., on Nauru) (2002, 2007) (DPFJSD1027, 
3821) (Photo Source: DPFJSD 3821).  
 
Chamaecrista nictitans (L.) Moensch                                partridge pea, Japanese tea                                              
            Syn: Cassia lechenaultiana DC.; C. mimosoides L. 
            Fijian Name: ? 
 
Recent introduction. Occasional. Erect, sparsely 
branching subshrub seen in disturbed roadsides 
along the Queen’s Highway and in grasslands 
along hiking trails (1999–2003, 2007) 
(DPFJSD1352, 3262, 3263, 3269, 3270) (Photo 
Source: Google Image- Linda Lee). 
 
 
 
Crotalaria pallida Ait.  rattlepod                                           
            Syns: Crotalaria mucronata Desv.; C. striata DC. 
            Fijian Name: qiriqiri 
 
Recent introduction. Native to the Old World 
Tropics. Occasional. Erect branching shrub seen 
in open sunny disturbed sites ranging from 
beaches to roadsides along the Queen’s 
Highway.  Distinguished from the similar 
species, C. spectabilis, by its more rounded 
leaves (1978, 1993–2003, 2007) (DPFJSD1167, 
1350ab, 1837, 1838, 2868, 3286) (Photo Source: 
DPFJSD1350ab). 
 
Crotalaria spectabilis Roth           rattlepod 
             Syn: Crotalaria sericea Retz. 
             Fijian Name: qiriqiri 
  
Recent introduction. India and Paleotropics. 
Occasional. Erect branching shrub seen in 
disturbed sites in a wide range of the sand dune 
habitats from beaches to roadsides.  High 
concentration seen at site 94 near Najuvonulevu 
Lookout. Distinguished from the similar  
species, C. pallida, by its narrower leaves: more 
elongated, oval in shape (2007) (DPFJSD1236, 
1305, 1675, 1940, 1941, 1942, 2604, 3443, 
3444) (Photo Source: DPFJSD1675). 
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Cynometra insularis A.C. Smith                                                                                 
Fijian Names: cibicibi, moivi 

 
Indigenous. Fiji and Tonga. Rare? Uncertain 
identification.  Seedlings (prostrate) of what 
seemed to be this native tree seen in a few 
locations in inland forest stands.  Timber 
reportedly used for houseposts (2004? 2007?) 
(DPFJSD 1217, DPFJSD3634, DPFJSD3663) 
(Photo Source: DPFJSD1217). 
 
Delonix regia (Boj.) Rafin.                    poinciana, flame tree, flamboyant 
            Syn: Poinciana regia Boj.  

Fijian Names: sekoula, vaivai 
 
Recent introduction. Native to Madagascar, now 
widespread as an ornamental tree. Rare. Only a 
few individuals seen within the visitor centre 
compound.  One of the most popular and 
spectacular flowering trees in the world (1978, 
1993–2003, 2007) (DPFJSD3836, 3854, 3855) 
(Photo Source: DPFJNUK0727). 
 
Dendrolobium umbellatum (L.) Benth.                                                                                
            Syns: Desmodium umbellatum (L.) DC. 

Fijian Names: sausautavu, tokaibebe          
 

Recent introduction. E. Africa to N. Australia 
and eastward to Micronesia, Tonga, Niue and 
Samoa. Extirpated or locally extinct.  Common 
coastal shrub or small tree in sandy and rocky 
sites in Fiji, Tonga and elsewhere in the Pacific. 
Could be a candidate for replanting in the dunes 
(1978) (Photo Source: DPFJNAM0001). 
 
 
Derris malaccensis Prain                             fish-poison vine, derris, tuba root, Rotenone 
            Fijian Name: duva Niukini  
 
Recent introduction. India and Myanmar 
(Burma) to Malaysia, but presumably not New 
Guinea, and a recent post-European contact 
introduction into Fiji and Polynesia. Rare. 
Large climbing and spreading vine not seen or 
recorded in 2007, but first sighted near site 4 on 
a grass-covered dune slope on Naqarai Beach 
during a September 2009 field trip.  Probably 
deliberately planted by local villagers. 
Cultivated for its roots, which are a source of a 
valuable compund (rotenone) used to poison 
fish. Could spread as an invasive in the  
sand dunes. Declared a noxious weed in 1965 in Fiji (2009) (DPFJSD3827) (Photo 
Source: DPFJNAV0002). 
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Derris trifoliata Lour.                                                                     derris vine, derris root 
Syn: Derris ulignosa Willd. 
Fijian Names: duva, wa duva, wa tuva, duva ni Viti, tuva ni Viti. 

 
Indigenous from eastern Africa eastward to 
Tonga and Samoa in Polynesia and to Nauru and 
the Caroline Islands in Micronesia.  Common.  
Coastal climbing liana seen in coastal forest 
stands on the western side of parabolic dune 
fields (Fig. 5.27).  Crushed roots and stems used 
as a fish poison but now banned by law; used in 
combination with qalausori (Caesalpinia 
bonduc) and qiqila (Micromelum minutum) to 
make wai qaqadra to treat stomach ulcers 
(1978, 1993–2003, 2007) (DPFJSD1782, 1802, 
1814, 2811) (Photo Source: DPMK2167). 
 
 

 
Figure 5.26. Distribution of Derris trifoliata in the Sigatoka Sand Dunes, mapped in 
2007. 
 
 
Desmodium incanum DC.     Spanish clover 
            Syn: Desmodium canum (Gmel.) Sch. & Th. 
            Fijian Name: ? 
 
Recent introduction. America from Florida and 
Texas through the West Indies and Central 
America to Uraguay and Argentina. Occasional. 
Weed in open sunny disturbed sites ranging 
from beaches to roadsides along the Queen’s 
Highway.  Distinguished from other similar 
herbs and grasses by its somewhat silky, greyish 
area bordering the midvein of the upper surface 
of the leaflets (2007) (DPFJSD1448ab, 1925, 
1935, 2067, 3211) (DPFJSDNUK0363). 
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Desmodium triflorum (L.) DC.                      three-flowered beggarweed, tropical trifoil 
Fijian Names: konikoni, vakacequ 

 
Recent introduction. Pantropical, and northward 
into the southern U.S.A.  Common.  Prostrate, 
creeping, much-branched herb with small clover-
like leaflets in disturbed roadsides along the 
Queen’s Highway.  Deliberately introduced to 
Fiji as a green manure and cover crop.  Also 
useful as turf in lawns. (1978, 1993–2003, 2007) 
(DPFJSD1391, 1397, 1925, 2129) (Photo 
Source: DPFJSD1397). 
 
Entada phaseoloides (L.) Merr.                                             water vine, St. Thomas bean 

Fijian Names: wa lai, cibicibi, wa tiqiri, wa taqiri  
 
Indigenous. Tropical Asia, through Malaysia 
east to Cook Islands.  Uncommon?  High 
climbing liana assumed to be present in both 
inland and seaside forests. Sometimes grows 
with a trunk as thick as a small tree, often 
covering forest trees (e.g. Nukulau Is.).  When 
cut, the thick but soft, woody stems exude a 
potable, watery sap that is drunk in times of 
need; large seeds strung into seed leis, dancing 
anklets and other decorations; tough stems used 
for coarse cables and as jump ropes (1978, 
1993–2003, 2007?) (Photo Source: 
DPFJNUK1011). 
 
 
Erythrina variegata var. orientalis (L.) Merr.    coral tree, tiger’s claw, dadap 
            Syn: Erythrina indica Lam. 

Fijian Names: drala, rara 
 
Indigenous.  Zanzibar and other Indian Ocean 
Islands north to India, China and the Ryukyu 
Islands, and eastward through Malaysia into the 
Pacific to the Society Islands and the Marquesas 
and the Marshall Islands. Uncommon.  
Spreading tree with very attractive orange-red 
flowers seen in less disturbed areas of inland 
forest stands (Fig. 5.28). Could be endangered 
in the future based on current relatively small 
population.  Leaves used medicinally to treat  
bad mother’s milk; timber little use other than as living fencing, fish-net floats and 
firewood; flowering period (from July to September in the South Pacific) sometimes 
used as a seasonal indicator, e.g., a signal for starting to plant yams (1993–2003, 
2007) (DPFJSD1409, 2728, 2766 3722) (Photo Source: DPFJMK2191). 
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Figure 5.27. Distribution of Erythrina variegata var. orientalis in the Sigatoka Sand 
Dunes, mapped in 2007. 
 
Gliricidia sepium (Jacq.) Kunth ex Walp.                                gliricidia, mother of cocoa  

Fijian Names: bainicagi 
 
Recent introduction. Uncommon.  Spreading 
shrub or small tree seen in disturbed tree groves 
along the Queen’s Highway (Fig. 5.29). 
Potentially invasive in seaside habitats as its 
ability to colonize a sandy slope has been 
evidenced at site 102.  A common roadside weed 
in Fiji. Widely cultivated as a shade tree and 
living fencing in the Pacific (2007) 
(DPFJSD1379, 1380, 1439, 1440, 1441, 1442, 
2630, 3167, 3372) (Photo Source: DPTW2428). 
 

Figure 5.28. Distribution of Gliricidia sepium in the Sigatoka Sand Dunes, mapped in 
2007. 

 



237

Glycine tabacina (Labill.) Benth. Ex Seem.   
            Fijian Names: ?                                                  

Indigenous? China, Taiwan, Ryukyu Islands, Australia and eastward to Fiji and Tonga.  
Extirpated or locally extinct?  Reportedly an uncommon native species (1978).  No 
photo available. 

Indigofera suffruticosa Mill.  Indigo, indigo plant
Syn: Indigofera anil L.
Fijian Names: ?

Recent introduction. Tropical America. 
Occasional.  Erect branching shrub seen in 
disturbed roadsides along the Queen’s Highway.
Distinguished from the similar species, I. trita,
by its less-densely situated leaves with a pointed 
leaf tip.  (1978, 1993–2003, 2007) 
(DPFJSD1630, 2661) (Photo Source: 
DPNV0475).

Indigofera trita L.f Indigo, indigo plant
Fijian Names: ?

Recent introduction. Africa and Madagascar to 
India; cultivated elsewhere. Rare.  Erect 
branching shrub seen as escapes only near site 1.  
Distinguished from the similar species, I.
suffruticosa, by its more-densely situated leaves 
with a rounded leaf tip (some are even a little bit 
notched). Planted outside its native range as a 
potential cover crop, but not established because 
of its believed toxicity to cattle (2007) 
(DPFJSD2506, 3512ab) (Photo Source: DPNV0319)

Inocarpus fagifer (Parkinson) Fosb.                 Polynesian chestnut, Tahitian chestnut
Syns: Inocarpus edulis Forst.; I. fagiferus Fosberg ex Yuncker Parkinson
Fijian Names: ivi

Indigenous. Native from Malaysia into 
Micronesia as far as Kosrae and the Marshall 
Islands and as far west as French Polynesia. 
Rare. Only three mature individuals seen at the 
end of Ivi Track. One of the most common trees 
in Fiji.  Fruit eaten either baked or boiled, or it
may be grated on mushroom coral and made 
into bread or pudding; branches used for making 
the i sa of a native house. An important seasonal 
minor staple or snack food sold at produce 
markets and along roadsides in Fiji (2007) 
(DPFJSD1538, 3155, 3156) (Photo Source: 
DPFJUSP0056).



 238 

Leucaena leucocephala (Lam.) de Wit                           leucaena, Caribbean tamarind 
            Syns: Leucaena glauca (L.) Benth. 

Fijian Names: vaivai, vaivai dina, vaivai ni vavalagi, balori (Hindustani) 
   

Recent introduction.  Tropical America. Very 
abundant. Woody shrub or small tree extremely 
invasive in open sunny disturbed sites ranging 
from parabolic dune fields to roadsides along 
the Queen’s Highway (Fig. 5.30). Often 
described as a “conflict tree” because it is a 
species being widely promoted for tropical 
forage production, fuelwood and reforestation (a 
well-known nitrogen-fixing species), whereas at 
the same time it is a troublesome weed.  Diffcult 
to eradicate once established, making extensive  
areas unusable and inaccessible. One of the 
most dominant invasive species throughout the  
Pacific Islands.  Used as utility timber and firewood in villages; seeds for necklaces 
and other handicrafts; leaves for goat and cattle food (1978, 1993–2003, 2007) 
(DPFJSD1795ab, 2690, 2691) (Photo Source: DPNAU2007DH0145). 
 

 
Figure 5.29. Distribution of Leucaena leucocephala in the Sigatoka Sand Dunes, 
mapped in 2007. 
 
 
Macroptilium atropurpureum (DC.) Urb. siratro 

Syn: Phaseolus atropurpurreum DC. 
Fijian Names: ? 

 
Recent introduction.  Tropical America.  
Occasional to common. Climbing vine seen in 
open sunny disturbed sites, especially in 
grassland-savanna. Distinguished by its maroon 
or purple-black flowers (1999–2003, 2007) 
(DPFJSD0022, 0033, 1398, 3264) (Photo 
Source: DPFJSD3264). 
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Mimosa pudica L.                                    sensitive plant, sensitive grass 
Fijian Names: co gadrogadro, o gadrogadro, lajwania (Hindustani) 
 

Recent introduction. Tropical America; now 
pantropical.  Occasional to common.  Low, 
loosely-branched, spreading subshrub seen in 
roadsides along the Queen’s Highway and in 
grasslands along hiking trails. It should be 
removed from hiking trails as the thorns can be a 
nuisance to barefooted visitors. A common 
roadside weed in Fiji (1978, 1993–2003, 2007) 
(DPFJSD1839ab, 1840abc, 2931, 3039, 3518) 
(Photo Source:DPFJSD3039). 
 
Samanea saman (Jacq.) Merr.                                 Raintree, monkeypod 

Syns: Albizia saman (Jacq.) Muell.; Pithecellobium saman (Jacq.) Benth. 
            Fijian Names: vaivai ni vavalagi, vaivai moce; sirsa (Hindustani) 
 
Recent introduction. Native to tropical America 
from Mexico to Brazil and Peru. Very abundant.  
Heat-tolerant, large, spreading tree extremely 
invasive in inland disturbed forest stands and 
sunny open sites; rare in seaside habitats (Fig. 
5.30).  A dominant canopy species in nearby 
disturbed coastal lands. A most dominant 
invasive species throughout the Pacific Islands. 
Attractive hard wood used in construction, for 
woodcarving and for firewood. Common street 
tree and planted ornamental in towns and rural  
areas, and as a shade tree in pasture lands (1993–2003, 2007) (DPFJSD0011, 1773, 
3198, 3248, 3250, 3251, 3281, 3304, 3305, 3549, 3550, 3834) (Photo Source: 
DPFJSD1773). 
 

 
Figure 5.30. Distribution of raintree (Samanea saman and, to a lesser extent, Albizia 
lebbek) in the Sigatoka Sand Dunes, mapped in 2007. 
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Senna occidentalis (L.) Link  coffee senna, arsenic bean 
            Syn: Cassia occidentalis L. 

Fijian Names: kaumoce 
 
Recent introduction. Tropical America. 
Uncommon to occasional. Erect subshrub seen 
in disturbed sites along the access road to 
Naqarai Bay.  Seeds sometimes used as a 
substitute for coffee (1978, 1993–2003, 2007) 
(DPFJSD1212, 1766, 1767, 1836) (Photo 
Source: DPFJSD1212). 
 
 
Senna tora (L.) Roxb.                                                                                 peanut weed 
            Syn: Cassia tora L. 

Fijian Names: kaumoce, toela, pini,  vinaji (“peanut”); tarota (Hindustani) 
 

Recent introduction. Paleotropical; now a 
widespread weed in Fiji. Uncommon. Bad-
smelling, loosely-branched subshrub seen as 
escapes near site 1.  High concentration seen at 
site 61 outside the park.  Common weed of 
waste places and ruderal sites in Fiji and the 
Pacific Islands (2007) (DPFJSD2508, 3542, 
3551) (Photo Source: DPNV0327). 
 
 
 
Sophora tomentosa L silverbush 
             Fijian Names: mocemoce 
 
Indigenous. Indian Ocean to Eastern Polynesia 
and Micronesia. Extirpated or locally extinct?  
Previously seen as a single mature individual 
near site 84 along Nokonoko Track.  Leaves 
used in native medicines; stems burned for 
firewood (1993–2003) (DPFJSD1018, 1019, 
1020) (Photo Source: DPTW3167). 
 
 
Tamarindus indica L.                        tamarind 

Fijian Names: tamarini, imli (Hindustani) 
 
Recent introduction. Tropical Asia. Rare. Some 
mature individuals seen at site 17 in a disturbed 
forest stand along the Queen’s Highway.  
Favourite fruit tree in Asia and Africa; pulp of 
ripe fruit used to make tamarind chutney by 
Indians in Fiji.  Common on sugarcane farms and 
in houseyard gardens in Fiji, particularly on the 
drier leeward side of the islands (2007) 
(DPFJSD1769, 1770, 1771) (Photo Source: 
DPFJSD1771). 
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Vigna marina (Burm.) Merr. beach pea, beach bean, vigna 
Fijian Names: druatolu, toka tolu, wa vue 
 

Indigenous. Pantropical. Common. Prostrate or 
weakly climbing vine seen in beach habitat, co-
dominating herbaceous strand vegetation along 
with Ipomoea pes-caprae and Canavalia rosea; 
occasional in inland disturbed sites.   Leaves 
used medicinally for treating body aches (mosi 
ni yago) and women’s ailments (1978, 1993–
2003, 2007) (DPFJSD1387, 1866, 2109ab, 
2900, 3555) (Photo Source: DPFJSD1387). 
 
 
 
 
 

FLACOURTIACEAE (Flacourtia Family) 
 
Casearia richii A. Gray                                                                                            
            Syn: Casearia disticha A. Gray 
            Fijian Name: qalo? 
 
Indigenous. Common. Small tree seen in coastal 
forest stands; occasional in inland forest stands 
and tree groves (Fig. 5.31).  One of the more 
important species characterizing the coastal 
shrubland in parabolic dune fields. 
Distinguished from similar trees and shrubs by 
its red leaf node during some stages of 
development (1978, 1993–2003, 2007) 
(DPFJSD1526, 1776, 1825, 2541, 2992) (Photo 
Source: DPFJSD1526). 
 

  
Figure 5.31. Distribution of Casearia richii of the Sigatoka Sand Dunes, mapped in 
2007. 
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GOODENIACEAE (Naupaka Family) 
 

Scaevola taccada (Gaertn.) Roxb.                                       beach saltbush, half-flower 
            Syn: Scaevola sericea Vahl 

Fijian Names: vevedu, dredre 
 
Native. Tropical Asia to Hawaii. Very abundant. 
Common coastal shrub seen in the seaward 
margin of parabolic dune fields (Fig. 5.32).  
Absent in inland habitats.  Fruit used medicinally 
to treat conjunctivitis (sui ni cika); bark and 
stems mixed with qalausori (Caesalpinia bonduc) 
and buatoka (Guettarda speciosa) to treat 
qaqadrab and batabata (1978, 1993–2003, 
2007) (DPFJSD, 1306, 1466, 1468, 1961ab, 
2089abc, 2113) (Photo Source: DPFJSD1468). 
 

 
Figure 5.32. Distribution of Scaevola taccada, mapped in 2007. 

 
GYROCARPACEAE (Gyrocarpus Family) 

 
Gyrocarpus americanus Jacq.                                                                       canoe tree 
            Syns: Gyrocarpus jacquini Gaertn.; G. asiaticus Willd. 

Fijian Names: wiriwiri, madora, koakoa 
 
Native. Eastern Africa through southeastern Asia, 
Malaysia and northern Australia into the Pacific to 
the Society Islands.  Uncommon. Some 
individuals seen in disturbed sites along the access 
road to Naqarai Bay. Considered endangered 
based on current small population. Extract of the 
bark used medicinally to treat pneumonia and 
prolonged illness and to cure relapse (tadoka) 
(1993–2003, 2007) (DPFJSD2785) (Photo 
Source: Google Image–W. J. Hayden). 
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HERNANDIACEAE (Hernandia Family) 
 

Hernandia nymphaeifolia (Presl) Kub. lantern tree, hernandia 
            Syns: Hernandia sonora L.; H. peltata Meisn 
            Fijian Names: evuevu, yevuyevu 
  
Native. Tropical Asia to Pacific Is. Uncommon.  
Large coastal tree often seen dwarfed or prostrate, 
low-lying shrub stands along with Scaevola 
taccada and Calophyllum inophyllum on the 
exposed, windswept foredune terrace on Naqarai 
Point (see photos below).  Could be endangered in 
the future based on current relatively small 
population (Fig. 5.33).  Used medicinally to 
facilitate childbirth (wai ni taratara); brown  
seeds used to make necklaces; light wood to make canoes and their outriggers (1978, 
1993–2003, 2007) (DPFJSD1166ab, 1240abc,  1901, 1978, 1979, 2070, 2088ab, 
2089ab) (Photo Source: DPNV0122; DPFJSD2978; 2089ab). 
 
 
 

                                                                 
 

 
Figure 5.33. Distribution of Hernandia nymphaeifolia, mapped in 2007. 
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LAMIACEAE OR LABIATAE (Mint Family) 
 

Leucas lavandulifolia Sm.                                                                                   
Fijian Name: guma (Hindustani) 

 
Recent introduction. Uncommon. Seen in 
roadsides along the Queen’s Highway and in 
grasslands along hiking trails.  Absent in 
seaside habitats (1993–2003, 2007) 
(DPFJSD2507, 3284, 3509, 3565, 3822) 
(Photo Source: DPFJSD3822). 
 
 
 

LAURACEAE (Laurel Family) 
 
Cassytha filiformis L.                                         beach dodder, devil's twine 

Fijian Names: wa urulagi, wa uruilagi, wa lutumailagi, wa verlagi 
 
Native. Pantropical. Common. Leafless, 
herbaceous, parasitic creeping and climbing 
vine seen in beach habitats; particularly 
abundant in more disturbed areas east of 
Naqarai Point. Used medicinally to treat 
stomach aches (mosi ni kete) and a wai ni 
taratara for women; leafless net-like stems 
used as a fishing net for daniva (fourspot 
herring, gold-spot herring, Herklotsichthys 
quadrimaculatus); also used to make casual head  
garlands as an indication of having a good time during beach picnics (1978, 1993–2003, 
2007) (DPFJSD1310, 1892, 1959, 2894, 3729) (Photo Source: DPFJNUK0988). 
 
 

LECYTHIDACEAE (Brazilnut Family) 
 

Barringtonia asiatica (L.) Kurz fish-poison tree, barringtonia 
            Fijian Names: vutu, vutu rakaraka 
 
Indigenous. Indo-Pacific. Uncommon. Large 
coastal tree, one of the dominant trees of Fijian 
beach forest.  Good specimen seen near site 37 
along Vau Track; some seedlings and saplings 
on Naqarai Beach; significant numbers at site 68 
outside the park (Fig. 5.34).  Considered 
endangered based on current small population. 
Young leaves a beautiful bronze with pinkish 
veins, whereas old leaves are yellowish and 
often stand out in vegetation. Buoyant lantern-
like fruits can survive drifting at sea for long  
distances and periods of up to 2 years. All parts of the tree contain saponin, a poison.  
In Fiji, seeds are grated to release poison used to catch fish; dry fruits used as fish-
line floats (1978, 1993–2003, 2007) (DPFJSD1240abc, 1708, 1879, 3676) (Photo 
Source: DPFJNUK1016). 
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Figure 5.34. Distribution of Barringtonia asiatica mapped in 2007. 
 
Barringtonia edulis Seem.  cut nut 
            Fijian Names: vutu kana, vutu vala 
 
Endemic to Fiji. Uncommon. Large inner 
coastal tree seen at sites 49 and 50 in the 
Driodrio area; high concentration also seen at 
sites 66 and 67 on the escarpment of limestone 
outcrops (Fig. 5.35).  Commonly planted nut 
tree that may have been either deliberately or 
accidentally planted by humans, or bird- or bat- 
dispersed to the area  (2002, 2003, 2007) 
(DPFJSD1032, 1096, 1426, 3239, 3657, 3659) 
(Photo Source: DPFJSD1096).  
 
 

 
Figure 5.35. Distribution of Barringtonia edulis in the Sigatoka Sand Dunes, mapped 
in 2007.  
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LOGANIACEAE (Strychnine Family) 
 

Geniostoma uninervium A. C. Smith & B. C. Stone                                          stinkbush 
            Fijian Names: boioida, bati mara, buibuita,kavika loa 
             
Indigenous.  Fiji, Tonga and Niue. Uncommon.  
Small or shrub tree seen in coastal forests in 
parabolic dune fields.  Considered to be 
endangered based on current small population.  
The name reflects the malodorous leaves that 
smell like flatulence. Extract of bark used to 
treat stomach ailments (mate ni kete) (1978, 
1993–2003, 2007) (DPFJSD1099) (Photo 
Source: DPFJSD1099). 
 
 
 

MALVACEAE (Mallow Family) 
 

Hibiscus rosa-sinensis L.          common hibiscus, red hibiscus, China rose                                                   
 Fijian Names: senitoa, senito 
 
Recent introduction. Tropical Asia. Rare. 
Attractive flowering plant deliberately planted 
near the Delena Lookout.  Commonly planted 
around houses or public buildings for its 
attractive flowers.  Very popular to wear the 
flower over an ear for many occasions; 
commonly used in garlands and in flower 
arrangements at resorts and in villages; juice 
from the crushed leaves mixed with water and 
injested after childbirth to cleanse birth canal; 
also used to treat stomach ache and sunburn;  
tungs used to clean teeth (1999, 2002, 2003, 2007) (DPFJSD3035, 3036, 3037, 3038, 
3039) (Photo Source: DPFJSD3039). 
 
Hibiscus tiliaceus L.                        beach hibiscus, hibiscus tree 

Fijian Name: vau 
 
Indigenous. Pantropical. Very abundant.  
Common coastal tree seen in both inland and 
coastal forest stands and tree groves (Fig. 5.36). 
One of the Pacific Island’s most useful plants; 
inner bark or bast fibre used to make dance 
skirts and rough cordage, and to strain kava 
(yaqona) and coconut cream; leaves used as an 
analgesic to wrap broken bones, torn ligaments 
and sprains; light, straight, branches and stems 
or trunks occasionally used in house 
construction, in making connectives in 
boatbuilding and for specialized wood-carving  
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of items, such as spoons.  Also occasionally used as firewood. (1978, 1993–2003, 
2007) (DPFJSD1605, 1721, 1772) (Photo Source: DPNAU2007RT2775). 
 
 

 
Figure 5.36. Distribution of Hibiscus tiliaceus in the Sigatoka Sand Dunes, mapped in 
2007. 
 
 
Malvastrum coromandelianum (L.) Garcke      broom weed, false mallow, clock plant 

Fijian Name: qawe ni lawe 
 
Recent introduction. Central America to southern 
United States.  Uncommon. Widely branching 
subshrub seen in disturbed sites along the 
Queen’s Highway and the access road to 
Naqarai Bay  (2007) (DPFJSD1758ab, 3519, 
3545, 3515) (Photo Source: DPNV0323). 
 
 
 
 
 
 
 
 
Sida acuta Burm. f.                                                            spiny-headed sida, broom weed      
 Syns: Sida carpinifolia L. f.; S. glomerata Cav. 
             Fijian Names: qawe ni lawe, de ni vuaka, de ni ose 

 
Recent introduction. Pantropical. Occasional. 
Much-branched perennial shrub seen in disturbed 
sites along the Queen’s Highway and the access 
road to Naqarai Bay (1993–2003, 2007) 
(DPFJSD1798ab, 2520, 2610, 3547) (Photo 
Source: DPTW2507) 
 
 
 
 
 
 

 

 



 248 

Sida rhombifolia L                               broom weed, broom plant, Cuba jute, coffee bush 
Fijian Names: qavi ni lawe, cavucidra, de ni me, de ni ose, de ni vuaka 
 

Aboriginal introduction. Tropical America, now 
Pantropical.  Occasional to common. Much-
branched perennial shrub seen in disturbed sites 
along the Queen’s Highway and the access road 
to Naqarai Bay.   Stem used as toothbrushes by 
Indians and often referred to as “Indian 
toothbrush” (1978, 1993–2003, 2007) 
(DPFJSD1678, 1781, 1798ab, 3829) (Photo 
Source: DPFJSD3829). 
 
 
Thespesia populnea (L.) Sol. ex Correa                    Thespian’s tree, milo (Polynesia)  
            Fijian Names: mulomulo, wiriwiri 
  
Indigenous. Paleotropics and the Pacific Islands. 
Uncommon. Medium-sized tree seen as a few 
individuals in disturbed tree groves along 
Naqarai Bay and near the rubbish dump; high 
concentration seen in open tree groves at site 61 
outside the park (Fig. 5.37).  If no flower or fruit 
present, distinguished from tree species with 
similar leaf morphology based on the leaf that 
tends to be elongated towards the leaf tip (e.g., 
those of H. tiliaceus and H. nymphaeifolia are  
much more rounded). Considered to be endangered based on current small 
population.   Durable and attractive chocolate-brown wood favoured for wood 
carving; outriggers, spears, knife handles and other carved items; bark used 
medicinally to treat stomach aches (mosi ni kete), as laxative (sava ni kete) and 
thrush (macake) (1978, 1993–2003, 2007) (DPFJSD1679, 1778, 1938, 3540, 3541) 
(Photo Source: DPNV0223). 
 

 
Figure 5.37. Distribution of Thespesia populnea in the Sigatoka Sand Dunes, mapped 
in 2007. 
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Urena lobata L.                                                                                       hibiscus burr 
Fijian Names: gatima; gataya (Hindustani) 

 
Aboriginal introduction.  Rare. Erect shrub 
seen as an adventive in disturbed sites along 
the access road to Naqarai Bay. Not seen or 
overlooked in 2007, but confirmed present 
during a 2009 field trip (1993–2003, 2009)  
(DPFJSD3823, 3824) (Photo Source: 
DPFJSD3823). 
 
 
 
 MELIACEAE (Mahogany Family) 
 
Dysoxylum richii (A. Gray) C. DC.                                                                  stinkwood 

Fijian Names: tarawau kei rakaka, tarawau kei coge, sasawira, sasauira 
 

Indigenous to Fiji, Tonga and Niue.  Abundant. 
One of the most widely distributed native trees in 
inland forest stands; uncommon to occasional in 
seaside habitats (Fig. 5.38). Seedlings and 
saplings, which were common in the understorey 
of inland forests, have fern-like juvenile leaves.  
Barks give off a strong odour of onions, by 
which it is distinguished from similar tree 
species. Leaves used medicinally; a concoction 
made by adding the chopped leaves to boiling 
water is considered to be a cure for most aches 
and pains; timber used in house construction 
(1978, 1993–2003, 2007) (DPFJSD1073, 1088, 
1493, 1818, 3322, 3593) (Photo Source: 
DPFJNUK1528). 
 

 
Figure 5.38. Distribution of Dysoxylum richii in the Sigatoka Sand Dunes, mapped in 
2007. 
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Melia azedarach L.                         Indian lilac, China berry, Persian lilac, pride of India 
         Fijian Name: ? 
        
Recent introduction. Rare to uncommon.  
Ornamental tree seen at site 12 in a disturbed tree 
grove near the rubbish dump and at site 46 in a 
coastal forest.  Widely cultivated for its lilac-
coloured flowers. A moderately invasive species 
throughout the Pacific Islands.  Used 
medicinally, but the yellow fruit is reported to be 
poisonous to humans; also reportedly has 
insecticidal properties, which would not be 
suprising since it is related to the neem tree, 
Azadirachta indica A.H.L. Jussieu, used to make 
a natural insecticide (2007) (DPFJSD1680, 1744, 
2612, 2948) (Photo Source: 
DPNAU2007RT1037). 
 
 
Swietenia macrophylla King                                                                  bigleaf mahogany 

Fijian Name: mahakoni 
 
Recent introduction. Uncommon. Large timber 
tree seen only in a depression southeast of the 
visitor centre (i.e., the original planting area); 
absent in other locations (Fig. 5.39).  
Deliberately introduced to the sand dunes in the 
1960s by the former Forestry Department to 
prevent sand-laden, on-shore, southeast trade 
winds from interfering with the traffic on the 
former Queen’s Road. Evidenced to be non-
invasive in the sand dunes, as its distribution is 
limited to the original plantating area (1978, 
1993–2003, 2007) (DPFJSD1698, 1732, 1742, 
1743) (Photo Source: DPFJSD1732). 
 
 
Swietenia mahogani (L.) Jacq.                                                  smallleaf mahogany 

Fijian Names: mahakoni 
 
Recent introduction.  Rare to uncommon? 
Uncertain estimation on the cover-abundance 
of the species due to the difficulty of 
distinguishing it from S. macrophylla in the 
upper canopy (above 25 m in height).  Thus, 
mapped together with S. machrophylla as 
Swietenia spp. (Fig. 5.39).   One very large 
individual tree seen near site 34 near the visitor 
centre immediately off the Queen’s Highway 
(1978, 1993–2003, 2007) (DPFJSD1698, 1742, 
1743) (Photo Source: DPFJSD1698). 
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Figure 5.39. Distribution of Swietenia spp. (S. maxrophylla and, to a lesser extent, 
S.mahogani) in the Sigatoka Sand Dunes, mapped in 2007. 
 
 
Vavaea amicorum Benth.                                                                   false sandlewood 

Fijian Names: sevua, cevua 
 
Indigenous. Fiji and Tonga.  Common. Small tree 
with white to pale yellow, fragrant flowers, very 
similar in distribution to that of Dysoxylum richii 
(Fig. 5.40). Often found near the margins of forest 
and woodland. Wood used as house posts (duru ni 
vale); fragrant wood burnt as a mosquito repellant 
(kuvui ni namu) (1978, 1993–2003, 2007) 
(DPFJSD1224, 1252, 1681, 1722, 1811, 3286) 
(Photo Source: DPFJSD3268). 
 

 
Figure 5.40. Distribution of Vavaea amicorum in the Sigatoka Sand Dunes, mapped 
in 2007. 

 



 252 

MORACEAE (Mulberry Family) 
 

Artocarpus altilis (Park.) Fosb.                                                               breadfruit 
            Syns: Artocarpus incisus (Thunb.) L. f.; A. communis Forst. 
            Fijian Name: ? 
 
Aboriginal introduction. Malayo-Pacific. Rare. 
Very important staple food tree seen only near 
site 16 in a disturbed forest along the Queen’s 
Highway. Very common in houseyard gardens, 
on roadsides and in villages throughout Fiji and 
other Pacific Island countries (2007) (Photo 
Source: DPTW3116). 
 
 
 
 
 
Ficus barclayana (Miq.) Summerhayes                                              Barclay’s fig 

Fijian Names: losilosi, loselose, masi, masimasi, vuaiatmona 
 
Endemic to Fiji.  Uncommon. Shrub or small 
tree seen in inland disturbed tree groves; rare or 
absent in seaside habitats (Fig. 5.41).  
Distinguished from plants with similar 
appearance based on its leaf node that is nearly 
closed. Very important medicinal plant 
throughout Fiji: young leaves chewed to cure 
coughs and juice of the leaves used to treat boils 
under the arms (beka) (2007) (DPFJSD1536, 
3067, 3068, 3089, 3097, 3333, 3339, 3471) 
(Photo Source: DPFJSUVA0131). 
 

 
Figure 5.41. Distribution of Ficus barclayana in the Sigatoka Sand Dunes, mapped in 
2007. 
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Ficus obliqua Forst.                                                                              native banyan tree 
 Fijian Names: baka, baka ni Viti 
 
Indigenous. Celebes to Australia, Fiji, Tonga, 
Niue, and Samoa. Rare.  Spreading coastal tree 
(a few mature individuals) seen in the disturbed 
tree grove at site 1.  At first an epiphytic 
strangler of trees such as ivi, Tahitian chestnut 
(Inocarpus fagifer), dakua, Fiji kauri (Agathis 
vitiensis), later becoming a banyan with 
numerous prop roots descending from the 
branches. Considered endangered based on its 
current observable small population. Crushed 
leaves used to treat boils on the back; inner bark 
beaten into native barkcloth in the past when 
malo or masi was scarce (1978, 1993–2003, 
2007) (DPFJSD1533, 1807) (Photo Source: 
Google Image). 
 
Ficus storckii Seem. var. storckii                                                                  Stork’s fig 
 Fijian Names: nunu, masimasi, kosilosi  
 
Indigenous. Fiji and Vanuatu. Uncommon.  Fig 
tree seen in significant numbers at sites 46 and 
47 in the Vadra area (Fig. 5.42). Some mature 
individuals also seen at site 1 and sites 67 and 
68 outside the park. Considered endangered 
based on current small population limited in 
distribution to a few locations.  Rough leathery 
leaves used medicinally to treat da (a children’s 
disease) and as sandpaper and pot cleaners in 
the past (1978, 1993–2003, 2007) 
(DPFJSD1906, 2967, 2976, 2977) (Photo 
Source: DPFJSD1813; 2967; 2976) 
 
 
 

 
 

Significant numbers of Ficus storckii at site 47  

 

 

 



 254 

 
Figure 5.42. Distribution of Ficus storckii in the Sigatoka Sand Dunes, mapped in 
2007. 
 
Ficus tinctoria Forst. f.                                                Dyer's fig, native fig 

Fijian Names: nunu, baka, savirewa 
 
Indigenous. Southeast Asia to Polynesia and 
Micronesia.  Rare to uncommon. Seen in 
disturbed inland forests and tree groves. 
Considered endangered based on current small 
population (Fig. 5.43).  Reportedly used 
medicinally (1978, 1993–2003, 2007) 
(DPFJSD1683, 1684, 1849, 2800, 2801) (Photo 
Source: DPTW2403). 
 

 
Figure 5.43. Distribution of Ficus tinctoria in the Sigatoka Sand Dunes, mapped in 
2007. 
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Malaisia scandens (Lour.) Planch.                                                                               
            Syns: Malaisia tortuosa Blanco; Caturus pelagicus Seem. 
            Fijian Name: ? 
 
Indigenous. Northern Luzon to Mindanao and 
Palawan, and China, Formosa to Malaya, 
Australia and Polynesia. Uncommon. Climbing 
vine seen in inland forests (sites 36, 38, 49, 50 
and 60); rare or absent in seaside habitats. 
Distinguished based on its coarse stem and leaf 
with a pointed tip. Used in some areas for 
cordage, e.g. in the construction of fish corrals; 
leaves reportedly given in a decoction to women 
after childbirth (2007) (DPFJSD1365, 1801,  
2764, 2765, 2791? 3144) (Photo Source: DPFJSD2765). 
 
Streblus anthropophagorum (Seem.) Corner                                                                 
 Fijian Names: dreiviri, tolenivia, rewai 
 
Indigenous. Fiji, Samoa, Tonga, Niue, Cook 
Islands and Society Islands.  Rare.  Medium-sized 
tree reported present in the forest stand in the 
Driodrio area in 2006.  Distinguished based on its 
dark, shiny leaf and flowers borne on axillary 
catkin-like inflorescences (2006, 2007?) 
(DPFJSD1094? 1194? 1195?) (Photo Source: 
DPNV0178).  
 

MORINGACEAE (Moringa Family) 
 

Moringa oleifera Lam.                  horseradish tree, drumstick tree 
 Fijian Names: boro ni Idia, saijan 
 
Recent introduction. India. Rare. Tree seen only 
at sites 16 and 60 in a disturbed forest stand 
along the Queen’s Highway.  Commonly 
cultivated tree; leaves, roots and young pods 
edible (2001, 2007) (DPFJSD3532) (Photo 
Source: DPNAU2007RT2411). 
 

MYRSINACEAE 
 
Maesa tabacifolia Mez                                                                                         
            Fijian Names: vorovoro, kuro, kutumirase, kutumarasei 
             
Indigenous. Uncommon. Small tree with 
somewhat liana-like, procumbent stems seen in 
inland forests; absent in seaside habitats. 
Distinguished based on the coarse stems. 
Considered endangered based on current small 
population (1978, 1993–2003, 2007) 
(DPFJSD2583, 2767, 2768, 2793, 3479, 3816) 
(Photo Source: DPFJSD3479). 
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MYRTACEAE (Myrtle Family) 
 

Eucalyptus deglupta Blume                                                                  Mindiano gum tree 
 Fijian Name: ? 
 
Recent introduction. 
Extirpated or locally 
extinct.  Tree with 
attractive colourful 
bark (1978, 1993–99) 
(Photo Source: 
DPFJUSP0082; 
Google Earth).  
 
 
 
 
 
 
Pimenta racemosa (Mill.) J. W. Moore                                      bay rum tree, bay oil tree 
                Syns: Pimentosa acris Kostel. 
                Fijian Name: sinamoni 
 
Recent introduction.  West Indies and possibly N. 
South America. Uncommon.  Small tree seen as 
seedlings and saplings at sites 1 and 53 in 
disturbed tree groves along the Queen’s Highway.  
Leaves used to scent coconut oil in Fiji, Tonga 
and elsewhere; used as an ingredient to make Bay 
Rum men’s cologne. Planted as an ornamental 
(2007)  (DPFJSD1685, 1815, 1816) (Photo 
Source: DPFJSD1685). 
 
 
 
Psidium guajava L.                                                                                                     guava      
 Fijian Names: quwawa; amrood (Hindustani) 
 
Recent introduction. Tropical America. 
Occasional. Shrub or small tree seen in inland, 
disturbed open sunny sites; rare in inner shady 
areas in forests and in seaside habitats (Fig. 5.45). 
Originally introduced for its edible fruit but now a 
serious weed in pastures and disturbed sites 
throughout Fiji and other Pacific Islands. 
Considered one of the most dominant invasive 
species in the Pacific.   Ripe fruit eaten and 
occasionally sold; young leaves chewed and juice 
taken to treat diarrhoea (1978, 1993–2003, 2007) 
(DPFJSD1697, 2521, 2592, 3093, 3580, 3606) 
(Photo Source: Google Image). 
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Figure 5.44. Distribution of Psidium guajava, mapped in 2007. 
 
Syzygium richii (A. Gray) Merr. & Perry                                                                                 
 Syns: Eugenia richii A. Gray 
            Fijian Names: bokoi, oqori, kavika ni waitui, qoriqoriwai 

 
Indigenous and endemic to 
Fiji, Tonga, Rotuma. 
Common.  One of the most 
widely distributed native trees 
in the sand dunes (Fig. 5.46). 
(1978, 1993–2003, 2007) 
(DPFJSD1015, 1177, 1228, 
1250abc, 1356, 1604, 1726) 
(Photo Source: 
DPFJSD1177; 0024) 
 
 

 
Figure 5.45. Distribution of Syzygium richii, mapped in 2007. 
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NYCTAGINACEAE (Four-O'clock Family) 
 

Boerhavia coccinea Mill.  
            Fijian Name: ?                                                                                        
  
Recent introduction. Tropical America.  
Uncommon. Prostrate or ascending perennial herb 
seen in open sunny disturbed sites. One almost 
monospecific population seen on the foredune 
terrace on Naqarai Point. Rapidly spreads by 
means of its sticky seeds (2007) (DPFJSD1629, 
1717, 1983, 1984, 1985, 1986, 1987) (Photo 
Source: DPFJSD1986). 
 
Bougainvillea glabra Choisy                                       bougainvillea, red bougainvillea 

Fijian Name: pukanivila  
 
Recent introduction. Brazil. Rare to uncommon. 
Commonly cultivated, vine-like shrub, seen 
only near the entrance to the Mahogany Track 
within the visitor centre compound.  
Distinguished by its small white flower attached 
to a typically magenta bract (1978, 2002, 2003, 
2007) (DPFJSD1690) (Photo Source: 
DPFJSUVA0136). 
 
 
Bougainvillea x buttiana Holttum & Standley                             hybrid bougainvillea 
 Syn. Mistakenly identified as Bougainvillea spectabilis Willd.  

Fijian Name: ? 
 

Recent introduction.  Horticultural origin.  Rare 
to uncommon?   Planted ornamental in 
household gardens. Flowers used in garlands 
and decorations. According to Whistler (2000), 
it is commonly misidentified as the Brazilian 
species, B. spectabilis Willd., and is apparently 
a hybrid of two other species, one of which is 
possibly B. spectabilis (1978, 2001, 2002, 2003, 
2007?) (Photo Source: DPFJSUVA0138).  
 
 

OLEACEAE (Olive Family) 
 

Jasminum simplicifolium Forst. f.                                                                  wild jasmine  
Fijian Names: wa vata, wa vatu, wa tirikalou? bene viriviri 

 
Indigenous. Fiji and Tonga.  Uncommon to 
occasional.  Common forest climber (liana) seen 
in inland forests; absent in seaside habitats (Fig. 
5.47).  Used medicinally throughout Fiji to treat 
illnesses such as migraine, rheumatism, lumps or  
swelling, itchy skin, sore throats and fevers   
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(1993-2003, 2007) (DPFJSD1361, 2783, 3193)  (Photo Source: DPNV0328).  
 

 
Figure 5.46. Distribution of Jasminum simplicifolium in the Sigatoka Sand Dunes, 
mapped in 2007. 
 

ONAGRACEAE (Evening Primrose Family) 
 

Ludwigia octovalvis (Jacq.) Raven                         swamp primrose, willow primrose 
            Syns: Jussiaea suffruticosa L. 

Fijian Names: naiqisa, lalawaivou, lalakawaivou 
                         

Recent introduction. Pantropical. Rare.   Erect 
perennial herb seen only as escapes at site 12 
near the rubbish dump. Typically thrives in 
wetlands such as drainage ditches, pond 
margins, and taro patches. Leaves boiled with 
pandanus leaves to dye them black (2007) 
(DPFJSD2672, 2673, 2674) (Photo Source: 
DPFJSD2673). 
 
 
 

OXALIDACEAE (Wood Sorrel Family) 
 

Averrhoa carambola L                                                          carambola, star fruit 
            Fijian Names: wi ni Idia, wi ni Jaina; kamrak (Hindustani) 
 
Recent introduction. Malaysia and Southeast 
Asia. Rare. Small fruit tree (a few mature 
individuals) seen at site 16 in a disturbed forest 
stand along the Queen’s Highway. A small fruit 
sometimes called “star fruit” because it has a 
star-shaped cross section when it is cut. Used to 
make pickles and chutneys in Fiji. Very popular 
in some Asian countries (2007) (DPFJSD2639, 
2640, 2641, 2642) (Photo Source: 
DPFJSD2639).  
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PASSIFLORACEAE (Passion Flower Family) 
 

Passiflora edulis Sims                                                                        passionfruit 
            Fijian Name: ?  
 
Recent introduction. Tropical America. 
Uncommon. Climbing vine seen mainly in 
inland disturbed tree groves (sites 1, 3, 4, 25 
59, 60, 61 and 86). Fruit edible.  Common 
weed in disturbed sites throughout Fiji (2007) 
(DPFJSD 2929, 3525, 3526, 3527, 3701, 
3812) (Photo Source: DPFJSD3812). 
 
 
 
Passiflora foetida L.                     stinking passion flower, love-in-a-mist 
 Syns: Passiflora hispida DC. ex Triana & Planch. 
            Fijian Names: qaranidila, karadila 
 
Recent introduction. Tropical America. 
Occasional to common.  Bad-smelling invasive 
perennial creeping or climbing vine seen in open 
sunny sites ranging from beaches to disturbed 
roadsides along the Queen’s Highway; rare in 
shady inner areas of vegetation stands (Fig. 5.48).  
Although classified as invasive, it is insignificant 
in cover-abundance. Pantropic weed often forms 
a dense ground cover that prevents or delays the 
establishment of other species. Small fruit eaten 
by children (1978, 1993–2003, 2007) 
(DPFJSD1963ab, 1964, 2616, 2891, 2959, 
3267, 3726) (Photo Source: DPFJSD 2616). 
 

 
Figure 5.47. Distribution of Passiflora foetida in the Sigatoka Sand Dunes, mapped in 
2007. 
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Passiflora laurifolia L.     bell apple, laurel-leaved passionfruit, yellow granadilla 
 Fijian Names: qaranidila, karadila 
             
Recent intoduction, Tropical 
America. Occaional. 
Climbing vine seen in inland 
forest stands; more common 
in shady places (Fig. 5.49). 
Widely naturalized in 
secondary forests in Fiji 
(1978, 1993–2003, 2007) 
(DPFJSD0001, 0002, 1216, 
3655, 3702) (Photo Source: 
Google Image-Maurizio 
Vecchina; DPFJSD3702). 
 

 
Figure 5.48. Distribution of Passiflora laurifolia in the Sigatoka Sand Dunes, mapped 
in 2007. 
 
 
Passiflora suberosa L.                                                                           wild passionflower 

Fijian Name: ? 
 

Recent introduction. Tropical America, widely 
naturalized throughout the Old World Tropics.  
Common.  Perennial herbaceous creeping and 
climbing vine which is invasive in most sand 
dune habitats (Fig. 5.50).  Compared to Mikania 
micrantha and Coccinia grandis (more 
abundant in sunny places), the species seems to 
be more shade-tolerant. Exhibits a wide range of 
leaf morphology (1993–2003, 2007) 
(DPFJSD1176, 1100, 1692, 1768, 1967, 2515) 
(Photo Source: DPNV0363). 
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Figure 5.49. Distribution of Passiflora suberosa in the Sigatoka Sand Dunes, mapped 
in 2007. 
 

PHYTOLACCACEAE (Pokeweed Family) 
 

Rivina humilis L.                                                      coral berry, rouge plant 
 Fijian Name: ? 
 
Recent introduction. Tropical America, now 
widely naturalised in Indo-Malaysia and the 
Pacific Islands. Very abundant.  Erect slender 
herb that is extremely invasive in inland forests, 
displacing other species and seedlings in the 
understorey; far less common in seaside habitats 
(Fig. 5.51).  Red fruits attractive to birds. A 
moderately dominant invasive in the Pacific 
(1978, 1993–2003, 2007) (DPFJSD1333, 1414, 
1419, 2737) (Photo Source: DPNV0186). 
 

 
Figure 5.50. Distribution of Rivina humilis, mapped in 2007. 
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PIPERACEAE (Pepper Family) 
 

Macropiper puberulum Benth.                                                                                          
            Syns: Piper puberulum (Benth.) Benth.  
            Fijian Name: yaqoyaqona 
 
Indigenous. Native to Fiji, Tonga, Samoa and 
Wallis and Futuna, Niue and Rapa in southeastern 
French Polynesia. Rare. Common coastal forest 
shrub seen at sites 27, 67 and 68 in inland forest 
stands (2007) (DPFJSD3667, 3685) (Photo 
Source: DPFJSD3667). 
 
Piper aduncum L.                                                               hooked pepper bush 
            Fijian Name: yaqona ni onolulu, onolulu, wanalulu, yaqoyaqona 
             
Recent introduction. West Indies and tropical 
America, now widespread in the tropics. First 
collected in Fiji in 1926. Occasional.  Small tree 
seen in disturbed inland forests; absent in seaside 
habitats (Fig. 5.52). Could be invasive in the 
sand dunes.  Serious weed of grazing and garden 
lands and roadsides in Fiji.  A dominant invasive 
species throughout the Pacific Islands. Used as 
firewood (2007) (DPFJSD3794, 3796, 3797, 
3597) (Photo Source: DPFJSD3597). 
 

 
Figure 5.51. Distribution of Piper aduncum in the Sigatoka Sand Dunes, mapped in 
2007. 
 

PITTOSPORACEAE 
 
Pittosporum arborescens Rich                                                      
 Fijian Name: duva, duvakalou, tuva kalou  
 
Indigenous. Fiji, Tonga, Niue and the Cook Islands.  Uncommon to rare?  Uncertain 
identification of the species (1978, 1993–2003, 2007?).  No photo available.  
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POLYGALACEAE (Polygala Family) 
 
Polygala paniculata L.                                                       bubble-gum plant     
              Fijian Name: lole, tavitaviraki 
 
Recent introduction. Tropical America. 
Occasional. Annual, erect to ascending herb seen 
in open sunny disturbed sites, especially in 
grassland savanna. The roots have a wintergreen-
like fragrance (1978, 1993–2003, 2007) 
(DPFJSD3282) (Photo Source: DPFJNB0205). 
 
 
 
 

POLYGONACEAE (Buckwheat Family) 
 
Antigonon leptopus H. & A.                                             Coral vine, Mexican creeper 
            Fijian Name: ? 
 
Recent introduction.  Mexico. Uncommon.  
Herbaceous climbing vine seen locally; very 
abundant at site 16 along the Queen’s Highway 
(Fig. 5.53). Could be invasive in the sand dunes. 
A potential threat to dune habitats in the future, if 
not eradicated. Distinguished from the dominant 
vine Mikania micrantha, based on its alternate 
leaves compared to the opposite leaves of M. 
micrantha, if the attractive pink flowers are not 
present. A dominant invasive species throughout 
the Pacific Islands (2007) (DPFJSD1728, 1729, 
1757ab, 1761, 1762, 2655, 3689, 3691) (Photo 
Source: DPFJSD1762). 
 

 
Figure 5.52. Distribution of Antigonon leptopus in the Sigatoka Sand Dunes, mapped 
in 2007. 
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RHAMNACEAE (Buckthorn Family) 
 
Colubrina asiatica (L.) Brongn.                                                        soapbush, hoop withe 
 Syn: Ceanothus asiaticus L. 
             Fijian Names: vere, verevere, vuso levu 
 
Indigenous. Eastern Africa, Indian Ocean islands 
and southeastern Asia extending through 
Malaysia to Australian and the Pacific Islands 
eastward to the Tuamotus.  Uncommon.  Shrub or 
sprawling liana seen at site 5 in a coastal thicket 
on Naqarai Point. Considered endangered based 
on current small population. Traditional source of 
soap in Fiji and other Pacific Islands (1978, 
1993–2003, 2007) (DPFJSD1710, 1943) (Photo 
Source: DPFJNB0028) 
 
Smythea lanceata (Tul.) Summerhayes                                                                        

Fijian Name : wa vuso 
 

Indigenous. Seychelles, Philippines, Malay 
Peninsula and Sumatra eastward to the Caroline 
Islands in Micronesia and to Fiji. Occasional. 
Shrub seen in inland forest stands; rare or absent 
in seaside habitats. Distinguished from the similar 
shrubby vine, Ventilago vitiensis, based on the 
leaf that tends be lighter green and has a thinner 
vine-like stem, compared to V. vitiensis with 
darker leaves and thicker liana-like stems (2007)  
(DPFJSD1081) (Photo Source: DPFJNUK0096). 
 
Ventilago vitiensis A. Gray                                                                 ventilago 

Fijian Name: vere, wawa 
 
Indigenous. Fiji, Tonga and the Cook Islands. 
Occasional. Somewhat liana-like, coastal 
climbing shrub seen in inland forest stands; rare 
or absent in seaside habitats. Distinguished from 
the similar shrub, Smythea lanceata, based on its 
leaf that tends to be darker green and the stem that 
is thicker and liana-like (2007) (DPFJSD1359, 
1519, 1800, 3066) (Photo Source: DPFJSD1800). 
 
 
 
 

RUBIACEAE (Coffee Family) 
 
Airosperma trichotomum (Gillesp.) A. C. Smith                                                                          
 Fijian Name: ? 
 
Endemic to Fiji.  Uncertain identifiation of this species.  Shrub or small tree. 
Considered to be endangered based on the current possibly small population (1993–
97, 2002? 2003? 2007?).  No photo available. 
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Coffea arabica L.                                                                                    Arabian coffee                                                                                                                                
                 Fijian Name: ? 
 
Recent introduction.  Native to most of tropical 
Africa and Madagascar.  Uncommon. Shrub or 
small tree seen at sites 62 and 65 dominating a 
lower canopy (3-8m) of the forest stand (Fig. 
5.54).  A potential problem if it is introduced to 
the park across the Queen’s Highway.  
Introduced in the 1880s by J. B. Thurston.  
Many of the original plantings were abandoned 
due to the disease, Hemileia vastarix (2007) 
(DPFJSD3569, 3585) (Photo Source: 
DPFJSD3585). 
 

 
Figure 5.53. Distribution of Coffea arabica in the Sigatoka Sand Dunes, mapped in 
2007. 
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Guettarda speciosa L.                                                                 guettarda 
Fijian Names: buabua ni baravi, buatoka 

 
Indigenous. E. Africa to Micronesia and 
eastward to the Pacific Equatorial islands and 
the Tuamotus. Rare to uncommon. Small tree 
seen in a few locations in coastal forest stands 
(Fig. 5.55). A good living specimen at site 4 in a 
remnant tree grove. Considered endangered 
based on current small population. Decoctions 
of leaves, bark and juice used medicinally in 
various parts of Fiji to treat coughs, colds,  
respiratory disorders, conjunctiveitis and other eye disorders, and to facilitate 
menstruation and maternal post-partum infections. A good candidate for replanting in 
protected coastal locations (1978, 1993–2003, 2007) (DPFJSD1914, 1915, 1916) 
(Photo Source: DPFJNUK0188). 
 

 
Figure 5.54. Distribution of Guettarda speciosa in the Sigatoka Sand Dunes, mapped 
in 2007. 
 
Gynochthodes epiphytica (Rech.) A. C. Sm. & S. P. Darwin                                                                   
 Fijian Names: wa coro, sererakavona               
 
Indigenous. Fiji, Tonga, Samoa and Niue. Extirpated or locally extinct?  Liana or 
scrambling woody vine (1993–97).  No photo available.  
 
Mitracarpus hirtus (L.) DC.                                                                                     
 Syns: Spermacoce hirta L; S. villosa Sw.; Mitracarpus villosus DC. 
            Fijian Name: ? 
          
Recent introduction. Tropical America. 
Occasional.  Erect annual herb, pantropical 
weed, seen in disturbed roadsides along the 
Queen’s Highway and in grasslands along hiking 
trails (2003, 2007) (DPFJSD1792, 2503, 2723, 
3230, 3354) (Photo Source: DPFJSD3354). 
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Morinda citrifolia L.                 beach mulberry, Indian mulberry 
Fijian Names: kura; achi (Hindustani) 

 
Indigenous. Tropical Asia and Australia to S.E. 
Polynesia. Occasional. Small fruit tree seen in 
both inland and coastal forest stands (Fig.5. 56). 
One of the most important medicinal plants in 
the Pacific Islands; sold at local markets and 
processed locally and exported as a medicine 
and all-purpose elixir (1978, 1993–2003, 2007) 
(DPFJSD1254, 1822, 2517) (Photo Source: 
DPNAU2007RT1740).  
 

 
Figure 5.55. Distribution of Morinda citrifolia in the Sigatoka Sand Dunes, mapped 
in 2007. 
 
Mussaenda raiateensis J. W. Moore                                          wild mussaenda 
            Fijian Names: bovo, bobo, vobo, vakacaredavui             

 
Native. Vanuatu to the Society Islands in French Polynesia. Extirpated or locally 
extinct?  One of Fiji’s most important “all purpose” medicinal plants, the leaves, bark 
and roots being used in concoctions to treat fevers, chest complaints, kidney disease, 
asthma and to encourage fertility in women (1993–97).  No photo available.  
 
Spermacoce assurgens Ruiz & Pavon                                                buttonweed 
 Syn: Borreria laevis (Lam.) Griseb. 
                  Fijian Name: ? 
 
Recent introduction. Tropical America. 
Common to occasional. Erect annual or short-
lived perennial herb seen in disturbed roadsites 
along the Queen’s Highway and in grasslands 
along hiking trails (1978, 1993–2003, 2007) 
(DPFJSD3639, 3711) (Photo Source: 
DPMJ0591). 
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Spermacoce mauritiana Gideon
Fijian Name: ?

Recent introduction. Tropical America. 
Occasional.  Erect annual or short-lived 
perennial seen in disturbed roadsites along the 
Queen’s Highway and in grasslands along 
hiking trails. Distinguished from the similar 
species S. assurgens, based on its smaller fruits 
and flowers (2007) (DPFJSD3194, 3196, 3229, 
3566) (Photo Source: DPFJSD3229).

RUTACEAE (Rue Family)

Citrus limon (L.) Burm. f. x  medica L. rough lemon, bush lemon      
Fijian Names: moli karokaro, moli

Recent introduction. Southeast Asia. 
Occasional.  Widely-cultivated fruit tree seen 
in inland forest stands; rare or absent in seaside 
habitats. Used medicinally and for local 
sorcery; leaves boiled to make tea; fruit used 
to marinate raw fish and mixed with other 
foods to enhance the taste of food (1978, 
1993–2003, 2007) (DPFJSD2588) (Photo 
Source: DPFJNUK0259).

Citrus sp.                                                                                                             Citrus tree
Fijian Name: moli 

Recent introduction. Native range unknown. Uncommon to rare? (2002, 2003, 2007?)  
No photo available.

Micromelum minutum (Forst. f.) Seem.
            Syns: Micromelum glaabrescens Benth.; Limonia minuta Forst. f.
            Fijian Names: qiqila, qilaqila, sasaqilu, madamada, karakarakuro, tavolali

Indigenous. Malaysia and N. Australia to Fiji, 
Tonga, Samoa and Niue. Occasional to common.
Shurb seen in inland forests; rare or absent in 
seaside habitats. Distinguished from similar 
shrubs or trees based on its small, shiny leaflets.  
Leaves and bark reported to have many medicinal 
uses: as a liniment, to cure coughs and sore 
tongues, arrest excessive menstruation, treat 
gonorrhoea, and as a remedy for thrush; leaves 
crushed and mixed with water and ingested to 
treat exhaustion in young mothers (2007) 
(DPFJSD2933, 2935, 3096, 3316, 3576, 3584) 
(Photo Source: DPFJSD3316).
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Murraya koenigii (L.) Spreng.                              curry leaf, Indian bay leaf, karipilai 
Fijian Names: drau ni kari ; tej patti (Hindustani) 

 
Recent introduction. India and Southeastern 
Asia. Uncommon. Widely cultivated plant seen 
in disturbed inland forests and tree groves (sites 
31, 51, 55, 56, 63 and 64) (2007) 
(DPFJSD2648, 2649, 2667, 3318) (Photo 
Source: DPFJSD2667). 
 
 
 
 
 

SAPINDACEAE (Soapberry Family) 
 

Elattostachys falcata (A. Gray) Radlk.  
            Fijian Names: drausasa, kau loa, kailō, marasa, dregadrega  
 
Indigenous. Vanuatu to Tonga, Niue, and 
Samoa. Uncommon to occasional.  Tree seen in 
both inland and coastal forest stands and tree 
groves.  Used medicinally and occasionally for 
firewood; juice from the leaves used to treat fish 
poisoning (ciguatera); wood formerly used to 
make warclubs (2007?)  (DPFJSD1537, 
DPFJSD1730, 1731, 1785) (Photo Source: 
DPFJSD1785). 
 
 
 
 
 
 

SAPOTACEAE (Sapodilla Family) 
 
Planchonella grayana St. John                                                 planchonella 
 Syns: Planchonella costata (Endl.) Pierre ex Lam var. vitiensis (Gray) Lam. 
 Fijian Names: qalaka, bausa 
 
Indigenous from Vanuatu to the Austral Islands 
and Tuamotus in French Polynesia.  Occasional. 
Tree (mainly seedlings and saplings) seen in both 
inland and coastal forest stands and tree groves 
(Fig. 5.57).  Mapped with another Planchonella 
species (confirmed to be present) as 
Planchonella spp. Significant numbers seen at 
site 55 in one of the tree groves in the eastern 
grassland-savanna (1993–2003, 2007) 
(DPFJSD1218, 1358, 1420, 1777, 2615, 3084) 
(Photo Source: DPFJSD1777). 
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Figure 5.56. Distribution of Planchonella spp. in the Sigatoka Sand Dunes, mapped in 
2007.

SOLANACEAE (Nightshade Family)

Capsicum frutescens L.  tabasco, bird chilli, perennial chilli
Fijian Names: rokete, boro; mircha (Hindustani)

Recent introduction. Tropical America.
Uncommon. Erect, perennial small shrub with 
very popular spicy fruits seen in disturbed inland
forest stands and tree groves (sites 1, 2, 62, 63, 
65, and 66); absent in seaside habitats.
Commonly used as a spice in a wide range of 
local cooking; leaves used medicinally (1978, 
1993–2003, 2007) (DPFJSD1803, 3577) (Photo 
Source: DPFJSD1803).

Solanum lycopersicon L. tomato
Syn: Lycopersicon esculentum Mill.
Fijian Names: tomata; tomatar (Hindustani)

Recent introduction. Native to south America; 
now widely cultivated. Extirpated or locally 
extinct. Common food plant possibly 
periodically present near the rubbish dump 
(1978)  (Photo Source: DPFJNB0155).
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Physalis angulata L. Cape gooseberry, bladderberry, ground cherry 
Fijian Names: cevucevu, kocipeli, boteboteyadra

Recent introduction. Tropical America. 
Uncommon. Erect, much-branched annual herb
seen in disturbed roadsides along the Queen’s 
Highway and the access road to Naqarai Bay;
absent in seaside habitats. Distinguished by its 
bladder-like calyx within which the small 
tomato-like fruits are enclosed. Ripe fruits eaten 
by children (1993-2003, 2007) (DPFJSD1783, 
2600, 2610, 2624, 2981) (Photo Source: 
DPTW2610).

Solanum americanum Mill.                                                       black nightshade
Syns: Solanum nigrum sensu auct. non Drake L.
Fijian Names: malasou, boro loukana, mau; moutkaiya (Hindustani)

Aboriginal introduction.  Southern Georgia and 
Florida west to California and south to Mexico, 
Central and South America; now an abundant 
weed throughout much of paleotropics. 
Occasional.  Erect, much-branched annual 
herbaceous weed seen in disturbed roadsides 
along the Queen’s Highway and the access road 
to Naqarai Bay. Also seen in the understorey of 
coastal forest stands (e.g., site 46). Fruit and 
leaves reportedly cooked as a green vegetable 
(1978, 1993–2003, 2007) (DPFJSD1137, 1516, 
1956, 2892, 2957, 2958) (Photo Source: 
DPFJSD2958).

Solanum torvum Swartz prickly solanum, devil’s fig
Fijian Names: soni, kau soni; katai, bhankatiya (Hindustani)

Recent introduction. West Indies. Occasional. 
Erect, branching perennial shrub with spiny 
branches seen in disturbed roadsides along the 
Queen’s Highway and the access road to 
Naqarai Bay; rare or absent in seaside habitats.
Considered a noxious weed because it can form 
dense, impenetrable thickets. Seeds dispersed by 
birds. Leaf-eating chrysomelid beetle 
(Leptinotarsa undecimlineata) reportedly host-
specific as a control agent (1978, 1993–2003,
2007)(DPFJSD1695, 2902, 3546) (Photo 
Source: DPFJSD1695).
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STERCULIACEAE (Cocoa Family) 
 

Kleinhovia hospita L.                                   traveller’s tree, hospice tree 
Fijian Names: mamakara 

 
Indigenous. Tropical Africa through Malaysia to 
the Caroline Islands in Microneisa and the 
Society Islands in French Polynesia. Rare. 
Medium-sized tree with sprays of attractive pink 
flowers; single individual first seen on a slope in 
the forest stand in the Driodrio area in 2006.  
Probably overlooked in the past surveys; may be 
considered highly endangered, rather than 
merely small numbers of a recently introduced 
plant. Timber reportedly useful (2006) 
(DPFJSD1106, 1107, 1108) (Photo Source: 
DPFJSD1108). 
 
 

THYMELAEACEAE (Mezereum Family) 
 
Phaleria disperma (Forst. f.) Baillon                                                                     phaleria 

Fijian Names: sinu, sinu dina, sinu ni baravi, mataivi, tarotaro, tarutaru 
 

Indigenous. Fiji, Samoa and Tonga. Extirpated or 
locally extinct?  Very fragrant flowers and leaves 
used in garlands (salusalu); flowers used to scent 
coconut oil. Various decoctions used medicinally 
as an anesthetic, a sedative, to treat relapse, as a 
poultice, a painkiller and to induce fertility (1978, 
1993–98)  (Photo Source: DPNV0279). 
 
 
 
 
 
 
Wikstroemia foetida L. f. var. vitiensis A. Gray                                                               

Fijian Names: sinu, sinu mataivi, mudu 
 
Indigenous. Fiji, Samoa, Tonga. Common to 
occasional. Small shrub seen in seaside habitats; 
as low-lying, monospecific shrub stands in sunny, 
exposed, windswept places, often associated with 
Scaevola taccada; as a minor component of 
herbaceous vegetation. Used medicinally in the 
Yasawas to induce urination in cases of “dry 
urine” (mi mudu) and to induce birth in pregnant 
women (wai taratara). Decoctions of the plants  
used in other areas of Fiji to treat bleeding gastric ulcers, as a poultice, painkiller, to 
relieve chills and coughs, and as a sedative and eyewash (1978, 1993–2003, 2007) 
(DPFJSD1138, 1148, 1152, 1153, 1226, 1256, 1388, 1530, 1719, 1885, 1907? 2081, 
2110, 2890, 2940) (Photo Source: DPFJSD1148). 
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TILIACEAE (Linden Family) 
 

Trichospermum richii (A. Gray) Seem.                                                     
Fijian Name: mako                            
 

Indigenous. Fiji and Samoa. Extirpated or locally extinct.  Common tree in lowland 
tropical rainforest (1978).  No photo available. 
  
Triumfetta rhomboidea Jacq.                                                Chinese burr, burr bush 
            Syn: Triumfetta bartramia L. 
            Fijian Names: qatima ni vavalagi 
 
Recent introduction. Common.  Erect shrub 
seen in both sunny open disturbed sites and 
shady inland forest stands and tree groves; 
rare or absent in seaside habitats (Fig. 5.57). 
(1978, 1993–2003, 2007) (DPFJSD0031, 
1357, 1405, 1607, 2516, 3705, 3706, ) (Photo 
Source: DPFJSD1357). 
 

 
 
Figure 5.57. Distribution of Triumfetta rhomboidea in the Sigatoka Sand Dunes, 
mapped in 2007. 
 
Triumfetta procumbens Forst. f.                               beach burr, seaside triumfetta 

Fijian Names: wakewake 
 
Indigenous. Paleotropics. Occasional.   Prostrate 
shrub with trailing stems seen in sunny open 
seaside habitats.  Exhibits a wide range of life 
forms or appearances. Important medicinal plant 
throughout most of the Pacific Islands (1978, 
1993–2003, 2007) (DPFJSD1009, 1014, 1051, 
1157, 1394, 1395, 2965) (Photo Source: 
DPFJSD1009). 
 
  

 



 275 

ULMACEAE 
 
Trema cannibina Lour.                                Gunpowder tree 

Fijian Names: drou, kwarakuro 
 
Indigenous. India and S. China to Microneisa 
and Tonga, Samoa and Niue. Uncommon. Seen 
near site 69 on Naqarai Beach.  Considered 
endangered based on current small population. 
(1993–99, 2007) (DPFJSD1734, 1897, 1898) 
(Photo Source: DPFJSD1897) 
 
 
 
 
 

VERBENACEAE (Verbena Family) 
 
Clerodendrum buchananii (Roxb.) Walp.                                      red clerodendrum 
              Syns: Clerodendrum fallax Lindl.; C. speciosissimum Van Geert ex Morren 
               
Recent introduction. Java.  Extirpated or locally 
extinct?  Plant in ruderal habitats (1978, 1993–97) 
(Photo Source: Google Image). 
 
 
 
 
 
 
 
 
 
Clerodendrum inerme (L.) Gaertn.                                                beach privet 

Fijian Names: vere, verevere, aria 
 
Indigenous. Indomalaysia, Australia and the 
Pacific Is.   Uncommon?  Although not seen in 
2007, it is likely to have been present, given the 
known preferred habitat of the species, in 
coastal littoral forests. Considered endangered 
based on presumably small population.  
Typically grows in coastal thickets along 
mangrove swamps and on the coastward margin 
of littoral forest, climbing as a scandent shrub 
into the canopy of littoral forest (see photo 
below).  Important medicinal plant in Fiji and 
other Pacific Islands; various decoctions of the 
plant used to treat fish poisoning, bad cough, 
headaches, scabies, dysentery, liver disorders, 
severe internal pains, ulcers and relapse sickness 
(1993–2003, 2007?) (DPFJSD0028) (Photo 
Source: DPAM3012; DPNAU2007ST0093 
abc). 
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Lantana camara L. var. aculeata (L.) Mold.                                              lantana 
Fijian Names: lanitana, kau boica   

 
Recent introduction. Tropical America. 
Common. Erect, branching shrub that is 
extremely invasive in a wide range of sand dune 
habitats (Fig. 5.59).  More common on the edge 
of forest stands and open tree groves than inner 
shady areas as it reportedly cannot tolerate 
permanently wet soils or shady habitats. 
Abundant in inner shrublands (Fig. 5.59).  Can 
survive fire by regenerating from basal shoots 
and reproduce vegetatively from branch 
fragments, aiding rapid spread (1978, 1993–
2003, 2007) (DPFJSD1399, 1862, 3259) (Photo 
Source: DPFJSD1399). 
 

 
Figure 5.58. Distribution of Lantana camara in the Sigatoka Sand Dunes, mapped in 
2007. 
 
Premna serratifolia L.                                                                               premna 
 Syns: Premna obtusifolia R. Br.; P. taitensis Schauer 

Fijian Names: yaro, araro 
 
Indigenous. Indopacific. Occasional. Shrub or 
small tree seen in both inland and coastal forests 
(Fig. 5.59). Could be endangered in the future 
based on current relatively small population. 
Various decoctions of the plant used, either 
alone or mixed with other plant extracts, to treat 
a variety of disorders and wounds (1978, 1993–
2003, 2007) (DPFJSD2621, DPFJSD2659) 
(Photo Source: DPNAU2007RT2135). 
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Figure 5.59. Distribution of Premna serratifolia in the Sigatoka Sand Dunes, mapped 
in 2007. 
 
Stachytarpheta cayennensis (Ruiz & Pavon) Vahl                 blue rat-tail, false vervain 
 Syns: Stachytarpheta urticaefolia Sims; Cymburus urticaefolius Salisb. 

Fijian Names: turulakaka, tubutubu, serakawa, lavenia, se ni tieri 
 
Recent introduction. Tropical America. 
Common. Widely branching, low shrub seen in 
disturbed inland forests; rare or absent in 
seaside habitats. Distinguished by its coarsely 
dentate leaf and purple to blue flowers on a 
spreading, rat-tail-like, flowerhead. A common 
invasive species throughout the Pacific Islands 
(1993–2003, 2007) (DPFJSD0083) (Photo 
Source: DPNAU2007RT0317). 
 
 
 
Vitex trifolia L.                                                       blue vitex, beach vitex 

Syns: Vitex negundo L.   
Fijian Names: dralakaka, mulokaka, vulokaka, volokaka 

 
Indigenous. East Africa to Polynesia. 
Occasional to common. Coastal shrub or small 
tree seen in sunny open sites; often as 
monospecific low-lying shrubby stands on 
exposed windswept foredunes; as a minor 
component in herbaceous vegetation.  Also seen 
prostrate (like a trailing vine) near beach site 75. 
Often exhibits damage from saltspray on leaves.   
Used medicinally in Fiji to treat serious wounds, 
migraine headaches, colds, lung problems, severe  
coughs, stomach pain, loss of appetite, fractures, eczema, abcesses of the ear, relapse 
after illness, venereal disease, and to fill hollow teeth (1978, 1993–2003, 2007) 
(DPFJSD0020, 1147, 1150) (Photo Source: DPNAU2007RT0358). 
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VITACEAE 
 

Cayratia seemanniana A. C. Smith                                                                             
               Syn: Vitis saponaria Seem. 
               Fijian Names: waroturotu 
 
Indigenous?  Endemic to Fiji and known from 
only four collections. Rare. Moderately 
common forest climber first seen in a forest 
stand in the Driodrio area in 2006 (2006) 
(DPFJSD1432, 1437) (Photo Source: 
DPFJSD1432). 
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APPENDIX 3 
 

PROCESS OF  
IMAGE SAVING AND IMAGE STITCHING  

 
 
Appendix 3 consists of the in-depth descriptions of the process of image saving and 
image stitching in sections 1 and 2, respectively. 
 
 

1      PROCESS OF IMAGE SAVING      
 
The process of image saving in Google Earth is discussed below in two sub-sections. 
These are: 1) preparation of outlooks; and 2) saving images in Google Earth using 
the outlooks as guiding frames. 
   
 
1.1     Preparation of Outlooks    
 

1 In Google Earth, the layer TERRAIN was turned off by clicking off the 
check box in the sidebar to eliminate distortions that would occur in hilly 
areas of an image if it had been switched on. 

2 In Google Earth, an appropriate length and width of the display window was 
selected according to the aerial extent of the study area by switching on or 
off the sidebar and/or the other toolbars at the top.  

3 An image was saved at an appropriate scale so that it would cover an area 
slightly larger than the entire study area.  

4 Four copies of the image (hereafter called “outlooks”) were prepared and 
identified as A, B, C, and D (Fig. 6.1).   

5 A ratio of the selected length to width of the display window (which also 
depends on the type of PC screen in which the image was saved) was 
calculated for drawing a frame of the same shape in different sizes. (*Note: 
hereafter, whenever the term “frame” is used, it refers to a frame the ratio of 
length to width of which is the same as the selected length to width of the 
display window of Google Earth.) 

6 A frame was drawn on each outlook in such a way that the aerial extent of 
the entire study area was placed within in it (Fig. 6.1). 

7 On each outlook a smaller frame (the blue one) was drawn in one of the four 
corners of the larger frame in such a way that any two vertically or 
horizontally adjoining smaller frames overlap each other by 50% in area 
(Fig. 6.1).  

8 Grids were placed within each smaller frame so that 16 sub-frames (rimmed 
with a piece of paper shown in Fig. 6.2) would be placed within each smaller 
frame in such a way that any two vertically or horizontally adjoining sub-
frames overlap each other by 50% (Fig. 6.2).    

9 Six dots were then placed on one of the outlooks as ground control points, 
the coordinates of which in Google Earth needed to be obtained for 
calculation of relative spatial accuracy.   
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Figure 6.1.   Four outlooks with ID letters A, B, C, and D assigned, showing that a 
frame was drawn on each outlook in such a way that the aerial extent of the entire 
study area was placed within in it.  On each outlook a smaller frame (the blue one) 
was drawn in one of the four corners of the larger frame in such a way that any two 
vertically or horizontally adjoining smaller frames overlap each other by 50%. Grids 
were then placed within each smaller frame so that 16 sub-frames (framed with a 
piece of paper shown in Fig.6.2 below) would be placed within each smaller frame 
in such a way that any two vertically or horizontally adjoining sub-frames overlap 
each other by 50%. 
 
 
1.2     Saving Images using the Outlooks as Guiding Frames 
 

1 In Google Earth, the layer TERRAIN was turned off by clicking off the 
check box in the sidebar to eliminate distortions that would occur in hilly 
areas of an image if it had been switched on. 

2 In Google Earth, the sidebar was kept on and other toolbars were switched 
off to have a display window, the ratio of length to width of which was the 
same as an outlook.  

3 In Google Earth, the survey area was located within the display window by 
zooming in at an appropriate scale or resolution.  

4 Outlook A was prepared to work with the area within it.  
5 The paper frame was put over one of the 16 sections of outlook A (the one in 

the left-top corner) by placing the sides of it exactly on the grids as shown in 
the example below (Fig. 6.2, left).  

6 In Google Earth, the exact same area was located within the display window 
by examining ground cover features on both the outlook and the imagery in 
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Google Earth and by adjusting the eye altitude by a foot.  A note was taken 
of the eye altitude (e.g., 2092 feet) in case it was accidentally changed.     

7 In Google Earth, the image was saved as a JPEG with the ID name of 
‘IMAGE A-a’ standing for image ‘a’ of OUTLOOK A. 

8 When an outlook included one of the six ground control points, the location 
was marked by using “Add Placemark” of Google Earth and saved in KML 
format. 

9 The paper frame was then placed over the second of the 16 locations of 
outlook A, which overlaps the first section by 50% (Fig. 6.2, right).   

10 In Google Earth, the image was panned or dragged horizontally until the 
same area was placed within the window display.   

11 In Google Earth, the image was saved as ‘IMAGE A-b’ standing for image b 
of OUTLOOK A. 

12 By repeating the appropriate steps, the remaining 14 images of outlook A 
were saved.   

13 The steps were then repeated for the 16 images of outlooks B, C and D.  
14 Lastly, the 16 images were placed in each respective file named OUTLOOK 

A, B, C, and D, transferred to and saved in the computer.  
 
 

  
 
Figure 6.2.  Images showing how the paper frame was placed over one of the 16 
sections of outlook A (left).  The sides of the frame were placed exactly on the grids 
and moved over the second (right), which overlaps the first section by 50%. 
 
 
 

2      PROCESS OF IMAGE STITCHING    
 
The process of stitching images in ArcSoft Panorama Maker3 is described below by 
listing the 20 steps.  
 
On the first window of ArcSoft Panorama Maker 3 (Fig. 6.3, left), 
 

1 START was clicked to proceed. 
   
On the second window (Fig. 6.3, right), 
 

2 TILE was selected for type of a stitching structure.  
3 AUTOMATIC was chosen for Camera Lens.   
4 ORIGINAL (FOR PRINT) was selected for Output Image Size.   
5 NEXT was clicked to proceed.  
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Figure 6.3.  The first window (left) and the second window (right) of ArcSoft 
Panorama Maker 3, showing the process from Step 1 to 5. 
 
On the third window (Fig. 6.4), 
 

6 ADD was first clicked to open the window OPEN.   
7 The file “Outlook A” was then located in LOOK IN.  
8 The 16 images of the file were highlighted in the central window by clicking 

them, and then they appeared in FILE NAME.   
9 OPEN was then clicked to place the images in the tiles on the left.    
10 INCLUDE, rather than INCLUDE ALL, was clicked to place the 16 images 

in the tiles on the right, one by one in the correct structure. (Note: After 
being transferred to the tiles on the right, an image can be moved from one 
tile to another by clicking and dragging it.)   

11 NEXT was clicked to stitch the images. 
 

 
Figure 6.4. The third window of ArcSoft Panorama Maker 3, showing the process 
from Step 6 to 11.  
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On the fourth window (Fig. 6.5),  
 

12 A view was zoomed by using ZOOM IN and the stitched image was 
examined in detail to determine if stitching errors (an error appears to be a 
transform fault, one side sliding past the other) had occurred in areas where 
two images had been stitched.   

13 FINE TUNE was then clicked and a screw driver-like pointer appeared in the 
display window.  The pointer was moved over sections where two images 
overlapped (seams) and clicked where stitching errors were detected.  Then, 
as shown in Figure 6.5, the section on which a stitching error was detected 
appeared in two separate windows, along with the numbered reference 
points. 

14 The numbered reference points in each window were moved onto other 
locations so that they would not be aligned, as shown in the example below 
right. 

15 By using AUTO-MATCH, it was then ensured that the same numbered 
points were placed on the exactly same location.   

16 OK was clicked when fine-tuning was completed for the seam. 
 

 

 

Figure 6.5. The forth window of ArcSoft Panorama Maker 3, showing the process 
from Step 12 to 16.  
 

17 The process of fine-tuning was repeated for every seam of the stitched image 
in order to eliminate, as much as possible, sources of possible aggravation of 
spatial accuracy.  This was caused by image stitching and fine-tuning itself 
(i.e., a fine-tuning on an error in a seam could cause another error in another 
seam), even though there appeared to be no stitching errors in seams.   
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18 The stitched image was then saved as “OUTLOOK A” in the computer.  
19 Then, the process from step 6 to 18 was repeated for the remaining files of 

images, Outlooks B, C and D.   
20 Lastly, the four stitched images were joined into a final, stitched image and 

fine-tuning on the seams was carried out by repeating steps 13 to 16.  It was 
saved as SSD GOOGLE EARTH 2006 in the computer (Fig. 6.6).  

 
 

    
Figure 6.6. The third window (left) and the fourth window (right) of ArcSoft 
Panorama Maker 3, showing Step 20. 
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APPENDIX 4 
 

PROCESS OF SETTING UP HYPERLINKS IN ARCGIS 
 
 
Appendix 4 consists of the descriptions of the process of setting up hyperlinks in 
ArcGIS in sections 1 to 4.  The four separate steps include: 1) preparation of an MS 
Excel data spreadsheet; 2) importing the MS Excel table to ArcGIS; 3) creating a 
point shapefile from the table; and, 4) activating the hyperlinks feature in ArcMap 
(Center for Biodiversity and Conservation at American Museum of Natural History, 
2007).   
 
 

1 PREPARATION OF AN MS EXCEL DATA SPREADSHEET  
 
Table 5.1. Data spreadsheet with the five necessary fields. (Note: only the first 
fifteen of the total of 768 lows are shown.) 
 

 
 
A table for required fields of data was prepared with MS Excel (Tab. 5.1).  The 
fields are:  
 

1 ID, serial numbers assigned to identify each photo; 
2 Interest, a title of a photo;  
3 Coordinates.  It should be noted that in ArcMap X and Y coordinates of the 

point features, which represent locations where photos were taken, were first 
obtained by using “ADD XY Data” of Tools of ArcMap (“ADD XY To Table” 
of Hawth’s Analysis Tools was also usable for this task).  The coordinates 
were then entered into the MS Excel table as longitudes and latitudes in 
decimal degrees for respective photo items. When several photos needed to be 
linked to one location or point feature, the same coordinates were entered 
multiple times; 

4 Geographic bearing.  It should be noted that when a point feature represented 
a location where an object of a photo being linked to the point was found or 
located, 0 degree was entered; whereas when a point feature represented a 
location where a photo was taken of an object, which was found in the 
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distance, a geographic bearing of certain degrees at which the object was 
located was entered; and,    

5 Location, the directory of photo items, which included: 1) local disc; 2) a 
folder name; and, 3) a title of a photo (e.g., C:\SSD GIS PHOTO 
07\DPFJSD1685 Pimenta racemosa, bay oil tree, rare, small tree, leaves used 
to scent coconut oil in Fiji, Tonga and elsewhere, November 2006.JPG).     

 
 
 

2 IMPORTING THE MS EXCEL TABLE TO ARCGIS       
 
To import the MS Excel table into ArcGIS, the table was saved as an Excel Comma 
Separated Values file (.csv file). The table was then loaded in ArcMap using the add 
data button.  To make sure that there were no errors importing the data, the table 
imported was opened and inspected by right-clicking the file name in the table of 
contents (the Source tab) to the left (Fig. 7.1). 
 
 

 
Figure 7.1.  Image showing, in the table of contents to the left, that the file “SSD 
POI (Photolink) 07.csv” is loaded into ArcMap.  
 
 
 

3      CREATING A POINT SHAPEFILE FROM THE TABLE   
 
To create a point shapefile from the MS Excel table imported, the Add XY Data 
window was first opened by clicking “Tools” in the toolbar and then “Add XY 
Data” in the drop-down menu.  X and Y fields were then selected to be longitude 
and latitude and spatial reference of input coordinates was designated to be WGS84 
(geographic coordinate system) by clicking “Edit”.  OK was then clicked to create 
the shapefile (Fig. 7.2).  
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Figure 7.2. Image showing the process of creating a point shapefile from the 
imported table in ArcMap.  
 
 
 
The shapefile was then automatically loaded: the file name was added to the table of 
contents (the Display tab) and the point features appeared on the map (Fig. 7.3).   
 
 

 
Figure 7.3. Image showing that the point shapefile is loaded on the map in ArcMap. 
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4       ACTIVATING THE HYPERLINKS FEATURE IN ARCMAP    
 
To activate the hyperlinks feature in ArcMap, the Layer Properties dialog was first 
opened by right-clicking the file, “SSD POI (Photolink) 2007.csv.Events”, in the 
table of contents to the left and then “Properties” in the drop-down menu.   In the 
Layer Properties dialog, the Display tab was selected, “Support Hyperlinks using 
field” was checked, and, in the drop-down menu, the field (i.e., Location) that 
contains the directory of photos and documents was selected (Fig. 7.4).  
 
 

 
Figure 7.4. Image showing the process of activating the hyperlinks feature in 
ArcMap. 
 
 
Next, the tolerance range of the hyperlink points was set to be 10 pixels.   To do this, 
the Selection Option dialog was first opened by clicking “Selection” in the toolbar 
and then “Option” in the drop-down menu.  In the Selection Option dialog, the 
selection tolerance was set to be so.   
 
To view the hyperlink photos in ArcMap, the hyperlinks button  in the toolbar is 
first clicked.  All the light blue points of the file “SSD POI (Photolink) 07” on the 
map then change to dark blue and the mouse pointer to the lightening bolt cursor 
(Fig. 7.5).  The cursor is then placed on one of the hyperlink points and clicked 
when the cursor changes to black.  In cases where a single photo is linked to the 
point, a picture is immediately opened with a picture display program such as 
Windows Picture and Fax Viewer.  In cases where several photos are linked, the 
“Hyperlinks” list appears like the example below.  A picture is opened by clicking a 
respective item in the list and then Jump, or by double-clicking the item in the list 
(Fig. 7.6).    
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Figure 7.5. Images showing that the point features change to dark blue when the 
hyperlinks button is clicked in ArcMap. 
 
 

 
Figure 7.6. Image showing “Hyperlinks” a list of photos linked to a point and one of 
those photos opened with the picture display program, Windows Picture and Fax 
Viewer 
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APPENDIX 5 
 

GUIDELINES FOR THE USE OF THE GIS OF  
THE SIGATOKA SAND DUNES NATIONAL PARK,  

FIJI ISLANDS IN ARCREADER 
 
 
Appendix 5 consists of guidelines for the use, with ArcReader1, of a published map 
file2

       1      Starting ArcReader                                                                                 291                 

 (.pmf) version of the GIS of the Sigatoka Sand Dunes National Park, Fiji 
Islands, which have been produced on the basis of ArcGIS version 9.1.  It should be 
noted that a DVD, which contains the GIS (.pmf) and folders of necessary source 
data and an installation file for ArcReader, is attached to this thesis.  Using the GIS 
with ArcReader allows users, without using license-required ArcGIS software, to 
view the following items related to Sigatoka Sand Dunes National Park, Fiji Islands: 
1) vegetation maps of plant communities and associations, 2) distribution maps of 
individual plant species, and 3) other spatial data and information, such as the 
environmental gradients, relief, aerial photographs, satellite imagery, and 
groundtruth photos of plants, vegetation and landscape features.    
   
 
The guidelines include the following components.     
 

 
2      Use of ArcReader                              293 
 

               2.1      Zooming in/out on a selected area of interest                             293                                                 
               2.2      Sliding a map across a screen                                                     293               
               2.3      Showing a map in a full, or previous, extent                              294 

               2.4      Switching on/off a layer                                                              294                          
               2.5      Showing a layer symbol                                                              295                 
               2.6      Measuring a distance                                                                   296                            
               2.7      Showing photos linked to map features                                      296 

               2.8      Adjusting the transparency of map features                                298                                         
               2.9      Saving a map                                                                               298       

2.10    Saving a map with its legend                                                      299 
                                          

3   Applications                                                                                           300 
 

               3.1      Picture site map for visitors and tourists                                     300                                                 
3.2      Picture map of the coastal vegetation and flora for students      300 

               3.3      Locating tool for practitioners                                                    301   
 
 
                                                 
1 A free ArcGIS application available from ESRI for viewing published map files.  
Note: an installation file for ArcReader is provided on a DVD along with other 
necessary data files.  
2 A map file created in ArcGIS and saved using ArcGIS Publisher to be viewed 
using ArcReader.  Note: ArcGIS Publisher is an ArcMap extension that allows map 
creators to freely share their products with a wide range of users, especially those 
who do not have ArcGIS.  
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1     STARTING ARCREADER  
 
The DVD contains the folder SSD GIS 07 (1.16 GB), which includes: 1) SSD GIS 
DATA 07 (18.4 MB), the folder that contains files of all the source data (e.g., 
shapefiles, raster datasets, Excel comma separated values file), without which the 
published map cannot be viewed in ArcReader; 2) SSD GIS PHOTO 07 (1.04 GB), 
the folder that contains a set of digital photos, without which Hyperlink3

 

 does not 
have its targets for displaying; 3) arcreader 91(.exe) (105 MB), an installation file 
for ArcReader; and, 4) SSD GIS 07 (.pmf), a published map file of the GIS of the 
Sigatoka Sand Dunes National Park, Fiji Islands, which can be viewed using 
ArcReader. 

Step 1.  Save the two folders, SSD GIS DADA 07 and SSD GIS PHOTO 07, 
directly on the Local Disc (C:) of your computer.  It should be noted that, if they are 
not, the GIS items would not be shown in ArcReader because the locations of the 
files of source data have been predetermined. The remaining files can be placed in 
any preferred locations (e.g., on the desktop of your computer).   
 
Step 2.  Install ArcReader in your computer by opening the file, ARCREADER 
91.EXE, and by following the instructions.  You may wish to place a shortcut to 
ArcReader on the desktop so that you can start it without opening into the local disk. 
 
Step 3.  ArcReader can be opened by left-clicking the icon (Fig. 8.1).  It will open 
with no map in the screen and no data in the table of contents4

 
.     

 
 
Figure 8.1.  ArcReader window with no data loaded. 
                                                 
3 A reference or link from a map feature to an electronic document (e.g., a link from 
point features on a map to digital photos). 
4 A list of data frames and layers on a map that show how the data is symbolized, 
which is located on the left side of the ArcReader window. It is more or less 
equivalent to a list of legends on a paper map. 
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Step 4.  To load SSD GIS 07 (.pmf) to Arcreader, firstly, left-click “File” in the 
toolbar on the top of the window, and then “Open” in the menu that will appear (Fig. 
8.2).  The separate window, “Select Published Map Document”, will appear.  Next, 
locate the published map file by using “Look In” and have the file in “File Name” 
by left-clicking the item in the central widow, then left-click “Open”. SSD GIS 07 
will be loaded (Fig. 8.3).  It should be noted that the published map file can directly 
be opened by left-clicking the icon itself.   
 
 

  
Figure 8.2.  Sequence of sub-steps for locating and loading SSD GIS 07 (.pmf) to 
ArcReader.  
 
 

 
Figure 8.3.  SSD GIS 07 (The GIS of the Sigatoka Sand Dunes National Park, Fiji 
Islands), which is loaded to ArcReader.  
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2 USE OF ARCREADER 
 
 
2.1    Zooming in/out on a Selected Area of Interest 
 
Firstly, left-click “Zoom In” or “Zoom Out” in the toolbar at the top of the window. 
The mouse pointer will turn to the symbol,  or  (Fig. 8.4). Then, place the 
pointer on a corner of an area of interest, and left-click and move it so that the area 
of interest is enclosed within a square or rectangle as shown in Fig. 8.4.   When 
unclicking the pointer, the selected area will be displayed in full extent within the 
screen (right).    
 
It should be noted that, if a map needs to be enlarged or lessened with the centre of 
an currently-shown area fixed at the centre of the screen, left-click “Fixed Zoom In” 

 or “Fixed Zoom Out” .  The map image will be changed in scale by an 
automatically assigned ratio.  
 
 

 
Figure 8.4.  Sequence of sub-steps for zooming-in on a selected area of interest in 
ArcReader.  
 
 
  Sliding a Map across a Screen 
 
Firstly, left-click “Pan” in the toolbar at the top of the window. The mouse pointer 
will then turn to the symbol  (Fig. 8.5).   Place the pointer on an arbitrarily 
selected location on the map, left-click (to hold the map), move it so that the map 
currently shown within the screen would be moved across the screen as if it is 
dragged.  Unclick the pointer when an area of interest is located within the screen 
(right). 
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Figure 8.5.  Sequence of sub-steps for moving the map across the screen in 
ArcReader. 
 
   
 
 Showing a Map in a Full, or Previous, Extent  
 

Left-click “Full Extent”  when the whole area of a map needs to be shown within 
a screen.  When a map image in a previous extent needs to be shown again, left-click 
“Go back to Previous Extent”  (Fig. 8.6). 
 
 

 
Figure 8.6.  Location of the icons for Full Extent and Go back to Previous Extent in 
the toolbar in ArcReader. 
 
 
 
  Switching on/off a Layer  
 
Left-click the empty box before a layer5 or a group layer6

                                                 
5 The visual representation of a geographical or spatial dataset in any digital map 
environment. For example, the layer “Natural or Seminatural Habitat (Woody) 07” 
is made up of polygons representing distributions of forest communities, whereas 
the layer “SSD POI (Photolink) 07 ” is points indicating locations where photos of 
plants, representative populations of plant communities and associations, landscape 
features and other geographical information were taken. 
6 A group of multiple layers that appear and act as a single layer.   For example, 
“SSD Plant Communities 07” is the group layer that contains the layers, 
“Reclassified based on the 1978 parameters”, “Sub Forest Communities 07”, 
”Natural or Seminatural Habitat (Woody) 07”, “Natural or Seminatural Habitat 
(Herbaceous) 07” and “Bare Sand 07”, and sub-group layer, “Disturbed Habitat 07”. 
 

 in the table of contents for 
the respective map feature or features to be shown in a screen.  Left-click the check 
mark √ in the box to turn it off (Figs. 8.7 and 8.8). 
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Figure 8.7.  Areas of Coastal Dry Forest and Coastal Shrubland are, or are not, 
shown in the screen because the layer, Natural or Seminatural Habitat (woody) 07, is 
turned on or off.  
 

Figure 8.8.  Area of all the plant communities including bare sand area is, or is not, 
shown in the screen because the group layer, SSD Plant Communities 07, is turned 
on or off.  
 
 Showing a Layer Symbol  
 
Left-click  before a layer in the table of contents to show the layer’s symbol (Fig. 
8.9). 
 

Figure 8.9.  Symbol of the layer, Natural or Seminatural Habitat (Woody) 07, is 
shown in the table of contents.  
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 Measuring a Distance 
 
Firstly, left-click “Measure” in the toolbar at the top of the window. The mouse 
pointer will then turn to the symbol .  Place the pointer and left-click at a place 
where you want to start measuring.  Then move the pointer all along a line, route or 
course for which you want to measure the distance (Fig. 8.10). (Note: left-click once 
at a place where you want to change a direction, and double-click at a place where 
you want to stop measuring.) A total distance will appear next to the symbol while 
you move a pointer.  
 
 

 
 
Figure 8.10.  Distance between the visitor centre and the shelter bure is measured 
along the Mahogany and Nokonoko Tracks in ArcReader.                                                  
 
 
 
 Showing Photos Linked to Map Features  
 
Firstly, left-click on “Hyperlink”7 in the toolbar at the top of the window.  All the 
light blue points of the layer “SSD POI (Photolink) 07” 8 in the screen will then turn 
to darker blue and the mouse pointer to the symbol  (Fig. 8.11).  Then, place the  
pointer at a linked point (dark blue) of interest and left-click when the symbol  
turns to another symbol like a pointing finger.  In cases where a single photo is 
linked to the point, a picture will be shown with a picture display program such as 
Windows Picture and Fax Viewer.  In cases where several photos are linked, the list 
                                                 
7 A reference (link) from a point to an electronic document and activating the link 
causes the browser to display the target of the link.  For example, the target of the 
link is a digital photo. 
8 Point features on the GIS map indicating the locations where individual plant 
species, representative populations of the plant communities and associations, good 
views of landscape features, or other important features were photographed.  Each of 
these points can be identified by displaying annotated digital photos linked to them. 
(Note: POI stands for point of interest.) 
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“Hyperlinks” will appear.  In the window, left-click an item you want to open, which 
will be highlighted, and then left-click “Jump”. (Note: it can be opened by double-
clicking the item in the list.)   It should be noted that, when you want to turn off 
Hyperlinks, you need to click one of the other tools such as Pan. 
 
 

 

 
Figure 8.11.  Sequence of sub-steps for showing photos which are linked to the point 
feature representing the location of the endangered native species, Tournefortia 
argentea, on the map in ArcReader.                                                   
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  Adjusting Transparency of Map Features  
 
Firstly, right-click a layer in the table of contents that you want to be transparent and 
left-click “Transparency” in the menu that will appear.  The sliding handle will then 
appear.   Transparency of the map feature of the layer can be adjusted by left-
clicking and moving the handle upward (Fig. 8.12). 
 

 
Figure 8.12.  Sequence of sub-steps for adjusting transparency of the map feature of 
the layer, Natural or Seminatural Habitat (Woody) 07 in ArcReader.   
 
 
 Saving a Map  
 
Firstly, left-click “File” and “Export Map” in the menu that will appear.   The 
separate window, “Save As” will appear.  Then, decide a location to save the image, 
give it a name, and left-click “Save” (Fig. 8.13).   
 

 
Figure 8.13.  Sequence of sub-steps for saving a GIS map in ArcReader.    
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  Saving a Map with its Legend  
 
Left-click “Layout View” in the left-bottom corner of the window (Fig. 8.14). (Note: 
a map legend has been prepared only for the map of the plant communities in the 
layout view.) Then, repeat the step described in the previous section 2.9 (Fig. 8.15). 
 

 
 
Figure 8.14.  Sub-step for opening the layout view in ArcReader. 
 

 
Figure 8.15.  Sequence of sub-steps for saving the map along with the title, north 
arrow, scale bar, legend as a Bitmap file (.bmp), which is the only available type in 
ArcReader.    
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3     APPLICATIONS 
 
The utility of a published map file and ArcReader allows the GIS of the Sigatoka 
Sand Dunes National Park, Fiji Islands to be available for a wide range of users, who 
only need an ordinary desktop or laptop computer to use it.  Some examples of 
applications are discussed below.  
 
 
 
3.1    Picture Site Map for Visitors and Tourists  
 
Because ArcReader allows us to use Hyperlink, the GIS of the Sigatoka Sand Dunes 
National Park, Fiji Islands could be a very useful picture site map for visitors and 
tourists.  At the information desk the park staffs may show tourists where the best 
sites are located by showing linked photos of interesting sand dune landscape 
features, representative populations of coastal vegetation and culturally important 
native plants, along with the locations of hiking trails, lookouts, shelter bures, 
resting benches, etc. (Fig. 8.16).  
 

 
 
Figure 8.16.  Image showing that photos of interest linked to certain locations on the 
map are shown by using Hyperlinks in ArcReader.    
 
 
 
 Picture Vegetation Map of the Coastal Vegetation and Flora for Students   
 
Because annotated photos of the coastal vegetation and flora of the Sigatoka Sand 
Dunes National Park can be shown along with their distributions, the GIS could be 
very useful for students for their study of the Pacific Islands’ coastal vegetation and 
flora (Fig. 8.17).  It should be noted that the GIS currently includes 464 points of 
interest, which are linked to 768 groundtruth photos of plants, vegetation, landscape 
features, and other items of the sand dunes, which have been annotated with 
Latin/Scientific names, local Fijian and Indian vernacular names, English names and 
other appropriate descriptions.    
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Figure 8.17.  Images showing two types of linked point features: the location where 
a linked point is mapped is where the plant of interest in the photo linked to the 
point is found (left), whereas the location where a linked point is mapped is where 
the photo of the tree grove of interest, which is found in the distance, is taken (right).  
 
 
 
3.3     Locating Tool for Practitioners, Researchers and Students 
 
Because the locations of individual species of particular concern and other important 
features have been mapped, the GIS could, along with printed maps, be a very useful 
tool that could help practitioners, researchers or students visit their locations in the 
ground (Fig. 8.18).  [Note: the positions of features in the map are, on the ground, 
displaced from their positions by approximately 8.8 m (or more) on average, ranging 
from 2.3 (or more) to 19.4 m (or more)]   Printed GIS maps might be particularly 
useful in the field if they include not only points of interest but also additional 
information, such as their labels and annotated hyperlink photos, vegetation types in 
the area, and distances (meter/pace) between particular places or objects.  
 
 

 
Figure 8.18.  Image showing three point features representing the locations of three 
remaining groups of the endangered species, Tournefortia argentea, the three photos 
taken of each of the three groups, and the classified vegetation types.  
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	*Syngonium podophyllum
	*Asparagus setaceus
	*Asystasia gangetica
	*Justicia betonica
	*Annona glabra
	*Schefflera actinophylla
	*Spathodea campanulata
	*Stictocardia tiliifolia (or Merremia peltata)
	*Merremia tuberosa
	*Ricinus communis
	*Centrosema pubescens
	* Derris elliptica
	*Gliricidia sepium
	*Passiflora edulis
	*Passiflora laurifolia
	*Piper aduncum
	*Antigonon leptopus
	*Coffea arabica
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	CONCLUSIONS AND IMPLICATIONS
	The invasive herb, R. humilis, now dominates the understorey of most inland forest stands (mostly in inner, shady areas). This species may be the worst invader in the Sigatoka Sand Dunes in terms of its ability to invade natural or semi-natural habita...
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	APPENDIX 2
	PTERIDOPHYTA (Ferns and Fern Allies)
	ADIANTACEAE
	Pteris ensiformis Burm.                                                                 slender bracken fern
	ASPLENIACEAE (Spleenwort Fern Family)
	Asplenium polydon Forst. f

	DAVALLIACEAE (Hare’s-Foot Fern Family)
	LYCOPODIACEAE
	Lycopodium phlegmaria L.                                                                 common tassel fern
	Native. Tropical Africa to the Pacific Islands. Extirpated or locally extinct?  Epiphytic or terrestrial fern ally (1978, 1993–97) (Photo Source: DPNA1010194).
	NEPHROLEPIDACEAE (Sword Fern Family)
	Ophioglossum pendulum L.                                                                        ribbon fern
	THELYPTERIDACEAE


	VITTARIACEAE (Tape Fern Family)
	Vaginularia angustissima (Brack.) Mett.                                                       grass fern

	GYMNOSPERMAE (Gymnosperms)
	CONIFEROPHYTA
	ARAUCARIACEAE
	Araucaria sp.
	Recent introduction.  Rare.  Evergreen coniferous tree (a huge mature individual) seen near site 33 in the mahogany forest stand southeast of the visitor centre.  First reported in 2009.  Apparently deliberately planted many years ago, possibly along ...
	PODOCARPACEAE
	Dacrycarpus imbricatus (Blume) de Laubenfels
	Syns:  Podocarpus imbricata Blume; P.cupressina R. Br. ex Mirb.;
	P. javanica sensu Gillespie
	Fijian Names: amunu, kausola, kautabu
	Indigenous. Rare.  A single seedling seen in the mahogany forest stand southeast of the visitor centre, where Mahogany Track connects with Vau Track and Nokonoko Track.  Although appearing to be growing naturally, there is a high probability (unconfir...
	ANGIOSPERMAE (Angiosperms)
	MONOCOTYLEDONAE (Monocots)
	AMARYLLIDACEAE (Amaryllis Lily Family)
	ARACEAE (Arum Family)
	Recent introduction. India (China?). Rare. Perennial herb seen only at site 31 in the disturbed understorey of a forest stand immediately behind the visitor centre.  Disperses by division and thrives on highly organic, moist soils in shady places.  Co...
	ARECACEAE or PALMAE (Palm Family)
	CYPERACEAE (Sedge Family)
	Kyllinga nemoralis (Forst.) Dandy ex Hutchinson and Dalziel         white watersedge
	Syns: Cyperus kyllingia Endl.
	Fijian Name: ?
	DIOSCOREACEAE (Yam Family)
	ORCHIDACEAE (Orchid Family)
	PANDANACEAE (Screwpine  Family)
	PHILESIACEAE
	POACEAE (Grass Family)
	Fijian Name: ?
	Recent introduction. Tropical America. Occasional.  Creeping perennial grass seen in disturbed roadsides along the Queen’s Highway and hiking trails. Distinguished by its two widely-spreading T-like inflorescence. Typically thrives in wet places. One...
	TACCACEAE (Polynesian Arrowroot Family)
	ZINGIBERACEAE (Ginger Family)
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	DICOTYLEDONAE (Dicots)
	ACANTHACEAE (Acanthus Family)
	Recent introduction. Paleotropics. Uncommon. Weak-stemmed perennial herb with white to bluish flowers locally very abundant in disturbed sites 16, 17, 34 and 112 along the Queen’s Highway (Fig. 5.10). Some populations also seen at site 1 in the tree g...
	Figure 5.10. Distribution of Asystasia gangetica in the Sigatoka Sand Dunes, mapped in 2007.
	Justicia betonica L.                                                                           white shrimp plant
	Recent introduction. India to tropical East Africa.  Uncommon. Shrub with overlapping small, white to violet, two-lipped flowers with purple markings locally abundant co-dominating disturbed site 16 near the visitor centre off the Queen’s Highway with...
	Recent introduction. Occasional.  Perennial, herbaceous twining vine seen only as a minor weed as it does not readily spread.  Small populations seen only in some disturbed sites
	in both inland and seaside habitats.  Leaves somewhat superficially similar to those of Mikania micrantha. Distinguished by its orange flower with a dark throat if in flower (1978, 1993–2003, 2007) (DPFJSD1213, 1214, 1416) (Photo Source: DPFJSD1213).
	AMARANTHACEAE (Amaranth Family)
	ANACARDIACEAE (Cashew or Rhus Family)
	ANNONNACEAE (Custard Apple Family)
	APOCYNACEAE (Dog-bane Family)
	Recent introduction. Madagascar. Rare.  Widely-cultivated ornamental, perennial subshrub seen as an escape only near site 13 in weedy shrubland.  Used medicinally to treat high blood pressure (tubu ni dra) and diabetes (mate ni suka) (1978, 2007) (DPF...
	ASCLEPIACEAE (Milkweed Family)

	ASTERACEAE OR COMPOSITAE (Aster, Sunflower or Composite Family)
	BIGNONIACEAE (Bignonia Family)
	BORAGINACEAE (Heliotrope Family)
	CARICACEAE (Papaya Family)
	CASUARINACEAE (Casuarina Family)
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	COMBRETACEAE (Terminalia Family)
	CONVOLVULACEAE (Morning-Glory Family)
	Ipomoea indica (Burm.) Merr.
	Syns: Convolvulus indicus Burm.; Ipommoea congesta R. Br.
	Indigenous. Pantropical. Uncommon. Seen as an adventive in disturbed
	Ipomoea littoralis Bl.                  littoral morning-glory, coastal morning-glory
	Fijian Names: wa sovivi, sovivi, suani bu
	CRASSULACEAE (Stonecrop Family)
	CUCURBITACEAE (Pumpkin Family)
	EUPHORBIACEAE (Spurge Family)
	FABACEAE (Pea or Legume Family)
	(Including CAESALPINIACEAE/Senna Family and
	MIMOSACEAE/Mimosa Family)
	Canavalia sericea A. Gray                                 silky jackbean
	Fijian Names: drau tolu, dralawa
	GOODENIACEAE (Naupaka Family)
	GYROCARPACEAE (Gyrocarpus Family)
	Gyrocarpus americanus Jacq.                                                                       canoe tree
	Syns: Gyrocarpus jacquini Gaertn.; G. asiaticus Willd.
	HERNANDIACEAE (Hernandia Family)
	LAMIACEAE OR LABIATAE (Mint Family)
	LAURACEAE (Laurel Family)
	LECYTHIDACEAE (Brazilnut Family)
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	LOGANIACEAE (Strychnine Family)
	MORACEAE (Mulberry Family)
	MORINGACEAE (Moringa Family)
	MYRSINACEAE

	MYRTACEAE (Myrtle Family)
	NYCTAGINACEAE (Four-O'clock Family)
	OLEACEAE (Olive Family)
	ONAGRACEAE (Evening Primrose Family)
	OXALIDACEAE (Wood Sorrel Family)
	PITTOSPORACEAE

	POLYGONACEAE (Buckwheat Family)
	RUBIACEAE (Coffee Family)
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	Recent introduction. Tropical America. Occasional.  Erect annual herb, pantropical weed, seen in disturbed roadsides along the Queen’s Highway and in grasslands along hiking trails (2003, 2007) (DPFJSD1792, 2503, 2723, 3230, 3354) (Photo Source: DPFJS...
	Indigenous. Tropical Asia and Australia to S.E. Polynesia. Occasional. Small fruit tree seen in both inland and coastal forest stands (Fig.5. 56). One of the most important medicinal plants in the Pacific Islands; sold at local markets and processed l...
	Recent introduction. Tropical America. Common to occasional. Erect annual or short-lived perennial herb seen in disturbed roadsites along the Queen’s Highway and in grasslands along hiking trails (1978, 1993–2003, 2007) (DPFJSD3639, 3711) (Photo Sourc...
	Indigenous. Malaysia and N. Australia to Fiji, Tonga, Samoa and Niue. Occasional to common.  Shurb seen in inland forests; rare or absent in seaside habitats.  Distinguished from similar shrubs or trees based on its small, shiny leaflets.  Leaves and...
	SAPOTACEAE (Sapodilla Family)

	Indigenous from Vanuatu to the Austral Islands and Tuamotus in French Polynesia.  Occasional. Tree (mainly seedlings and saplings) seen in both inland and coastal forest stands and tree groves (Fig. 5.57).  Mapped with another Planchonella species (c...
	Indigenous. Fiji, Samoa, Tonga. Common to occasional. Small shrub seen in seaside habitats; as low-lying, monospecific shrub stands in sunny, exposed, windswept places, often associated with Scaevola taccada; as a minor component of herbaceous vegetat...
	used in other areas of Fiji to treat bleeding gastric ulcers, as a poultice, painkiller, to relieve chills and coughs, and as a sedative and eyewash (1978, 1993–2003, 2007) (DPFJSD1138, 1148, 1152, 1153, 1226, 1256, 1388, 1530, 1719, 1885, 1907? 2081,...
	TILIACEAE (Linden Family)
	Recent introduction. Common.  Erect shrub seen in both sunny open disturbed sites and shady inland forest stands and tree groves; rare or absent in seaside habitats (Fig. 5.57). (1978, 1993–2003, 2007) (DPFJSD0031, 1357, 1405, 1607, 2516, 3705, 3706, ...
	Indigenous. Paleotropics. Occasional.   Prostrate shrub with trailing stems seen in sunny open seaside habitats.  Exhibits a wide range of life forms or appearances. Important medicinal plant throughout most of the Pacific Islands (1978, 1993–2003, 20...
	ULMACEAE

	Indigenous. India and S. China to Microneisa and Tonga, Samoa and Niue. Uncommon. Seen near site 69 on Naqarai Beach.  Considered endangered based on current small population. (1993–99, 2007) (DPFJSD1734, 1897, 1898) (Photo Source: DPFJSD1897)
	VERBENACEAE (Verbena Family)
	Recent introduction. Java.  Extirpated or locally extinct?  Plant in ruderal habitats (1978, 1993–97) (Photo Source: Google Image).
	Indigenous. Indomalaysia, Australia and the Pacific Is.   Uncommon?  Although not seen in 2007, it is likely to have been present, given the known preferred habitat of the species, in coastal littoral forests. Considered endangered based on presumabl...
	Recent introduction. Tropical America. Common. Erect, branching shrub that is extremely invasive in a wide range of sand dune habitats (Fig. 5.59).  More common on the edge of forest stands and open tree groves than inner shady areas as it reportedly ...
	Recent introduction. Tropical America. Common. Widely branching, low shrub seen in disturbed inland forests; rare or absent in seaside habitats. Distinguished by its coarsely dentate leaf and purple to blue flowers on a spreading, rat-tail-like, flow...
	Indigenous. East Africa to Polynesia. Occasional to common. Coastal shrub or small tree seen in sunny open sites; often as monospecific low-lying shrubby stands on exposed windswept foredunes; as a minor component in herbaceous vegetation.  Also seen...
	coughs, stomach pain, loss of appetite, fractures, eczema, abcesses of the ear, relapse after illness, venereal disease, and to fill hollow teeth (1978, 1993–2003, 2007) (DPFJSD0020, 1147, 1150) (Photo Source: DPNAU2007RT0358).
	VITACEAE
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	APPENDIX 3
	PROCESS OF
	IMAGE SAVING AND IMAGE STITCHING

	1.2     Saving Images using the Outlooks as Guiding Frames
	Figure 6.2.  Images showing how the paper frame was placed over one of the 16 sections of outlook A (left).  The sides of the frame were placed exactly on the grids and moved over the second (right), which overlaps the first section by 50%.
	APPENDIX 4
	Process of Setting Up Hyperlinks in ArcGIS
	3      Creating A Point Shapefile from the Table
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	APPENDIX 5
	1      Starting ArcReader                                                                                 291
	Step 1.  Save the two folders, SSD GIS DADA 07 and SSD GIS PHOTO 07, directly on the Local Disc (C:) of your computer.  It should be noted that, if they are not, the GIS items would not be shown in ArcReader because the locations of the files of sourc...
	Step 2.  Install ArcReader in your computer by opening the file, arcreader 91.exe, and by following the instructions.  You may wish to place a shortcut to ArcReader on the desktop so that you can start it without opening into the local disk.
	Step 3.  ArcReader can be opened by left-clicking the icon (Fig. 8.1).  It will open with no map in the screen and no data in the table of contentsP3F P.
	Measuring a Distance
	Showing Photos Linked to Map Features
	Saving a Map
	Firstly, left-click “File” and “Export Map” in the menu that will appear.   The separate window, “Save As” will appear.  Then, decide a location to save the image, give it a name, and left-click “Save” (Fig. 8.13).
	Saving a Map with its Legend
	3     Applications
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