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Low genetic variation in a Pacific cycad: conservation concerns for

Cycas seemannii (Cycadaceae)

Gunnar Keppel

Abstract The conservation status of Cycas seemannii,
native to Vanuatu, New Caledonia, Fiji and Tonga, is
assessed based on isozyme analysis, abundance esti-
mates and factors affecting the survival of the species.
Genetic variation in the species is low and genetic
differentiation between populations is high, as compared
to plants in general and to other cycads. Lower genetic
variation was detected in a fragmented population as
compared to less disturbed populations. Low gene flow
was also detected, implying little contact between the
various populations. A conservative estimate of 17,000
individuals remaining in the wild was obtained, with
more than half of these located on the islands of Vanuatu.
Accounts of past abundance suggest declining popu-
lation sizes, most likely the result of repeated burning.
Other factors that may be contributing to the decline are

decreasing importance to and protection by humans,
habitat alteration for agricultural and developmental
purposes, and poor dispersal and recolonisation potential.
An assessment based on the present estimated abundance
and what is known of recent declines in numbers, indicates
that the species should be categorised as Vulnerable on
the IUCN Red List. On some of the densely populated
islands, such as Viti Levu in Fiji and Nukualofa in Tonga,
the species is locally Endangered or Critically Endangered.
Possible conservation measures are suggested, and it
is emphasised that populations on different islands
must be considered separately because of their genetic
differentiation.

Keywords Cycads, Cycas seemannii, genetic variation,
islands, South Pacific.

Introduction

The biota of oceanic islands are usually more susceptible
to change and extinction relative to those of continental
areas (Fosberg, 1963; MacArthur & Wilson, 1967; Ono,
1998). Anthropogenic threats, including over-hunting,
over-collecting, habitat destruction and deterioration,
introduction of non-native organisms, and hybridization
with numerically larger cogeners may also have relatively
greater impacts on islands (Riesenberg & Svensen, 1996).
The conservation status of the plant family Cycadaceae
(cycads) on islands has received attention because of the
decline of several species as a result of over-collection
and habitat destruction (Jones, 1993; Osborne, 1995).
Excessive trade in cycads has led to all species being
listed in Appendix I or II of the Convention on the
International Trade in Endangered Species (CITES, 1999).
While this has significantly reduced trade in cycads, the
destruction of their habitat continues (Whitelock, 1995).

The genus Cycas is considered to be the oldest genus
of cycads, with fossils dating back c. 200 million years
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(Norstog & Nicholls, 1997). Most species are found in
South-east Asia and Australia, but species occur in Japan
to the north, Madagascar and East Africa to the west,
and Melanesia and Tonga to the east. Although none of
the 94 species of Cycas are included in the 2000 IUCN
Red List (Hilton-Taylor, 2000), Hill and Stevenson (1998)
consider 27 to be threatened to some degree and 19 to
be Data Deficient (sensu TUCN, 1994).

Cycas seemannii is an arborescent cycad that reaches
5-12m in height, with a growth rate of 5-15cm per
year. It occurs on numerous islands of Vanuatu, New
Caledonia, Fiji and Tonga (Fig. 1). Its primary habitat is
forests, limestone terraces, beaches and cliffs, but it is
now also found in grasslands as relics of previous
vegetation (Keppel, 1999, 2001).

All cycads are dioecious, and pollen has to be trans-
ported from male to female plants. Although wind
and/or animal pollination may occur in some species
(Niklas & Norstog, 1984; Ornduff, 1991), no insect
pollinator has yet been observed on C. seemannii, and
pollination is presumed to be solely by wind (Keppel,
1999, 2001). Long distance seed dispersal is mainly
by oceanic currents, unlike other cycads, the seeds of
which sink in water (Hill, 1994). No terrestrial or avian
dispersal agent has been observed. Developing seedlings
are mostly found clustered around the mother tree,
suggesting that gravity is the main terrestrial dispersal
agent (Keppel, 1999, 2001).
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Fig. 1 Location of study sites.

C. seemannii was categorised as Rare on the 1997
TUCN Red List of Threatened Plants (Walter & Gillet,
1998), and assessed as Vulnerable by Osborne (1995)
and Doyle (1998). Osborne (1995) based his classification
on an estimate of 5,000 individuals remaining in the
wild. Osborne (1995) suggested that the present con-
servation status of all cycads is based on insufficient
information and should be revised using knowledge
of population demography, genetics and assessment of
actual and potential risk factors. In this paper I assess
the status of C. seemannii in the insular South-west
Pacific by studying its genetic structure, reviewing data
on its abundance and assessing apparent risk factors to
its survival, and I suggest measures for its conservation.

Methods

Five populations of Cycas seemannii were studied in detail:
one each in New Caledonia, Vanuatu and Tonga, and
two in Fiji (Fig. 1). General natural history observations
were made on an additional seven wild populations in
Fiji and, to a lesser extent, on cultivated specimens at
the University of the South Pacific and at the Sacred
Heart Cathedral, both in Suva, Fiji.
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At the Baie des Tortues, a few kilometres south-east
of Bourail in New Caledonia, individuals of C. seemannii
emerge from a thicket of Leucaena leucocephala (a prob-
lematic weed on the island; T. Jaffré, pers. comm.) on a
limestone terrace. Signs of human disturbance are evi-
dent in the form of pedestrian tracks through the thicket.
Leaf samples were collected randomly in this population
of ¢. 200 individuals.

On the island of Efate in Vanuatu (near a place known
as Devil’s Point), C. seemannii grows as part of the
understory (only a few individuals being emergent) on
slopes covered by dense lowland rainforest (classified
as ‘medium-stature forest heavily covered with liana’;
Mueller-Dombois & Fosberg, 1998). Several remnant plants
grow in a coconut plantation on the adjacent coastal
plain. Leaf samples were collected from individuals that
were a minimum of ¢. 20m apart in this population of
at least 1,000 individuals.

At the southernmost tip of the island of ‘Eua in Tonga,
C. seemannii forms a prominent component of the under-
story of the coastal forest (cliff vegetation and Hernandia-
Terminalia coastal forest; Drake et al., 1996) on a limestone
terrace with little or no soil cover above vertical cliffs of
100m height. A vehicle track runs through the forest,
part of which has been converted into a cattle ranch.
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Leaf samples were collected from plants 10-15m apart
in this population of at least 1000 individuals.

A natural population grows amongst a planted stand
of commercial pine Pinus caribaea at the Nabou Pine
Station on the leeward, drier, western side of Viti Levu,
the largest island of Fiji. It is at an altitude of c. 210 m,
5-10km from the coast on hilly terrain with talasiga
vegetation, a term referring to Fiji’s pyrophytic grass-
lands and the associated poor, degraded soils (Latham,
1979, 1983), and consists of several fragmented clusters
of 20-70 individual cycads. Leaf samples were taken
from individuals 15-20m apart within two fragments,
one consisting of 60 and the other of 20 individuals.

Samples from a second population in Fiji, growing
in a forest near Naduri on Vanua Levu, the second
largest island of Fiji, and consisting of several hundred
individuals, were obtained from individuals that were
transplanted in 1994 by D. Watling to the Sigatoka
Valley on Viti Levu. The transplantation was carried out
to save some of the seedlings; the natural population is
burnt annually, and seedlings often do not survive fires.
The transplanted individuals were grown from suckers
and seedlings that were randomly collected from the
Naduri population (D. Watling, pers. com.)

Estimates of the number of individuals present in
each country were obtained from my own observations,
published literature and by personal communications.
Accurate estimates are difficult to obtain because
C. seemannii is found on numerous small islands (Fiji, for
example, consists of more than 500 islands). In addition,
the species can also occur up to several km inland in
remote and often inaccessible areas. Abundance in Fiji
was estimated using counts made during my extensive
travels throughout the Fiji Islands (Viti Levu, Vanua
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Levu, Kadavu, Taveuni, Qamea and the Lomaiviti Group)
and by other naturalists (D. Watling, M. V. Tuiwawa,
S. Vodonaivalu, M. Fisher and S. Masitoqi). On Vanuatu
I estimated the total population in the archipelago by
counting individuals in one sixth of the total area, and
extrapolating to the entire population and the entire
archipelago. Similarly for Tonga and New Caledonia
the estimates are conservative extrapolations of the
numbers found in the populations studied.

Leaf sections were collected from 30 different
adult individuals in each of the five study populations
and analysed using starch gel electrophoresis (SGE).
Procedures followed Conkle et al. (1982) with some
modifications (Keppel, 1999; Keppel et al., in press).
Twenty presumptive loci of thirteen enzyme systems
were resolved and scored and were used in the statistical
analysis (Table 1).

Several estimates of genetic variation (the extent of
the diversity of alleles in the genome) were calculated
for each population and for the species as a whole using
BIOSYS1 (Swofford & Selander, 1989). These estimates
were the mean number of alleles per locus (A), per-
centage of loci polymorphic (P, at the 99% level),
observed mean heterozygosity (H,) and the hetero-
zygosity expected (H.) in Hardy-Weinberg equilibrium
(Nei, 1978). Populations having higher values of these
statistics are considered genetically more variable than
those with lower values. BIOSYS1 was also used to
calculate Wright’s Fgr statistic. This ranges between 0
and 1 and estimates the genetic differentiation between
populations. Gsr (Nei, 1973), an alternative estimate of
inter-population differentiation, was calculated to facilitate
comparison with other works (Hamrick & Godt, 1992).
GDA software (Lewis & Zaykin, 1999) was used to

Table 1 Enzyme systems resolved in this study. Nomenclature and abbreviations follow Murphy ef al. (1996), based on IUBNC.

E.C. No. = Enzyme Commission number.

43

Enzyme Locus Abbreviation E.C. No. Buffer*
Asparate aminotransferase AAT-1, -2 2.6.1.1 B
Fluorescent esterase fEST-1 3.1.1.- A
Formaldehyde dehydrogenase FDH-1 1211 A
Fructose-biphosphate aldolase FBA-1 41213 D
Glucose-6-phosphate dehydrogenase G6PDH-1 1.1.1.49 B
Glutamate dehydrogenase GTDH-1 1.4.1.2 B
Isocitrate dehydrogenase IDH-1 1.1.1.42 D
Malate dehydrogenase MDH-1, -2, -3, -4 1.1.1.37 D
Phosphogluconate dehydrogenase PGDH-1, -2 1.1.1.44 D
Phosphoglucomutase PGM-1 5422 D
Shikimate dehydrogenase SKDH-1 1.1.1.25 D
Triose-phosphate isomerase TPI-1, -2 53.1.1 A
UTP-glucose-1-phosphate uridylytransferase UGUT-1, -2 2779 B

* =A, B, D refer to buffers A (tris citrate/lithium borate), B (citrate/sodium borate) and a pH 8 version of buffer D (morpholine citrate) of
Conkle et al. (1982).
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calculate the co-ancestry coefficient (0, Reynolds et al.,
1983; Weir & Cockerham, 1984), an estimate of inter-
population differentiation that is considered to have
less bias and a smaller variance than Fgr (Slatkin, 1985;
Cockerham & Weir, 1993). The co-ancestry coefficient
was then used to calculate an estimator of the gene
flow between the populations, Nm, using the formula
Nm=1/4(1/0—1) (after Wright, 1951). Nm, therefore,
ranges from 0 (absence of gene flow) to infinity, and is
considered low (insufficient to prevent populations from
diverging genetically) if it is less than 0.25.

Statistics for the loci studied were calculated using
POPGENE, version 1.21 (Yeh ef al., 1997). For each
polymorphic locus the observed heterozygosity (H,),
the heterozygosity expected (H,) in Hardy-Weinberg
equilibrium (Nei, 1978) and the genotypic fixation indices
(Fir and Fig) were determined. Positive values of Fip
(which measures the decrease of heterozygosity between
sub-populations relative to the heterozygosity of the
whole population) and Fis (which measures the decrease
of heterozygosity between different individuals relative
to the heterozygosity of the subpopulation) imply a
deficiency of heterozygotes compared to those expected
under random mating, while negative values imply
an excess.

Results

Cycas seemannii is moderately common throughout the
Fiji Group; c. 4,000 individuals were counted (Table 2)

and the actual number is expected to be higher.
C. seemannii is still abundant on Vanuatu, and I estimated
the total population in the archipelago to be at least
10,000 individuals (Table 3). This approximation was
derived by counting 200 individuals in part of the study
population and extrapolating to c. 1,000 individuals for
the whole population. This figure was used to estimate
numbers in the large populations on the less disturbed,
northern side of the island and on the remaining islands
of the archipelago (Schmid, 1975; P. Ala & S. Chanel,
pers. comm.). On ‘Eua, Tonga, I counted >1,000 indi-
viduals in the study population and estimated the total
number to be at least 2,000, because the cycad is also
abundant on the slopes of the eastern side of the island
(Drake et al., 1996) and occurs on other islands of the
Tonga group (Franklin et al., 1999; K. D. Hill, pers.
comm.). In the study population on New Caledonia
>200 individuals were counted, resulting in an estimate
of at least 1,000 individuals based on a total of 10
recorded populations (Laubenfels, 1972). A conservative
estimate for the total population size of C. seemannii is,
therefore, c. 17,000 (Table 3).

For most loci heterozygosity was lower than that
expected under Hardy-Weinberg equilibrium (Table 4).
This lack of heterozygotes was also indicated by highly
positive Fig and Fr values for fEST-1, MDH-2, PGDH-1
and PGM-1. Genetic variation was low in all populations
(Table 5), and especially so at Nabou.

Genetic variation in C. seemannii at the species level
(P,=50.0, A,=1.8, H,,=0.138) was similar to that of
plant species in general (P, =51.3, A,=1.97, H,, = 0.150;

Table 2 Minimum estimates of the number of Cycas seemannii plants in Fiji based on my observations (GK) and personal communications.

Number of Estimated No.
Island Group Populations of Individuals Sources
Viti Levu 9 1,050 R.H. Phillips, S. Vodonaivalu, GK, Tagage and Malomalo villagers
Vanua Levu 15 1,432 M.V. Tuiwawa, R.H. Phillips, S. Vodonaivalu, D. Watling, GK
Yasawa Group 1 500 M. Fisher
Kadavu Group 4 350 S. Vodonaivalu, GK
Taveuni and nearby islands 5 250 M.V. Tuiwawa, D. Watling, GK
Lomaiviti Group 5 370 D. Watling, GK
Lau Group 5 160 D. Fuller, L. Mataitini, M.V. Tuiwawa
TOTAL 44 4,112

Table 3 Minimum estimates of the number of Cycas seemannii on different Pacific countries, based on my observations (GK), personal

communications and literature (see text).

Country Estimated Number Sources

Fiji 4,000 See Table 2

New Caledonia 1,000 Extrapolation from study population (GK) to those mentioned by Laubenfels (1972)
Tonga 2,000 Drake et al. (1996), Franklin ef al. (1999), GK

Vanuatu 10,000 S. Chanel & P. Ala (pers. comm.), GK

TOTAL 17,000
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Table 4 Heterozygosity statistics for all polymorphic loci.

N = sample size (number of individuals), Ho = heterozygosity
observed, Hg = heterozygosity expected (Nei, 1973), Fis and Fiy —
genotypic fixation indices (after Nei, 1987).
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1992) and endemic woody plants (Ggr = 0.141; Hamrick
et al., 1992). This, together with the low gene flow
estimate, indicates that the populations are genetically
isolated to a large extent.

Locus N H, H. Fis Fir

FEST-1 125 0000 0597 1.000 1000 Discussion

IDH-1 142 0.331 0.405 —0.232 0.190 Thi d . d lati . f
MDH-2 142 0.035 0476 0815 0.928 is study gﬁve an estlma'te . Popu ation size for
MDH-4 145 0.097 0.140 —0.025 0.311 Cycas seemannii of c¢. 17,000 individuals, compared to
PGDH-1 146 0.062 0.331 0.499 0.810 the previous estimate of c. 5000 mature individuals
PGDH-2 146 0.082 0.079 —0.117 —0.043 (Osborne, 1995). The actual population size is probably
PEM-1 144 0.056 0208 0401 0732 higher still because the species’ geographical range
SKDH-1 135 0.230 0.421 —0.123 0.471 includes hundreds of islands. H b h
TPL1 146 0.041 0.053 04125 0.228 includes hundreds of islands. However, numbers have
TPI-2 146 0.020 0.020 —0.053 —0.010 dwindled dramatically over the last century and con-

Hamrick et al., 1992). At the population level, how-
ever, genetic variation was much lower in C. seemannii
(P, =213, A, =1.2, H,, = 0.057) than in plants in general
(P, =34.6, A, =152, H,, =0.113; Hamrick et al., 1992).
Values for genetic variation were most similar to those
of woody plants with endemic geographic ranges
(P,=425,A,=1.82, H,=0.078 and P, =26.3, A, =1.48,
H,, = 0.056; Hamrick et al., 1992).

A high degree of inter-population differentiation
(Fsr =0.594, 0 = 0.695) was detected (Keppel, 1999). This
means (using Fgr) that only 40.6% of the observed
genetic variation resides within populations and that
the remainder is due to variation between populations.
Gene flow estimates were very low (Nm =0.1097, i.e.
<0.25), implying that gene flow between the various
populations is not enough to prevent them from diverging
genetically. Differentiation between populations (Gsr =
0.418), as measured by Nei’s (1973) Gsr, was higher than
in plant species in general (Ggr = 0.228; Hamrick et al.,

tinue to do so. Direct evidence for this decline is scarce
because there are no previous records of population
numbers and sizes, but the decline is indicated indirectly
by several factors. Shifting agricultural practices and
developmental projects in coastal areas appear to be the
major cause of decline. In Fiji, fire and poor or no
regeneration endanger many of the remaining popu-
lations, and many, such as that in Nabou, are remnant
populations surrounded by plantations of pine and
sugarcane (Keppel, 1999). C. seemannii was a common
component of the pyrophytic talasiga grasslands in Fiji
early this century (Guppy, 1906; Mead, 1928), but this
is no longer the case.

The perception of the plant in Fiji has changed
from important and protected to almost unknown and
unprotected. Seemann (1865-73) mentioned that several
parts of C. seemannii, after proper detoxification, were
included in the diet of the natives of Fiji, especially
during times of food scarcity. The importance of the
species has apparently been long forgotten and its use
as a food plant is only remembered by a few elders,
mostly from the more remote islands (L. Mataitini,

Table 5 Genetic variation parameters for each of the five Cycas seemannii populations studied, the mean population parameters, and the
overall parameters for the species. Standard errors in parentheses. N = mean sample size per locus, A = number of alleles per locus,
AP = number of alleles per polymorphic loci, P = percentage of loci polymorphic (99% level), H, = observed mean heterozygosity,

H, = heterozygosity expected.

45

Population N A AP P H, H,

‘Eua 29.5(0.2) 1.3(0.1) 1.5(0.1) 25.0 0.047 (0.027) 0.071 (0.035)
Nabou 24.4(0.6) 1.1(0.1) 1.2(0.1) 10.0 0.000 (0.000) 0.010 (0.007)
Naduri 28.5(0.1) 1.2(0.1) 1.6 (0.1) 15.0 0.052 (0.039) 0.051 (0.033)
Baie des Tortues 27.5(0.2) 1.3(0.1) 1.4(0.1) 31.6 0.047 (0.019) 0.074 (0.030)
Efate 30.0 (0.0) 1.3 (0.1) 1.6 (0.1) 25.0 0.088 (0.046) 0.079 (0.039)
Population mean 28.0(0.2) 1.2(0.1) 1.5(0.1) 21.3 0.047 (0.026) 0.057 (0.029)
(subscript p in text)

Species overall 140.0 (1.1) 1.8(0.2) 2.5(0.2) 50.0 0.048 (0.019) 0.138 (0.044)

(subscript s in text)
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pers. comm.). When I questioned them, most villagers
in Fiji did not know of any uses for the plant and many
younger people, especially on Viti Levu, did not know
the native name of the plant. At present, the only
common use of cycads is as ornamental plants. The
situation is similar in other Pacific countries, with the
exception of Vanuatu where the plant is still considered
sacred (Thaman, 1992).

Cycads are not fire-resistant but are fire-tolerant
(Norstog & Fawcett, 1992; Wilson, 1993; Keppel, 2001).
A fire that spread to the Nabou population from a sugar
cane plantation a few kilometres away in December
1998 or January 1999 demonstrated the devasting effect
fire can have on C. seemannii. One of the population
fragments was reduced from about 400 individuals in
March 1998 to some 50 plants by May 1999 (pers. obs.)
and most of the remaining plants had charred stems.
It therefore seems that the numerous populations of
C. seemannii that were reported in the talasiga vegetation
in the early 1900s were actually remnants of previous
forest vegetation. Repeated burning seems to be the
likely cause for their decline.

Poor seed dispersal and failure to recolonise former
areas, even after several years (as observed on ‘Eua, in
Tonga, and in other areas), indicate that the plant may
be especially vulnerable to local extinction.

The population in Nabou, Fiji, had the lowest genetic
variation of all the populations studied (Table 5). This
may be attributed to the fact that the population grows
in a pine plantation and has been fragmented and
disturbed by human activities. However, two other factors
could have contributed to the low genetic variation
observed. Firstly, only two of the remaining fragments
were sampled; analysis of other fragments may reveal
additional variation, although this does not explain
the lack of heterozygosity (Tables 4 and 5). Secondly,
the low genetic variation in this particular population
could be partially caused by it having had low variation
before fragmentation (Schoen & Brown, 1991). The
amount of genetic variation is believed to be positively
correlated to fitness (Singh & Zouros, 1978; Franklin,
1980; Frankel & Soulé, 1981; Ledig et al., 1983; Lande,
1988; Millar & Westfall, 1992; Lynch, 1996), and so the
population at Nabou is likely to be more vulnerable to
catastrophes and environmental change than the other
populations.

Low genetic variation within populations and high
differentiation between populations has also been
noted in other cycads (Ellstrand et al., 1990; Walters &
Decker-Walters, 1991; Yang & Meerow, 1996), except for
Macrozamia riedlei (Byrne & James, 1991). However,
variation was even lower and differentiation was even
higher in C. seemannii (Table 5) than in these other
species (Keppel, 1999; Keppel et al., in press).

https://doi.org/10.1017/50030605302000078 Published online by Cambridge University Press

Vulnerability to fire, low dispersal and recolonisation
potential, an apparent decline in genetic variation upon
fragmentation in the Nabou population, and a decrease
in numbers indicates that C. seemannii may be eco-
logically and genetically vulnerable to human impacts.
The Red List status of the species would appear to be
Vulnerable, based on criteria Alc; i.e. a suspected popu-
lation reduction (A) of at least 20% (1) over the last
three generations (c. 50 years for C. seemannii) based on
a decline in area of occupancy (c).

However, on the more populated islands, the taxon
could be locally categorised as Endangered or Critically
Endangered. On Nukualofa in Tonga the species has
become rare in the wild and is on the verge of local
extinction (K. D. Hill, pers. comm.). On Viti Levu in Fiji
only a few populations remain and, except for a popu-
lation in the Mount Evans Range in the north-west
(Lees, 1989), most of these are declining. A proposed
nature reserve in this Range would include some of the
cycad populations in the gullies at the feet of the range
(Lees, 1989). The only population known to occur in an
established protected area is that on the steep, eastern
hills of ‘Eua in Tonga (Drake et al., 1996).

Any conservation programme should ensure the long-
term survival of a species and maintain its ecological
and evolutionary processes, and both require the preser-
vation of genetic variation (Hamrick & Godt, 1996). At
least 1,000 individuals are required to prevent the long-
term effects of deleterious mutations and degradation
of genetic variation, and more than 10,000 individuals
are needed to maintain the adaptive genetic variation
of a species (Lynch, 1996). Populations of C. seemannii
on different island archipelagos are genetically distinct,
and so any conservation programme will need to treat
the different populations as separate entities in order
to maintain the genetic variation and evolutionary
processes in the taxon. Ideally at least two relatively
undisturbed populations on each of the major islands
within the range of the species should be identified for
conservation purposes, with each of the two in different
habitat types and at least one located at the coast to
allow the maintenance of oceanic seed dispersal.

If possible, human-aided transport of seeds between
the different islands should be prevented, because gene
flow is naturally low. Artificial gene flow would alter
the genetic structure and evolutionary processes of the
cycad populations (Templeton, 1986), but because the
species is used as an ornamental plant, control of this
process will be difficult.

In populations such as that in Nabou, seeds could be
collected and seedlings grown and then transplanted
back to the original site. With subsequent protection
this would help maintain an effective genetic popu-
lation size. In addition, ex situ conservation strategies
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based on seed and germplasm collections in botanical
gardens and other institutions would be of practical
value for the conservation of the genetic variation
of C. seemannii (Keppel, 1999; Keppel et al., in press).
However, this can only assist and not replace in situ
conservation.

A decline in numbers, the low probability of
recolonisation of formerly occupied areas, apparent loss
of genetic variation in populations after fragmentation,
and the fact that C. seemannii is approaching extinction
on Viti Levu, Fiji, and Nukualofa, Tonga, underline
the urgent need for implementation of conservation
measures for this species. Such measures need to take
into account that populations on different islands are
genetically different and that as much as possible of the
genetic variation present in the species should be pre-
served. The potential effects of agriculture, develop-
mental projects, fires spreading from plantations, and
rising sea levels will also need to be considered.
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