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ABSTRACT

The current world situation with regard to introduction and
establishment of bark and timber beetles’(Coleoptera: Scolytidae and
Platypodidae) was examined by means of an extensive literature review,
examination of various plant protection legislation, and through personal
communication with world experts. Fifty-four species of scolytids and
3 platypodids are listed as being established outside their native ranges,
due primarily to ineffective quarantine procedures.

The most important biological, biogeographical and ecological
factors affecting establishment are: opportunity, degree of pfe-
adaptation, adaptability, and the presence of susceptible host material
of suitable size and age for beetle development. Analysis of these
factors as well as past establishment records and lists of intercepted
beetles compiled from various plant protection records led to the selec~
tion of 16 scolytids demonstrating particular potential for future
exotic pest status.

Plant protection legislation and policies of all major wood-
producing countries were examined and concluded to be rélafively effec~
tive in developed timber-producing countries for the following reasons:
adequate finances alloted for maintenance of sufficient, well-trained
and efficient personnel; willingness to accept a minar degree of inef-
ficiency in handling; and, a willingness and ability to enforce legisla-
tion. Adequate 1egislation and‘policies were conspicuous by their
absencekin many tropical countries where the threat posedgby establish-
ment of exotic bark and timber beetles is perhaps the greatest.
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INTRODUCTION

Many exotic bark and timber beetles have become established in
the various timber-producing countries of the world causing widespread
destruction and fofcing the re-evaluation of current plant protection
legislation and practices. Yet, many countries do not recognize the
threat posed to their forests or those of neighbouring countries, by
these and other potential exotic bark and timber beetle pests. As a re-
sult, several important introductions have taken place in recent years
and more will undoubtedly take place in the future.

My objectives were:

1) to survey the past worldwide introductions and interceptions of
scolytids and platypodids;

2) to analyze the biological, economic, éeographic and legal factors
that influence introductions of exotic bark and timber beetles;
and

3) to identify selected species which represent major threats of

future introduction and significant economic impact.

Information was obtained primarily through examination of the published
literature, and correspondence with plant protection agencies in timber

producing and exporting countries.
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SURVEY OF INTRODUCTION AND INTERCEPTIONS

In this paper, the term introduction implies that man is respon-
sible for members of a species entering a new geographical area. An
established speciés is one that has extended its range, either naturally
or through introduction by man, and which has been able to reproduce
through infesting fresh host material in a new région. Tab;e I lists 54
and 3 species of scolytids and platypodids, respectively, which have be-
come established outside their natural geographic ranges. Some species
in which the mode of introduction is unknown are‘listed, despite the
possibility'that establishment may represent a natural extension of geo-
graphic range.

An interception is the capture by man of one or more individuals
of a given species in the act of being introduced. >Interception records
of scolytids and platypodids by 8 countries are documented in Table IT.
These records vary greatly between countries depending on their plant
protection legislation and the manner in which it is implemented. More~
over, these recordé do not document introductions which do not result in

establishment, since such events usually go unnoticed.'
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Notes for Table I

a If known, native hosts of beetles designated by *. Hosts in
new ranges of beetle designated by f¥. '

Department of Zoology, Brigham Young University, Provo, Utah,
84602, U.S.A. '

c . , . .
Station de Recherches, Forestidre D'Avignon, Avignon, France.

d Forstzoologisches Institut der Universitat Freiburg im
Breisgau. Fed. Rep. Germany.

€ Plant Protection Research Institute, Ryan Road, Rosebank,
7700, Cape, Republic of South Africa.

£ University of Wisconsin-Madison, Department of Entomology,
Madison, Wisconsin, 53706, U.S.A.

g Forest Research Institute, New Zealand Forest Service,
Private Bag, Rotorua, New Zealand.

h . . : .
Forest Research Station, Alice Holt Lodge, Wrecclesham,
Farnham, Surrey, U.K.
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CHARACTERISTICS OF INTRODUCTION AND ESTABLISHMENT

Geographic and Climatic Factors

Elton (1958) postulated that eventually all species will become
established in all regions favourable to them. Since the theory implies
unlimited time, it is rather hard to disprove. I suggest that it is
overly fatalistic. In a pragmatic sense, successful establishment re-
qguires certain criteria to be met. The’organism must be introduced
alive in a stage of its life cycle synchronized with the new environment
or capable of becoming so. This of course presents a problem in adapta-
tion from one polar hemisphere to aﬁother. A lack of diapause or the
capability of extending diapause is a definite advantage.

Some tropical or subtropical species have managéd to become
established in temperate areas., Crossotarsué fairmairei Chapuis, a platy-
podid native to India and Sri Lanka has managed to become established oﬂ
the relatively temperate Japanese island of Honshu (Nobuchi 1973).
Platypus solidus Walker is another tropical species established in Japan
(Nbbuchi 1973). Xylosandrus morigerus (Blandford), an apparently poly-
phagous shoot~-boring scolytid is establiéhed in an artificial tropical
environment as a pest of greenhouse orchids (J. P. Vite,l personal commu-
nication). Conversely, very few temperate species are established in
tropical areas. The reasons for this are not as obvious. Many species

inhabit the tropics. As a result, interspecific competition is intense,

‘Forstzoologisches Institut der Universitat Freiburg im Breisgau.
Fed. Rep. Germany.
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and most species are quite specialized and consequently quite difficult

to displace.

Associated Organisms and Predisposition of the Host Plant

The food requirements of bark and ambrosia beetles are more com-
plicated than those of many insects. Ambrosia beetles are completely de-~
pendent on symbiotic fungi for their nourishment while most of the bark
beetles exhibit varying degrees of dependency on these symbiotes (Graham
1967, Whitney 1971, Whitney and Cobb 1972, Barras 1973). Therefore the
survival of introduced barkkand timber beetles is contingent upon the
occurrence of particular species in mycetangia and their survival on
piant hosts in the site of introduction. Ceratocystis spp. are probably
the most important fungi associated with scolytids, They appear to be
somewhat specific to beetle species as well as host plants. In most
cases investigated thoroughly, the fungus has been implicated in tree
death. For example, Ceratocystis ulmi (Buisman) C. Moreau, is the patho-
gen responsible for the Dutch elm disease (Barger and Hock 1971). Cera-
tocystis dryocoetis Kendrick and Molnar causes the death of fir (Abies
spp.) and other Ceratocystis spp. are thought to kill Pinus spp. that
have been attacked by Dendroctonus brevicomis LeConte and Dendroctonus
ponderosae Hopkins in western North America (Browne 1968, Whitney 1972).

Often successful attack by scolytids and platypodids may be de-
pendent upon their host trees being predisposed to attack by primary \
invaders, often other, more aggressive bark beetles or pathogens. X.

morigerus, when it appears as a pest of cocoa, is most often associated
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with root nematodes, Pratylenchus spp. {(Entwistle 1972). Scolytus multi-
striatus (Marsh.) is not often able to produce broods in the bole of elm
trees until the trees have become debilitated from C. ulmi infestation
resulting from inoculum in twigs the preceding year (Anderson 1966).

Many secondary scolytids are usually found associated with more aggresive
species. Exampies are the association of Pseudohylesinus nebulosus
{LeConte) with Dendroctonus pseudotsugae Hopkins (Walters and McMullen
1956), and of Ips paraconfusus Lanier with D. brevicomis (Miller and Keen
1960). It is questionable whether the secondary species could become
established or cause significant impact in an area that lacked the aggres-
sive species. However, several secondary beetles have become established
in various countries and have become serious pests, e.g., Hylastes ater

(Paykull) in Australia (Browne 1968).

Host Susceptibility and Availability

Introduced drganisms may encounter a suitable host species at the
wrong stage of development or in insufficient quantity to allow estab-
lishment. For example, as reviewed by Phillips and Bevan (1967),_the
host of Ips cembrae (Heer), Larix decidua Mill. has been grown in the
United Kingdom (U.K.) since 1620,.and from about 1740 became the first
exotic tree to be extensively planted there. It is highly unlikely that
I. cembrae was not introduced between 1620 and 1945, the year it was
believed to have come in on a consignment of German timber. The reasoné
for its dramatic increase to epidemic proportions in 1955 were the exis-

terice of a large crop of somewhat decadent trees, an extensive windthrow
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in 1953 which provided considerable breeding material and lastly, a
drought in 1955 which provided ideal breeding conditions for the beetles
in standing timber.

Another factor is the potential of an introduced species to
switch to a new host in the region of introduction. Studies by furniss
and Schenk (1969) in an arboretum in northern Idaho suggest that there
may be considerable potential for such occurrences. 1In this particular
case D. ponderosae attackéd seven new hosts: Pinus bankéiana‘Lambert,
Pinus nigra Arnold, Pinus resinosa Aiton, Pinus rigida Miller, Pinus
strobus L., Pinus sylvestris L., and Picea abies (L.). Only P. banksiana
occurs naturally within the range of the beetle. Ips calligraphus
(Germar) is another example (Bright and Stark 1973). Origiﬁally from
easterﬁ North America, it is thought to have become established oh
several Pinus spp. in California around 1900, and has since been intro-
duced into the Philippines where it is a»minor pest okainus Spp. Fur;
ther evidence that édditional host specieskmay be acceptable are recorded
instances of Dendroctonus micans Kugelann, Ips typographus L. and I.
amitinus Eichhoff attacking Picea sitchensis (Bong.) Carr, .in Eurépe
(Jones, T. 1967; Browne. 1968), Ips pini Say attacking Pinus sylvestris ih
Canada (Browne 1968), Blastophagus. piniperda L. attacking Pseudotsuga
menziesii (Mirb.) Franco in the U.K. (Browne 1968), and Dendroctonus

frontalis Zimmerman breeding successfully in Picea abies (Baker 1972).

Number of Introduced Insects and Establishment Success

It is probably impossible to determine the exact number of beetles
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that must be introduced in order to result in an establishment per se.
Obviously, the survival of at least one gravid female is required. How-
ever, many more individuals may be required to meet such prerequisites
as overcoming host tree resistance by mass attack of bark beetlesv(Borden
1974) and the presence of enough individuals to set up a source of secon-
dary attraction (Borden, VaruierSaJ: and Stokkink 1975) which would con-
centrate beetles on selected available hosts (Atkins 1966). It would
appear logical to assume that the greater the number of live beetles

imported, the greater their chance of becoming established.

Adaptation to New Environment

Another factor that must be considered is that of rapid adapta-
tion to a new environment. The gene pool of an introduced species will
be very small unless an enormous number of beetles has been introduced.
The more introduced individuals, the greater the variability of the popu-
lation and the Qreatér the probability of successful adaptation to the
environment of the new region.

Several factors favour rapid adaptation of an invading species.
Because of the very low initial population levels and consequent lack of
extensive geénetic variation, the effects of natural selection preésures
will be very pronounced. Success or failure of a species will be deter-
mined soon after introduction. Some degree of preadaptation is usually
essential. For example, an inability to survive cold periods while in
diapause or the lack of a winter diapause are probably the main reasons
very few tropical scolytids and platypodids have become established in

temperate areas (Table I).
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The "Founder Effect” (Mayr 1963) implies that organisms can
evolve very rapidly after their successful establishment. Most intro-
duced pests are generalized species which have the advantage of some de-
gree of preadaptation. Also, they adapt rapidly to exploit an available
niche, sémetimes displacing indigenous species. Apart from outright dis-
placement, invading species may also exploit previously unoccupied
niches or partition existing ones (Hutchinson 1959). While in the expan-
sion state, the insect tends to retain its generalized characteristics
and to be more damaging to its environment. For example, 6 introduced
Hylastes species (Table I), ﬁould be considered rather generalized in
their native ranges in that they attack a fairly large number of host
species. They are farely considered to be pests in their native Palae-
arctic regions where they are primarily slash-infesting. The absence of
available slash, or possibly the greater susceptibility of exotic or non-
host trees may result in an‘innocuous, generalized insect becoming a peét
in areas where introduction has occurred. Swaziland, for example has
over 103,000 acres in plantations of exotic pines such as Pinus radiata
D. Don, Pinus patula Schlechtend. and Cham., Pinus eiliottii Engelm., aﬁd
Pinus taeda L. (Jones, T. 1966). Prior to the introduction of Hylastes
angustatus (Herbst) and other serious pests, the rapid growth and desir-
able habits of these pines enabled them to be grown in a 15-year rotation

with only one pruning and no thinning. The beetle was first noticed in

1964 and within months it had infested a 4,000 acre stand of young pines. -

The result was a 50% destruction of the stand (Jones, T. 1966). Simi-

larly, H. ater has proven to be quite damaging to pine plantations in
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Rustralia (Brimblecombe 1953). Hylastes linearis Erichson has been intro-
duced to South Africa and could become a pest in the future (H.
Geertsema,2 personal communication).

Once a species has realized its potential host and geographic
ranges, it tends to become more specialized and to be less serioﬁs a pest
than in its expansion phase. Ips sexdentatus Boerner is one of many
examples of introduced species which were most injurious immediately
after their introduction. It was introduced into the U.K. frdm France
aﬁd Germany in pitprops and timber before 1949, the year it first was
noticed to be causing damage (D. Bevan,3 personal communication; Gosling
1949; Browne 1968). Although undoubtedly still in the country, it has

not been a major pest since the early 1950°'s.

Natural Establishment Versus that Effected by Man

Several scolytids and platypodids appear to be naturally exten-
ding their ranges in the absence of man's influence. I. amitinus has
exténded its range northward on its own accord in recent years (E.
Annila,4 personal communication), and D. micans has sgread_throughout
Turkey, presumably also by itself (Acatay 1968). In many cases, however,

an extension of native range has been encouraged by man's forestry

2 . .
Plant Protection Research Institute, Ryan Road, Rosebank, 7700,

Cape, Republic of South Africa.
Forest Research Station, Alice Holt Lodge, Wrecclesham, Farnham,
Surrey, U.K.

: Finnish Forest Research Institute, Unioninkatu 40A, Helsinki 17,
Finland.
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practices such as the provision of host material through slash, and
through log transportation. There would appear to be no simple rule for

distinguishing between a natural establishment and one effected by man.

If the establishment is fairly recent, and the past range of the organism

well documented, it can usually be assumed that man is responsible for
the extension of the range. If the.organism has been established for
many years, e.dg., over a century, the problem is much more difficult

particularly if historical records on trade routes, forestry practices

etc. are not available. In both cases the solution to the problem can be

aided by good taxonomy, a luxury fairly unique to Europe and North
America. Very few tropical countries have had many  taxonomists nor do

they have many now (Gray 1972). This fact plus the great preponderance

of tropical insect species has led to chaos in many instances, especially

in the Scolytidae, For example, Coccotrypes indicus (Eggers) has been
recognized by three different names simultaneously, and has been knownv
as Coccotrgpes insularis Eggers, Poecilips indicus (Eggers), Poecilips
eggersi Schedl, Thamnurgides indicus Eggers and Xyleborus conspeciens
Schedl (sS. Wood,5 personal communication).  Wood's studies indicaté that
about 57% of the Scolytidae of North and Central America havée synonyms.
Because of this confused taxonomy, it is virtually impossible to obtain
a natural range for any but the most common tropical pests. Therefore,
the apparently 1ar§er number of introducedvtemperate than tropical bark

. P
and timber beetles is probably an artifact. In all probability, many

)

5 Department of Zoology, Brigham Young University, Provo, Utah
84602, U.S.A.
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more tropical beetles have been intréduced by man and established. Some,
such as the coffee berry borer, Stephanoderes hampei (Ferrari), have
obviously been introduced by man throughout most of their ranges. Many
other introduced species probably have yet to be named, let aloﬁe inves~

tigated for possible introduction.

Mode of Dispersal and Relationship to Feeding Habits

Many exotic scolytids have been established for so long that
their date and mode of introduction are not known. For example, Hylas—
tinus obscurus (Marsham), the clover root borer, was first noticed in
ﬁorth America in 1878 (Elton 1958). It‘could have been introduced any
time in the hundred years preceding its first observation, and the actual
mode of introduction is unknown.

Interception lists (Table II) demonstrate the ease and frequency
with which a pest can enter a counﬁry. Scolytids are essentially borefs
of wood, twigs, and fruiting bodies. Their cryptic habits make them hard
to detect and easily introduced.

The probability of a beetle being introduced but not neceésarily
established can be related to its specific feeding habits. Browne (1961)
outlined the various feeding habits of scolytids and these can be extended

to include platypodids.

Herbiphagy
Herbiphagy is the direct feeding on the tissues of soft herba-
cequs plants, apparently a rare habit for Scolytidae. The beetle would

most likely be introduced with its herbaceous host plant. Presumably, H.
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obscurus and several of the near herbiphagous insects such as Hypothenemus

spp. were introduced in this way.

Spermatophagy

Spermatophagy, a rare habit of feeding on seeds or the outer
layers of a fruit, is typified by species in the scolytid genus Poecilips
(Coccotrypes). Beetles with this mode of feeding may be dispersed
naturally through the action of wind, water and animals. They apparently
can pass through the digestive tract of birds without being injured, if
the seed in which they are contained is not digested. &. hampei is

thought to have been spread in this manner (LePelley 1968). !

Phloeophagy

One of the most common habits of the Scolytidae is that of phloe-
ophagy (phloem feeding). Many temperate scolytid pésts are phloeophagous
and in numerous instances girdle and kill their host tree (Anderson 1966) .
Phloeophagy may also be required to inoculate the host with thé fungus
species which is the lethal agent in many cases (Rudinsky 1962, Graham
1967). Most of the tree-killing Scolytidae are phloem feeders (Brbwne
1961). Species in genera such as Ips, Dendroctonus and Scolytus are most
often introduced in unseasoned and unbarked logs. Many bark beetles can
survive for several months if the wood does not dry out to any great
extent. Therefore, they are commonly intercepted in shipments of unbarked
logs,‘debris and dunnage (wood often of inferior grade used in the holds
of ships for stabilizing the cargo). In most cases the beetles Qould

have no problem in flying from a contaminated ship anchored in harbour
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to shore. It is often possible, therefore, for the beetles to become

introduced even before a ship is inspected.

Xylophagy

v Xylophagy is the living in or feeding on wood. Xylophagous
species are rare and are not considered very destructive as they do not
kill the tree. Some species in the genera Stephanoderes, Hypothenemus,
and Dryocoetes feed on wood (Browne 196l1). These species are probably
more likely to be introduced than phloeophagoﬁs insects, because debarking
does not necessarily destroy their habiﬁat, and wood is much less sus-
ceptible to drying than is the bark. Fortunately, these insects are not i

likely to constitute a major problem if they are introduced.

Xylo-mycetophagy ' f
Xylo-mycetophagy is similar to xylophagy in that tunnels are |

excavated in the wood by the insects. However, the mutualistic fungus

that lines these tunnels is the sole food source for the insects, which

are referred to as ambrosia beetles. Species with this feeding habit

may be found in the scolytid genera Xyleborus, with well over 1,060

species (Wood 1960), Xylosandrus, Trypodendron, Gnathotrichus and all of

the Platypodidae. Xylo-mycetophagous species are most common in the

tropics.
Ambrosia beetles are generally not tree killers although non-

lethal ambrosia beetles are pests in that their fungal symbionts often

stain the wood. The wood is not seriously weakened, but it is degraded

by'unsightly dark-stained galleries and surrounding wood. Although the
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Platypodidae are rarely considered to be pests of living trees, notable
exceptions to this trend are Dendroplatypus impar (Schedl) a serious pest
of Shorea spp. in Malaysia, Doliopygus dubius (Sampson), a pest of Termi-
nalia superba Engl. and Diels. in tropical Africa, and Trachyostus
ghanaensis Schedl, a serious pest of Triplochiton scleroxylon K. Schum in
Ghana (Gray 1972). None of these species appears to be established out-
side its native range, but their introduction and establishment may
simply be undetected as yet. In New Zealand nothofagus trees infested
with Platypus gracilis Broun are killed because of fungal adtivityv
(Faulds 1968, Milligan 1973). - Several species of scolytid ambrosia
beetles can be very damaging to trees, especially seedlings. In Ghana,
Xyleborus mascarensis Eichhoff, Xyleborus semigranulosus Blandford and
Xyleborus sharpae Hopkins proved to be quite injurious to saplings of
Khaya ivorensis A. Chev., and Xyleborus semiopacus Eichhoff devastated
transplants of Aucoumea klaineana Pierre (Gray 1972).

The most common mode of introduction would appear to be in un-
seasoned sawn timber, dunnage, and wooden crates with bark on them.
Survival of ambrosia beetles as well as reproductive activity may occur,
particularl? in unseasoned material. McLean and Borden (1975) found that
Gnathotrichus sulcatus LeConte could survive for over two months and pfo—
duce broods in unseasoned lumber in British Columbia. Thus, ambrosia
beetles constitute a major quarantine problem to those countries shipping
and importing wood (Milligan 1969). As a result, wood must often be
treated before export, contributing signific;ntly to the cost of the

prOduct.k The facility with which ambrosia beetles spread through commerce
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from one geographical area to another is illustrated by the cosmopolitan

distribution of the majority of tropical species (Wood 1960).

Directional Flow and Impact of Introductions: Un-
predictable Biological and Economic Phenomena

Assuming biogeographic theory to be valid, the majority of intro-
dﬁctions should be from the larger land mass to the smaller land mass,
e.g., Europe-Asia to North America (Mayr 1963, Carlquist 1965, Darlington
1966). However, it would appear that the reverse trend is in evidence
for bark and timber beetles (Table I). An examination of the opportunity
each species has for being introduced, discloses that over the last few
hundred years North America has been a major source of wood for a timber
hungry Europe. Moreover, quarantines are of recent origin; only in the
last century have people actually attempted to prevént the entry of
exotic pests. In recent years the ﬁrend has changed:. Bark and timber
beetle species have been introduced from the old world to ﬁorth America,
in spite of quarantine regulations. 1In addition, interceptions by many
countries are very high (Table II). A sea voyage that used to take
months, allowing for’the wood to become seasoned en rouﬁe, ﬁow takes days
or weeks. As a resulﬁ, the wood and/or bark can more easily arrive with
a complement of living organisms.

Even though very few scolytids have been introduced frqm Europe
to North America, those that have, have become severe pests. One of the
most prominent examples of the unpredictive nature of introductions and
their impact is the smaller European elm bark beetle, S. nultistriatus,

the vector of Dutch elm disease, C. ulmi (S. multistriatus has also been
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introduced into Australia (L. Smee,6 personal communicationl]). The first
record of the beetle in North America was from Massachusetts in 1909,
and the insect was presumed to have been introduced in the early 1900's.
Two main centres of spread appear to have been New York City and southern
New Hampshire, probably from separate introductions (Elton 1958); The
disease was introduced separately and first observed in 1930 in Ohio in
elm timber imported from Europe for veneer. Meanwhile, the beetle
greatly extended its range, and is now found in all states except Arizona,
Florida and Montana (Anonymous 1975a). 1In Canada the disease was found
in the 1940's around Sorel, Québec (Finnegan 1957), 200 miles from the
nearest known U.S. infection. This probably represents another separate
introduction. It has now reached Winnipeg, near the extreme northwest R
limit of the range of American elm, Ulmus americana L.

The S. multistriatus/c. ulmi complex presents a good example of
the difficulty éncountered in predicting the economic impact of an intio—
duced organism. Although Pierce (1918) included S. multistriatus on his
potential pest list (not knowing that it was already present in the
country under a synonym), C. ulmi was not recognized as a,dangerdus
pathogen, and S. multistriatus was considered to be of little economic
significance in its native range. However, native elm bark beetles in
North America have proved to be good vectors of C. ulmi, and U. americana
has proven to be particularly susceptible, a typical case of an unforseen

phenomenon arising following introduction of an exotic pest. Both

6 Australian Department of Health, Canberra, Australia.
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Hylurgopinus rufipes Eichhoff and Scolytus sulcatus LeConte have greatly
facilitated the spread of the disease throughout the natural range of
American elm (Watson and Sippell 1961, Baker 1972). As a result, a most
valuable timber and ornamental tree has virtually disappeared from the
forests and the cities of eastern North America. Moreover, S. mﬁlti-
striatus is probably the only exotic scolytid to recross the Atlantic
with almost equal pest potential as in its introduction to North America.
Infested unbarked rock elm (Ulmus thomasii Sarg.) logs from Toronto have
been imported continuously into an unsuspecting U.K., resulting in the
apparent emergence of beetles bearing a new and particularly virulent
North American strain of C. ulmi (Brasier and Gibbs 1973). H. rufipes
galleries in the elm bark sﬁggest that it too has been introduced (Walker
1973), although there is no indication as yet of its establishment in the

U.K. (D. Bevan,3 personal communication).

INFLUENCE OF CURRENT TIMBER PRODUCTION AND TRADE PATTERNS

ON POTENTIAL INTRODUCTIONS AND ESTABLISHMENT

To predict the probability that a particular species of beetle
has for introduction into a certain country, and to identify the most
vulnerable countries, it is necessary to examine timber import and export
trends and policies. It is also important to examine native and exotic
forest production in a country to asgess both the establishment pqtentiél
of a scolytid or platypodid species, and its probable economic impact if

established.
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Current Trade Patterns

Consideration of current timber trade patterns is facilitated by
distinguishing between tropical and temperate producers and consumers,

although many countries may not fall precisely into either category.

Temperate Countries in the NorthernkHemisphere

The great bulk of wood produced in temperate regions is from the
North Temperate Zone and is coniferous in nature.

In North America, the U.S.A. is a net importer of wood with its
domestic production only supplying 89% of its needs (Anonymous 1965a).
The greatest producer of exported coniferous timber is Canada and over
90% of its timber export is to the U.S.A. (Anonymous 1973), wherein lie
several interesting implications. Firstly, because moét of Canada's
timber trees have ranges extending into the U.S., virtually all serious
native bark and timber beetle pests in Canada also occur in the U.S.
This situation does not preclude the necessity for stringent regulatory
practices by both countries. For instance, the U.S.A. in 1973 imported
229,082 cords of unpeeled fir and spruce pulpwood from Canada. Shoﬁld a
European bark beetle such as D. micans be introduced to Canada, such
import practices could serve to disperse the pest throughout the entire
range of Picea spp. in North America.

Apart from the U.S.A., the only countries to import unbarked
timber from Canada in large quantities are Japan, Germany and many of the
New World countries. There is certaihly a risk of new introductions.

For exémple, in 1973, Japan imported 6,205 western red cedar logs (Thuja




43

plicata Donn) (Anonymous 1973). Since Thuja spp. and several closely re-
lated Juniperus, Chamaecyparis and Cupressus species are commonly grown
in Japan, the numerous Canadian Phloeosinus spp. might easily become

established there.

Canada exports a great number of live Christmas trees to the U.S.A.

(3,199,496 in 1973) and to Venezuela, Panama, Puerto Rico, Bermuda, and
the Bahamas (Anonymous 1973). The major speéies exported are Douglas-fir
(P. menziesii), true fir (Abies spp.), Scots pine (P. sylvestris) and
spruce (Picea spp.) (Anonymous 1973). Although there are no scolytid‘
pests of significance on Christmas trees in Canada, such insects as the
twig-boring Pityophthorus orarius Bright (Bright 1968, Hedlin aﬁd Ruth
1970) might become established on exotic Douglas-fir in other countries
or other alternate conifer hosts.

The U.S.A. exports some softwood logs and several hardwoods such
as maple, walnut, and birch to Canada. Various exotic tropical hardwobds
are imported by both countries, but do not pose a significant risk of
introducing scolytid or platypodid pests, except to the southernmost
regions of the U.S.A. and to Central America. The latest scolytia intro~
duced to North America would appear to be Xyleborus crassiusculus
Motschulsky (X. semiopacus) from Southeast Asia. It was reported éstab—
lished in South Carolina in 1974 (Anonymous 1974a).

Europe faces more problems than does North America, partly because
it comprises ﬁany different countries, each with different plant proteé—
tion legislation and regulatory practices. In addition, exotic tree

species, especially conifers, are planted extensively in many countries
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and are vulnerable to introduced scolytids and platypodids.

The countries of greatest timber production in Europe, excluding
the U;S.S.R., are Norway, Sweden, and Finland. The primary timbef
species of this area are P. sylvestris, Norway spruce (P. abies), and in
some areas, Sitka spruce (P. sitchensis) (Jones, T. 1967). 1In 1973,
Sweden exported 2,551,000 m3 of pulpwood, mostly to the U.K., the Nether-~
lands, Germany, Denmark and France. On the other hand, Sweden imports
much unbarked sawtimber from Finland, the U.S.S.R. and Poland. Because
of the great threat posed to Sweden by i. amitinus, this importétion of
wood is prohibited during August and September, and unbarked timber
imported between June 1lst and July 31lst must be kept in water for at
least two weeks (B. Lekander,7 personal communication). Unlike Sweden,
Finland does have I. amitinus which became established after World War 11,
and was first detected in 1956 (E. Annila,4 personal communication).
Finland imports timber from the U.S.S.R., a highly probable source of f.
amitinus. I. amitinus has been extending the northern part of its range
nafurally and it is quite possible that it reached Finland through
natural range extension. Finland exports most of its timber to such
countries as the U.K., West Germany, the Netherlands and France. Endemic
bark beetles sﬁch as D. micans annually destroy large amounts of Scandi-
navian lumber (Anonymious 1965b) and secondary attackers are also quite
destructive. Several North American species could probably become estab-
lished, but the threat of introduction is low because very little wood

is imported from North America.

7
Royal College of Forestry, Department of Forest Entomology,
Stockholm, Sweden.
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Central European countries (e.g., Germany, Switzerland, France)
consume more timber than they produce and thus are timber importers.

Such exotic conifer species as P. menziesii, P. sitchensis, and P. strobus
are planted extensively. However, they have very few pest problems at
least partly because of a general change in reforestation practices,

e.g., the avoidance of even-aged monocultures (Jones, T. 1967). Periodic
outbreaks of D. micans have occurred, but not of the magnitude of bark
beetle epidemics in the western U.S.A. Many North American bark beetles
would probably do very well in Central Europe because of acceptable
climatic and forest ﬁanagement conditions.

The U.K., also a consuming country, imports over 90% of its wood
requirements. By 1980, home production is expected to exceed 10%, resul-
ting from past aforestation projects (Grayson 1969). Having very few
native deciduous forest trees and only one significant native conifer, P,
sylvestris, it was necessary to plant large tracts of exotic trees sucﬁ
as P. menziesii, L. decidua, P. sitchensis, P. abies, Tsuga heterophylla
(Raf.) Sarg., and several Pinus spp., e.g., Pinus contorta Dougl. Forests
now cover 7.5% of the land area (Jones, T. 1967). Compared with the rest
of Europe, the U.K. has been hard hit by introduced scolytids. Both I.
cembrae and I. sexdentatus have been introduced from continental Europe
and have done significant damage to larch‘and pine (D. Bevan,3 personal
communication; Gosling 1949, Crooke and Bevan 1957). The U.K. is actively
working to prevent the entry of I. typographus and I. amitinus, both of\
which have been intercepted many times. Although Browne (1968) questioned

whether the climate of the U.K. is suitable for the survival of these
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beetles, their establishment in the past may have simply been limited by
lack of sufficient host trees of the appropriate age, as ;as the case
with I. cembrae (Phillips and Bevan 1967). Of all the European countries,
the U.K. appears to be the most concerned over possible introductions of
all pests and diseases, especially the Scolytidae.

The U.S.S.R. would appear to have no introduced species of scoly-
tids and platypodids (S. A. Mirzoyan,8 personal communication; Kostin
1973). It is self-sufficient in forest products and does not appear to

import much in the way of wood material.

Temperate Countries in the Southern Hemisphere

Australia and New Zealand are important timber-producing countries
of the South Temperate Zone. There are large plantations of exotic coni-
fers in both countries.

Australia has at least 12 million hectares of native forest and
200,000 hectares of exotic conifers, mostly pine (Anonymous 1965b), but
still imports over 1 million m3 of sawn timber and logs per year, while
exporting approximately 50,000 m3 per year (Anonymous 1975b). Most
imports come from Canada, the Baltic and Malaysia in thé fofm of sawn
timber. Eleven scolytids and probably one platypodid have been introduced
to Australia (Table I). Although rather innocuous in their native coun-
tries, species such as H. ater, Ips grandicollis Eichhoff, and Xyleborus
perforans Wollaston have proved to be quite destructive in their new

environment. Hylurgus ligniperda (Fabricius), although common, is not

Ministry of Agriculture, Scientific Research Institute of Plant
Protection, Armenian S.S.R. )



47

considered a pest (Browne 1968). Because of this past record of success-
ful establishment, Australia's plant protection regulations are among the
most stringent in the world.

New Zealand has 5.8 million hectares of native forest and 350,000
hectares of exotic conifers (Anonymous 1965b). The most successful plan-~
tation trees are P. radiata and P. menziesii, which comprise 90% of the
exotic forests (Milligan 1970). Several Picea spp. cannot be grown because
of the presence of a spruce aphid (Anonymous 1965b). As in Australia,
largé, even-aged monocultures pose many problems. At least 8 species of
exotic scolytids have become established. H. ater has proved to be quite
destructive. Others such as Xyleborus saxeseni Ratzeburg have proved
costly, not because of the damage they do per se, but because they consti- }
tute a major quarantine problem and increase the cost of New Zealand's !
exports (Milligan 1969). Some species, e.g., Xyleborus compreséus (Lea)
and H. ligniperda have been introduced from Australia. Although New
Zealand has very tough plant protection laws, several species have been
recently introduced. H. ligniperda and X. compressus were first dis-

covered in 1974 and 1972 respectively (J. Bain,9 personal communication).

Non~Temperate Countries

This category includes examples from countries not discussed in
the "Temperate" category. They range from the wet rain forests of New
Guinea to the dry areas of southeast Africa, and have little in common

except that most them are "third world countries." Because of the

9 . , .
_ . Porest Research Institute, New Zealand Forest Service, Private
Bag, Rotorua, New Zealand.
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incomplete taxonomy of tropical Scolytidae and Platypodidae, only the
most striking and well-known of introduced species are considered.

The major tropical wood-producing countries are the Philippines
(11 million m3/yr.), and West Malaysia (5 million m3/yr.) (Gray 1972).
These are followed by Zambia, Papua New Guinea, and Guyana with‘consider-
ably lesser production (Gray 1972). The countries hardest hit by intro-
duced bark and timber beetles are those that have extensively planted
exotic species, especially Pinus and Cupressus spp. Examples are the
African countries, Kenya, Uganda, Tanzania, Malawi, Zambia, Rhodesia, the
Republic of South Africa ahd Swaziland (Jones, T. 1967). Their planta-
tions have been seriously damaged by such introduced species as H.
angustatus, Hylastes opacus Erichson, Hylastes pinastri Eggers, H.
linearis and H. ligniperda, none of which is considered a pest in its f
natural range. As in New Zealand and Australia, the beetle probiem has
been aggravated by the practice of establishing even-aged monoculturés of
exotic trees and rather poor forest sanitation. Hylastes épp. breed in ’
stumps and refuse and become a problem only when their populations are
allowed to build up under unnatural conditions. Attacks on exotic plah-
tations by indigenous species are also high in some areas indicating
that cultural practices are at least partially at fault.

In South America, apart from pests of rubber, coffee, and other
long cultivated plants, little is known about the various bark and
ambrosia beetles that occur, especially in the potential<timber—produéing
areas such as the Amazon basin. Thus, it is virtually impossible to pre-

dict what species of insects will become pests once man seriously disturbs
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this area's unstable ecosystem through logging. There are undoubtedly
" many tropical species of Scolytidae and Platypodidae that wouid do very
well if they were introduced into the tropical rain forests of South
America.

Most of the important introduced tropical Scolytidae have been
established for so long that their original range is unknown. Coccotrypes
dactyliperda Fabr., a pest of date palms was first found and described
from Germany (Browne 1961); Stephanoderes georgiae Hopkins and S. hampei
also have unknown original ranges. The majority are associated with
crops that have long been grown by man. C. dactyliperda is now neatly
cosmopolitan in the tropics. However, its discontinuous distribufion sug-
gests that it has been spread by man in seeds of domesticated crops such
as dates, coconuts, avocados and ivory nuts. Coccotrypes rhizophorae
(Hopkins) breeds in the seeds of Rhizophora mangle L. and has probably
been introduced in seeds from the Indo—Malajan region to the Caribbean
(s. Wood,5 personal communication). Hylesinus oleiperda Fabr. appears to
be a pest wherever olives are grown and has even been introduced into
Argentina, presumably in olives. Hypocryphalus mangiferae Stebbing has
been introduced from the Orient to all mango-growing régions of the world
(Browne 1968). S. hampei is perhaps the most destructive pest of coffee
in the world and has undoubtedly been transported by man throughout the
range of the coffee plant (LePelley 1968). It is a pest in virtually all
coffee—groﬁing countries exceptvEl Salvador, Guatemala, Costa Rica, and
Nicaragua where it has yet to be introduced. Xyleborus fornicatus Eich-

hoff is a pest of many tropical plants such as tea, breadfruit, avocado,
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castor bean, citrus, cocoa, derris and rubber. It has most likely been ' 1
introduced throughout much of its present range, its original range not
really being known (Wood 1960). Many other introduced tropical bark and

ambrosia beetles may be discovered.

PLANT PROTECTION POLICIES AND PRACTICES

All major countries in the world have enacted legislation to pre-~
vent the importation of potentially dangerous plant pests. = However,
many are caught in the predicament of trying to effect some measure of
control over introductions without embarking on elaborate and prohibi-
tively expensive plant protection schemes. Wood is often imported in the
form of bulk cheap timber and is often processed after its arrival. i
Usually, it is decked in large piles and inspection is limited to the
random examination of superficial logs. Even though a phyto-sanitary
certificate may accompany a shipment, it may not be pest free. For .
example, up to 10% infestation by I. typographus was recently found in a
certified shipment of unbarked logs imported into England from Weét
Germany (D. Bevan,3 personal communication). Faced with such an occur-
renée, the importing country has several options. The consignment can
be returned to the exporting country. However, by the time of inspection,
the ship has usually completed unloading the wood, and has in all likeli-
hood departed. 1If treatment facilities are available, infestéd logs cah
be treated with chemicals on an individual basis, but no way has been

devised to treat logs that are stacked in piles. Fumigation of such large
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volumes of wood on the dockside has been demonstrated to be impractical
and ineffective in destroying wood-inhabiting éests. Also, destruction
of the shipment and its beetles in situ would create an intolerable fire
hazard and generate considerable adverse economic pressure. Therefore,
the only recourse left to many authorities is to process the wood for
pulp or other products as soon as possible, and to submit an official
complaint to the exporting country.

A country can justify plant protection expenditures only if a
large timber production industry must be protected of if small volumes of
high quality timber, such as oak or chestnut, which can be inspected and
treated easily are imported. To inspect large volumes of inferior grade
logs or lumber would appear rather pointless. However, the importing
country has the recourse of accepting only debarked timber, a practice
which has many advantages. There is no possibility of introducing bark
beetles and a lessened probability of ambrosia beetles being introduced.
Secondly, the wood is more easily inspected and treated on arrival.
Lastly, the decreased volume of the shipment with no bark would defray
some expenses (Joly 1974). There is no room in plant protection prac-
tides for the allowance of tolerance limits, i.e., willingness to accept
a limited degree of infestation but prohibiting large scale infestations
from entering the country, or permitting a species of unknown pest poten-
tial cledr entry. If the potential economic impact of a species is
unknown, one must assume that it could be harmful if it were introduced.\
However, a review of the prohibited pest list of most countries will

reveal that in order for an organism to be put on that list, it must have

".i}
g
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already been introduced into or established in that country, and in all
probability is already economically important. Such lists thus become
of questionable benefit. The real object of plant protection should be
to prevent the introduction of all potentially dangerous organisms.

The effectiveness of various plant protection laws and prectices
is assessed below through their examination in selected wood-producing

importing countries.

North America

If the number of potential pest organisms intercepted (Table II)
is an indication of effectiveness, the U.S.A. has one of the most effi-
cient plant protection agencies in the world. Under the Federal Plant
Protection Pest Act of 1957, measures are taken to prevent the entry of
any pest not occurring or widespread in the U.S.A. Port inspectors
examine manufactured wood products, logs, lumber, packing and crating
material, and dunnage. When insects are found the hosts are quarantined,
the insects identified and fumigation or other action is taken to pre-
vent the pest species from entering (H. S. Shirakawa,lo.personal cemmuni—
cation). However, a critique by H. L. Jones (1972) questions the compe-
tence and efficiency of U.S. plant protection at the local level,
especially the application of internal quarantines. Between Canada and
the U.S.A. there is a free movement of wood (except elm timber), a

practice which could promote the spread of a pest established in either

10 , . .
_ 0 U.S.D.A. Animal and Plant Health Inspection Service, Hyatts-
ville, Maryland 20782, U.S.A.
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country, However, this free mo?ement of wood apparently does not consti-
tute a serious threat to thé U.S.A. and probably saves a great deal of
money and time.

Canada intercepts very few bark and timber beetles. Even though
many of these beetles are being imported, the Agriculture Canada Plant
Protection Division obviously considers other organisms a greater threat.
No Scolytidae or Platypodidae occur on the prohibited pest list, a poten-
tially dangerous omission when one considers the many Europeén species
which would probably thrive in Canada. Canada has nobspecificvregulations
governing the importation of wood with bark. Although inspection of
imported wood is not mandatory, inspectors are actively encouraged to do
sd. Most wood encountered is seasoned and without bark attached. Elm
logs with bark attached must be kiln dried at 130°F. for 12 hours. This
is to prevent further entry of Dutch élm disease‘and its vectors.

Although not an important timber producing country, Mexico is
adjacent to the U.S.A., which is. Mexico would appear to have no restric-
tions on any wood imports and this policy could allow potentially destruc-
tive bark and timber beetles access to Central or the rest of North.

America.

Europe and Asia

The small size and relatively open borders between many European
countries make plant protection measures extremely difficult for indi-
vidual nations. Therefore, a plan is under consideration to replace cur-

rent plant protection regulations by a general Plant Health Directive
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applicable to all countries in the European Economic Community {D.
Bevan,3 personal communication).

The U.K. appears to have the strictest plant protection regula-
tions of any European country. Past introductions of scolytids have
proved to be gquite devastating and present legislation is geared éri-
marily to prevent the entry of I. typographus, I. amitinus and D. micans
from continental Europe. The imporiation of elm logs with bark from any
non-European country is specifically prohibited unless the wood has been
treated with a malathion emulsion and is accompanied by a phyto-
sanitary certificate issued by the plant protection service of the country
of origin. Any coniferous wood imported from Europe must be accompanied
by a phyto-sanitary certificate stating it to be free from I. typographus
and D. micdns. Unbarked coniferous timber from Canada is prohibited.

Since 1948, France has prohibited any importation of unbarked
coniferous timber. No important species of bark and timber beetles havé
beeﬁ introduced to France since 1952, when both Gnathotrichus‘materiarius
(Fitch) and D. micans were discovered.

West Germany has no scolytids and platypodids on its prohiﬁited
pest list and apparently has no restrictions on the import of unbarked
timber (J. Gold,ll personal communication). Existing restrictions are on
oak logs and sawn timber, the only stipulation being that they be inspec-
ted on érrival and declared free of oak wilt, Ceratocystis fagacearum

(Bretz) Hunt, a disease known to be vectored in North America by

_ Plant Protection Division, Agriculture Canada, 1001 W. Pender
St., Vancouver, B.C., Canada.
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Pseudopityophthorus spp. (Rexrode and Jones 1970). While this policy
may be good for business, it must certainly strain relations with neigh-
bouring countries such as France, to which an exotic pest established in
West Germany can easily spread. Thus, one should not be surprised that
D. micans was first discovered in France near the West German boraer (P.
Carle,12 personal communication) .

The Netherlands' Plant Health Import Regulations Order of 1971
specifically identifies all Scolytidae as harmful and prohibited
organisms, and prohibits the importation from outside Europe of any coni-
fer wood with bark on it. This stringent legislation protects a father
minor local forest industry, but provides excellent protection to neigh-

bouring countries. However, such an altruistic position by the Nether-

lands is rendered ineffective by other countries which do not have similar

laws. In direct contrast to the Netherlands, Belgium's legislation is
vague. A "blanket statement" prohibits the importation of any plant of
plant product infected with harmful pests and diseases. Scolytidae are
not on the prohibited organism list and there are no apparent restric-
tions on timber importation. However, there are restrictions on the
importation of some living trees, all hardwoods.

Czechoslovakian plant protection laws direct that bark bheetle-
infested material must be treated before it can be allowed into the
country, although there are no restrictions on cut logs and sawn timber

per se, and imported material need not have a phyto-sanitary certificate.

2 . \ . .
, Station de Recherches, Forestieres D'Avignon, Avignon,
France.
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Wood with roots and bark must be inspected after arrival, a practice that
may allow insects to emerge prior to inspection. Secondly, the wood is
only treated if an infestation is detected; this requires competent inspec-
tors to examine entire shipments if the law is going to work.

Scandinavian countries have similar legislation and practices.
Denmark, although if has no scolytids on the prohibited pest list, pro-
hibits the importation (presumably from non-European countries) of all
conifers of all genera, including logs with bark. Norway and Sweden pro-
hibit the importation of all live conifers and all unbarked timber from
overseas. However, Sweden does import much unbarked sawtimber an& pulp-
wood from Finland, the U.S.S.R., and Pdland. To prevent introduction of
I. amitinus, Sweden prohibits imports from these countries during August
and September, and round timber imported between June 1st and Juiy 31st
must be held in water for at least two weeks.

The plant protection laws of Switzerland and Austria are very
similar. Austria specifically prohibits the impértation of Xylosandrus
germanus (Blandford), an oriental pest of oak, now established in Germany
and North America, and the diseases C. fagacearum and C. -ulmi. Allklive
plants require an impért licence and all bark—covefed parts of oak, chest-
nut, elm and poplar are érohibited. There are no apparent restrictions on
importation of coniferous wood.

Spain appears to have no restrictions on the importation of wood
except that C. ulmi and chestnut blight (Endothia parasitica (Murr.)) aré
prohibited.

The U.S.S.R. simply prohibits forest produce with any pest known
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to occur within the boundaries of the U.S.S.R.

Japan's plant protection laws are, at best, vague. Although
phyto-sanitary certificates are required against all "injurious animals,"
the legislation does not mention wood or forest pests, and no scqutids
are on the prohibited pest list. Consequently, Japan imports large
quantities of unbarked coniferous wood from many countries, and prdbably
imports many bark and timber beetles as well. Japanese importers do have
a policy, however, of keeping the logs in Qater for several weeks after
their arrival, a practice which would lower but not preclude the possi-
bility of any pests being introduced (Phillips and Bevan 1967). By not
expending time and money on strict plant protection measures, Japan
appears to have bowed to immediate economic demands. Because of its
limited timber industry, it is unlikely to be devastated by exotic bark
and timber beetles. However, Japan could act as a source of infection for

the whole Orient.
Africa

All countries south of the Sahara have adopted the- Inter-African
Phytosanitary Legislation (I.A.P.C.). Certificates must be granted by
the chief of the plant protection service of each‘country for permission
to import any material. Prohibited are various live trées including coni-
fers, rubber, mango, tea, olives, coffee, avocado, and cocoa.  Minimal
concern with scolytids, platypodids, and other forest pests is evidenced
by the ébsence of any apparent restrictions on the importation of wood of

any type, providing that the plant is dead. However, individual countries
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in some cases have put riders on this legislation. For instance, Zambia
stipulates that coniferous wood that has been in certain parts of South
Africa between November lst and March 31lst must be sterilized in an
approved manner within 180 days of its arrival. Otherwise, timber exports
from countries south of the Sahara are free of restrictions. ThevRepublic
of South Africa requires that all imported plant material, including
timber and lumber entering its ports must be inspected at the port of
arrival for insect damage. ' When damage is found or suspected, the offen-
ding material is either fumigated with methyl bromide or, when severely
attacked, destroyed. Furthermore, no coniferous timber may be impofted‘
with bark, a restriction that is rigidly applied (H. Geertsema,2 personal

communication).

Australia and New Zealand

Australia has perhaps the strictest plant protection legislatién
in the world. Although there are no scolytids of platypodids on the pro-
hibited pest list, the measures employed by the Australian plant protec~
tion agencies will obviously prevent the introduction of - these beeties.

All imported timber’must be heat treated at 165°F. for a specified time.

In addition, all packing cases must be free of wood-boring insects. 1Infes-
tation may result in the destruction of the shipment and a revocation of
the import licence. Australia strongly advises that cargo containers,
dunnage, pallets, and packing cases be either fumigated with methyl bro-

mide or heat treated by various means prior to transport. Imported sawn

timber and plywood must be penetrated with one of an acceptable preservative
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and/or pesticide, such as copper, boric acid and arsenic compounds or
Lindane or Dieldrin., These measures should be effective in preventing
the introduction of bark and timber beetles.

' New Zealand also has strict laws regarding the importation of
wood ana wood products. It prohibits the importation of living cénifers
and elms, and only seeds of these species can be brought‘into the country.
Although no phyto-sanitary certificate is necessary for forest produce,
all imported forest products must be inspected upon arrival. Suspect
material may be quarantined, treated by fumigation or heat, or destroyed.
The importation of bark, or any materials with bark attached is abso-
lutely prohibited. In addition, such articles as wooden cable drums must

have been treated by preservatives, fumigation or heat treatment.

Tropical Countries

Many tropical countries, such as the Philippines and Malaya, | &
apparently have no restrictions on the importation of logs and other wood 0
products. Therefore, wood-inhabiting pests may have been introduced, and
introductions will probably continue. The expense of an .elaborate blant
protection service is apparently not justified, a policy supported by
the fact that many tropical ambrosia beetles in such genera as Xyleborus,
Xylosandrus, Platypus, and Crossotarsﬁs have virtually cosmopolitan distri-
bution.  Until most tropical countries ascertain which'species are
actually native, extensive plant protection measures will be difficult tb
implement. The absence of such measures is undoubtedly behind the estab-

lishment of I. calligraphus in the Philippines.
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Some tropical countries have stringent policies. Papua New
Guinea has a quarantine system very similar to that employed by Australia.
It has an estimated 700 to 800 native bark and timber beetle species in
at least 45 genera; 30 to 40% are considered to be common throughout the
Indo~-Malayan region (F. Wylie,13 personal communicafion). Even wifh such
an impressive native fauna, the plant protection measures are apparently
justified. It is worth noting that virtually all imported timber and
wood products come from either New Zealand, Australia or Japan. Therefore,
strict plant protection measures will reduce the possibility of Papua New
Guinea serving as a stopping-off point for many pests that could pose a

threat to Australia or New Zealand.

CONCLUSION

It is obvious that numerous species of bérk and timber beetles.
have been introduced throughout the world (Table I) and that many of these
have become serious pests of forest and other crops. In all the cases
cited, man has been responsible, in some cases through agcident and‘in
oﬁher cases through sheer negligence. The rapid methods of transportation
developed in the past half-century have undoubtedly increased the proba-
bility tﬁat any species has for introduction. The great number of live
insects of potential pest species intercepted by the various plant protec-
tion agencies of the world (Table II) bears this out. A definite corre—w

lation exists between current trade routes and the number of potential

Department of Forestry, Forestry Office, 80 Meiers Road,
Indooroopilly 4068, Queensland, Aust.
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pests intercepted., 1Interception records also reflect thé size and effi~
ciency of a plant protection agency.

It is somewhat surprising that few, if any of the established
scolytid or platypodid pests were considered economically significant in
their native ranges. Regardless of the reasons, it is an obvious éon—
clusion that the most potentially damaging pests have yet to be intro-
duced (Table III). Many of these are polyphagous ambrosia beetles or
aggressive, trée—killing bark beetles with wide host ranges. Establish-
ment of a species such as D. ponderosae, for instance, could be devas-
tating to native or exotic pine production. Not included in Table III
are legions of secondary insects and minor pests. The pest potential
of these insects obviously will not be known until they become success-
fully established.

In spitekof the increased chances of introductions, and the need
for increased vigilence to exclude proven pest insects (Table III), manf ‘ K
countries emplo; the same plant protection measures as they did fifty )
years ago. Many of these same countries ignore problems or are errone-
ously convinced that the cure is much easier than the prevention. Very
few have the foresight or the means to implement effective plant profec~
tion legislation. That enacted by such countries as New Zealand and
Australia could serve as model legislation. Until such legislation is
implemented worldwide, introductions of scolytids and platypodids will

continue.
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