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Abstract 

Eucalyptus L'H6ritier (Myrtaceae: Leptospermoideae) species are native to the Austro-Malaysian region, but have 
been widely planted in temperate and subtropical regions around the world. In most regions where Eucalyptus have 
been imported, the Eucalyptus Longhorned Borer (Phoracantha semipunctata E) (Coleoptera: Cerambycidae) has 
been accidently introduced. Larvae of the beetle bore through the bark and mine along the cambium of stressed trees, 
usually killing their host. We report here the relative susceptibilities of 12 Eucalyptus species in two mixed-species 
plantations in California, USA. These trees were stressed by water deficit resulting from a prolonged drought. 
Eucalyptus species that appeared resistant to the borer included E. camaldulensis Dehnhardt, E. cladocalyx E 
Muller, E. sideroxylon A. Cunn. ex Woolls, and E. trabutii (an E. camaldulensis hybrid). Species that were more 
susceptible to attack were E. diversicolor F. Mueller, E. globulus LaBillardi~re, E. grandis Hill ex Maiden, E. nitens 
(Deane & Maiden), E. saligna Sm., and E. viminalis LaBillardi~re. Survival of trees was influenced by fine-scale 
moisture variation resulting from slope and irrigation effects. Resistance characteristics of these Eucalyptus species 
did not correlate with taxonomic relatedness or bark characteristics, but did correspond to drought tolerance traits 
in their native habitat. Eucalyptus species that were resistant to attack by P. semipunctata were those that are most 
tolerant of drought in Australia. 

Introduction 

Eucalyptus evolved in the Austro-Malaysian region, 
but has been widely planted and become naturalized in 
temperate regions around the world (Zacharin, 1978). 
The global popularity of this myrtaceous genus is a 
reflection of its value for timber, fuelwood, wood 
fibre and in ornamental plantings (Zacharin, 1978; 
FAO, 1981). The introduction of Eucalyptus species 
is facilitated by their ability to thrive under conditions 
that differ greatly from their native habitat, especially 
where climates are more arid or soils are of low qual- 
ity (Chararas, 1969a; Turnbull & Pryor, 1978; FAO, 
1981). Introduced Eucalyptus may grow vigorously in 
novel habitats, nevertheless poor adaption to growing 

conditions can result in physiological stress (Chararas, 
1969a). 

The stressed condition of Eucalyptus trees intro- 
duced into many countries has been painfully illus- 
trated by devastation inflicted by the Eucalyptus 
Longhorned Borer (Phoracantha semipunctata F.) 
whose larvae feed on the cambium of the trunk and 
limbs. In its native Australia, this large beetle is rather 
uncommon and of only minor significance, its damage 
being mostly limited to downed or sickly Eucalyp- 
tus trees (Tooke, 1935; Chararas, 1969a). However, 
in nearly every region of the world where Eucalyptus 
has been introduced (e.g., Israel, Spain, Portugal, Italy, 
Tunisia, Egypt, and South Africa), P. semipunctata has 
arrived, killing stressed trees in staggering numbers 
with serious economic consequences (e.g., Chararas, 
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1969a; Drinkwater, 1975; Ivory, 1977; Gonz~ilez- 
Tirado, 1986). 

Eucalyptus species vary in their susceptibilities to 
attack by P. semipunctata, but even relatively resis- 
tant species may be rendered vulnerable to attack 
by poor soil quality or water deficit (e.g., Chararas, 
1969a; Drinkwater, 1975; Ivory, 1977; Gonz~ilez- 
Tirado, 1986). Chararas (1969a, b; see also Chararas 
et al., 1969) suggested that the vulnerability of some 
introduced Eucalyptus species was due to their being 
planted in environments to which they were poorly 
adapted. Soil or climate conditions apparently deter- 
mine resistance through their influence on the physi- 
cal properties of the bark. The resistance of trees to 
attack by P. semipunctata is correlated with their abili- 
ty to maintain bark turgidity under drought conditions 
(Chararas, 1969b; Hanks et al., 1991). Turgid bark 
may act as a physical barrier, preventing larvae from 
penetrating to the cambium (Hanks et al., 1991). 

Phoracantha semipunctata was first identified in 
California in 1984, having been introduced via an 
unknown route (Scriven et al., 1986). The severe 
impact of  the beetle on Eucalyptus stands has been 
exacerbated by a severe drought that lasted from 1986 
to 1992. As was the case in other regions of the world, 
stress predisposes Eucalyptus trees to attack, but some 
host species are clearly resistant to beetle attack (Scriv- 
en et al., 1986; Paine etal., 1990). 

Much work has been done in California in eval- 
uating Eucalyptus species and provenances for their 
growth rates and tolerance of cold (e.g., Donaldson 
et al., 1988; Hasey et al., 1988). However, resis- 
tance to insects is a characteristic that has been com- 
pletely ignored in breeding and selection trials. The 
appearance ofP. semipunctata adds another important 
factor that must be considered in selecting Eucalyp- 
tus species for planting. In this paper, we compare 
the relative susceptibility to borer attack of several 
Eucalyptus species. Our studies were conducted in 
two mixed-species plantations to appraise susceptibili- 
ties of Eucalyptus species under similar environmental 
conditions. 

Natural history of P. semipunctata 

Adult P semipunctata average 2.3 cm in length and are 
strong fliers (Drinkwater, 1975). They may live in the 
field for more than one month, feeding on the nectar 
and pollen ofEucalyptusftowers (Scriven etal., 1986). 
Adults of both sexes are strongly attracted to stressed 

Eucalyptus trees and fresh logs on which they mate and 
oviposit (Drinkwater, 1975; Ivory, 1977; Scriven etaL, 
1986; Gonz~ilez-Tirado, 1986; Hanks et al., 1993). 

Female P. semipunctata lay their eggs in batches 
of up to 40 eggs under loose bark or in bark cracks 
anywhere on the woody parts of the tree (Drinkwater, 
1975). Neonates penetrate the bark and feed voracious- 
ly along the cambium and phloem. Heavy infestations 
of P. semipunctata completely destroy the cambium 
layer, but just a few larvae can kill a host by girdling the 
tree. Development from egg to adult requires 3 months 
during summer, but may last 8 months when prepupae 
overwinter. In southern California, adult emergence 
is unsynchronized, and beetles are present from late 
spring to late fall. 

Materials and methods 

To compare Eucalyptus species in their susceptibilities 
to attack by P. semipunctata, we monitored survivor- 
ship of trees in two plantations in 1990 and 1992. In 
both plantations, trees experienced water deficit due to 
insufficient irrigation and a prolonged drought. 

Eucalyptus species. Twelve species of Eucalyptus 
were planted at the two study plantations. The eco- 
logical characteristics of these species in their native 
range are summarized in Table 1. According to Pryor 
& Johnson (1971), some of these twelve species are not 
closely related to any of the others (CAM, CLA, DIV, 
SID; see Table 1 for species codes). However, some 
groups of the remaining species are apparently more 
closely related and fall within the same subseries (a 
class above supergenus), including the species group 
GLO, NIT (which is in the same series as DAL and 
VIM) and the group GRA, SAL, ROB. E. x trabutii 
is a hybrid of E. camaMulensis and E. botryoides Sm. 
that arises naturally in Africa (FAO, 1981). 

Some of our study species (CAM, GRA, GLO, 
SAL, ROB, and VIM) are among the 10 most com- 
monly planted eucalypts outside of Australia, and 
are also of the greatest commercial value (Brown & 
Hillis, 1978; Zacharin, 1978; FAO, 1981). GLO is the 
most abundant eucalypt in California, as it is in most 
other countries (Turnbull & Pryor, 1978; Zacharin, 
1978). All of our study species are known hosts of 
P. semipunctata in other parts of the world (Drinkwa- 
ter, 1975), and all but TRA have been widely planted 
in California (FAO, 1981). 
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Table 1. Characteristics of Eucalyptus species planted in study plantations (summarized from FAO 1979, Turnbull & Pryor 1978) Climate, 
soil and drought tolerance information refer to conditions in the natural range of the species (FAO 1979) 

Eucalyptus species, common Species Australian Climate Rainfall Typical soils Drought 

name CODE distribution (cm) tolerance 

E. camaldulensis Dehnhardt CAM widespread variable summer-winter 25-63 variable, tolerant high 

'River Red Gum'  rainfall of poor soils 

E. cladocalyx F. Mueller CLA restricted, S winter rainfall 38-63 shallow, dry high 

'Sugargum' 

E. dalrympleana Maiden DAL SE coast and winter-uniform rainfall 88-140 variable low 

'Mountain Gum'  Tasmania 

E. diversicolor F. Mueller DIV restricted, mild temperate, winter 110-150 sandy, sandy moderate 

'Karri' SW rainfall loam 

E. globulus LaBillardi~re GLO SE coast and winter-uniform rain 50-150 moist, well- low 

'Blue Gum'  Tasmania drained loams 

E. grandis Hill ex Maiden GRA E coast subtropical moist, 100-180 well-drained, low 

'Flooded Gum'  summer rainfall moist 

E. nitens (Deane & Maiden) NIT SE coast cool temperate, winter- 75-130 well-drained low 

Maid. uniform moist loams 

'Shining Gum'  

E. robusta Sm. ROB E coast uniform-summer rainfall 100-150 wet soils, low 

'Swamp Mahogany' swamps 

E. saligna Sm. SAL E coast warm temperate to 80-150 well-drained low 

'Sydney Blue Gum'  subtropical moist, moist loams 

uniform-summer rainfall 

summer-winter rain E. sideroxylon A. Cunn. ex SID E coast, 

Woolls inland 

'Red lronbark' 

E. x trabutii-hybrid of E. TRA not present 

camaldulensis and E. botryoides in Aust. 

E. viminalis LaBillardiBre VIM SE and 

'Manna Gum'  Tasmania 

38-63 poor soils: sands, high 

gravels, clays 

cool temperate, summer 58-150 variable low 

rainfall 

Study sites 

Santa Margarita site. The Santa Margarita Eucalyptus 
plantation was located in the Santa Margarita Ecolog- 
ical Preserve, ~5  km SW of Temecula, California at 
330 m elevation. Annual temperature at the preserve 
averages 15-18 ~ and precipitation averages 280 mm. 
A Eucalyptus plantation of 2,200 trees was established 
on a moderate south-facing slope in fall 1983 through 
early summer 1984 by one of the authors (JLH). A drip 
irrigation system provided soluble fertilizer and water 
levels that were equivalent to an additional 120 mm 
of precipitation yearly. Irrigation was terminated after 
summer 1989. 

Trees of 23 Eucalyptus species/provenances/seed 
sources were planted in two fields that were adjacent to 

one another (see Fig. 1). Trees in Field 1 were planted 
in 2.4 x 1.8 m spacing, while a spacing of 1.8 x 1.8 m 
was used in Field 2. In most cases trees were in blocks 
of 25 (5 x 5 trees) conspecific trees (Fig. 1). We used 
blocks of fewer trees in the analysis if they contained 
more than 5 trees (including 9 blocks of CAM, 2 blocks 
of GRA, 2 blocks of DAL), but blocks with fewer than 
5 trees were not included (1 block of DIV and GRA, 
two blocks of GLO). Species represented by only a 
single block were not included in the study. 

Trees at the bottom of the hill grew faster 
(J. L. Hom, unpubl.), and this slope affect probably 
resulted from drainage patterns. Because the resistance 
of Eucalyptus to attack by P. semipunctata is strongly 
influenced by moisture availability, beetle attack could 
also be influenced by slope. We tested this hypothesis 
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Fig,. 1. Diagram of the Santa Margarita Eucalyptus plantation. Abbreviations of Eucalyptus species names are listed in Table I. Field 2 
was located to the right of Field 1 on a moderate slope. Each field was divided by an unplanted column. Each square represents a block 
of 25 trees of a single species (see METHODS section for exceptions). Shading of blocks indicates percentage of trees that were alive (see 
legend). Numbers following species abbreviations indicate provenance/seed source: CAM I =California Dept. of Forestry; CAM2=Lake 
Albacutya; CAM3 = Spanish Forest Service; GLO1 = commercial seed; GLO2=California Dept. of Forestry; GRAI= California Dept. of 
Forestry; GRA2 = Florida Improved; GRA3 = commercial seed. CLA and DIV seed originated from S. African Forestry Service. DAL, GLO 
and VIM originated from California Dept. of Forestry stock. All other species were from commercial seed. Blocks marked with 'X' contained 
less than five trees or were species represented by only one block, which were not included in the study. 

by comparing beetle attack rates within provenances 
of  CAM which were widely distributed throughout the 
plantation (CAM1, CAM2,  CAM3; see captions for 
Fig. 1). We first tested for differences between prove- 
nances in the percentage of  trees escaping attack by 
the beetle. We tested for slope effects by comparing 
the survivorship of  CAM trees that occurred in the top 
two rows of  trees (elevation 1150-1160 I) with that of  
CAM trees in the bottom two rows (elevation 1110- 
11351). 

Other posit ional effects might  also influence attack 
rates, such as proximity to tree blocks having high mor- 
tality rates and from which large numbers of  beetles 
would have emerged. These kinds of  position effects 
would be indicated by contagious patterns of  beetle 
attack within the plantation. 

Trees of  some Eucalyptus species originated from 
multiple provenances/seed sources (see caption for 
Fig. 1), but we could not analyze these blocks separate- 

ly because of  small sample size. We did, however, test 
block effects within species that might indicate differ- 
ences between plant sources. 

Miramar site. A plantation at Miramar Naval Air  Sta- 
tion, in San Diego, CA was planted with four species 
of  Eucalyptus, including CAM, GLO, GRA and TRA. 
Trees were planted on land surface with very little topo- 
graphic relief, sloping only 2-9%.  Between May and 
July 1986, 5052 trees were planted with 2.4 • 2.4 m 
spacing in 20 single-species plots (Fig. 2). The marine- 
influenced climate has an average annual precipitation 
of  25-30 cm. Two small creeks that crossed the plan- 
tation contained water at irregular intervals during the 
summer months. Irrigation was provided by an auto- 
mated drip system. However, beginning in summer 
1991 the irrigation system failed periodical ly and trees 
went for weeks without receiving water. Because the 
direction of  water flow in the irrigation system was 
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Fig. 2. Diagram of Miramar Eucalyptus plantation. Abbreviations of Eucalyptus species names are listed in Table 1. CAM provenances are 
cv. Lake Albacutya ( 'CAMI')  and cv. obtusa ('CAM2'), and GLO provenance is cv. barnback. Blocks were defined by the position of valves 
for irrigation lines and were arranged in a linear series with Block B in the middle. Each block represents varying numbers of trees of a single 
species. Percent of tree that were alive is indicated in each block along with the number of trees. 

from east to west, moisture levels were lower in the 
westernmost part of the plantation. We predicted that 
mortality of Eucalyptus at Miramar would show posi- 
tional effects that would reflect this moisture gradient. 
To test this hypothesis, we included a Block effect in 
the ANOVA model (see Fig. 2 for definition of Blocks), 
and also tested the Block* Species interaction term 
to test for inconsistencies in positional effects across 
species. 

Host plant resistance. We evaluated the susceptibili- 
ties of Eucalyptus species to attack by P. semipunctata 
by visually examining the lower 3 m of the trunks of 
every tree in the plantations. Trees were categorized 
as: 1) 'beetle killed' (tree dead and larval galleries 
present in the trunks); 2) 'surviving attack' (trees alive 

and with green foliage, but showing superficial feed- 
ing damage by first instars or galleries of larger larvae 
under the bark); or 3) 'escaping attack' (trees alive and 
no sign of larval galleries). Two measures of survivor- 
ship were used: 'percentage alive' ([categories 2 and 
3/total number of trees]* 100) and 'percentage escap- 
ing attack' ([category 3/total number of trees]* 100). 
Because of the rough bark of SID trees, we were not 
able to detect feeding galleries of the smallest larvae 
on living trees, so estimates of escaped attack for this 
species may be conservative. Trees missing or killed 
by unknown agents were not included in the study. 

At Santa Margarita, we recorded mortality and mor- 
bidity data on both 22 June 1990 and 19 March 1992, 
approximately one and three years after termination of 
irrigation. Tree survivorship at Miramar was measured 



190 

on 12-14 April 1992, about one year after failure of 
the irrigation system. 

Statistics. Survivorship values (percentage of trees 
alive or escaping attack per block) were arcsine- 
transformed prior to analysis of variance (ANO- 
VA; Sokal & Rohlf, 1981; SAS, 1988). Differences 
between treatment means were tested as unplanned 
comparisons. To control the maximum experimentwise 
error rate under any complete or partial null hypoth- 
esis, we used the Tukey-Kramer method to test for 
differences between means (SAS, 1988). We present 
untransformed means+SE throughout. 

Results 

Santa Margarita site. In 22 June 1990, the percentage 
of trees escaping beetle attack was greater than 90% 
in most of the Eucalyptus species, with the excep- 
tion of VIM (82%) and DIV (23%), but only DIV 
survivorship was significantly lower than all other 
species (FI 1,74 = 16.9, P<0.0001; Tukey-Kramer test, 
P<0.05). Moreover, the percentage of trees that were 
alive was uniformly high (>90% of trees alive) across 
all species except DIV (49% alive) (F11,74=16.8, 
P<0.0001; Tukey-Kramer test, P<0.05). By 1992, 
three years after irrigation was terminated, there was 
much greater variation among Eucalyptus species in 
the percentage escaping attack by P. semipunctata 
(Fig. 3; F11,66 = 23.1, P<0.0001). 

The three provenances of CAM trees did not differ 
in the percentage escaping attack in 1992 (means for 
provenances CAM1, CAM2 and CAM3 were 73+7, 
86+4 and 82-1-3, respectively; means not significant- 
ly different, F2,37 = 1.71, P>0.05). We therefore com- 
bined the data for the three provenances to examine the 
influence of slope on tree survivorship. The percent- 
age of trees escaping attack for all CAM provenances 
together were higher in the bottom two rows of the 
plantation compared to the top 2 rows (mean 864-3 and 
744-4 for bottom and top, respectively; F1,29 =5.15, 
P =  0.031). This finding suggests that trees at the top 
of the hill were more susceptible to beetle attack due 
to a slope effect. Because slope effects might influ- 
ence mortality rates of different Eucalyptus species 
that were represented by fewer blocks, we included 
the row effect in the ANOVA model. 

In 1992, fewer trees escaped attack of the species 
DIV, GLO, GRA, NIT, VIM, and SAL (Tukey-Kramer 
test, P<0.05), and SAL was eradicated (Fig. 3). Most 

of the remaining species showed signs of attack, even 
though the percentage of trees that were alive was high 
(CAM, CLA, DAL, ROB, SID, and TRA) (Fig. 3; 
Fll,66=41.4, P<0.0001). When row was added as 
an effect in the ANOVA model for % alive, the row 
term was not significant (F1,66 = 1.8, P=0.19),  sug- 
gesting that slope effects were not solely responsible 
for differences between species in survival. Moreover, 
similarity in attack rates between blocks of the same 
species that were in different rows suggest that slope 
effects did not strongly influence susceptibility (Fig. 1). 
The only exception is the CDF provenance of GRA 
( 'GRAI ' ) ,  all blocks of which occurred at the bottom 
of field 2. The high survivorship of this provenance 
of GRA (compared to GRA3 in the same field) could 
therefore be due to either genetic effects or greater 
moisture availability. 

There was no evidence that other position effects 
influenced the likelihood of attack by P. semipunctata. 
For, example, CAM block 2,2 in field 2 was surround- 
ed on three sides by blocks that were devastated by 
beetles, and from which large numbers of adult beetles 
undoubtedly emerged, but nevertheless the resistant 
CAM trees suffered little mortality. On the other hand, 
SAL block 1,3 in field 1 was surrounded by blocks 
of relatively resistant trees showing negligible rates of 
attack, yet the SAL trees were as severely attacked as 
they were in block 3,2 of field 2 where they were adja- 
cent to other highly infested blocks. The consistency 
of attack rates across blocks of the same species in 
different locations indicates that movement of beetles 
within the plantation was uninhibited (as expected for 
a strong-flying insect), and that attack rates were not 
due to position effects, but to attraction and/or resis- 
tance traits that are inherent characteristics of individ- 
ual species. 

Miramar site. Eucalyptus species planted at the Mira- 
mar location also differed strongly in their susceptibil- 
ities to borer attack, and these data corresponded well 
with the Santa Margarita study (Fig. 4). Most of the 
CAM and TRA trees were still alive while GLO and 
GRA had much lower survival (Fig. 4) (F3,15 = 8.52, 
P=0.0015; Tukey-Kramer test, P<0.05). However, 
the survival of trees was significantly affected by 
position in the plantation apparently due to irriga- 
tion effects; the percentage of surviving GRA and 
GLO trees decreased from east to west (block C to 
block A in Figs 2 and 5; block effect significant, 
F2,7 = 6.31, P = 0.027; block* species interaction not 
significant, F6,7 =2.57, P=0.12).  This position effect 
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Fig. 3. Survivorship of Eucalyptus species at the Santa Margarita plantation near Temecula, CA in 1992. Abbreviations of Eucalyptus species 
names are listed in Table 1. Shaded bars represent the percentage of trees that escaped attack by P. semipunctata (trees alive and not showing 
any evidence of larval galleries). Striped bars represent the percentage of trees that were alive. 

was undoubtedly due to failure in the irrigation system 
which resulted in a declining moisture gradient from 
east to west. 

CAM and TRA trees showed very little evidence of 
beetle attack (larval galleries) compared to GLO and 
GRA, with the result that these two pairs of species also 
differed significantly in the percentage escaping attack 
(F3,15 = 9.34, P = 0.001 ; Tukey-Kramer test, P<0.05). 
Patterns of mortality within the plantation did not seem 
to correspond with other environmental affects that 
might influence survivorship. For example, survivor- 
ship was apparently not influenced by proximity to 
seasonal creeks or to the infestation rates of neighbor- 
ing plots of trees. Because all four species were well 
dispersed throughout the plantation, we believe that 
these survivorship data provide good evidence of rela- 
tive susceptibilities of these Eucalyptus species. 

Discussion 

During a prolonged drought period, the wood-boring 
beetle Phoracantha semipunctata killed 25% (485) of 
the Eucalyptus trees in the Santa Margarita plantation 
and 15% (697) of the trees in the Miramar planta- 
tion. In both plantations, tree resistance to borer attack 
was strongly influenced by fine-scale moisture effects; 
trees suffering moisture deficits due to either slope 
effects (Santa Margarita plantation) or irrigation pat- 

terns (Miramar plantation) were more likely to be killed 
by the beetle. In spite of the positional effects related 
to variability in moisture levels, mortality rates were 
fairly consistent within host species. This finding con- 
firms that Eucalyptus species do differ dramatically in 
their susceptibilities to borer attack with some species 
surviving drought conditions and other species being 
decimated. 

Other observations of the fate of Eucalyptus in 
Southern California correlate well with these exper- 
imental results. In another study (unpubl.), we mon- 
itored tree mortality in single-species plantations of 
Eucalyptus in San Diego county on the campus of the 
University of California at San Diego (species CAM), 
at Elliot Field Station (species CLA), and at Camp 
Pendleton Marine Base (species GLO). Fifty trees at 
each site were tagged in 1988 before beetles were 
present in large numbers, however planting dates and 
ages of these trees were not controlled in the experi- 
ment. By April 1990, the percentage of trees killed by 
the beetle were 6% for CAM, 0% for CLA and 25% for 
GLO. The similarity between these results and those 
of our plantation studies (compare with Fig. 3) further 
suggests that the species of Eucalyptus planted more 
strongly influences mortality rates than either site con- 
ditions (such as edaphic factors and local climate) or 
tree conditions (such as age or size). Nevertheless, it 
should be kept in mind that even resistant species can 
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fall prey to the beetle if grown under stressful condi- 
tions. 

We conclude that variability in mortality rates 
across Eucalyptus species in the present study was 
not merely a reflection of oviposition preferences of 
the adult beetles, because many trees showed signs of 
larval feeding, but had apparently resisted and over- 
come attack. Our findings suggest that these Eucalyp- 
tus species differ in their inherent abilities to resist col- 
onization by P semipunctata. Resistance of Eucalyptus 
species did not correlate with any obvious morpholog- 
ical characteristics. For example, SID has extremely 
rough bark that might provide abundant oviposition 
sites for the beetle, but this species was rarely killed. 
In general, bark color, thickness or texture does not 
seem to influence attack by P. semipunctata (Chararas, 
1969a; Ivory, 1977). Moreover, there was little evi- 
dence that similarities among Eucalyptus species in 
attack rates could be explained by taxonomic related- 
ness. For example, the closely related species GLO and 
NIT showed similar attack rates, but the strongly resis- 
tant ROB is closely related to the weakly resistant GRA 
and SAL (Fig. 3). Dissimilarity in the susceptibilities 
of apparently related Eucalyptus species in our study 
may reflect the artificiality of taxonomic groupings of 
Eucalyptus (see Pryor & Johnson, 1971). 

The resistance characteristics of the Eucalyptus 
species in our study might better be explained by con- 
sidering the environmental conditions of their native 
habitats. CAM, CLA and SID showed high survivor- 
ship under the drought conditions of our study, and all 
three of these species originate from areas in Australia 
having low annual precipitation, and are tolerant of 
drought and low quality soils (Table 1). The relative 
resistance of these three species has also been observed 
in other exotic plantings outside Australia (Chararas, 
1969a, b; Chararas et al., 1969; Ivory, 1977; Martinez- 
Egea, 1982; Montoya-Oliver et al., 1983; Gonzalez- 
Tirado, 1986). On the other hand, we observed low 
survivorship of DIV, GLO, GRA, NIT, SAL and VIM, 
all of which are vulnerable to drought in Australia 
(Table 1), and are also known to be highly suscepti- 
ble to borer attack elsewhere (Tooke, 1935; Poynton, 
1960; Chararas et al., 1969; Ivory, 1977; Martinez- 
Egea, 1982; Gonzalez-Tirado, 1986). 

The resistance characteristics of many Eucalyptus 
species thus appear to be rather consistent across coun- 
tries of introduction, and their vulnerability to borers 
can be predicted to some extent by their tolerance of 
drought in their native habitat. However, the relative 
resistance of ROB and DAL in our study is surpris- 
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ing since both are intolerant of drought in Australia 
(Table 1), and because ROB is known to have low 
resistance in Africa (Tooke, 1935; Ivory, 1977). How- 
ever, the high survivorship of DAL at the Santa Mar- 
garita site may be misleading because this species was 
represented by only two blocks that were both in the 
bottom row of Field 1 where soil moisture may have 
been higher. We suggest that these species be used with 
caution in California until their susceptibility to borers 
is more thoroughly evaluated. 

Our data provide criteria for selecting Eucalyp- 
tus species for planting in California that are resis- 
tant to P. semipunctata. The species E. camaldulensis, 
E. cladocalyx, E. sideroxylon, and the hybrid E. trabu- 
tii have the highest resistance among the tree species 
we examined. All of these species except E. trabu- 
tii are currently widely planted in California. On the 
other hand, the species E. diversicolor, E. globulus, 
E. nitens, E. saligna, and E. viminalis appeared less 
resistant. Because resistance to borer attack can be 
reduced by stress, proper silvicultural management 
(especially irrigation) can greatly benefit Eucalyptus 
in California, especially if trees are of these less resis- 
tant species (Paine et al., 1993). 
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