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Abstract

The African oil palm, Elaeis guineensis Jacq., is the second oil producing plant most extensively cultivated
worldwide. The American oil palm, Elaeis oleifera (Kunth) Cortés, is a similar species rarely planted for
commercial oil production, but often used for the production of hybrids with the African oil palm. The objective
of this work was to compare the mite fauna of different genotypes of the African and the American oil palms as
well as of their hybrids. In total, three and five genotypes of the African and the American oil palms and two of
their hybrids available at an experiment station in the central part of the Brazilian Amazonia (Campo
Experimental Rio Urubu, Embrapa Amazonia Ocidental, Rio Preto da Eva, Amazonas State) were evaluated.
Samples were collected in the wet (May 2012) and the dry (October, November 2013) seasons. On American
oil palms, mite density was much higher in the wet than in the dry season, while on palms of other groups no
significant differences were observed between seasons. Phytophagous mites corresponded to 91.1% of all mites
found and Eriophyoidea was by far the most abundant group of these mites. Plant damage by this and other mite
groups was not noticed. Mites of the family Tenuipalpidae, to which Raoiella indica Hirst belongs, were not
found in this study. In previous studies, R. indica was reported to cause severe damage to several plant species.
Phytoseiid species richness and diversities were also higher in the American oil palms than on palms of other
groups. The phytoseiids Amblyseius perditus Chant & Baker and Iphiseiodes kamahorae De Leon were the most
abundant predators, the first almost exclusively on BR 174 and Coari, and the second, on Manicoré genotypes
of the American oil palms. Phytoseiid diversity on hybrids was as low as on African oil palm genotypes in the
dry season and lower than on other palm groups in the wet season.
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Introduction

Elaeis species and their hybrids are known as oil palms. The African oil palm, Elaeis guineensis
Jacq., is second only to soybean in the worldwide vegetable oil production. It is extensively
cultivated in Africa, America and Asia (Henderson & Osborne 2000; Wahid et al. 2005). In Brazil,
it is mostly cultivated in Bahia and Par4 states.

The American oil palm, Elaeis oleifera (Kunth) Cortés, is found naturally from southern Mexico
to the east region of the Brazilian Amazonas state. It is usually not cultivated for oil production, but
it is widely used to generate hybrids in crosses with the African oil palm, in research efforts to obtain
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resistance to pests, diseases and other stressing environmental factors (Barcelos et al. 2002; Cunha
et al. 2012).

The main pests of oil palms in the Brazilian Amazonia are curculionid beetles (Brazilio et al.
2012). Phytophagous mites have also been reported from those plants in Brazil, but so far causing
no major damage. Tetranychus palmarum Flechtmann & Noronha (Tetranychidae) was described
from Pard, where it was mentioned to cause minor damage to young African oil palms (Flechtmann
& Noronha 2011). Tetranychus mexicanus (McGregor) and Brevipalpus phoenicis (Geijskes)
(Tenuipalpidae) were also reported from the same host in the same state (Santana & Flechtmann
1998), while Notostrix nasutiformes Gondim Jr., Flechtmann & Moraes (Eriophyidae) was reported
in northern and southeastern Brazil (Gondim Jr. et al. 2000). Propilus tavaresi Navia & Flechtmann
(Eriophyoidea: Phytoptidae), described from the Brazilian Amazonas state, was the only mite
species reported so far from American oil palms, causing no noticeable damage (Navia &
Flechtmann 2005).

The red palm mite, Raoiella indica Hirst (Tenuipalpidae), has been mentioned in the Western
Hemisphere as an important pest of several palm species, especially coconut (Cocos nucifera L.)
(Carrillo et al. 2012a). Oil palm has been reported to allow the reproduction of R. indica (Welbourn
2009 apud Carrillo et al. 2012a), but Carrillo et al. (2012a) did not find it on oil palms in surveys
conducted in botanic gardens of Florida, USA and Trinidad island, where the mite was present on
several other palm species. It was recently reported from African oil palms in the Amazonian state
of Roraima (Gondim Jr. et al. 2012; Navia et al. 2013), although nothing was mentioned about its
effect on that host.

Previous characterization of the local fauna is considered essential for the success of biological
control programs of pest organisms in a given region (Gondim Jr. et al. 2012), to evaluate the
chances of effective control by locally prevailing natural enemies or the convenience for introduction
of potentially more effective natural enemies (classic biological control). Scientific investigations
have been conducted in Brazil on the possibility to control R. indica on coconut biologically,
including evaluation of prospective native natural enemies (Gondim Jr. ez al. 2012) and experimental
introduction of exogenous natural enemies (Domingos et al. 2013).

Worldwide, little is known about predatory mites on oil palms. The objective of this work was
to evaluate the mite fauna on American and African oil palms as well as in some of their hybrids,
available in a genotype collection in the central part of the Brazilian Amazon. It could be
hypothesized that American oil palms hosted higher mite diversity than African oil palms or their
hybrids in the Amazon region, because of the Neotropical origin of the first palms.

Material and Methods

Samplings were conducted between October 30 and November 15, 2012 (dry season) and between
May 14 and 23, 2013 (wet season), in an experiment station in a region with minimum disturbance
of the Amazon Forest (CERU: Campo Experimental Rio Urubu; 02°26°04” S; 59°33°46” W,
Embrapa Amazonia Ocidental; Rio Preto da Eva). This station is located about 140 km from Manaus
and 54 km from Rio Preto da Eva.

Samples were taken from plots of genotypes of three groups of oil palms (in parentheses, the
approximate area of each plot in ha): American oil palm [Autazes (1.6), BR 174 (1.6), Coari (3.6),
Manicoré (7.5) and Moura (1.7)]; African oil palm [Bahia (8.8), Dabou (1.8) and Yangambi (1.3)];
and interspecific hybrids of those two species [BRS Manicoré (5.7) and Tonantins (0.6)]. In each
plot, plants were distributed in a 9 x 9 x 9 m quincunx pattern, corresponding to a density of 143
plants/ ha. Plant ages ranged between 5 and 15 years. The palms never received any application of
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pesticides for pest or pathogen control; weeds were regularly controlled manually and, sporadically,
with herbicides; fertilizers (NPK, micronutrients) and lime were also sporadically used.

Leaflet samples were taken at each sampling date from five random palm trees of each genotype.
Each sample consisted of ten leaflets from each of the basal, median and apical thirds of a leaf of the
median crown stratum of a selected palm. Each sample was put in a paper bag, in turn put in a plastic
bag, and then stored in a cool box to maintain the temperature slightly below 25 °C for transport to
the laboratory. The samples were kept in a refrigerator, at about 10 °C, for at most five days, until
examined under a stereomicroscope for counting and collecting the mites.

The mites were recorded within each of the following taxonomic levels: Eriophyoidea,
Eupodidae, Stigmaeidae, Tarsonemidae, Tenuipalpidae, Tetranychidae, Tydeoidea, Mesostigmata,
Astigmatina and other Oribatida. Mite density per cm? of leaf area was estimated by drawing the
periphery of the leaflet onto a piece of paper of known weight/ area and then extrapolating for the
weight of the piece of paper corresponding to the delimited leaflet.

After counting, the collected mites were mounted in Hoyer’s medium for identification at lower
taxonomic levels; the following proportions of the mites collected were mounted: Mesostigmata,
100%; Cunaxidae and Stigmacidae, about 30%; Tetranychidae, about 20%; Eriophyoidea, about 5%.
The following mite groups were additionally identified at least to genus level: Ascidae, Cunaxidae,
Eriophyoidea (Eriophyidae and Phytoptidae), Phytoseiidae, Stigmaeidae and Tetranychidae.

Identification was done with the use of a phase contrast microscope (Leica, DMLB). Families
were identified based on Krantz and Walter (2009), whereas genera were identified based on
unpublished keys used in the Acarology Summer Program of the Ohio State University, USA.
Species identification was based on the respective original descriptions and redescriptions, as listed
in Skvarla et al. (2014), Moraes et al. (2016), Den Heyer and Hernandes (2017) and Demite et al.
(2018).

In the presentation of the taxa collected, the mites were classified in three guilds, namely
phytophagous, predatory and of other feeding habits. That was done to express the main feeding
habit of the mite groups, although some taxa within certain groups (mainly tarsonemids and some
Mesostigmata) are known to have other feeding habits than the ones in which they were classified
(Krantz & Walter 2009).

Climatic data

Climatic data were obtained from CERU weather station. The average temperature and RH, and
the total rainfall for the period of 30 days preceding the sampling dates were respectively 26.8+3.9
°C, 84.0+17.0% and 97.0=1.5 mm in the dry season, and 25.3+2.6 °C, 91.0+11.0% and 391.8+10.7
mm in the wet season. Average annual temperature and relative humidity and total annual rainfall at
the weather station were 25.6+0.2°C, 87.7+0.7% RH and 2,278+36.9 mm for 2012 and 25.6+0.1°C,
88.7+0.7% RH and 2,6144+24.8mm in 2013.

Statistical analysis

The average numbers of mites per group of 30 leaflets (taken from each plant) were calculated.
For normalization, the data were transformed to log(x + 10) (for a combination of all mites), log(x -
1) and log(x + 1) (for phytoseiids found respectively on African and American oil palms).
Normalization was confirmed by at least one of the following tests: Kolmogorov-Smirnov, Lilliefors
or Shapiro-Wilk; homocedacity was confirmed by Levene test. Univariate ANOVA was done to
compare the average numbers of combined group of mites/30 leaflets and the average numbers of
phytoseiid mites/30 leaflets between each oil palm groups (Brazilian, African and hybrid) and
between dry and wet seasons. These average numbers were compared by Unequal N HSD test, at 5%
significance. The analyses were run in Statistica program, version 12 (Statsoft 2015). Calculations
of Shannon-Wiener (H) diversity indexes were done using R program version 3.1.2 (R Core Team
2015).
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Results

Comparisons between palm groups and seasons
All mites

In total, 38,152 mites were counted, of which 34,411 (688 mites/ 30 leaflets) on American oil
palms (Table 1), 2,028 (68 mites/ 30 leaflets) on African oil palms (Table 2) and 1,713 (86 mites/ 30
leaflets) on hybrids (Table 3). These belonged respectively to 33, 17 and 17 mite species. The
average areas of 30 leaflets taken from each palm of each of those palm groups were respectively
6,308, 3,571 and 5,028 cm®. Thus, the corresponding average mite densities and species were
respectively 0.1, 0.02 and 0.02 mite and 0.005, 0.005 and 0.003 mite species per cm®.

On American oil palms, 93.1% of the mites were found in the wet season, density being
significantly higher in this than in the dry season (respectively 1,281.0 and 95.2 mites/ 30 leaflets;
t=-6.4721; df= 48; p< 0.0001) (Figure 1). On African oil palms, 70.5% of the mites were found in
the dry season, but because of the high variation, densities were not statistically different between
seasons (respectively 95.3 and 39.9 mites/ 30 leaflets; t= 1.6441, df= 28, p= 0,111). On hybrids,
mites were found at similar proportions in both seasons, respectively 50.3 and 49.7% in the dry and
wet seasons. The corresponding mite densities (respectively 86.1 and 85.1 mites/ 30 leaflets in the
dry and wet seasons) were not statistically different (t= 0.0948, df= 18, p= 0.9255).

In the wet season, mite density was significantly higher on American oil palms than in palms of
other groups (n= 50, F=31.6407, p< 0.0001), while the difference between densities on African oil
palms and on hybrids was not statistically significant (n= 50, F= 0.1856, p= 0.4685) (Figure 1). In
the dry season, differences in mite densities among palm groups were also not statistically significant
(n=50, F=0.0214, p= 0.9788).

Phytophagous mites

In total, 34,728 phytophagous mites were found, corresponding to 91.1% of all mites (Tables 1
—3), but damage caused by them was not noticeable. They belonged to the superfamily Eriophyoidea
(Eriophyidae and Phytoptidae), and to the families Tarsonemidae and Tetranychidae. The vast
majority (90.8%) was found in the wet season. The most abundant phytophagous group was by far
the Eriophyoidea, represented by 33,732 specimens (97.1% of all phytophagous mites). In samples
in which males were present, the tetranychids were identified as 7. palmarum.

On American oil palms, 92.9% of the mites collected were phytophagous, and 97.7% of these
were Eriophyoidea (Table 1), of which 96.7% (30,199) were found in the wet season. On African oil
palms, a much lower proportion (65.1%) of the mites were phytophagous; 80.6% of these were
Eriophyoidea (Table 2), of which 78% (1,030) were found in the dry season. On hybrids, the
proportion of phytophagous mites (84.4%) was intermediate to proportions on American and African
oil palms; they were found in similar proportions in the dry and wet seasons (respectively 46 and
54%, 665 and 781 specimens). About 98.7% of these were Eriophyoidea (Table 3).

Predatory mites

In total, 1,470 predatory mites were found, corresponding to 3.8% of all mites and belonging to
the families Ascidae, Cheyletidae, Cunaxidae, Iolinidae, Phytoseiidae and Stigmaeidae (Tables 1—
3). As the phytophagous mites, the majority of the predators (62.6%) was found in the wet season.
The most abundant families were Phytoseiidae (57% of all predators) and Cunaxidae (29.5%). On
American oil palms, predatory mites accounted for 3.5% of the mites collected; 61.4% of them were
phytoseiids, and 31.2% were cunaxids (Table 1). On African oil palms, 9.8% of the mites found were
predators, of which the phytoseiids corresponded to 41.9%, followed by the iolinids (35.6%) (Table
2). On hybrids, 4.2% of the mites found were predators; rather differently from palms of other
groups, the phytoseiids were only 25.0% of the predators, while the cunaxids were 40.3% and the
iolinids 22.2% (Table 3).

2019 DA CRUZ ET AL.: MITE DIVERSITY AND ABUNDANCE ON OIL PALMS IN BRAZIL 1739



TABLE 1. Numbers of mites/30 leaflets of five genotypes of American oil palms (Elaeis oleifera) at CERU
(Campo Experimental Rio Urubu; Embrapa Amazoénia Ocidental) experiment station, at Rio Preto da Eva,
Amazonas state, Brazil, in samples collected between October 30 and November 15, 2012 (dry season) and
between May 14 and 23, 2013 (wet season).

Family/Species Autazes BR 174 Coari Manicoré Moura Total

Dry Wet Dry Wet Dry Wet Dry  Wet Dry Wet Number %
Phytophagous groups 83 6,977 488 11,569 14 4,901 474 4,503 450 2,502 31,961 92.9
Eriophyidae 50 6,964 444 11,528 - 3264 106 4,419 441 2392 29,608 92,6
Nasuchus sp. nov. 50 3,482 5,764 1,632 2.210 1,196 14,334 48.4
Notostrix sp. nov.1 3,482 444 5764 1,632 106 2209 441 1,196 15,274 51.6
Phytoptidae - - - - - 1,632 - - - - 1,632 5.1
Propilus sp. nov. 1,632 1,632 100.0
Tarsonemidae' 7 5 32 31 3 5 65 82 - 101 331 1.0
Tetranychidae 26 8 12 10 11 - 303 2 9 9 390 1.3
Predatory groups 54 53 27 262 20 281 194 77 64 168 1,200 35
Ascidae - - - 4 - - - - - 2 6 0.5
Asca spp. 4 2 6 100.0
Cunaxidae 17 25 2 73 8 146 11 33 13 46 374 31.2
Armascirus.sp. nov. 5 2 7 1.9
Scutopalus sp. nov.1 17 25 2 64 8 137 6 31 13 40 343 91.7
Scutopalus sp. nov.2 9 9 6 24 6.4
Tolinidae - - - 6 - - 18 - 2 - 26 22
Phytoseiidae 25 19 25 172 11 135 165 43 22 120 737 61.4
Amblydromalus zannoui Sourassou, 1 1 6 2 14 24 6.1
Sarmento & Moraes
Amblyseius aerialis (Muma) 1 2 1 4 5 1 1 15 3.8
Amblyseius herbicolus (Chant) 1 1 0.3
Amblyseius aff. lunatus (Denmark & 1 2 13 4 5 12 37 9.4
Evans)
Amblyseius perditus Chant & Baker 51 2 40 2 95 242
Amblyseius vasiformis Moraes & Mesa 1 2 3 4 28 7 1 46 11.7
Arrenoseius urquharti (Y oshida-Shaul 1 1 0.3
& Chant)
Amazoniaseius imparisetosus sp. nov., 1 1 2 0.5
gen. nov. (Demite, Cruz & McMurtry)
Iphiseiodes kamahorae De Leon 1 2 53 13 3 72 18.4
Iphiseiodes sp. nov. 15 15 3.8
Iphiseiodes zuluagai Denmark & Muma 7 2 5 4 3 15 1 9 46 11.7
Neoseiulus barkeri Hughes 4 1 5 1.3
Proprioseiopsis neotropicus (Ehara) 1 12 2 1 16 4.1
Phytoscutus sexpilis Muma 2 2 0.5
Phytoscutus moraesi sp. nov. Demite, 2 2 0.5
Cruz & Cavalcante
Typhlodromips angustus Guanilo & 1 1 0.3
Moraes
Typhlodromus (Anthoseius) 1 6 1 2 2 12 3.1
transvaalensis (Nesbitt)
Inmatures 6 6 7 40 3 36 46 6 11 29 190 -
Males 8 4 7 40 36 16 5 2 37 155 -
Stigmaeidae 12 9 - 7 1 - - 1 27 - 57 4.7
Agistemus rodriguezi sp. nov. Paktinat- 12 9 7 1 1 27 57 100.0

Saeij & Cruz

Other feeding habits 46 38 76 273 94 101 237 118 60 207 1,250 3.6

Astigmatina - 18 55 13 1 2 31 64 9 35 228 18.2
Other Oribatida 8 3 10 31 22 1 158 18 9 1 261 1.3

Eupodidae - - - - - - 12 1 2 - 15 209
Tydeidae 3 11 6 71 75 36 27 40 24 293 234
Triophtydeidae 38 14 - 223 - 23 - 8 - 147 453 36.2
Total 183 7,068 590 12,104 129 5283 905 4,698 574 2,877 34,4117 100.0

'Including other non-parasitic habits.
*The numbers in this table were extrapolated from the number of mites counted for each family and the proportion of genus/ species identified after mounting samples
of each family, as indicated in "Material(s) and Methods
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TABLE 2. Numbers of mites/30 leaflets of three genotypes of African oil palms (Elaeis guineensis) at CERU
(Campo Experimental Rio Urubu; Embrapa Amazonia Ocidental) experiment station, at Rio Preto da Eva,
Amazonas state, Brazil, in samples collected between October 30 and November 15, 2012 (dry season) and
between May 14 and 23, 2013 (wet season).

Bahia Dabou Yangambi Total

Family/Species

Dry Wet Dry Wet Dry Wet Number %
Phytophagous groups 349 230 588 1 93 60 1,321 65.1
Eriophyidae 334 69 585 - 55 22 1,065 80,6
Notostrix sp. nov.2 334 69 585 55 22 1,065 100.0
Tarsonemidae' 2 62 - - 2 17 83 6.3
Tetranychidae 13 99 3 1 36 21 173 13.1
Predatory groups 4 13 14 9 123 34 198 9.8
Ascidae - 1 - - - 1 2 1.0
Asca spp. 1 1 2 100.0
Cunaxidae - 2 2 4 11 11 30 15.2
Scutopalus sp. nov.1 2 2 4 11 11 30 100.0
Tolinidae - - 5 - 61 4 70 353
Phytoseiidae 3 10 5 1 51 13 83 41.9
z:tn;!;’lydmmalus zannoui Sourassou 2 5 2 9 257
Amblyseius aerialis (Muma) 3 3 8.6
Amblyseius perditus Chant & Baker 1 2 3 8.6
zlil/lrzféyseius vasiformis Moraes & 1 1 29
II\;/)[ﬁi;;iodes zuluagai Denmark & 3 5 2 1 3 1 17 486
Proprioseiopsis cannaensis (Muma) 1 1 2 5.7
Inmatures 6 1 27 2 36 -
Males 1 9 2 12 -
Stigmaeidae 2 - 2 4 - 5 13 6.6
Agistemus sp. nov. 2 2 4 5 13 100.0
Other feeding habits 214 195 16 8 27 49 509 25.1
Astigmatina 8 186 11 1 1 44 251 49.3
Other Oribatida 4 3 - 6 14 - 27 5.3
Tydeidae 200 6 - 1 8 5 220 432
Triophtydeidae 2 - 5 - 4 - 11 22
Total 569 438 618 18 242 143 2,028 100.0

'Including other non-parasitic habits.
The numbers in this table were extrapolated from the number of mites counted for each family and the proportion of genus/ species identified after
mounting samples of each family, as indicated in "Material(s) and Methods

On American oil palms, 737 phytoseiids were found, belonging to 17 species of 10 genera
(Table 1). The most diverse genera were Amblyseius Berlese (five species), followed by Iphiseiodes
De Leon (three) and Phytoscutus Muma (two) (Table 1). The most abundant species were
Amblyseius perditus Chant & Baker and Iphiseiodes kamahorae De Leon, accounting for 24.2 and
18.4% of the phytoseiids on this palm group. A new genus (Amazoniaseius Demite, Cruz &
McMurtry) and three new phytoseiid species Amazoniaseius imparisetosus Demite, Cruz &
McMurtry (Demite et al. 2017), Iphiseiodes sp. nov. and Phytoscutus moraesi sp. nov. Demite, Cruz
& Cavalcante (Demite et al. 2019), were found on these plants (Table 1). Phytoseiid densities on
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these palms were not significantly different between seasons (respectively 9.8 and 14.0 mites/ 30
leaflets in the dry and wet seasons; t= -0.7865, df= 48, p= 0.4354) (Figure 2).

On African oil palms, only 83 phytoseiids of six species of four genera were found (Table 2).
On these palms, Amblyseius was the most diverse genus, with three species; each of the other genera
were represented by a single species. The most abundant species were Iphiseiodes zuluagai Denmark
& Muma and Amblydromalus zannoui Sourassou, Sarmento & Moraes, representing respectively
48.6 and 25.7% of the phytoseiids. Also on palms of this group, the phytoseiid densities were not
statistically different between seasons (respectively 0.9 and 1.6 mite/ 30 leaflets in the dry and wet
seasons; t=-1.5130, df= 28, p=0.1414) (Figure 2).

TABLE 3. Numbers of mites/30 leaflets of two interspecific hybrids of African and American oil palms (Elaeis
guineensis X Elaeis oleifera) at CERU (Campo Experimental Rio Urubu; Embrapa Amazoénia Ocidental)
experiment station, at Rio Preto da Eva, Amazonas state, Brazil, in samples collected between October 30 and
November 15, 2012 (dry season) and between May 14 and 23, 2013 (wet season).

BRS Manicoré HIE Tonantins Total

Family/Species

Dry Wet Dry Wet Number %
Phytophagous groups 596 112 69 669 1,446 84.4
Eriophyidae 295 54 34 331 714 49.4
Notostrix sp.nov.1 295 54 34 331 714 100.0
Phytoptidae 295 54 33 331 713 49.3
Propilus sp. nov. 295 54 33 331 713 100.0
Tarsonemidae' 6 3 2 7 18 1.2
Tetranychidae - 1 - - 1 0.1
Predatory groups 44 11 6 11 72 42
Ascidae 1 3 - - 4 5.6
Asca spp. 1 3 4 100.0
Cheyletidae 1 1 1.4
Cunaxidae 18 4 3 4 29 40.3
Scutopalus sp. nov.1 18 4 3 4 29 100.0
Tolinidae 16 - - - 16 222
Phytoseiidae 9 - 3 6 18 25.0
Amblyseius aerialis (Muma) 1 1 11.1
Amblyseius perditus Chant & Baker 1 1 2 222
Iphiseiodes zuluagai Denmark & Muma 3 3 6 66.7
Inmatures 3 2 1 6 -
Males 1 2 3 -
Stigmaeidae - 4 - - 4 5.4
Agistemus sp.nov. 4 4 100.0
Other feeding habits 96 4 40 55 195 11.4
Astigmatina - 1 42 43 22.1
Other Oribatida 12 1 2 2 17 8.7
Eupodidae 1 - - - 1 0.5
Tydeidae 83 2 - - 85 43.6
Triophtydeidae - - 38 11 49 25.1
Total 736 127 115 735 1,713 100.0

'Including other non-parasitic habits.
The numbers in this table were extrapolated from the number of mites counted for each family and the proportion of genus/ species identified after
mounting samples of each family, as indicated in "Material(s) and Methods
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TABLE 4. Species richness and Shannon-Wiener diversity indexes of phytoseiid mites in the dry (October/
November) and wet (May) seasons on accessions of oil palms at CERU (Campo Experimental Rio Urubu;
Embrapa Amazonia Ocidental) experiment station, Rio Preto da Eva, Amazonas state.

Species richness Shannon-Wiener index (H)
Plant
Dry Wet Dry Wet
American oil palms (Elaeis oleifera) 10 15 1.54 2.11
Autazes 5 7 1.16 1.89
BR 174 4 9 1.29 1.44
Coari 3 7 1.04 1.25
Manicoré 5 7 1.20 1.62
Moura 6 7 1.68 1.61
African oil palms (Elaeis guineensis) 4 6 0.96 1.67
Bahia 1 2 0.0 0.64
Dabou 1 1 0.70 0.0
Yangambi 4 5 1.06 1.52
Hybrids (Elaeis guineensis x Elaeis oleifera) 3 1 1.01 0.0
BRS Manicoré 3 0 0.95 0.0
HIE Tonantins 1 1 0.0 0.0
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FIGURE 1. Combined mite densities (average+SE) in the dry (October/ November) and wet (May) seasons on
oil palms. Different capital letters indicate significant differences between palm groups within each season,
while different low case letters indicate significant differences between seasons within each palm group.

On hybrids, only 18 specimens of three species of two genera were found, two of Amblyseius
and one of Iphiseiodes (Table 3). Thus, predator densities were very low (respectively 1.2 and 0.6
mites/ 30 leaflets in the dry and wet seasons), /. zuluagai being the most abundant, with only six
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specimens (Table 3). In the wet season, phytoseiids were found in only one of the ten palms
examined. For this reason, statistical comparison of phytoseiid densities was not done between
seasons.

Phytoseiid density was higher on American oil palms than on African oil palms in the wet (n=
40,F=13.9173, p<0.001) and in the dry (n=40, F=11.4499, p<0.0001) seasons (Figure 2). Because
of the low numbers of phytoseiids on the hybrids, densities on these palms were not statistically
compared with those of other palm groups.

Species richness and diversity were much higher on American oil palms than on palms of other
groups (Table 4). On the different genotypes of American oil palms, the number of phytoseiid
species varied from seven to nine in the wet and three to six in the dry seasons. On the different
genotypes of African oil palms, the number of phytoseiid species varied from one to five in the wet
and from one to four in the dry season. On hybrids, the numbers of species were very low (maximum
of three) in both seasons.

The highest diversity indexes were observed on American oil palms both in wet (2.11) and dry
(1.54) seasons (Table 4). Diversity was much lower on African oil palms and on hybrids in both
seasons.
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FIGURE 2. Phytoseiid densities (average=SE) in the dry (October/ November) and wet (May) seasons on oil
palms. Different capital letters indicate significant differences between palm groups within each season, while
different low case letters indicate significant differences between seasons within each palm group.

Mites of other feeding habits

On palms of the three groups, a total of 1,954 mites of other feeding habits was found,
corresponding to 5.1% of all mites collected. About 53.6% of these were found in the wet and 46.4%
in the dry season. The most abundant groups were Triophtydeidae, Tydeidae, Astigmatina and non-
Astigmatina Oribatida. On American oil palms, Triophtydeidae and Tydeidae were the most
abundant, corresponding respectively to 36.2 and 23.4% of the mites classified as of other feeding
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habits (Table 1). On African oil palms, Astigmatina and Tydeidae were the most abundant,
corresponding to 49.3 and 43.2% of these mites of this group (Table 2). As on American oil palms,
Triophtydeidae and Tydeidae and were the most abundant groups on hybrids, corresponding
respectively to 25.1 and 43.6% of these mites (Table 3).

Comparisons between palm genotypes

None of the American genotypes had consistently highest or lowest numbers of phytophagous
or predatory mites in both seasons, but mites of other feeding habits were consistently less numerous
on ‘Autazes’. Considerably lower numbers of mites in general were found on ‘Autazes’ and ‘Coari’
in the dry season, and on ‘Moura’ in the wet season, mostly because of the lower numbers of
phytophagous mites on these genotypes in both seasons. The largest numbers of predatory mites
were found on ‘Manicoré’ in the dry season, and on ‘BR 174’ and ‘Coari’ in the wet season.

On African oil palms, predatory mites (especially iolinids and phytoseiids) were most numerous
on ‘Yangambi’ in both seasons. Mites of other feeding habits (non-phytophagous) were most
numerous on ‘Bahia’. None of the genotypes had consistently highest or lowest numbers of
phytophagous mites. Almost no phytophagous mite was found on ‘Dabou’ in the wet season.

On hybrids while mites in general were most numerous on ‘BRS Manicoré’ in the dry season,
they were most numerous on ‘HIE Tonantins’ in the wet season. None of the different hybrids had
consistently highest or lowest numbers of mites of any feeding habit in both seasons.

Discussion

Densities of the pooled mites in this study were comparable to those reported by Cruz et al. (2015)
for mites on coconut leaves in the same general area where the present study was conducted. In that
study, densities ranged between 0.04 and 0.08 mites/ cm?. Prevalence of eriophyoids was also
reported by those authors. However, the proportion of tetranychid mites in that study was
considerably higher, reflecting the susceptibility of coconut to those mites, as reported by other
authors (Rai ef al. 1991; Lawson-Balagbo et al. 2008; Gondim Jr. et al. 2012).

The absence of noticeable mite damage in the present study is seemingly due to the low densities
of these mites, whose numbers were high only because of the large sample sizes, which in one
extreme reached a maximum average of over 6,000 cm” per sample of American oil palm.
Additionally, most eriophyoids found in this study belong to groups that have not been reported to
cause severe damage to their hosts (Gondim Jr. ef al. 2000; Navia & Flechtmann 2005), namely to
the genera Nasuchus Navia & Flechtmann, Notostrix Keifer and Propilus Keifer (the first two
Eriophyidae, and the third Phytoptidae). The prevalence of eriophyoids on oil palm in this work and
on coconut in the work of Cruz et al. (2015) had not been reported in previous works conducted on
coconut in Brazil (Lawson-Balagbo et al. 2008; Gondim Jr. et al. 2012; Oliveira et al. 2012).
Although the specific reason for that difference could not be determined, differently from this work
and that of Cruz et al. (2015), previous works were conducted in generally drier areas. Propilus
tavaresi was the only eriophyoid species described so far from American oil palms (Navia &
Flechtmann 2005), but extensive mite surveys on this palm had not been previously conducted in
Brazil.

The absence of tenuipalpid mites in this study contrasts with their reported presence on coconut
by Cruz et al. (2015) and on oil palm by Santana and Flechtmann (1998). Raoiella indica is
considered a threatening tenuipalpid to the production of coconut, banana and several ornamentals
(most of which Arecaceae) in Brazil and elsewhere (Gondim Jr. ef al. 2012). Despite the report of R.
indica on African oil palms in the Amazonian state of Roraima by Gondim Jr. ez al. (2012) and the
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fact that it has been reported from coconut in Manaus region (Rodrigues & Antony 2011; Cruz et al.
2015), its absence in the present study most certainly relates to its absence in the region where this
study was conducted. This area is located about 140 km away from the places where this mite was
reported on coconut in Manaus. Cruz et al. (2015) also failed to find R. indica on coconut in the
experiment station where the present study was conducted, in an enclave of the Amazon forest.

Despite the fact that none of the few studies conducted so far have indicated oil palms as suitable
hosts for R. indica (Cocco & Hoy 2009; Carrilo ef al. 2012a; Hoy et al. 2012), it is still conceivable
that this mite is able to cause significant damage to some of the genotypes, given their variability in
suitability as hosts for other mites, observed in this study. Beard er al. (2012) studied the
morphological characteristics of the stomata of arecaceous plants, relating them to the incidence of
R. indica. As this mite feeds from cells within the stomata (Ochoa et al. 2011), potential hosts with
somehow protected stomata are not expected to be severely affected (Beard et al. 2012). Pelaez et
al. (2010) reported differences between African and American oil palms and their hybrids in relation
to stomatal densities and opening pattern. These differences might have important bearing on the
suitability of the different genotypes to attack by R. indica. Those authors did not refer to the
presence of any protective obstruction on the stomata of these palms that could prevent damage by
the mite. Given the importance of R. indica as a pest of several arecaceous plants and the extent of
the cultivation of oil palm in tropical areas, evaluation of the possible effect of this pest on different
oil palm genotypes is warranted.

In relation to predators, phytoseiids were the most diverse and abundant among the predatory
mites, consistent with previous studies across different ecosystems (McMurtry et al. 2013),
including coconut in the Brazilian Amazonia (Cruz ef al. 2015). In mite surveys conducted in
different crops in other parts of Brazil, Stigmaeidae has often been shown as the second most
abundant predatory mite family (Lawson-Balagbo ef al. 2008; Gondim Jr. et al. 2012; Oliveira et al.
2012), but higher abundance of Cunaxidae than of Stigmacidae, observed in the present study, was
also reported by Cruz et al. (2015). In the work of Ferla and Moraes (2008), Cunaxidae was likewise
the second most abundant predatory mite family on rubber trees in Pontes e Lacerda (Mato Grosso
state), near the southeastern extreme of the Brazilian Amazonia. Conversely, in the examination of
different host plants, including trees and other plant groups, in the coastal Atlantic Forest of Sao
Paulo state (Castro & Moraes 2007), Cunaxidae and Stigmaeidae occurred at approximately the
same proportions. Conversely, in a similar study also conducted on rubber plant in Itiquira (Mato
Grosso state), Stigmaeidac was the second most abundant family, with Cunaxidae coming in a
distant third position (Demite et al. 2009). These results suggest cunaxids to be often numerous on
palm plants, but not on other arboreal plants, in the Brazilian Amazon region.

The determined phytoseiid fauna was not compatible with that reported by Gondim Jr. et al.
(2012) and Cruz et al. (2015). The most abundant species were 4. largoensis in the first and 4.
aerialis in the second of those studies. Amblyseius largoensis has been the predator most often
reported in association with R. indica worldwide (Carrillo et al. 2012b), and thus its efficiency as a
predator of that pest has been studied under controlled conditions (Carrilo et al. 2011; Domingos et
al. 2013; Carrillo et al. 2014). Efforts have been dedicated to finding more promising populations of
this predator to control R. indica (Moraes et al. 2012; Silva et al. 2014). In the present work, A.
largoensis was not found, whereas A. aerialis was among the least abundant species. In the Amazon,
in addition to Roraima, A. largoensis has also been found on coconut in the coastal area of Para state
(Lawson-Balagbo et al. 2008), but it has not been reported in other Brazilian Amazonian states nor
in the Amazonian region of neighboring countries (see references in Demite ez al. 2018). In Roraima,
it was found in samples collected in the central and northern part of the state, in the neighborhood of
or within savanna areas (Gondim Jr. ef al. 2012). Thus, this predator has not been found on palms in
the central area of the Amazonian forest, where rainfall and relative humidity are higher. The exact

1746 SYSTEMATIC & APPLIED ACAROLOGY VOL. 24



reason for this is unknown, but could reflect the inability of this predator to compete with other
predators present in the wettest and most densely vegetated areas.

Of the most abundant phytoseiids on the three oil palm groups, 4. perditus, was also reported in
Manaus region by Bobot et al. (2011), Cruz et al. (2015) and Nuvoloni et al. (2015). Iphiseiodes
kamahorae, the second most abundant and found only on American oil palms, was previously
reported from Brazil only from rubber trees, also in the Amazon region (Nuvoloni ef al. 2015). The
absence of representatives of the phytoseiid genera Euseius Wainstein and Neoseiulus Hughes is
noteworthy, given their frequent occurrence in other parts of Brazil (Demite et al. 2018) on many
plant species. Scarcity of these mites has also been reported by Cruz et al. (2015) in Manaus region
and by Argolo et al. (2017) in the southern coast of the Brazilian Bahia state, also a very humid
region, with high rainfall, where oil palm is extensively cultivated.

The largest diversity of phytoseiids and largest abundance of predators in general on American
oil palms may result from the largest abundance of eriophyoids on those plants. The latter may serve
as food to the predators, which may maintain themselves at higher population levels than would
occur in the absence of those non-damaging phytophagous mites, rendering the predators potentially
more effective as natural enemies of damaging species.

In conclusion, the present work is the first specifically dedicated to the determination of the mite
fauna on oil palms in South America. It demonstrated that mites are considerably more numerous
and diverse on American than on African oil palms or their respective hybrids. On the three palm
groups, the vast majority of the mites in the central part of the Brazilian Amazonian forest consist of
phytophagous mites of the superfamily Eriophyoidea, and these are most numerous in the wet
season. They cause no significant damage to the oil palm hosts, most certainly because of their low
densities and because they belong to reportedly non-damaging groups. Predatory mites on oil palms
are predominantly phytoseiids, followed by cunaxids. The phytoseiids A. perditus and I. kamahorae
are the most abundant predators on oil palms, but they are mostly concentrated on some genotypes
(the first on BR 174 and Coari, and the second on Manicoré¢). Eriophyoids may serve as food to the
predators, which may be able to maintain themselves at higher population levels than would occur
in the absence of those non-damaging phytophages, probably making them potentially more
effective as natural enemies of potentially damaging species, such as the threatening R. indica.
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