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Abstract Eriophyoids have high potential as adventive mite species (AMS) because their
small size make them difficult to detect, and can be easily distributed in world trade.
Economic, social and environmental impact from adventive eriophyoid mites has been
significant. Considerable attention has been given to adventive insect species while
adventive mites have received little attention and little information is available for erio-
phyoids. This paper summarizes information on adventive eriophyoid mites, their impact,
and the history of some important invasions. The status of adventive species of eriophyoids
introduced as biological control agents of weeds is presented. A list of eriophyoid mites
reported as invasive species worldwide is given. Pathways of concern and biosecurity
actions to reduce the risk of eriophyoid mites are discussed. The need to raise public
awareness of the risk and importance of these tiny organisms as AMS is emphasized.
Scientific and technical challenges to deal with adventive eriophyoids are discussed.
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Introduction

The term “adventive species” refers to alien or exotic species, subspecies, biotypes, races
or strains introduced into an area outside its native range and includes many species that
cause ecological or economic problems throughout the world (Wheeler and Hoebeke
2009). Adventive species, also called “Invasive Alien Species” (CBD 2002), are consid-
ered to be a direct driver of biodiversity loss across the globe and are causing enormous
damage to valuable agricultural systems (McNeely et al. 2001). These species can act as
vectors for new diseases, alter ecosystem processes, change biodiversity, disrupt cultural
landscapes, reduce land and water value for human activities and cause other socio-
economic consequences (DAISIE 2009). Bioinvasion is one of the great economic and
ecological issues of our time (McNeely et al. 2001). The cost of adventive species to
national economies has been estimated at hundreds of billions of dollars annually (CBD
2002).

The globalization of travel and trade has facilitated introductions of adventive species
since the Industrial Revolution in the nineteenth century. Many species introduced decades
ago have only recently begun to spread rapidly in ecosystems. There has been an upward
trend in the establishment of non-indigenous species and large numbers of invasive species
have been documented (Randall and Marinelli 1996; Vitousek et al. 1997; Nico and Fuller
1999; Xie et al. 2000). An adventive species can be transported intentionally or uninten-
tionally by man (di Castri 1990; Wheeler and Hoebeke 2009). Intentional transport is the
movement of organisms to a new area for an express purpose, such as the importation of
ornamental or crop plants, or as biological control agents. Unintentional transport refers to
the movement of non-native species as a secondary result of the intentional transfer of
another product. Exotic species can be transported on or within other species, such as on
host plants, within cargo holds or in packing materials. The study of adventive species may
provide opportunities to understand basic evolutionary processes, predict the risk of their
spread in new regions and develop pest control and quarantine strategies.

Phytophagous mites are a group of organisms where adventive species can greatly impact
agroecosystems and natural terrestrial ecosystems. Among the phytophagous mites, erio-
phyoid species have highest potential as adventive mite species (AMS). There are several
examples of inadvertent introductions of eriophyoid mites in new areas where they found
appropriate conditions to develop in the absence of efficient natural enemies, resulting in
accentuated damage to the infested crops and consequent serious social-economic problems.

This paper discusses the importance of eriophyoid mites as AMS, with a brief review of
some AMS; their ecological and economic impact, a discussion on the pathways available
to eriophyoid mites and the preventive procedures for invasive alien eriophyoid mites. The
research related to adventive eriophyoid mites to be addressed in the near future is
discussed.

Eriophyoids as adventive species

Phytophagous mites are good candidates to become adventives species, because of the
characteristics that make their potential to damage the host plants, vector plant diseases,
development of resistance to pesticides, difficulties to detect, capacity to survive adverse
conditions, parthenogenetic reproduction, disperse by wind and adaptation to new host
plants (Navia et al. 2007a). Most of the mentioned traits can be found among eriophyoid
mites making them high potential as adventive species.
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Among the plant feeding mites, the Eriophyidae are the second most economically
important family of pests after the Tetranychidae (Lindquist and Amrine 1996). Eriophyid
species are known to cause considerable damage, assuming pest status in crops of social-
economic importance. Eriophyoids can be serious pests of horticultural crops, like Aculops
lycopersici (Tryon) a key pest of tomato and other Solanaceae worldwide (Perring 1996).
In temperate and tropical fruit tree crops, Aculus schlechtendali (Nalepa) is a pest of apples
in Europe (Easterbrook 1996; Gélya and Kozma 1998; Angeli et al. 2007) and Aceria
guerreronis Keifer is an important pest of coconut palms, Cocos nucifera L., worldwide
(Moore and Howard 1996; Fernando et al. 2002; Nair et al. 2005). In cereal crops, Aceria
tosichella Keifer is a widespread pest of wheat and corn (Oldfield and Proeseler 1996;
Harvey et al. 2002) and in forest and ornamental trees, Trisetacus juniperinus (Nalepa) is a
pest of evergreen cypress in Europe and North America (Castagnoli 1996; Castagnoli et al.
2002; Simoni et al. 2004).

Mites are considered efficient vectors of plant diseases (viruses and virus-like). The
transmission of 21 pathogens by 13 species of phytophagous mites to at least 34 plants has
been reported in the literature (Oldfield and Proeseler 1996; Seifers et al. 1996, 1998;
Chagas et al. 2001; Childers et al. 2001; Stephan et al. 2008). Most mite species that are
known to vector plant pathogens are in the Eriophyidae. At least 26 plant diseases are
associated with eriophyid mites (Jones 1999). As a result of their tiny size and very short
stylets (ca 20 pm) feed only the epidermal cells of their plant hosts where they may acquire
and transmit disease agents to these plant cells (Jones 1999). The location of these different
viruses in epidermal cells of their plant host suggest that the mode of transmission by their
mite vector should be of a non-persistent or semi-persistent type, but the data indicate that
some may be of a persistent (circulative) type (Jones 1999). Eriophyoid mites can then
disseminate phytovirus to non affected areas if they are transported after the virus
acquisition period.

Resistance to pesticides accentuates the economic importance of the pests, due to
increased difficulties in their control. Even if a species is already present in an area, new
introductions should be avoided because they may include a resistant biotype. Resistance
to pesticides has been reported in seven eriophyoid species: Aculops lycopersici on tomato
and Aculops pelekassi (Keifer), Aculus cornutus (Banks), Aculus fockeui (Nalepa &
Trouessart), Aculus malivagrans (Keifer), A. schlechtendali and Phyllocoptruta oleivora
(Ashmead; Michigan State University 2004) all on fruit trees.

Mites often are difficult to detect due to their small size and they are often hidden on the
host plant. Eriophyoidea are among the smallest arthropods, measuring from 86 to 500 pum
in length, and often impossible to detect with the naked-eye or 10x hand lens. Eri-
ophyoidea colonies can commonly develop in buds, sheaths and other protected areas of
the plant (Lindquist et al. 1996). Usually symptoms of a mite infestation appear only at
high populations. These characteristics make interception of eriophyoid mites associated
with plants and plant products at points of entry or departure difficult.

When phytophagous mites are introduced into a new region they may spread in the
environment, but if their preferred host is not available they either die or they may adapt to
another host. This occurs more frequently in polyphagous species in the Tetranychoidea
than in eriophyoids which are usually more host specific. The majority of eriophyoid
species described to date are reported from a single host species, others are limited to
species within a single genus or on a few species of closely related genera of the same plant
family (Oldfield 1996). There are uncertainties regarding the identity of Eriophyidae
reported to be host generalists. For example, molecular and host acceptance studies on
Abacarus hystrix (Nalepa), an eriophyid reported to occur on at least 30 genera of grasses,
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supported the hypothesis that this species is a species complex and not a single species
(Skoracka 2008).

However, evidence suggests that some invasive species are able to extend their host
range. The coconut mite A. guerreronis probably originated in tropical America (Navia
et al. 2005) and has spread to most of the coconut production areas of the world. Aceria
guerreronis has been found infesting palmyra palm fruits, Borassus flabellifer L., in India
(Ramaraju and Rabindra 2002) and Sri Lanka (de Moraes, personal communication). The
palmyra palm is native to Southern and Southeast Asia and is widely cultivated in urban
and rural areas. The observation of A. guerreronis on palmyra palm was made soon after
A. guerronis was reported in Southeast Asia and the subsequent explosion in its popula-
tions, which supports the hypothesis that the mite expanded its host range in a period of
adaptation to the new environment. Samples of mites attacking B. flabellifer plants in India
and Sri Lanka should be tested to confirm that they represent the same taxon reported from
coconut and not a cryptic species. The coconut mite has also moved to the queen palm
Syagrus romanzoffiana (Cham.) Glassman seedlings in nurseries in California and Florida,
USA (Ansaloni and Perring 2004; Welbourn unpublished data). This palm is native to
South America and is widely cultivated as an ornamental in Florida and California.
Nuclear and mitochondrial sequences of coconut mite population from S. romanzoffiana
from California were identical or similar to that of other populations found on coconut in
the Americas (Navia et al. 2005), indicating that it is a single species as opposed to one or
more cryptic species. During surveys of eriophyoid mites on native palms (Arecaceae) in
Brazil, S. romanzoffiana leaves and fruits were extensively sampled in search of new hosts
of A. guerreronis, in natural areas presenting a high density of this palm. The coconut mite
was not found during these surveys which indicate that queen palm is not a host for
A. guerreronis in its areas of natural occurrence in Brazil (Navia 2004). However, evi-
dences are provided in Navia et al. (2005) that the coconut mite does feed on queen palm
seedlings in North America.

Another example of host expansion appears to be A. lycopersici that probably originally
fed on wild solanaceous plants native to the Americas and its association with tomato is a
recent event (Oldfield 1996). Although there is evidence supporting the hypothesis of host
range expansion for certain species of eriophyoid mites in new areas, it remains a con-
troversial subject, and there needs to be additional research on host acceptance (see
Michalska et al. 2009; Navajas and Navia 2009).

Eriophyoid mites have a considerable capacity to survive adverse conditions. Many
species are able to survive the harsh low temperatures of winter in the egg stage or through
diapause. Survival of 50-76% of A. schlechtendali deutogynes during the winter has been
reported in Poland (Kozlowski and Boczek 1987). Eggs of Aceria tulipae Keifer can
endure temperatures of —31°C for 2.5 min (Jeppson et al. 1975). Generally, mites can
survive lower temperatures than their host plants. This characteristic enables mites to
survive when associated with plant products transported for extended periods of time at
low temperatures, as, for example, fresh fruits, whose are usually transported at temper-
atures from 2 to 6°C.

Lastly, it is not necessary for a large number of exotic eriophyoid mites to be introduced
into a new habitat for its establishment. Arrhenotokous parthenogenesis (i.e. fertilized egg
become female and unfertilized eggs become males) is common in most phytophagous
mites including the eriophyoids. Arrhenotokous species are able to start a new population
from a single female. While arrhenotoky has been reported in the Eriophyoidea, thely-
tokous parthenogenesis has not been found in this group (Helle and Wysoki 1996).
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Adventive eriophyoid mites and their impact

Most agricultural pests are represented by non-native species (Pimentel 2002). Pimentel
estimated the annual costs associated with arthropods introduced into the United States to
be about 20 billion dollars. Besides the economic losses, the ecological impact by
adventive species occurs at different levels including their direct effect on individuals,
populations or native communities and indirect effects on ecosystems, through more
complex mechanisms and cascading effects (NRC 2002). Literature reviews of the eco-
logical impact of invasive alien species have been published on insects (Kenis et al. 2009),
but mites are rarely listed as adventive species because little is known about their
ecological effects.

Table 1 summarizes a literature review of eriophyoid species reported as invasive in
many geographical areas. The table includes available data on country, host plants and
whether the introduction was accidental or deliberate (i.e. as biological control agents of
weeds). Eriophyoid mites representing 85 species and 30 genera are mentioned as invasive;
genera with the higher number of invasive species include Aceria (29), Eriophyes (7),
Aculops (5), Aculus (4), Acalitus (3), Phyllocoptes (3) and Trisetacus (3). Most of host
plants with invasive eriophyoids were fruit or ornamentals due to the extensive interna-
tional movement of these plants and/or their products (i.e. fresh fruits, plants for planting,
cuttings, and/or budwood).

Adventive eriophyoid mites in Europe

The “Delivering Alien Invasive Species in Europe” (DAISIE) was a 3 years project, funded
by the European Union, to provide new knowledge on biological invasions in Europe. This
project provided an inventory of more than 11,000 alien species in Europe (including
harmful and harmless; DAISIE 2009; www.europe-aliens.org). This list includes thirteen
eriophyoid species in the genera Aculops (4), Aceria (3) and one each in following genera:
Acaphylla, Calacarus, Eriophyes, Phyllocoptes, Tegolophus and Trisetacus.

Some pest species of crops in Europe are also found in other regions of the world.
Several are vagrant species infesting citrus in the Mediterranean region. The citrus bud
mite, Aceria sheldoni (Ewing), occurs in all of the citrus-growing regions of the world
where it lives under and within the buds of lemons causing structural modifications in
leaves and fruits, to develop abnormally (Jeppson et al. 1975). The citrus rust mite,
P. oleivora, was not included in the DAISIE list but it is already present in Sicily and
Cyprus (de Lillo 2004). This eriophyid causes considerable injury to citrus, affecting the
quality of fruits in most of the citrus-growing areas of the world, and is a key pest to citrus
in Florida and Israel. Symptoms are very characteristic; the affected fruits show russetting
and are small in diameter and weight. Similar effects of fruit damage have been observed
in the pink citrus rust mite, A. pelekassi, another widespread eriophyid mite that also
occurs in other European countries or localities, for example in Italy, Greece, Malta,
Ukraine and Montenegro (de Lillo 2004).

The pear leaf blister mite, Eriophyes pyri (Pagenstecher), is distributed worldwide as an
important pest of fruit trees (Easterbrook 1996). The mite causes blisters and galls on the
underside of developing pear and apple leaves that turn from red to dark brown and black
(Easterbrook 1996). Probably the pear leaf blister mite has been disseminated around the
world, including Europe, through transport of pear propagation material (Jeppsonet al. 1975).

The tomato russet mite A. lycopersici has a cosmopolitan distribution and is a serious
pest of tomato plants and other solanaceous crops grown between 60° north and 60° south
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latitudes. Stems with high populations of the mite may affect fruit quality (Perring 1996).
Mite feeding produces russetting which turn brown and paperlike but do not wilt down.
This mite lives on leaves of many solanaceous plants, but particularly tomato and it usually
kills its host (Jeppson et al. 1975). De Oliveria et al. (1982) reported crop reductions of
66.5-1.8% when plants were infested early or late in the season, respectively.

Aceria tristriatus (Nalepa) and A. erineus (Nalepa) are widespread in Europe and are the
most common and injurious eriophyoids found on cultivated walnuts. The walnut blister
mite, A. tristriatus, causes the formation of small pustules along midribs and lateral veins.
Aceria erineus causes the formation of erineum patches covered with yellowish hairs on
the underside of leaves among which the mites can be found. Convex swellings occur on
the upper surface of the leaf above of these areas. Damage produced by these species
causes a reduction in the leaf surface but does not normally affect yield (Castagnoli and
Oldfield 1996).

Some invasive eriophyoid mites considered to be pests of ornamentals in Europe are
crop pests in other regions of the world. An example of this is the pink tea rust mite,
Acaphylla theae (Watt & Mann), and the purple tea mite, Calacarus carinatus (Green),
which are among the most important tea pests in Southern Asia. Both species have been
recorded in Italy, Spain and Portugal, and C. carinatus has also been reported in Poland
and Hungary. In northwest Spain (Galicia) and northern Portugal the mites were found on
the leaves of Camellia trees in parks and public and private gardens where they were
associated with Cosetacus camelliae (Keifer), an eriophyid mite commonly found on this
host (Mansilla et al. 2003).

Other eriophyoid invasive mites reported in Europe as pests of ornamental crops are
Aculops fuchsia Keifer, causing galls in fuchsia, and Phyllocoptes azaleae Nalepa, causing
leaf rolling in Azalea indica L. The former is an important pest of fuchsias causing
deformation of leaves and flowers. Galls become swollen and blistered and often reddened
(Keifer et al. 1982, Koehler et al. 1985). The species was described from southern Brazil
and is probably native to South America. It was later recorded in California in 1981, France
in 2003 (Streito et al. 2004) and England in 2007. This species was included in the EPPO
(European and Mediterranean Plant Protection Organization) Alert Lists because it may
threaten fuchsias in the EPPO region.

Sefrov and Lastiivka (2005) published a catalogue of alien animal species in the Czech
Republic with data on their origin, pathway of introduction, invasive status and feeding
requirements. A total of 595 species were listed, including eight eriophyid mites. Among
them Aculus hippocastani (Fockeui), a common species which causes erineas under the
leaves of the Horse-chestnut, Aesculus hippocastanum L., widely cultivated as ornamental
tree throughout many temperate countries. The erineas, placed on the angle of the veins of
the leaflet, present trichomes that are white at first and turn brown later. Vasates allotrichus
(Nalepa) produces leaf rolling on the Black locust, Robinia pseudoacacia L., a tree native
to the United States and widely planted and naturalized elsewhere in temperate North
America, Europe and Asia, where it has been considered an invasive species in some areas.

Glavendekic et al. (2005) reviewed the alien insects and mites in Serbia and Monte-
negro between 1979 and 2004 and twelve Eriophyidae and one Phytoptidae species were
included, without host plant information. Some of them, like the privet mite Aceria ligustri
(Keifer), are potential pests that can cause considerable damage in urban areas. The privet
mite lives as vagrant on leaves and buds of Ligustrum (Oleaceae) hedges where it can
cause curling, bronzing and rusting of infested leaves.
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Adventive eriophyoid mites in the United States of America

Several ornamental plants in the United States of America (USA) have been recently
invaded by rust mites. One example, the bougainvillea rust mite, Phyllocoptes bougain-
villeae Keifer (Fig. 1) was discovered in Florida (Welbourn 1995) and in California by
Ochoa in 1997. Originally described from Brazil, this rust mite was discovered in Kenya
and redescribed as Vittacus bougainvilleae by Abou-Awad (1991). This mite causes
extensive edgerolling and rusting of the flowers and leaves, with the damage most severe in
the white and pink bougainvillea varieties.

The coconut mite, A. guerreronis, is a well known pest of coconut, and was discovered
in Florida in 1984 (Howard et al. 1990). In 2004 it was reported feeding on the meriste-
matic tissue of queen palm (S. romanzoffiana) seedlings in California nurseries (Ansaloni
and Perring 2004) and causing necrosis, leaf distortion and plant death. Aceria guerreronis
was also found on queen palm seedlings in some Florida nurseries by Welbourn in 2006
and 2008. This new host represents a serious threat for the ornamental palm business in
Florida and California. Another adventive mite associated with monocotyledon plants is
Aculodes duvius (Nalepa) which feeds on timothy grass, Phleum pretense L., and is
actively moving from the western USA to the eastern USA (Lamp et al. 2007).

Due to their small size eriophyoids are easily moved around on plant material. For
example, mangos are a commercial and dooryard crop in southern Florida and recent
surveys of mangos have recently revealed four eriophyids [Diptilomiopus pamithus
(Boczek & Chandrapatya), Tegonotus mangiferae (Keifer), Spinacus pagonis Keifer and
Aceria kenyae (Keifer; = Cisaberoptus kenyae)] not previously known from Florida and the
USA (Welbourn 2005, 2008b, unpublished data). It is unknown how long these species
have been in the USA, but they appear not be significant pests. A similar situation occurred
on coconut palms in Florida where Acathrix trymatus Keifer (Phytoptidae) and three other
genera (Scolocenus, Notostrix and Tumescoptes) were discovered for the first time in the
USA (Welbourn 1996, 2007a, b).

Phyllocoptes fructiphilus Keifer is a native USA species that has jumped to multiflora
rose, Rosa multiflora Thunb., an exotic Asian shrub that had become a serious invasive
(Amrine 1996). In addition to feeding on multiflora rose, P. fructiphilus transmits Rose
rosette disease (RRD; also called witches’ broom of rose) to this invasive host, which
has been an effective control (Amrine 1996). Efforts to manipulate P. fructiphilus for

Fig. 1 The bougainvillea rust
mite, Phyllocoptes
bougainvilleae Keifer,
discovered in Florida (1995) and
California (1997), USA
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weed control are now underway (Epstein and Hill 1999). This system represents a case
in which an endemic herbivore has transmitted an apparently native disease to an
introduced weed. Under certain circumstances the mite can be a pest of ornamental
roses, requiring chemical control (Amrine 1996). Aceria anthocoptes (Nalepa) is dis-
persing within the USA on Canadian thistle (Cirsium arvense (L.)) since it was first
found in Maryland, in its bordering states, and in two northcentral states (Minnesota and
North Dakota; Ochoa et al. 2001; Michels Jr et al. 2009). This mite can be considered an
adventive species, in the recent colonized areas where dissemination has been favored by
human activity.

The litchi erineum mite, Aceria litchii (Keifer), was introduced into Hawaii from Asia
on Litchi chinensis Sonn. many years ago. Since then there have been two introductions of
this mite into Florida from Hawaii on dormant trees. One discovered in 1955 which was
declared eradicated in 1960 (Dekle 1957, 1960) and a second infestation in 1993 (Mead
1993). The successful eradication of an exotic eriophyoid is rare, but the use of quarantines
and chemical control helped eradicate this mite from Florida. Dekle (1960) noted that the
litchi trees were severely damaged by cold in late 1957 and that may have contributed to
the eradication of the mite. No litchi erineum mites have been found in Florida since 1993.
The litchi erineum mite before considered as a quarantine pest to Brazil (MAPA 2007) was
recently reported in the country. Since July 2007 severe damage to newly developed leaves
and fruits was observed in litchi orchards in the State of Sdo Paulo and in April 2008
several A. litchi specimens were first collected and identified from Brazil (Raga et al.
2008). Control of this mite is expensive and difficult including pesticide application and
pruning of trees that can reach 15-20 m tall. Introduction of the litchi erineum mite in
Brazil could discourage litchi production that was in expansion.

Aceria zelkoviana Kim was introduced into Florida in 2000 on Zelkovia serrata
(Thumb.) Mak. bonsai from China (Welbourn 2000), but it appears that this mite has not
survived as no new records has been reported. The pink citrus rust mite, A. pelekassi
was first reported from Florida in 1961 (Denmark 1962) and after the initial discovery
an unsuccessful eradication program initiated. Welbourn (2008c) recently discovered
Diptilomiopus assamica Keifer on citrus in Florida in association with the citrus rust
mite, P. oleivora (Fig. 2). As with many of the exotic eriophyoids recently discovered in
the USA, we have no data on the origin or when they were introduced into the USA.
Many of these mites appear not to be pests, but leaf vagrants that entered into the USA
on host plants that were poorly inspected or not treated for mites prior to entry into the
USA.

The hibiscus erineum mite, Aceria hibisci (Nalepa), was described from Hibiscus
rosa-sinensis L. (Malvaceae) in the Fiji islands and is a good example of an adventive
mite in the USA, Australia and the Caribbean region. Feeding by this mite causes
deformed young leaves and developing vegetative buds (Welbourn et al. 2008). Hara
et al. (1996, 2001) reported A. hibisci in Hawaii, USA in 1989. In 1992 the mite was
reported from Australia (Carson and Gough 2007). Quilici et al. (1997) reported
A. hibisci from Hibiscus sp. in the Reunion Island. Aceria hibisci was first reported in the
Caribbean region on the islands of Martinique in 1997 and Guadeloupe in 1998 and 2000
from Hibiscus rosa-sinensis and Hibiscus sp. (Flechtmann et al. 2000) and Flechtmann
and Etienne 2001). De la Torre and Martinez (2004) reported the mite from Cuba on
Talipaariti elatus (Sw.) Fryxell. (Malvaceae). Specimens from Dominica and Jamaica
submitted to the Division of Plant Industry, FDACS, in 2007 and early 2008 were
confirmed as A. hibisci (Welbourn 2008a).
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Fig. 2 The citrus rust mite,
Phyllocoptruta oleivora
(Ashmead), from citrus in
Florida, USA

Eriophyoid invasions in mainland China

Hong et al. (2006) listed 25 adventive eriophyoid species in mainland China, 17 on fruit
trees, three on forest and tea plants and three from vegetables and other crops (see
Table 1). Some have caused considerable agricultural damage, while others are either
potentially important economically or produce no damage. A classic and historical
example of an invasive alien eriophyoid mite in China is the big bud mite, Cecidophyopsis
ribis (Westwood) on blackcurrant, Ribes nigrum L. This mite is widely distributed in
Europe; it was introduced into northeastern Heilongjiang Province, likely from neigh-
boring Russia in the 1930-1940s, but was not reported until the 1980s (Bai 1987; Hong
1998). Other recent invasions into China include the rice rust mite, Cheiracus sulcatus
Keifer, the tomato russet mite, A. lycopersici, and the apple rust mite, A. schlechtendali
(Nalepa; Hong et al. 2006).

The rice rust mite was first described from rice in northern Thailand and southern India,
apparently causing little or no damage (Keifer 1977, Mohanasundaram 1981). However, it
caused serious damage to rice in northern Guangdong Provinces (Hong et al. 2005) and has
spread to neighboring regions (Hong et al. 2006). Symptoms produced by the feeding of
C. sulcatus is characterized by long rust stripes on the underside of rice leaves, visible
under microscope, and withered and yellowed leaf tips visible to the naked eye. Hong et al.
(2006) suggested this mite may have occurred around Shaoguan city for more than 2 years
where it damaged many varieties of rice before spreading to other parts of the Province
(Hong et al. 2006).

The tomato russet mite was first reported in China in 1983 on tomato, potato and
tobacco (Kuang 1983), but no damage was documented until 1999. The first reports of
damage were reported in greenhouses in Yunnan and Shangai Provinces (Chen et al. 2000,
Kuang et al. 2000). Serious damage was also observed in tomatos in Shanghai greenhouses
and shed houses in northeast China (Hebei Province; Jin and Liu 2001).

The apple rust mite was first reported in mainland China in 1995 (Kuang 1995) causing
browning or rusting of the undersides of leaves. In heavily infested apple orchards in
Sichuan Province, where 80-90% of apple trees were attacked resulting in little growth
(Li and Cai 1996). Hong et al. (2006) reported that this mite is not yet widely distributed in
China’s major apple growing areas.
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The adventive wheat curl mite, Aceria tosichella, and associated viruses—a new threat
to cereal crops in South America

Keifer described the wheat curl mite, A. tosichella, from wheat in Yugoslavia in 1969. This
eriophyid has been reported from the main wheat production areas in North America,
Europe, Asia, the Middle East, Africa and Oceania (Amrine and de Lillo 2006). Although
A. tosichella occurs mainly in wheat, it can also develop in corn, sorghum, barley, oat, rye,
pearl millet and in a large number of grasses of minor economic importance as well as
various weeds (Jeppson et al. 1975; Amrine and de Lillo 2006). Yield losses to wheat crops
due to A. tosichella infestations can reach 30% (Harvey et al. 2002). However, the main
damage is the transmission of Wheat streak mosaic virus (WSMV) and High plain virus
(HPV; Oldfield and Proeseler 1996; Malik et al. 2003). WSMV is the etiological agent of
one of the most important virus diseases of wheat causing major yield losses in North
America, Europe, the Middle East, Oceania and Asia (Oldfield and Proeseler 1996; French
and Stenger 2003; Sanchez-Sanchez et al. 2001). The HPV was first observed in 1993 in
the High Plains subregion of the Great Plains in the central USA (Jensen et al. 1996).
Mixed infections of WSMV and HPV have been observed in the USA making it difficult to
estimate the losses associated with each virus. However, losses due to HPV infection in
corn in some regions of the USA were estimated to be around 75% (AQIS 2000). Other
diseases associated with A. fosichella are Wheat spot mosaic virus (Jeppson et al. 1975)
and Kernel Red Streak Agent (CABI 2002). Recently, two new A. tosichella transmitted
viruses were reported: Brome streak mosaic virus in Europe (Stephan et al. 2008) and
Triticum mosaic virus in the USA (de Wolf and Seifers 2008); no information is available
on losses due to these virus infections.

In South America, the report of A. fosichella and its associated viruses is recent. WSMV
was discovered in the Province of Buenos Aires, Argentina, in 2002 (Truol et al. 2004).
Two years later its vector, A. tosichella, was also found in Argentina in association with
WSMYV infected plants (Navia et al. 2006). These reports drew attention to the possible
distribution of the pathosystem A. fosichella/WSMV and HPV in the cereal production
areas of Argentina’s neighbors. A Pest Risk Analysis (PRA) for A. fosichella and WSMV/
HPV was conducted considering as risk areas the non-affected regions of Argentina and all
territories of Brazil, Uruguay and Paraguay. The risk of introduction, establishment and
economic importance of the pests in the risk areas was considered as high (Navia et al.
2007a, b).

Considering the high risk of A. tosichella and WSMV/HPV to Argentina, Brazil, Par-
aguay, and Uruguay, a joint project involving a multidisciplinary group of researchers from
these countries was initiated in 2006. The main purpose of this project was to follow the
status and dissemination of the pathosystem in the region, providing information on the
distribution and hosts of A. tosichella and associated virus in the main wheat production
areas of the forementioned countries.

In Brazil, the presence of A. fosichella was confirmed during 2006 surveys in the State
of Rio Grande do Sul (Pereira et al. 2009), one of the main wheat production areas of the
country on the border with Argentina. The mite was detected in both greenhouses and in
the field. However symptoms due to A. tosichella infestations were observed only in
greenhouse conditions. The wheat curl mite was exclusively found on wheat. The presence
of WSMYV has not yet been detected in Brazil (Pereira et al. submitted).

The occurrence of A. fosichella was also confirmed in Uruguay during surveys that
covered most of the traditional agricultural and wheat production areas in November 2007
(Castiglioni and Navia 2009). During these surveys, A. fosichella was also found on
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ryegrass (Lolium multiflorum) and brome (Bromus unioloides), being the first report of the
mite on other hosts grasses different from wheat in South America.

In Paraguay, a survey was conducted in 2007 which did not detect the presence of
A. tosichella and associated virus (Espinoza 2008). Subsequent surveys are needed to
continue monitoring the presence of A. fosichella and associated virus.

In Argentina, WSMYV has spread to the main wheat production areas in at least seven
Provinces—Santiago del Estero, Salta, Tucuman, La Pampa, Santa Fé, Coérdoba and
Buenos Aires (Truol et al. 2008). Severe WSMV epiphytes have been observed in wheat in
the 2007 and 2008 growing seasons, especially in Balcarce, Buenos Aires Province (Truol
and Sagadin 2008a; Truol et al. 2008). The presence of HPV was confirmed also in
Argentina in 2007, in the Province of Buenos Aires in mixed infections with WSMV
(Truol and Sagadin 2008b). At present, the pathosystem A. tosichella and WSMV/HPV is a
threat to wheat production in Argentina because all wheat cultivars commonly used in
Argentina, of short and intermediate cycles, are susceptible to the pathosystem (Bainotti
and Vanzetti 2008).

Although WSMV and HPV have not yet been detected in Brazil, Uruguay and Para-
guay, they are likely to soon extend their range into these countries given their proximity to
the affected areas and intense movement of vehicles and cereal trade among these coun-
tries. The dissemination of A. tosichella and associated virus in the main production areas
of wheat and winter cereal crops in countries of southern South America seems to be
unavoidable. The knowledge of the monitoring and management practices for the A. fos-
ichella/WSMV/HPV pathosystem gained by Argentinean technicians and researchers will
surely help professionals in neighboring countries. Joint efforts should now be concen-
trated in search of resistant germplasm as well as continuing to follow the dissemination
and status of the pathosystem in areas that are threatened by the mite and virus.

The coconut mite, Aceria guerreronis—invasion history, impact and the challenge
for classical biological control

The recent spread of the coconut mite to most coconut production areas of the world has
made this mite one of the most important coconut pests. Although described by Keifer
(1965) there is evidence this mite was present in other areas in the Americas well before
1965 (Ortega et al. 1967; Robbs and Peracchi 1965; Zuluaga and Sanchez 1971). Symp-
toms characteristic of the mite have been observed in Colombia since 1948 (Zuluaga and
Sanchez 1971), in Brazil since 1953 (Arruda personal communication) and in Mexico since
1960 (Ortega et al. 1967). By 1966 the mite was reported from the African Gulf of Guinea
Islands and Benin in 1967 (Cabral and Carmona 1969; Mariau 1969). In the 1980s the mite
was reported in Tanzania (Seguni 2002). Recent records place the coconut mite in Florida,
USA in 1984 (Howard et al. 1990), California, USA in 1997 (Ansaloni and Perring 2004),
South Asia (India and Sri Lanka) where the species was unknown until the end of the
1990s (Fernando et al. 2002; Sathiamma et al. 1998), and the Middle East (Oman; de
Moraes personal communication).

The coconut mite is considered to be a serious pest of coconut palms throughout its
geographical distribution (Moore and Howard 1996), causing significant crop losses.
Populations develop in circular whitish areas covered by the perianth in the meristematic
zone from which the growing coconut fruit expands. As the damaged surface expands from
beneath the perianth and becomes exposed to air, it becomes suberized (i e., develops a
brown cork-like surface with deep fissures). If intense mite feeding is concentrated on one
side of the fruit meristem, growth of the fruit may be uneven, resulting in a distorted
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coconut. Severe damage results in stunted fruit (Mariau 1986, Howard and Moore 2008).
High infestations have been reported ranging from 80 to 100% of coconut trees in some
regions of Mexico (Ortega et al. 1967), 42—-65% in Cuba (Suarez 1991), 90% in Costa Rica,
5-100% in Sri Lanka (Fernando et al. 2000), and 20-70% in India (Nair and Koshy 2000;
Muthiah and Bhaskaran 2000). Reductions of near 30% in copra yield have been reported in
American and African countries (Hernandez Roque 1977; Julia and Mariau 1979; Moore
1986) and around 40% in India (Nair and Koshy 2000; Muthiah and Bhaskaran 2000).
Coconut fruit losses of approximately 70% have been reported in Venezuela due to pre-
mature dropping (Doreste 1968) and from 10 to 100% with an average of 21% in Tanzania
and coastal islands (Mafia, Zanzibar and Pemba; Seguni 2002).

Coconuts are produced on about 26 million acres in 92 countries worldwide (FAO
2002), and considered to be the most important palm tree from the humid tropical regions
and undoubtedly the most economically important plant in the family Arecaceae. In
addition to its economic importance, it represents a relevant social crop due to the use of its
products as a source of food, fiber, fuel, water, and shelter to communities (UGA 2009).
The coconut mite represents a threat to coconut production worldwide. Although the
coconut mite is widely distributed in most of the coconut production areas in Asia, Africa
and the Americas, this mite has not yet reported from the main coconut production areas in
the Philippines and Indonesia represent together more than 50% of world coconut pro-
duction (FAO 2002).

Chemical measures used to control the coconut mite are expensive and difficult to apply
because of colonies develop on the palms (Hernandez Roque 1977; Ramaraju et al. 2002).
Acaricides must be applied frequently to control this mite. However, in most production
areas, coconut is traditionally grown by small farmers who cannot afford the continuous
application of insecticides/acaricides (Moore and Howard 1996; Muthiah and Bhaskaran
2000; Ramaraju et al. 2002). As an alternative, classical biological control has been
considered as a promising strategy to mitigate populations of A. guerreronis (Moraes and
Zacarias 2002).

Critical to the success of finding effective agents for biological control is the deter-
mination of the historical range of the mite. The true origin of the coconut mite remains
uncertain since it was first reported almost simultaneously from both the Americas and
Africa. To investigate the geographical origin, ancestral host associations, and colonization
history of the mite, DNA sequence data from two mitochondrial and one nuclear region
were obtained from samples from the Americas, Africa and the Indo-Oceanic region.
Mitochondrial DNA 16S ribosomal sequences were most diverse in Brazil, which con-
tained six of a total of seven haplotypes. A single haplotype was shared by the non-
American mites. Patterns of the nuclear ribosomal ITS variation were similar to those of
the mitochondrial DNA, also with the highest nucleotide diversity found in Brazil. These
results suggest an American origin of the mite and suggests the original host of the mite
was a non-coconut palm. In contrast to the diversity in the Americas, all samples from
Africa and Asia were identical or very similar, consistent with the hypothesis that the mite
invaded these regions recently (Navia et al. 2005). These results have encouraged the
prospect for finding biological control agents of A. guerreronis in the Americas (Lawson-
Balagbo et al. 2007a, b, 2008).

At present, international efforts supported by WOTRO, Netherlands Organization for
Scientific Research are directed to the development of a classical biological control pro-
gram for the invasive coconut mite in Africa and Asia: integrating biological, molecular
and socioeconomic studies in the search and introduction of effective natural enemies. The
primary objective of this project is to determine prospective natural enemies in the
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Americas and introduce them into Africa and Sri Lanka for the biological control of the
coconut mite. In addition, the project will conduct studies to determine aspects of the
biology and ecology of the coconut mite and the natural enemies selected for introduction,
and determine the socioeconomic impact resulting from the intervention. The search for
natural enemies will be focused in Brazil, Colombia, Mexico and Venezuela; the target
countries for their introduction will be Benin, Tanzania and Sri Lanka. Researchers
working on this project include those working at the ESALQ/University of Sdo Paulo-
Brazil, the University of Amsterdam in The Netherlands, the IITA in Benin, the Coconut
Research Institute in Sri Lanka, and collaborators from Colombia, Mexico and Venezuela.

Eriophyoid mites introduced as biological control agents of weeds: Could they become
adventive species?

In a technical sense, every eriophyoid that has been successfully introduced for biological
control has become adventive, because it has established and spread in a new geographic
region (Smith personal communication). Because most eriophyoid mite species are highly
host specific, they have been considered ideal biological control agents for weeds
(Rosenthal 1996). However, at present, few exotic species have been released in new
regions due to increasing safety levels required for biocontrol agents and the relative lack
of knowledge and practical experience using eriophyoids to control weeds (Smith et al.
2008). The potential risks associated with the release of exotic natural enemies have
received attention (Howarth 1983, 1991) and an increasing number of countries are now
applying risk assessment procedures before a new natural enemy can be imported and
released. In the case of weed biological control programs, the effect of the natural enemy is
not only determined on the target plant species, but also on native non-target species.

Negative environmental effects due to the release of eriophyoids have rarely been
reported. The only case reported of an introduced species developing on non-target plants
is Aculus hyperici (Liro). This mite is native to Europe and was introduced into Australia in
1991 to control Saint John’s wort Hypericum perforatum L. Pre-release host specific trials
indicated a low risk of impact on the native species Hypericum gramineum Forst. Although
A. hyperici can colonize and develop on the native H. gramineum, apparently it has no
significant impact on their growth or reproduction, either in the field or under glasshouse
conditions (Willis et al. 2003).

Another possibility to be considered is that an eriophyoid introduced as a biological
control agent becomes abundant and does not reduce the weed population. In this case it is
possible that the mite could cause indirect nontarget effects by becoming an important part
of a food web (Pearson and Callaway 2005).

Pathways for eriophyoid mites

There are many pathways for a species to be transported and released into new environ-
ments. Following Lockwood et al. (2007), a transport vector is the manner in which the
species is carried along a pathway, and a pathway the route between the original region of a
species and its release location. Pathways are also defined as any means, natural or “man-
made”, that allows the entry or spread of a pest (FAO 2006; Kahan 1989). Understanding
the vectors and pathways is critical to comprehending the subsequent stages of an invasion
process (Lockwood et al. 2007). Natural pathways appear to be a minor component of the
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global spread of non-indigenous species in contrast with human-mediated dispersal (NRC
2002).

The most important natural pathways for eriophyoid mites, for short and medium dis-
tances include wind, pollinators and water (Lindquist et al. 1996). Although mites actively
initiate dispersal, it is a passive process resulting in their random deposition throughout the
environment (Bergh 2001).

For long distances, most eriophyoid mites disseminate through human activity. Due to
their biological and morphological traits the main pathways for eriophyoid mites are plants
including any propagation material, fresh fruits, cut flowers, or bulbs.

There are examples of eriophyoid species that develop inside seeds and undoubtedly
could disseminate through their movement. Trisetacus kirghsorum Shectchenko colonies
develop inside Juniperus seed for 2 years, which corresponds with the duration of the
ripening period of the seed (Oganezova and Pogosova 1994).

Is unclear whether the seeds of the host plants from which eriophyoid species do not
develop inside of could be a pathway. For example, A. fosichella, a pest associated with
cereal and grasses has been disseminated around the world. Cereal exchange and trade is
exclusively done through seeds and processed material. Considering the large number of
species of grass that are reported as hosts for the species, one hypothesis on the dissem-
ination of A. tosichella is that it is transported on contaminant grasses accompanying
potted ornamental plants infested with mites (Navia et al. 2006). Another hypothesis is that
A. tosichella is disseminated through seeds. It is possible that in high mite populations in
the field, or when mites are preparing for aerial dispersal at harvest time, some life stages
could survive and accompany seeds during the transport period and colonize new areas
where these seeds are planted. The interception of A. tosichella and Aceria zeala Keifer on
wheat and corn germplasm seeds at the Laboratory of Plant Quarantine, Embrapa, Brazil
(Navia and Flechtmann 2008) support the possibility of dissemination of these eriophyids
on or in seeds. Additional evidence supporting the transport of an eriophyid mite on seeds
was the detection of Aceria zeala L. (Fig. 3) on corn in a California greenhouse in July
2001. This was the first report of this potentially important pest of corn in North America.
Potential hosts (corn and sorghum) surrounding the greenhouse were inspected but no
mites were found (Ochoa and Amrine Jr 2007). This suggests the infestation started inside
the greenhouse from mites on the seeds. Evidence exists that other phytophagous mites
may disseminate through their host seeds, such as the case of the tarsonemid rice mite
Steneotarsonemus spinki Smiley (Kane 2007).

It would be interesting to determine how long eriophyoid mites associated with seeds
and grains are able to survive without feeding on fresh material under different environ-
mental conditions, and if they can colonize new fields when seeds are germinating and
growing. This information is important to the development of preventive measures to avoid
the introduction of eriophyoid mites into new areas.

Biosecurity and preventive measures to reduce the risk of eriophyoid mites

Biosecurity encompasses all policy and regulatory frameworks to manage risks associated
with food and agriculture, including relevant environmental risks (FAO 2001a). Biose-
curity actions include protection and mitigation of factors related to bioinvasions.

Pest risk management is an analytical process for identifying risk mitigation options
and for evaluating their efficiency, feasibility, and impacts (FAO 2001b). The options to
mitigate risks in plant biosecurity include market restrictions, post-entry quarantine,
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Fig. 3 Aceria zeala Keifer,
intercepted in California, USA
greenhouse in July 2001

inspection at departure and entry points, quarantine treatments, transport conditions and
pre- and postharvest procedures originating from pest-free or low incidence areas. Phy-
tosanitary procedures should be selected according to the risk level represented by the
importation of different commodities from different origins.

When eriophyoid mites represent a risk to agricultural and/or natural systems, it is
important to concentrate efforts on measures that mitigate the risk of their entry and/or
dissemination considering the difficulties and cost of eradication of phytophagous mites.
Risk mitigation options for agricultural commodities, when eriophyoid mites are target
pests are post-entry quarantine, quarantine treatments and origin from non-infested areas.
Limitations of some mitigation measures are discussed below.

Inspection at departure and entry points and post-entry quarantine

The inspection of large cargoes for acarine species at entry or departure points is inefficient
and is commonly used as a complementary procedure to other quarantine measures (Navia
et al. 2007a). The reduced dimensions and sometimes the hidden location in the plant
material decrease the likelihood that mites will be detected at their point of departure or
upon their arrival at the point of entry. In the case of eriophyoid mites, both traits—reduced
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dimension and hidden location—can be extreme. The smallest phytophagous mites belong
to this group and colonies can develop inside cracks, crevices, below bracts, sheath or even
inside plant organs (for example buds, bulbs), which accentuates difficulties to their
detection.

Inspections specifically aimed at the detection of eriophyoid mites usually focus upon
symptoms resulting from their infestation such as plant abnormalities, discolorations, galls
and blisters or necrotic spots. In that case, suspect plants are taken to the laboratory to
identify the causal agent. This task is especially relevant in the case of eriophyoid mites
that do not produce observable symptoms on the host plant or in the cases that the host
plants present symptoms only if high infestations occur.

In countries that employ well-trained quarantine inspectors that detect mites, prepare
material and take photos of relevant taxonomic characters for identification, the digital or
remote identification system can be used as an important tool in plant biosecurity. A
distance diagnostic system using digital imaging named Remote Pest Identification Pro-
gram was implemented by Plant Protection and Quarantine, USDA, USA, in 1996 as a
pilot project. The program provides advanced digital imaging technology and microscopy
equipment to Plant Protection and Quarantine (PPQ) Identifiers and National Specialists at
locations throughout the continental USA, Alaska, Hawaii, Puerto Rico and Guam. These
tools facilitate the pest identification process by enhancing communication between port
personnel and taxonomic experts allowing for faster processing of imported cargo at US
ports of entry.

Imported plant material used for vegetative propagation is considered of high risk for
many pests, including phytophagous mites. Post-entry quarantine, that is the official
confinement of regulated articles after entry for observation and further inspection (FAO
2006), is the appropriate measure to avoid inadvertent pest introduction through impor-
tation of plant material for propagation. The time required to maintain the material under
observation depends upon the bioecological characteristics of the target quarantine pest.
For eriophyoid mites, which can develop inside plant organs, a lengthy period in post-entry
quarantine may be required. Fruit species from arid regions usually are not imported as
seeds, but through propagation material (budwoods, cuttings, rooted plants). To these arid
fruit trees material Verma and Kapur (1990) have recommended glasshouse confinement
for 1-3 seasons to detect latent infestations of eriophyoid mites. Also Dieckmann et al.
(1994) have recommended at least 10 months of confinement for Ribes fruits. Another
possible way to analyze samples is the use of destructive methods during inspection, such
as the complete dissection of plant material, to assure the material is not infested with these
mites.

Eriophyoid mite interceptions

International trade has long been recognized as a major pathway by which adventive
species arrive to and colonize new geographical ranges. Recent reviews have noted the
importance of intercepting these species at the border, before they have the opportunity to
become established in new countries (NRC 2002). Information on intercepted pests
associated with specific commodities is relevant when conducting a pest risk assessment
(PRA). Interception of a new pest on an imported commodity is a prerequisite to initiating
a PRA. Also, information on the frequency of interception of a specific pest is required
during entry risk evaluation (FAO 2006).

Comparing information available in the scientific literature regarding interceptions of
eriophyoid mites versus that of adventive insects or other groups of phytophagous mites,
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the former is strikingly scarce and difficult to find. Examples of eriophyoids intercepted
at the borders include the gardenia bud mite, Colomerus gardeniella (Keifer), which lives
in the petiole bases on Gardenia jasminoides Ellis. The mite is native to Mexico and was
first intercepted in 1964 in California (Dekle and Denmark 1970) and later found in other
states including Hawaii. Phyllocoptes acuminatus Manson was intercepted in New Zealand
several times on Codiaeum sp. [Euphorbiaceae] from Samoa and Fiji islands, but is not
believed to be established there (Manson 1972).

The dry bulb mite A. tulipae is able to develop on several plant species in the families
Alliaceae and Liliaceae. In the genus Allium, its hosts include species such as shallot, onion
and garlic and is also known to occur on tulips (Tulipa). It is considered one of the most
important eriophyoid pests not only because the direct damage on plant but also for its
capacity to vector several important viruses such as the Onion mite-borne latent virus and
the Shallot mite-borne latent virus (Perring 1996, Oldfield and Proeseler 1996). This mite
is widespread in Europe although it does not occur in the United Kingdom where it was
recently detected on infested onion (Allium cepa) bulbs used for planting, originating from
The Netherlands (Ostoja-Starzewski and Matthews 2006). Due to their economic impor-
tance, a pest risk analysis (PRA) was performed in the UK in 2007 to assess the invasive
potential of this pest and the economic consequences of establishment. Even though the
PRA considered that the mite is capable of establishing both outdoors and in storage
facilities, significant damage is not expected in the UK and no phytosanitary measures
were recommended (MacLeod 2007). Aceria tulipae has also been intercepted in Japan on
infested shallots originating from France and the USA (Masaki 1991).

Inspections of seeds, bulbs, seedlings and tubers of cultivated plants conducted at the
Laboratory of Plant Quarantine (Embrapa) in Brasilia, Brazil, from 2004 to 2008, revealed
the presence of five exotic eriophyid species: A. hystrix and A. tosichella were intercepted
on wheat seeds, A. zeala on corn seeds, A. fockeui from cherry stakes, and Oxycenus
maxwelli (Keifer) from olive seedlings. All interceptions included live forms of the mites,
even surprisingly those from wheat and corn seeds (Navia and Flechtmann 2008).

Quarantine treatments and eriophyoid disinfestation

For a quarantine treatment to be acceptable all organisms associated with the plant material
must receive lethal doses and the material cannot be damaged. In fact, only a few treat-
ments have achieved the high control levels required to be used as a quarantine treatment
(MacDonald and Mills 1994). Sometimes postharvest treatments that reduce pest popu-
lations are accepted as phytosanitary measures by plant protection organizations if asso-
ciated with other mitigation options.

A quarantine treatment that has been used on the commercial level for mite disinfes-
tation of fresh plant products is fumigation with methyl bromide (MB). MB fumigation is
an extremely toxic treatment that requires special safety facilities, which in some countries
is not available for large volumes of commercial material. MB has been evaluated for mite
disinfestation of several species/commodities, especially fresh fruits (Katayama et al.
2001). There is little information specific for the disinfestation of eriophyoid mites through
MB fumigation. For eriophyoid and other mites infesting bulbs, there are instructions that
MB fumigation should be repeated after 10-14 days to kill the eggs (Mackie et al. 1942).

Development of alternative quarantine treatments is important to prevent disruption of
international trade and to allow access to new markets. Mite disinfestation studies include
controlled atmosphere and irradiation experiments and thermal treatments.

@ Springer



Exp Appl Acarol (2010) 51:225-255 247

Controlled Atmosphere Treatments (CAT) consists of modifications of carbon dioxide
concentration in closed environments which become lethal to the pests. The feasibility of
CATs storage to provide quarantine security has been demonstrated for the apple rust mite,
A. schlechtendali and the European red mite, Panonychus ulmi Koch. Eggs are killed in
5.3 months when apples are stored at 2.8°C in an atmosphere of 1% O2 and 1% CO2
without detrimental effects to the apples. A possible disadvantage of this treatment may be
the length of storage exposure required for sufficient mortality (Lidster et al. 1981).
Authors consider that low O2 storage probably would not replace pre-storage fumigation
but may provide a complementary technique for exported apples held for long periods of
time.

Irradiation is a viable quarantine treatment which has been studied for over 40 years,
although it is of little commercial use. The commercial use and almost all evaluations have
been directed toward fruit flies. The two principal obstacles to its commercial application
are the fact that the pests are not immediately killed and the need for the development of
approved protocols by government regulatory agencies. The measures of efficiency of
irradiation to mite disinfestation treatments should rely on the prevention of adult emer-
gence, when only eggs and larvae are present, or sterility, when immatures or adults are
present (this is the case of mites), and not on pest absence or mortality. This can be
accomplished with relatively low doses that are tolerated by many fruits. In insects, usually
females are more susceptible to radiation-induced sterility than males while for Tetrany-
choidea mites the opposite has been observed. It has been found that the dose of radiation
necessary to control Lepidoptera and most mites is about 300 Gy, which is higher than the
dose necessary to control several other pest groups. Irradiation has been evaluated for the
control of some Tetranychoidea species (Dohino and Tanabe 1994; Majumder et al. 1996
Lester et al. 1997). For eriophyoid mites little or no useful data is available (Molins 2001).
Future research should concentrate on evaluating doses for other important groups of
organisms including eriophyoid mites (Hallman 1998).

Thermal treatments for eriophyoid mites have been recommended for containment and
could be used as a complementary mitigation option. For A. tulipae disinfestations, a hot
water treatment of bulbs (55°C for 10-20 min, or 60°C for 10-15 min) can reduce mite
populations although it may also reduce bulb germination. A post harvest treatment con-
sisting of drying the bulbs can also reduce populations (MacLeod 2007).

Challenges

There are no doubts that eriophyoid mites represent a group of high potential as AMS.
Economic, social and environmental impact due to invasion of some species of eriophyoid
mites has been notorious. However, these organisms have received little attention from
agriculture or environmental agencies. It would be important to raise public awareness of
the risk and importance of these tiny organisms as AMS. Perhaps an important step would
be quantifying losses caused by adventive eriophyoids. This is not an easy task for any mite
pest. Collaboration of economists with a wide perception of environmental impact would
be crucial.

Scientific aspects of eriophyoid invasion processes have not been explored. Under-
standing ecological and genetic aspects of eriophyoid invasions could help to define
mitigation measures and management strategies. Knowledge of host specificity and
adaptation to new host plants of eriophyoid species could be useful in risk evaluation and
in guiding the adoption of control measures (see Michalska et al. 2009). Phylogeography
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studies using molecular data could provide information on the origin and colonization
routes of invasive eriophyoids, a necessity for guiding adoption of quarantine measures and
prospection of biological control agents (Navajas and Navia 2009). Knowledge of the
invasion genetic process and biological response to new environmental parameters would
help in understanding and previewing population explosions of adventive eriophyoids.

Accurate species identification is a key challenge in the detection and monitoring of
adventive species. Scarce information on intercepted eriophyoid mites, crucial in PRA and
other biosecurity actions, is primarily a result of the deficiency of Eriophyoidea taxono-
mists. In decisive instances, lack of information about the correct identity of the mite, to
which is associate information on its biology and ecology have caused serious conse-
quences (Ochoa 2005). A deficiency in taxonomic capability is a general problem for most
groups of organisms and has been recognized as an impediment (named “taxonomic
impediment”) to implementing the convention on biological diversity (CBD) in reference
to the action of “prevent the introduction of, control or eradicate those alien species which
threaten ecosystems, habitats or species” (CBD 2002). The global taxonomy initiative
(GTI) was set up under the Convention to overcome the ‘taxonomic impediment’. Its main
objectives are to reduce the knowledge gaps in our taxonomic system, the shortage of
trained taxonomists and curators and, thereby, to improve decision-making in conserva-
tion. This initiative aims to providing relevant taxonomic information for custom and
quarantine services on invasive alien species at national and regional levels. Molecular
techniques can be extremely helpful in the diagnosis of species and characterization of
subspecific taxonomic levels in Eriophyoidea giving support to biosecurity actions
(Navajas and Navia 2009).

Research on eriophyoid disinfestation treatments is needed. Presently the options for
mite disinfestation of commercial material are scarce. Development of integrated measures
for system approaches to minimize risks related to eriophyoid mites is desirable consid-
ering the low efficiency of the inspection of commercial material to prevent mite intro-
duction and the frequent inefficacy of single treatments to achieve the security level
required. A system approach integrates pest risk management measures to meet the
appropriate level of phytosanitary protection and consist in the use of two or more mea-
sures that are independent of each other (FAO 2002).

Adventive eriophyoid mites have not been well documented in China (Hong et al.
2006). This observation can be generalized to other countries. Surely a large number of
adventive eriophyoids has not been reported as such or if reported have not been listed for
official agencies. It would be important to include adventive eriophyoids in official lists
aiming to call attention to the need for adoption of preventive or control measures directed
to them. Also the development of databases on adventive eriophyoid mites would be
desirable, detailing information on known and potential invasive species, taxonomy, native
and introduced ranges, biology, physiology, impacts, pathways for introduction and spread
and prevention and control methods.
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