Raoiella indica in the Americas 

Concepts on the family Tenuipalpidae are undergoing a major review since the group is associated with important leaf and fruit damage and virus transmission (Kitajima et al. 2003, Welbourn et al. 2003). Pritchard and Baker (1958) and later Jeppson et al. (1975) pointed that members of this family were not recognized as important economic plant pests due to our poor knowledge of their biology. More than 800 species of flat mites or false spider mites has been described and the number is still growing with more than 30 genera published (Smiley et al. 1996, Welbourn et al. 2003, Mesa et al. unpublished). The most well known species are in the genera Brevipalpus and Tenuipalpus, however, species from some of the minor genera are spreading and becoming important pest plants as well. One of these less known species is the Red Palm mite Raoiella indica Hirst. This mite was described from Coimbatore, South India on coconut leaves (Hirst 1924). This species is considered to be an important pest in India, Philippines, Mauritius and Egypt, and also has been collected in Pakistan, Israel, Russia and Sudan (Moutia 1958, Rimando 1996, Sayed 1942, Gerson et al. 1983). It has been introduced recently in the Caribbean (Martinique, Dominica and Saint Lucia) attacking several palms and Musaceae plants (Flechtmann & Etienne 2004, Ochoa personal observation). 

Raoiella Hirst, 1924 

Type species: Raoiella indica 

The genus is characterized by having only two palpal segments and no propodosomal shield over the rostrum. It has four pairs of dorsosublateral hysterosomal setae. The adult female does not have an anterior ventral plate and the body is strongly rounded. 

Raoiella indica Hirst, 1924

New Syn: Rarosiella cocosae Rimando, 1996. (Kane & Ochoa, unpublished data).

Egg: Round-ovoid or oblong, 111 um long, 88 um wide; smooth, shiny red with a stipe. 

Larva: Body rounded to oval. Red shiny with some soft translucent brown-red spots in the hysterosomal area, the three pairs of legs also red in color. Setae lightly translucent white 

Protonymph: Body rounded. Red shiny, with lighter orange tone in the dorsocentral area, and with light brownish coloration on the opisthosoma area. Setae translucent white.

Deutonymph: Body rounded. Red shiny with a visible brown tone in the opisthosoma region. Deutonymph are as large as the adult males.

Adult female: Body rounded. Propodosoma, gnathosoma and legs shiny red, hysterosoma dark brown with a slender dorsocentral red-orange band. Setae translucent white. All dorsal setae are finely clublike and serrate or pilose.

Adult male: similar in coloration, size and shape to deutonymphs. Opisthosoma with visible pointed posterior end.

Moutia (1958) and Jeppson et al. (1975) indicated, under Mauritius conditions, the preoviposition period is 3 days during summer and 7 days in the winter. Females lay an average of 2 eggs per day during a period of 27 days. The average development time for the different stages are: 6.5 days/ egg, 9.5 days/larva, 6.5 days/protonymph, 10.5 days/deutonymph, completing its life cycle in an average of 33 days. According to Jeppson et al. (1975), the mites were more abundant from September to March on coconut palms in Mauritius. However, heavy rains from November to January affected the population, with a decline in the number of mites from April to August. 

Host plants and damage 

The mite feeds on several species of palms, with the most important hosts being Phoenix dactylifera L., Cocos nucifera L., Areca catechu L., Ocimum basilicum L., Dictyosperma album (Borg.), Acer sp. and Areca sp (Pritchard & Baker 1958, Mitrofanov & strunlova 1979, Gerson et al. 1983, Flechtmann & Etienne 2004). In March 2004, several specimens of R. indica were collected from Veitchia merrillii (Becc.) and C. nucifera on the Island of Martinique (Flechtmann & Etienne 2004). Recently, specimens were collected feeding on Musa balbisiana Colla, M. acuminata Colla and Musa x paradisiaca L. (banana and plantain), and an unidentified ornamental Zingiberaceae (?), multiple crown palm (Aiphanes sp.?) and queen palm (Syagrus ramanzoffianum Glassman) at Saint Lucia and Dominica (West Indies). Gupta (1984) reported R. indica on beans (I will consider the presence of R. indica on a bean plant accidental). 

The plants affected by R. indica showed scattered yellow spots on both leaflets surfaces to a strong yellowish coloration on the entire leaflet, with most of the leaflets affected located in the middle area of the leaf. Coconut palms severely affected by the mite showed entirely yellow leaves, particularly on the lower third region of the plant. Jeppson et al. (1975) mentioned that this condition could be the result of the mite damage in combination with the dry season or the presence of a virus. However, leaves of coconut plants collected by personnel of the Ministry of Agriculture from Saint Lucia having yellowish coloration were tested by CABI (Center for Agriculture, Business and Industry, Trinidad) and the results were negative for the presence of viral or phytoplasma diseases (G. Mathurin, unpublished data). 

Preliminary surveys of the Island of St. Lucia made by G. Mathurin, Senior Research Officer’s team of the Ministry of Agriculture, Forestry and Fisheries, and later by his team and myself, indicate that the mite is widely distributed on the entire island, from sea level to the highest point. Very young coconut palms to very old palms (more than 50 feet tall) were severely affected, with most of their lower leaves yellow. The giant of the Atlantic coconut palm was the variety most severely affected by the mite, followed by the golden and yellow dwarf coconut palm; apparently, the variety least affected was the green dwarf. 

Jeppson et al. (1975) stated that young coconut plants are the most affected by the feeding of the mite. The yellow color of the leaflets is followed by the abortion of the flowers or small nuts in coconut palms.

In Saint Lucia, R. indica populations were observed on the undersurface of the leaflets of the coconut leaves, which corresponded to areas with yellowish coloration on the upper leaf surface. The highest number of mites were on the lower leaves, however, young leaves also had a small number of randomly distributed mite colonies. The mites were located in groups ranging in number from 20 to 300 individuals with the majority of them being eggs and immatures (larva, protonymph and deutonymph), followed by the presence of males in a ratio of 5 males per female. Moutia (1958) reported that there were 110 to 330 mites per colony on coconut palms in the Mauritius.

Adult female the dispersal stage? 

In less than a year after its introduction to Martinque, the mite appeared on coconut palms on the nearby islands. The presence of R. indica populations on very tall and older coconut palms in St. Lucia strongly support the premise that the mite was primarily dispersed by wind currents. Furthermore, during the second general survey, I had the opportunity to notice that the number of mites per colony was high and that the number of adult females was low. The males were mating with immatures (female deutonymphs?); these mites in copula walked together like a 16 wheeler truck with no problem moving each set of 8 pairs of legs in unison (unpublished data). This behavior is unknown in the family Tenuipalpidae and only can be one more clue pointing to the potential dispersal of the adult female, since the immature is already pregnant at the moment of molting to an adult female. The female as soon as it molts is ready to go away and start a new colony. These finding are in need of further studies. Groups of one adult female with 20 to 30 eggs were located on an unidentified (similar or close to bird of paradise) ornamental plants close to coconut palms in St. Lucia.

The mite is not only seriously affecting coconut palms but is spreading to other exotic and ornamental palms. In Dominica, where coconut is grown with bananas, the mite shifted to this new host with numbers close to 200 mites/cm2. The lower leaves of banana and plantain turn yellow with small patchy green-yellow areas (Naomi Commodore, Dominica, personal communication). Most of the mites were located on the lower leaf of the host plant and the presence of yellow coloration on the upper surface of the leaf corresponded to the presence of a mite colony on the underside of the leaf.

This species should be considered as a new invasive pest that threatens ornamental palms, coconut and banana plantations in the Americas. 

Predator Mites
During the survey and while teaching on phytophagous mites of R. indica, several mites of the family Phytoseiidae were collected. Predator mites were clearly observed feeding on immatures of R. indica in three different occacions. Furthermore, plant samples of coconut palms and other plants from St. Lucia showed the presence of apparently the same predator mite species. A preliminary identification done by Dr. G. Evans, APHIS, PPQ Services, indicates that the mite is Neoseiulus longispinosus (Evans), an Old World species probably native to the Asian region. DeMoraes et al. (2000) reported the presence of N. longispinosus on several islands in the Caribbean. This species should be considered as a candidate for a biological control program on R. indica. 

Other natural enemies reported against R. indica are Amblyseius largoensis (Acari: Phytoseiidae), Armascirus taurus (Kraemer) (Cunaxidae) and Telsimia ephippiger Chapin (Coccinelleidae: Coleoptera). We found Amblyseius largoensis? associated with R. indica on coconuts in St. Lucia. Also, on one occacion, a small group of R. indica mites were observed killed by a fungus, similar to Hirsutella sp.

Raoiella indica for the LT-SEM 

I brought some specimens of Raoiella indica I collected with Mr. Guy Mathurin, Senior Research Officer of the Ministry of Agriculture, Forestry and Fisheries, on coconut palms in Saint Lucia for LT-SEM (Low Temperature Scanning Electron Microscope) study. Live specimens were carried in a double sealed container and placed inside a sealed vial. Small pieces of leaflets of coconut palms were cut from the areas containing mites and placed in a 10 cc vial. A total of 3-5 small pieces of coconut leaflets with mites were put inside the vial with no more than 20 mites. The closed vial, with paraffin around the lid, was covered by padding material and placed inside a mailing tube. The lid of the mailing tube was sealed with tape all in accordance with APHIS and ARS policies. 

With the help of my colleagues Ethan Kane and Eric Erbe, the material was opened and prepared for the LT-SEM in the contained quarantine room at the USDA, Bee Laboratory (Dr. Jeff Pettis helped with the room facility). The mites were frozen with liquid nitrogen at - 192 F. on copper plates for the study. The rest of the material that was not frozen was put inside vials with alcohol at 70%. All the area and the table exposed to the vials were cleaned with liquid nitrogen, followed by sterilization using alcohol at 95%. Nothing was thrown away.

Recommendations
The information gathered from the LT-SEM will help to clarify the taxonomy and systematic problems with the mite identification. We hope that the understanding of the mite’s morphology and biology will help us to improve its control and management. The photos of the mite will be later distributed to all the APHIS identifiers, personnel at Saint Lucia, and other institutions interested on this new plant pest for the Americas. 

Mr. Guy Mathurin, Senior Research Officer of the Ministry of Agriculture, Forestry and Fisheries has been awarded with funds for a study of R. indica in St. Lucia. He will conduct experiments on chemical and cultural control of the mite. He will also survey further the island for new host plants of R. indica and will monitor the population dynamics of the mite for over one year. His team will also look and take notes on the impact of the mite on different coconut varieties. I will support him with literature and information so that he will be able to accomplish this research. Mr. Mathurin is acquiring a new compound microscope and a two dissecting stereomicroscopes. I recommend that we should support his work by providing funding for additional equipment and training. The results of his work will be useful for St. Lucia and other countries in the Caribbean including the United States of America. 

It is important that we help two of Mr. Mathurin technicians receive intensive training on mite systematics and laboratory techniques, respectively. Ms. Naomi Commodore, Dept. Agriculture, Dominica also is in need of help with training and basic equipment, she is working with R. indica on bananas at Dominica, and her findings could be very helpful for countries that have such commodity (Honduras, Costa Rica and Ecuador). It will be good if Ms. Commodore visit Dr. Jorge Pena, University of Florida and Dr. Welbourn Florida Dept. of Agriculture & Consumer Ser. for such training. I will contact Dr. Hans Klompen at Ohio State University about the possibility of attaining a scholarship to the Acarology Summer Class for one of Saint Lucia technicians. I did contact Dr. Pena and he said that he is willing to help Ms. Commodore if we help her with tickets and some lodging expenses. 

It is important to do a survey of the Caribbean islands for this mite, beginning in Trinidad as soon as possible. It is also important to alert the Caribbean area, Florida and Puerto Rico about this mite. The mite is dispersed by wind, but it will be important to observe palms in general for any yellow discoloration. I hope that I will able to follow the progress in St. Lucia. 
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