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Summary

The natural distribution of Eucalyptus urophylla is a
series of disjunct population areas on a number of islands
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Silvae Genetica 43, 2—3 (1994)

in eastern Indonesia. Thirteen loci in 8 enzyme systems
were used to estimate genetic diversity and outcrossing
rates, using seed collections from the full range of the
species. Levels of genetic diversity were similar to other
Eucalyptus species that have widespread distributions.
Most diversity is located within populations (Ggr = 11.75
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%). Genetic distances between populations were small, and
a cluster analysis revealed no striking patterns that could
be related to geography: only those populations from the
island of Wetar clustered together on the basis of their
isozyme genotypes. This lack of isozyme differentiation
between populations is in contrast to the high degree of
differentiation in morphological characters in the species.
Outcrossing rates measured in two populations were high
(>90%), with little between-tree variation. The possible
origins of the species are discussed.

Key words: Population genetics, isozymes, mating system, out-

crossing rates, Eucalyptus.
FDC: 165.3; 165.42; 165.5; 176.1 Eucalyptus urophylla.

Introduction

Knowledge of the distribution of genetic wvariation
within and between populations is of substantial benefit
in tree breeding and in the conservation of plant genetic
resources (BrowN et al., 1990; Apams et al., 1992). A num-
ber of studies have been published of isozyme variation in
the genus Eucalyptus, focussing mainly on (1) conserva-
tion genetics of rare or restricted species (Frirp, 1982;
Horrer and MoraN, 1981; MoranNn and Horrer, 1983, 1987,
1989; PETERs, LoNIE and MoRraN, 1990; ProBer et al., 1990;
SampsoN, HorpErR and James, 1988) and (2) commercially
important species (Brown, MaTHesoN and ELDRIDGE, 1975;
BurcEss and BELL, 1983; Burcess, BELL and Van WYk, 1985;
Cook, 1989; Coates and Sokorowskl, 1989; MoraN and
Brown, 1980; Moran, BeiL and GrirrIN, 1989; YEH et al,,
1983).

Eucalyptus urophylla S. T. BLAKE is extensively planted
for pulp production in Brazil and is becoming increasingly
important for wood production in China, South Africa and
southeast Asia (ELpripgeE et al, 1993). It is one of the
best eucalypt species for plantation forestry in lowland
tropical sites with prolonged wet and humid seasons (Ja-
coss, 1981) displaying rapid growth and good disease
resistance under these conditions.

The species is 1 of only 2 in the genus Eucalyptus that
do not occur in Australia, the other being E. deglupta Bt.
Its natural distribution is as a series of disjunct occur-
rences on 7 islands of the Sumba archipelago in eastern
Indonesia (Figure 1). It occupies both valleys and moun-
tain slopes on a variety of soil types (but not limestone-
derived soils) in open-forest and tall open-forest forma-
tions, often associated with rainforest on especially good
sites (e.g. basalt-derived soils) (Gunn and McDonALD, 1991;

PinvorusarErk et al., 1993). It has the widest altitudinal
range of any Eucalyptus species, growing from about 90
m on Wetar to nearly 3000 m on Timor (GunN and Mc-
DoNaLp, 1991), and there is a commensurate variation in
form and morphological characters. On high mountain
sites (e. g. at 3000 m on Mt Tatamailau, Timor) it occurs
as a stunted bush 2 m tall, but on more favourable sites it
is a tall to very tall forest tree, reaching 55 m in height
and 2 m diameter (TurnsurLL and BROOKER, 1978). On wet
and high altitude sites (> 2200 m) most trees have thinly
flakey greyish bark to at least half way up the bole
(Pryor et al., submitted), and small-fruits, whereas at
lower elevations in drier conditions trees are mainly
smooth-barked with only a short rough stocking at the
base of the trunk, and with much larger fruits (MARTIN
and CossALTER, 1975 to 1976; GunN and McDonaLp, 1991).

E. urophylla is placed in the subgenus Symphyomyrtus,
section Transversaria, series Salignae subseries Resin-
ferinae by Pryor and Jonnson (1971). According to this
classification, its closest relatives are E. pellita F. MUELL.
from northern Australia and New Guinea, and E. notabilis
MaipeN, E. scias JonnsoN and Hiir and E. resinifera
SmiTH from eastern coastal Australia (CHIPPENDALE, 1988;
BoLanp et al., 1984; JounsoN and Hiri, 1990). A new classi-
fication of E. urophylla is proposed by Pryor et al. (sub-
mitted) in which 2 further species are described.

Provenance trials of E. urophylla in many tropical
countries have shown that low to mid-altitude seed sources
perform considerably better (in height growth) than those
from high altitudes (ELpripnGE et al.,, 1993), although seed
has not been generally available from the full range of
the species until recently. Between and within prove-
nance variation in seedling morphology (PINYOPUSARERK et
al., 1993) and essential leaf oils (Doran et al., submitted)
has also been demonstrated. This paper examines genetic
variation in the species using isozyme markers. It is the
first population-wide study of genetic variation in an
exclusively tropical species of Eucalyptus.

Materials and Methods

Sampling strategy

Seed collections from almost the full range of the species
were used for this study. Sampling of populations was
based on obtaining representative samples from each is-
land and, where available, from a range of altitudes
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Figure 1. — Natural distribution of Eucalyptus urophyila, showing locations of seed collections
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within each island. Also, where field information suggested
between-population differences in tree morphology (mainly
bark and fruit characters) populations were sampled to
take this into account. For most populations, a minimum
of 50 seedlings were assayed for isozyme variation. Five
progeny from each of 10 mothers per population were
sampled where individual tree collections were available,
or a minimum of 50 seedlings in total from bulked seed
collections. Details of the 25 populations sampled are given
in table 1.

Two populations (Wetar 5 and Alor 1) were chosen to
estimate mating system parameters. For these, 20 progeny
from each of 10 mother trees were assayed for their iso-
zyme genotypes at 6 and 5 variable loci respectively.

Isozyme analysis

Seeds were germinated on moist filter paper in in-
cubators set at 30 °C with 14 h day and 10 h night. Seven
to 9-day old seedlings were crushed in 50 w1l of 0.05 M,
pH 9.0 borate grinding buffer to which 1 mg ml—! dithio-
threitol and 20 mg ml—! polyvinylpyrrolidone (MW =
40 000) were added. Isozyme assays were made by starch
gel electrophoresis following the general procedures de-
scribed in Moran and BeLL (1983). Gel slices were stained
for 8 enzyme systems: malate dehydrogenase (MDH, EC
1.1.1.37); isocitrate dehydrogenase (IDH, EC 1.1.1.42); phos-
phogluconate dehydrogenase (PGD, EC 1.1.1.44); uridine
diphosphogluconic pyrophosphatase (UGP, EC 2.7.7.9); glu-
cosephosphateisomerase €GPI, EC 5.3.1.9); glycerate dehy-
drogenase (GLY, EC 1-1.1.29); esterase (EST, EC 3.1.1.-);
and aspartate aminotransferase (AAT, EC 2.6.1.1).

Genetic interpretation of electrophoretic variants was
based on progeny arrays from open-pollinated families.
Banding patterns that did not conform to Mendelian
segregation were excluded. For loci within an enzyme
system the fastest migrating was designated 1, the next
fastest 2 and so on. Similarly, within each locus the most
anodally migrating allele was designated 1 and successive
slower alleles 2, 3 etc. The distance each allele had
migrated from the origin was measured to the nearest
millimetre in order to establish allelic identity across
populations.

Genotype arrays were analysed using the BIOSYS-1
package (Sworrorp and SELANDER, 1989), and multi-locus
estimates of outcrossing rates were made using the proce-
dures of RrrLanp and Jain (1981).

The private allele method of SraTkIin (1985) was used tc
estimate gene migration between populations per genera-
tion. The number of migrants (N,,) is calculated as

In(p(1)) = —0.505(In(N,)) — 2.44

and corrected for sample size by the method of SLATKIN
(1985).

Results

Seedling genotypes were scored for a total of 13 loci in
8 enzyme systems, all of which were variable in at least
one population. Some loci were apparently invariant but
also consistently difficult to score and thus excluded from
the analysis (AP-1, AP-2, LAP-1). Others were variable
but not scored because of overstaining of one locus on
top of another, e-g. PGM-1, or because of very faint ban-

Table 1. — Details of E. urophylla populations sampled. CSIRO seedlot number, location, latitude,
longitude, altitude and number of individual mother trees in sampled populations (N).

Pop. CSIRO Locality Lat. Long. Alt. (m) N
no. seedlot no. CN) CE)

1. Flores1 13011 Mt Lewotobi 8°32' 122°47" 500 10
2. Flores2 17565 Mt Lewotobi 8°32' 122°48' 375 10
3. Flores3 17567 Mt Egon 8°38' 122°27" 450 10
4. Flores4 14531  MtEgon 8°38' 122°27' 515 10
5. Flores5 17572 MtEgon 8°37 122°27 600 4
6. Flores6 17573 Mt Egon 8°36' 122°28' 725 2
7. Flores7 17564 Mandiri 8°15° 122°58' 410 10
8. Flores 8 15638 Wukoh 8°31' 122°45 750 5*
9. Adonaral 12898 Gunung Boleng 8°21' 123°15' 890 6
10. Lomblen1 18096 Labala 8°23' 123°32' 500 53+
11. Pantar 1 17842 Mt Dalaki 8°31’ 124°05' 440 6
12. Pantar 2 17843 Baubillatung 8720’ 124°02' 285 9
13. Alor1 17841 Piritumas 8°19' 124°31" 355 10
14. Alor2 17840 Wai Kui 8°14' 124°44" 540 10
15. Alor3 17839 Apui 817" 124°40' 1115 10
16. Timor1 8238 8°41' 125°33' 910 5*
17. Timor2 13828 Mt Mutis 9°34' 124°17" 1200 6*
18. Timor 3 12960 Soe 9°51’ 124°16' 1250 2
19. Timor4 10140 Hato Bulico 8°53' 125°32' 2100 6*
20. Timor5 10138 Mt Tatamailau 8°55' 125°30" 2790 6*
21. Wetar 1 17835 Carbubu 7°56' 125°53 175 10
22. Wetar 2 17838 Lalikki 7°42' 126°21° 220 10
23. Wetar 3 17832 Armau 7°49' 126°10" 315 10
24, Wetar 4 17831 Iiwaki 7°52' 126°27 515 10
25. Wetar 5 17836 Uhak 7°39' 126°29' 500 10

*) bulk seedlots, number = number of mothers.
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Table 3. — Estimates of genetic diversity (with standard errors) for populations of E. uro-
pPhylla. A = mean no. of alleles per locus; P = percentage of loci polymorphic (0.99 criterion).

Mean heterozygosity

Direct- Hdy-Wbg
Population A P count Hy expected H,*
1 FLORES 1 2314033 69.2 0.099 + 0.034 0.170 £ 0.058
2 FLORES 2 2.46+0.33 69.2 0.104 +0.033 0.168 + 0.055
3 FLORES 3 223+0.28 46.2 0.070 + 0.027 0.158 + 0.062
4 FLORES 4 2.62+035 76.9 0.112 £0.033 0.174 + 0.058
5 FLORES 5 246+ 0.31 61.5 0.103 + 0.046 0.190 + 0.060
6 FLORES 6 1.85+0.30 46.2 0.074 +0.032 0.098 £ 0.041
7 FLORES 7 231£0.29 53.9 0.094 + 0.033 0.156 £ 0.058
8 FLORES 8 223+0.26 61.5 0.109 + 0.050 0.180 + 0.058
9 ADONARA 1 238+0.31 76.9 0.091 £ 0.041 0.145 + 0.059
10 LOMBLEN1 254027 69.2 0.125 £ 0.039 0.186 + 0.059
11 PANTAR1 223+023 76.9 0.133 £ 0.045 0.161 £ 0.046
12 PANTAR2 2.00+0.25 61.5 0.115 + 0.043 0.155 + 0.049
13 ALOR1 292+ 0.38 76.9 0.122 + 0.046 0.170 £ 0.062
14 ALOR2 292+0.33 69.2 0.141 £ 0.048 0.187 £ 0.061
15 ALOR3 215+ 030 46.2 0.092 £ 0.036 0.143 £ 0.062
16 TIMOR1 246+ 035 69.2 0.127 £ 0.056 0.140 £ 0.060
17 TIMOR2 3.00+0.39 76.9 0.156 £ 0.056 0.234 £ 0.072
18 TIMOR3 246+ 0.24 84.6 0.093 +0.034 0.148 £ 0.052
19 TIMOR4 231+0.29 61.5 0.116 £ 0.050 0.155 £ 0.060
20 TIMORS 231£031 69.2 0.136 + 0.053 0.182 £ 0.064
21 WETAR1 292+0.29 84.6 0.178 £ 0.049 0.223 £ 0.064
22 WETAR2 254+031 84.6 0.112 £ 0.037 0.174 £ 0.056
23 WETAR3 231033 69.2 0.114 £ 0.049 0.171 £ 0.068
24 WETAR4 231+021 69.2 0.148 £ 0.054 0.233 £ 0.066
25 WETARS 223+032 76.9 0.138 £ 0.046 0.202 £ 0.056
Mean 242 68.3 0.116 0.172

*) Unbiased estimate (see Nx1, 1978).

ding patterns that could not be properly interpreted e.g.
AC-1, AC-2, LAP-2, GPT-2, GDH-1, ME-1, GPI-1.

Allelic frequencies for all scorable loci in each popula-
tion are shown in table 2. At most loci (MDH-1, MDH-2,
IDH-1, PGD-2, UGP-2, GLY-1, EST-2, AAT-1, AAT-3) the
commonest allele is the same in all populations. There
is considerable within island variation in allele frequencies
at several loci, with some populations having commonest
alleles that differ from those in other populations from
the same island (e.g. population Timor 2 at PGD-1; Alor 1
and Timor 2 at GPI-2; Flores 3, Alor 1, Timor 3 and
Timor 5 at EST-1; Flores 5 at AAT-2). Wetar populations
are distinguished by having a different commonest allele
at EST-1 compared to most other populations, and lower
frequencies of the commonest allele at MDH-1.

172

Measures of genetic diversity

The overall level of genetic diversity within the species
(Table 3) is within the range for other eucalypts with si-
milar extents of distribution (Moran, 1992). The mean
number of alleles per locus (A) and the percentage of
polymorphic loci (P) across all populations are high com-
pared with other species of the genus. There is some
variation in mean A between islands, from 2.1 on Pantar
to 2.6 on Alor. Within islands, A ranges from a high of 2.9
(in Timor 2, Wetar 1, Alor 1 and Alor 2) to a low of 1.8
(Flores 6). In all populations the proportion of polymor-
phic loci is high- Despite the high levels of P, the mean
frequency of the commonest allele was less than 0.8 at
only 2 loci (GPI-2 and EST-1). The mean estimates of ge-
netic variability are all lower than those for a single
Flores provenance of E. urophylla grown in Hawaii des-



Table 4. — Measures of total genetic diversity in natural populations of E. urophylla and 5
other widespread eucalypts. Note that As and PS are based on any level of variation in
any of the loci assayed in any population sampled.

species Hrt Hs GsT (%) As Ps
E.urophylla 0.195 0.172 118 4.00 100.0
E. grandis! 0.190 0.167 12.0 2,93 929
E. salignal 0.260 0.239 8.0 2.86 929
E. delegatensis? 0272 0.238 12.5 4.10 100.0
E. nitens? 0.202 0.140 30.2 3.35 96.6
E. cloeziana® 0.230 0.205 11.0 2.71 85.7

HT = total genetic diversity; HS = genetic diversity within populations; GsT = genetic
diversity between populations: AS = mean number of alleles per locus at species level;
PS = percentage of polymorphic loci at species level.

1) BeLL (unpublished); 2) Moran (unpublished); 3) TurnsurL (1980).

cribed by Arapuya and Puiriies (1993), in which A = 3.7,
P = 85.7, H, = 0429, and H, = 0.495. This discrepancy
may be the result of gene exchange between species, as
the Hawaiian material came from multi-species trials
(ArapHYA and Puirrirs, 1993).

Most of the measures of total genetic diversity fall
within the range for other species of Eucalyptus with
similar distributions (Table 4). The level of genetic diversity
between populations, Ggr, was estimated at 11.75%, in-
dicating that most of the total genetic diversity in the
species is found within populations rather than between.
This, and the estimate for total genetic diversity Hp
(0.195), is comparable but slightly lower to those found
for other widely distributed eucalypts.

A cluster analysis based on NEr's (1978) unbiased genetic
distance (D) and using the UPGMA algorithm reveals low

levels of genetic separation between the populations
(Figure 2). Errors for the higher orders of the dendrogram
are large, signifying that little confidence can be placed
on the distinctness of the clusters formed. Of the 7 islands,
only the populations from Wetar group together. The
population from Flores (Flores 5), which is separated from
the rest of the populations at the first clustering level, is
anomalous in that there is no clear environmental explana-
tion as to why it should be different- Isozymically it
differs from all other populations in having a higher
proportion (0.537) of the slowest allele at the AAT-2 locus
— none of the other populations have this allele at >0.05.
This population occurs at moderate altitude (600 m) on a
large mountain (Mt Egon) from which other samples were
taken at both higher (Flores 6) and lower (Flores 4, Flores
3) elevations. There is no suggestion from the field data
collected that trees sampled were of hybrid origin, or that

FLORES S

TIMOR

TIMOR

WETAR
WETAR
WETAR
WETAR
WETAR
PANTAR 1
ALOR 1

TIMOR 3

TIMOR 4

ALOR 3

FLORES 3
FLORES 8
LOMBLEN 1
ADONARA 1
TIMOR 1
FLORES
ALOR 2
FLORES
FLORES
PANTAR
FLORES
FLORES

GNWE=D2ON

=HNNBABN g

L] L]
.07 .06 .05 .04 .03

.02 .01

- Genetic Distance
Figure 2. — Cluster diagram of E. urophylla populations based on the UPGMA algorithm and
Nel’s (1978) genetic distance, and using the GD program (RitLanDp, 1989) to fit error bars. Clusters
are significant where the error bar is less than half the branch length. '
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Table 5. — Estimates of gene flow between populations of E. urophylla on each ot
the islands from which more than one population was sampled and between

islands (populations grouped together). Nm

estimated using the private allele

method, corrected for sample size (SLaTkiN, 1985).

Island Np1) p(1) (NmJest mean no.
progeny assayed
Flores 7 0.0170 8.97 71
Timor 5 0.0172 10.54 59
Alor 17 0.0165 10.55 64
Pantar 9 0.0611 0.78 65
Wetar 7 0.0222 6.69 56
All islands 4 0.0167 1046 63
Ny = number of private alleles; p(1) = mean frequency of private alleles; (N gt

= mean number of migrants.

Table 6. — Multi-locus estimates of outcrossing rate (t) and Wricut’s fixation
index (F = 1 — Ho/He’ Fe = (1 — t)/(1 + t)) for 2 populations of E. urophylla.

population mean t (£ se) family range F Fe
13 Alor1 0.90 £ 0.19* 0.83-0.96  0.2362 +0.108 0.053
24 Wetar 4 0.91 £ 0.04** 0.86-0.96  0365P £0.109 0.047

*) variable loci: MDH-1, IDH-1, PGD-1, GPI-2, EST-1.
*+) variable loci: MDH-1, MDH-2, IDH-1, PGD-1, GPI-2, EST-1.
®) rejection of the null hypotheses that F = 0 at 5% level;

b) at 1% level.

there were other eucalypts in the vicinity. E. urophylla
hybridizes naturally with E. alba REINw. ex BLUME in nar-
row overlap zones at low (Flores, Timor) and high alti-
tudes (Wetar); however, E. alba does not occur above
about 450 m on Mt Egon (J. DoraNn and B. GuNN, pers.
comm.). MarTIN and CossaLTER (1975 to 1976) state that
from phenotypic appearance hybrids in nature are rare
as adult trees, but from morphological studies of progeny
it appears that the actual rate of hybridization may be
quite high suggesting selective abortion of hybrids subse-
quent to germination.

Population Timor 2 from Mt Mutis also separates from
the rest of the populations. It possesses the private al-
lele UGP-2; and has a higher frequency of the alleles
PGD-1, (0.582, all others < 0.293) and UGP-25 (0-205, all
others <0.078).

The cluster analysis does not show close relationships
between populations from each geographic area (e.g. be-
tween those from each of the major mountain areas on
Flores). Similarly there is no clear pattern with respect to
altitude. On Wetar populations from the east (wet) and
west (dry) of the island are not differentiated isozymically.
The only significant correlations between estimates of ge-
netic diversity (A, P, H,, H)) and geographical parame-
ters (latitude, longitude, altitude) were between P and
longitude (r = 0.422, p < 0.05) and H, and longitude (r =
0624, p < 0.005). This suggests a gradient of increasing
genetic diversity from west to east.
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Gene flow between populations on each island (Table 5)
is sufficiently high to prevent local differentiation, through
migration of alleles. All the estimates of N, are greater
than 1 with the exception of Pantar. Migration of alleles
between islands was also high, but generally less than
that between populations, as might be expected. Only
Timor (UGP-23 EST-1;), Lomblen (GPI-2;), and Alor
(IDH-1,) had alleles that did not occur on other islands.
There were no alleles present in more than one population
on an island that were private to that island.

Mating system

The multi-locus estimates of outcrossing indicate that
E. urophylla is a predominantly outcrossing species- Esti-
mates of t (Table 6) are among the highest recorded for
any species in the genus studied to date, equalled only by
seed orchard material of E. regnans (MoraN, BeELr and
GRIFFIN, 1989) where t = 0.91. For natural populations, in
which trees might be expected to breed with near relatives
resulting in greater effective inbreeding, the rates reported
here are remarkable, although seed was collected from
widely spaced individuals in each of the populations.

Variation in t between individual trees was low. Esti-
mates of the fixation index F were positive, and thete was
a deficiency of heterozygotes in the progeny compared
to HArDY-WEINBERG expectations. The values of F are much
higher than those expected under inbreeding equilibrium
(F,) given the levels of t (Table 6) suggesting breeding
between close relatives rather than selfing.



Discussion

The occurrence of E. urophylla on islands might sug-
gest greater barriers to gene flow between populations
than in other eucalypts whose populations may be sepa-
rated by other vegetation (including other Eucalyptus
species) and non-forest habitat barriers, but not by open
sea. Absolute distances between islands are far greater
than the distance that pollen might normally be carried
by insect vectors, but it is possible that wind-blown in-
sects could carry pollen between islands or that birds are
effective pollinators. Alternatively, the species may have
become established on each island within a relatively short
period of time from the same original genetic stock, colo-
nising similar habitats and so limiting further differentia-
tion of populations. The exception to this might be Wetar.
In environmental terms Wetar is not greatly different to
the other islands, although there is evidence that some
populations occur on drier sites and there has been much
less modification of stands by man (fire is far less fre-
quent and cutting is quite restricted; B. Gunn and M. Mc
DonaLp, pers. comm., 1990). The fragmentation of the
species’ distribution on all other islands has possibly
taken place quite recently, although it is probably insuf-
ficient to lead to population differentiation as all remnants
are relatively large and some gene flow between them
may be expected. The high estimates of gene migration
on Timor and Alor support this view. Large populations
also have greater resistance to genetic drift due to lower
probability of genetic bottlenecks; small genetic differences
between large populations possibly attest to relatively
similar selective pressures (LoverLess and HaMrick, 1984).

There is a contrast between clear provenance variation
in trials and the great degree of phenotypic variation in a
number of field characters (MArTIN and CossaLTER, 1975 to
1976; Pinvopusarerk et al.,, 1993; L. D. Pryor, pers. comm.,
1993) and rather unstructured isozyme differentiation. In
particular there is no pattern in allele frequencies or
measure of genetic diversity that relates to the striking
correlation between altitude and fruit size in west Timor
and Wetar (Moura, 1977) or the clearly superior growth
rates reported for low altitude provenances on Flores
(see ELDrIDGE et al.,, 1993; CuaroMaINI, 1990). Canonical
variate analysis of seedling characters distinguished po-
pulations from Wetar from all others (PINYOPUSARERK et
al., 1993). This was attributed to the particular environ-
mental conditions on Wetar (shallow soils on steep slopes,
climatic stresses).

Genetic distances between the major clusters of popu-
lations are small. In a southern temperate species of Eu-
calyptus (E. delegatensis), MoraN (unpublished data), using
isozymes, found 2 distinct clusters (distance between
groups D = 0.035 (MoranN, BELL and ProBer, 1990)) that
corresponded to the 2 major parts of the species’ distribu-
tion (New South Wales/Victoria and Tasmania) and to a
similar clustering based on morphological characters (Bo-
LaNp and DunN, 1985). Similar correspondence between
morphological data and allelic frequencies has been found
in E. nitens (Cook, 1989), although there are other eu-
calypts in which classification of taxa below the species
level is not supported by isozyme analyses (e.g. E. caesia
(Moran and Horrer, 1983) and E. crucis (Sampson, Hop-
PER and James. 1988)). The clusters of populations of E.
urophylla generated by analysis of their isozyme genotypes
loosely match those found using seedling characters (PINy-
OPUSARERK et al., 1993). However, excluding the anomalous

populations of Flores 5 and Timor 2, the distance between
the major clusters of E. urophylla (Wetar, Alor 1 and Ti-
mor 5 vs the rest; see Figure 2) is small (D = 0.01). In this
case, isolation and the differences in genomes between
geographic areas has not led to the same degree of dif-
ferentiation in isozymes as in morphological features.
Although 2 new species are proposed based on morpholo-
gical studies of adult material (E. wetarensis (Wetar ma-
terial) and E. orophila (from high altitudes on Timor) —
Pryor et al., submitted), there is no strong evidence from
this study of isozyme variation to support the establish-
ment of new species or varieties.

The origins of Eucalyptus in eastern Indonesia are un-
clear. Two explanations are possible — recent (in geolog-
ical terms) long-distance dispersal from northern Australia
and/or New Guinea, or a much more ancient occupation.
The presence of the genus on any of the islands between
Wetar/Timor and New Guinea (Irian Jaya) has not been
established. The most westerly known population of E.
pellita, a close relative of E. urophylla, is in eastern Irian
Jaya, some 1400 km east of Timor, although suitable en-
vironments for E. pellita and E. urophylla certainly exist
in the western part of Irian Jaya and their presence
there cannot be ruled out. Migrations westwards from
the Australian-New Guinea continent may have been
possible from the early Pliocene (AupLEy-CHARLES, 1981).

Alternatively, progenitors of E. urophylla may have
been present on Timor since before Timor, considered
Gondwanic in origin, collided with the southern edge of
the Laurasian Inner Banda Arc (which includes all the
other islands carrying E. urophylla) about 3 million years
ago (AubpLey-CHARLES, 1981). According to palynological
evidence from a deep sea core taken to the south-west of
Timor, Myrtaceae (presumed to be Eucalyptus) and Casua-
rina became dominant in the early part of the Pleisto-
cene at about the same time (ZAkLINskAva, 1978). The
volcanic islands of the Inner Banda Arc that currently
carry populations of E. urophylla are possibly of much
more recent origin (late Miocene), and colonisation has
taken place recently, but presumably before the late
Pleistocene when the deep trench that separates Timor
from the Inner Banda Arc was formed by down-faulting
(AupLEY-CHARLEs, 1981). The distribution of alleles is con-
sistent with this hypothesis; Timor and nearby Alor
populations contain more of the total number of alleles
present in the species (89%) than any other island (Wetar
83%, Pantar 60%, Lomblen 60%, Adonara 59%, Flores
81%). Presumably there has been sufficient time for much
of the original allelic composition of the species to be
dispersed throughout the distribution.

The apparent absence of Transversaria from the Nor-
thern Territory of Australia (and possibly also from the
western parts of New Guinea) suggests that climatic
change has since occurred to restrict the section to its
current distribution (eastern Indonesia, New Guinea,
eastern seaboard of Australia and southwest Western Aus-
tralia). Presumably the intensity of the dry season in mon-
soonal northern Australia is too severe for the species in
this group.

The high estimates of outcrossing rate in the 2 popula-
tions sampled demonstrate that E. urophylla is a pre-
dominantly outbreeding species. There is an apparent
lack of neighbourhood structure, as there is very little
variation in individual tree outcrossing rates; pollen pools
are presumably homogeneous (an assumption of the mixed
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mating model — Brown, Barrerr and Moran, 1985). Even
though there may be local groupings of close relatives
in eucalypt populations, collecting seed from widely spaced
trees may have resulted in effective sampling of local sub-
populations. The values of the fixation index suggest some
inbreeding, but because of the high outcrossing rates this
is likely to represent mating between close relatives rather
than selfing. E. urophyllia has unspecialized flowers, and
is presumably pollinated by a wide range of flying in-
sects. High levels of homozygosity in progeny compared to
parents have been described for other eucalypts (e.g. E.
delegatensis (MoraN and Brown, 1980), E. stoatei (HOPPER
and Moran, 1981)), indicating selection against homozy-
gotes between seed set and sexual maturity. The reason-
able levels of genetic diversity found in E. urophylla
suggest that normal breeding strategies (see ELDRIDGE et
al., 1993) that have been applied to other species in the
genus will be appropriate.
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