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ABSTRACT

We mapped the distribution of Mononychellus spp. associated with
cassava based on survey of 1264 fields in thirteen Central and
South American countries. We collected M tanajoa (Bondar) in
Panama, Colombia, Venezuela, Guyana, Trinldad & Tobago, Brazil
and Paraguay, but not north of Panama, nor south of Colombia in
the Andean region. M. Lfanaljoa was praimarily associated with
humid to seasconally dry lowlands except in northeast Brazil,
where the eccological range axtends to semiarid lowland areas M

caribbeanae (McGregor) was the most geographacally widespread
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species, and was the predominant species of Mononvchellus on
cassava in semiarid lowland areas, except in northeast Brazil,
Peru or Paraguay where it does not occur. We found M megreqora
Flechtmann & Baker in humid highlands (interandean valleys) of
Colombila, Ecuador and Peru, 1in subtropical southern Brazil, and
in the Colombian region of the Amazon Basin {humid lowlands). M
planks (McGregor) was collected from one fleld in northeast
Brazil and from five filelds in Colombla. Mononvehellus tanaioa
(Bondar) 18 a polymorphic species with considerable varaiability
in the length of the dorsocentral setae D1, D2 and D3 We found
polymorphic populations of M tanajea in throughout its known
ranga in the Americas, except in northeast Brazil where setal

morphology is skewed towards the short extreme of the phenotypaic

range The largest number of Mononyvchellus specles on cassava

and a hlgg degree of setal polymorphism in M tanalga ocurred 1n
Colombaa, Several implications for biological control of M

ranaloa follow from the ex:istence of a geographical subpopulation
distinct from other populations in the American of African range

of this species.

KEYWORDS. Mononvchellus tapaloa, Mononvchellus caribbeanae,
Manahot esculenta, Cassava Green Mite, biological control,

, electrophoresis, taxonomy, biogeography
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INTRODUCTION

axon
The taxonomic controversy surrounding the so-called cassava

green mite (CGM) complex led to uncertainty about the number of
species of Mononvchellus introduced to Africa, and has been
reviewed VYaninek and Herren (1988). Analyses of African
specimens by Gutierrez (1987) based on the form of the aedeagus,
by Rogo et al. (1988) based on 22 morpholcogical characters in
addition to the aedeagus, and by Murega (1989} based on
hybridizations between 1individuals from different geographical
populations, concurred that only one species was introduced
Gutierrez (1987) reported that differences between and within
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populations were common with respect to the lengths of the dorsal
setae of the genus Mononvchellus. This type of variation had
been previously reported for other tetranychid genera such as
Eutetranvchusg (Gutlerrez 1985) Rogo, Gutierrez and Murega did
not agree, however, on whether CGM in Africa should be called M
fanalga or M. progresivusg Doreste (1981). M. tanaioca was the
name given in the original description of the species (Bondar
1938), however type specimens collected from cassava in northeast
Brazil can not be located (Gutierrez 1987).

M. progresivius is a species described from cassava 1n
Venezuela. This name entered the literature when variation in
the lengths of the dorsocentral setae of green mites collected
from cassava in the Americas led Doreste (1981) to describe two
new species, M. progresivus, and ¥ manihoti, supposed sibling
species of ¥ tanajoa Rogo et al (1987) studied the lengths of



the dorsccentral setae D1, D2, and D3, of specimeng from
Venezuela, representing the topotype of M. progresivus, from
Brazil, representing the topotype for M. tanaioa, and from
several African countries, concluding that these characters alone
could not be used to distinguish between the two species since
their lengths varied in a continuous gradient from the shorter
tanaljoa to the longer proaresivug type. Subsequently, Rogo el
al. (1988) found a relationship between the lengths of the
dorsocentral setae and the geographical origin of African
specimens of M. tapnaica, and concluded that populations could be
classified into short, intermediate and long setal forms.
The Oragan of the Casgava Green Mite .
Classical biological control programs generally begin by
exploring for natural enemies in the likely areas of origin of
the pest (Waage 1990) M tfanajca was accldentally 1introduced to
Africa in the 19708 (Yaninek & Herren 1988) from the Neotropics
(Nyiira 1972, unpublished; Lyon 1974)}. Areas of the Neotropics
which are ecologically similar to cGM-affected areas of the
African cassava-growing belt are priority areas for exploration
for natural enemies of CGM for introduction to Africa (Yaninek &
Bellotti 1987, Bellottli et al. 1987) A second strategy,
compatible with the agroecoclogical homologue approach, 1is
suggested by the trophic relationship between CGM and cassava
CGM feeds almost exclusively on Manihot, the casgsava genus, 1in
the Neotropics (Byrne 1880, Moraes & Flechtmann 1981, Moraes et
al submitted), and has maintained this trophic habit under

African conditions (Yaninek & Herren 1988) The oligophagous
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relationship between CGM and Manahot 1in the Neotropoics suggests

a close coevolutionary relationship between Manaihot and CGM
(Yaninek & Bellotti 1987) More specific knowledge of the oraigin
of CGM within the Neotroplcs would contribute selection of areas
for natural enemy exploration.

We measured dorsocentral setal lengths and evaluated other
taxonomic¢ characters for a large sample of M. tanalga specimens
from the Americas to determine the degree of variability of these
characters, and to test Rogo's hypothesis of geographic variation
in wmarphology Based on these taxonomic analyses and other
supporting data;” we present a hypothesis for the area of origin
of the trophic relationship between Monconvchellug speclies and

cassava, and discuss implications for biological control of M

Ltanaioa.

METHODS AND MATERIALS
Specimen Collectaion

Specimens were obtained during exploration trips made for
collection and characterization of CGM natural enemies, The
countries visited and the areas searched within countries were
selected according to a system of priority based on
agroecological homology between the Americas and CGM-affected
areas of Africa (Yaninek & Bellotti 1987, Bellotti et al 1987)
Homology maps were prepared based on Carter s (1986) cassava
microregion classification for S. America, and highest priority
was given to tropical, seasonally dry (4-6 months/year with < 60

mm precipitation), Isothermic lowlands Lowland, tropical,



semiarid (7-9 dry months/year) 1sothermic areas, and seasonally
dry or semiarid isothermic highlands were given second and third
priority respectively The most geographically extensive
cassava-growing ecosystem 1n the Americas 1s the wet (0-3 dry
months/year), lowland, tropical zone This ecosystem also
received coverage in the exploration campaign, as did subtropical
southern Brazil and Paraguay.

With the exception of Bolivia, explorations were conducted
in all countries containing priority areas. In the Caribbean and
Central America, abrupt changes in terrain occur over short
distances, precluding the generation of reliable homologue maps
(P. Jones pers. com ), therefore, areas visited were chesen based
on praimary sources of climate and crop distribution information
from available weather data, atlases and national agricultural
institutions. CGM were found in 673 of the 1264 cassava fields
surveyed in 13 countries The CGM specimens 1included in our
analyses were from the 266 of these 673 fields which yielded
specimens with measurable dorsocentral setae plus an additional
259 BPrazilian specimens from 49 fields not included 1in the

survey The latter specimens were obtained by J. G. de Moraes

specamen Preparation

CGM were collected, cleared in lactophenol and mounted in
Hoyer's medium a® described in Flechtmann (1982) Slides were
dried for 3-4 days at 40°C before examination under a phase
contrast microscope (400 X). The dorsocentral setae D1, D2 and

D3 of female specimens were measured The right and left



dorsocentral setae were found to be of unequal length 1in some
specimens These were excluded from the analyses. One to 45
mites per site were measured for a total of 1862 specimens The
form of the aedeagus was evaluated for male specimens prepared

according to McGregor (1950). From 120 male specimens, we

obtained 50 high quality slides

Statistical Analvseg

We performed cluster analysis on the means of the lengths of
the dorsoccentral setae of CGM specimens obtained from each
sampling site, using Ward's method (SAS Institute 1989) to
minimize the variance within clusters. We based our decision on
the number of clusters to accept on cophenetic ;orreiation
(Sneath and Sokal 18973) Subsequently, we performed a
discriminant analysis (5AS8 Institute 1989) to find a mathematical
function for wmore objective and rigorous classification of setal
lengths 1nto groups We assumed the frequency distraibution of
cluster membership was proportional rather than equiprobable,
reflecting our empirical observation that some clusters are more
frequently represented in nature than others. A peooled
covariance matrix could not be specified, therefore, we used a
quadratic discriminant function based on the estimated miminum
total praobability of misclassification for normal populations as
given in Johnson and Wichern (1982).

We based the initial cluster analysis on the mean length of
the dorsccentral setae of 1-45 specimens per site from 266

sampling locations in order to be able to map the distribution



pattern. However, this approach obscures variability 1in setal
length within clusters across sites In order to determine how
well the relative fregquency of cluster types based on analysis of
individual specimens was represented by the mapping approach, we
assigned each specimen to a cluster based on the discriminant
function generated from the original data, and calculated the

frequency of cluaster membership within countries, regions and

within clusters across sites.

Follow-up Studieg

After completing the cluster and discriminant analyses, we
made several additional studies to investigate phenomena observed
during the evaluation of the specimens, or suggested by the data
We analyzed anomalies in the number of tactile and sensory setae,
and applied several electrophoretic techniques to determine
whether mites with different setal lengths or from different
geographical areas could be distinguished electrophoretically.

Electrophoresis

After failing to obtain bands on gels stained for glutamic
oxalacetic transaminase we tested malate dehydrogenase but did
find not polymorphism. We report results of electrophoreses
performed on specimens of CGM from several sites in Colombla
{(Malagana ([n=30] and Arjona ([n=30], Bolivar; Luruaco ([n=30},
Atlantico; and Palmira, Valle [n =48]} and Brazil (Cruz das
Almas, Bahia [n=59}) to determine

1) whether geographical races could be distinguished and

2) whether race and setal length are related
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We  used vertical polyacrylamide slab gradient and
discontinuous gels (MiniBioRad) prepared according to methods
modified from Hussain gt al. {(1988) and Poehling & Neuhoff

(1980), with one mite per sample and staining for o~ and B~

estarases.

The number of tactile and sengory setae on tarsus I and
tibia I were recorded for a subsample of 20~29 randomly selected
female specimens from each cluster. The frequency of occurrence
of anomalies in the number of tactile and sensory setae was
classified according to cluster membership. The anomalies were:

1) presence of more than one sensory seta on either starsus
I or tibia I ({"masculinization™, according to Guttierez
1987) ;

2) differences between the left and right tarsus I and/or
tibia I in the number of tactile or sensory setae;

3) more or less than five tactile setae on tarsus I;

4} more or less than nine tactile setae on tibia I

X% goodness-~of-fit tests were applied to the data.

RESULTS

Dist

One thousand two hundred sixty four cassava fields were
surveyed 1in 13 countries (Colombia, Venezuela, Trinidad and
Tobage, Brazil, Cuba, Mexice, Nicaragua, Honduras, Panama, Peru,

Paraguay, Guyana, and Ecuador; see Table 1)) Forty five and 47%



respectively of cassava flelds where M tanajoa was detected were
in humid lowland or seasonally dry lowland zones The remaining
8% were distributed between semiarid lowlands, and humid,
seasonally dry and semiarid highland ecosystems. Forty-twoe and
49% respectively of the cassava fields samples in humid (n=544)
and seasonally dry lowlands (n=488) were infested with CGM Only
18% of 112 fields surveyed 1in semiarid lowlands were infested and
12 of these 20 fields were 1n northeast Brazil cutside Brazil,
M. caribbeanae was present 1in 64% of the semiarid fields
surveyed This species was not found 1n Brazil

M tanaloa-was present in 56% of 52 fields in our survey of
northeast Brazil, and in 89% of 427 additional fields sampled by
Moraes {(unpublished data) for an overall frequency of 85%. In
Colombia and Venezuela, M tanajca was identified in 48 and 85%
respectively of fields visited None were collected from 132
Ecuadorian sltes or from 92 sltes visited in Mexico, Peru,
Nicaragua, Honduras, and Cuba The mogt frequently encountered
specles of Mononychellus in Ecuador, Mexico, Nicaragua and Cuba
was M g¢aribbeanae (McGregor} (Table 1) The only regions where
M caribbeanae was not detected were in Brazil, Peru and Paraguay
{Fig 1). Records of M caribbeapnae in Brazil have appeared 1in
several unpublished reports (Yaseen 1977, 1978, Yaseen and
Bennett 1978), however, these do not mention how the specimens
were identjified, nor were specimens available for examination (P
Baker, Director, CAB International, Trinidad and Tobago Station,
pers com.) Apart from this discrepancy, good agreement was

found between the results of our survey and published reports on
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the distribution of Mononvchellus species 1n the Neotropics

(Table 2) M. caraibbeanae was not identified in Moraes'

{(unpublished) survey of 427 cassava fields in northeast Brazail.
We found M. mcaregori in the humid highlands (interandean
valleys) of Colombia, Ecuador and Peru, in the Colombian region
of the Amazon Basin 'and in the state of Santa catarina in
southern Brazil (Table 1, Fig. 1). We could not confirm

unpublished reports (Yaseen & Bennett 1978) of this species 1n

Trinidad.

Dorsocentral Setal Lengths of CGM

Measurements of the dorsal setae of CGM collected in the
Americas indicate the presence of short setal forms gitting the
description of M. tanajoa, and long setal forms fitting Doreste's
(1981) original description of M. progresivus. Intermediate
types between the two extremes also occur 1in a continuous
gradient (Fig. 2). M tanaioa populations were divided into five
clusters based on the mean lengths of the setae D1, D2, and D3
(Table 3), resulting in a multivariate r2 of 0.87 The decision
to accept five clusters was based on cophenetic correlation,
arbitrarily high values of r2 could be attained by further
increasing tha number of clusters, however, the increase
resulting from adding an new cluster was small when the number of
clusters exceeded five The division into five clusters provides
an heuristic nomenclature for referring to setal 1length,

Clusters can conveniently be called very short, short,

11



intermediate, long and very long (Table 3, Fig. 3) and will
henceforth be referred to as morphotypes

The multivariate distances between  morphotypes  were
statistically significant (Wilk's Lambda* ¥ = 100.06, df = 12, P
= 0 0001) Morphotype membership was assigned differently by
discriminant analysis for 1 9% of the 266 samples. This low
apparent error rate ﬁuégests that accepting five morphotypes 1s
statistically robust The discriminant function 1s given in the
appendix.

All morphotypes were found in in Colombia, Brazil and
Venezuela where sample sizes were large (Table 4). Eighty-two %
of sltes (Table 5) and 85% of specimens (Table 4) from Brazil
were classified as having either the very short or short
morphotypes In Colombia 20% of sites (Table 5) and 18% of
specimens were of the short morphotypes In Venezuesla 97% of
sites (Table 5) and 93% of specimens (Table 4) were of the short,
intermediate or long morphs

Fewer than 15 sites were sampled in each of the other
countries where M. tanajoa was collected. In Paraguay, both
extremes of variability were found (Table 5) aﬁd analysis of
individual specimens revealed mites of all but the intermediate
merphotype in a sample of 11 females In Trinidad, 100% of the
eight sitea had the long morphotype (Table 5), and individual
specimens (n=64) of all morphs except the very short were found
(Table 4} In Panama 80% of sites (Table 5) and 59%4% of
individual specimens (Table 4) were of the short morph The long

morphotype occurred in the remaining 20% of sites (Table 5)
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In general, where sample size was adequate, good agreement
was obtained between analyses based on mean setal lengths from
each collection site and from individual specimens When the
individual specimens from all sites classified to a given
morphotype were classified by the discriminant function, the
existence of polymorphism within morphotypes across sites emerged
{Table 6) We found less polymorphism at the short extreme of
the phenotypic range than at the long extreme. Sites classified
as having the intermediate morphotype ars highly polymorphic
(Table 6)

Geographical analysis of the unusual distribution of setal
length in Brazil revealed that the skewness towards the short
morphs was due to the high freguency of short morphotypes in the
northeast reqgion (Fig. 4). Fifty-three of the 54 populations
from northeast Brazil had short or very short mean setal lengths
(Table 7). The other 1.8% of sites and 6 1% of specimens were of
the intermediate morph (Table 8). Northeast Brazil was the only
large contiguous region sampled where mites with long setae were
not found (Fig 4, Table 8)

Of the 266 sites analyzed, only fourteen were in highland
areas. One hundred six sites were 1n humid lowlands, 123 were 1in
seasonally dry lowlands and 22 were 1in semiarid lowlands. All
setal morphs occurred in humid lowlands and in seasonally dry
lowlands (Fig §) The short morph had a higher frequency than

2

expected 1in semiarid lowland areas (X* = 36.78, 4 d f P <

0 001)

13



The Aedeaqug

variation in the form of the aedeagus of male specimens from
different sites was negligible (Fig. &). The shape of the
aedeagus was similar to a drawing made by Tuttle gt al (1877}
for M tanajloa. The aedeag: examined d&id not resemble the
drawings made by Flechtmann (1982) or Gutierrez (1987), however,
it 18 not clear whether the latter drawing was based on
conventiocnal preparations or on males prepared according to the

mounting technique described in Gutierrez (1985)

Sengerv and Tactile Setae

Doreste (1981) reported 4 tactile and 1 sensory setae for M.
tanailca and 4 tactile and no sensory setae on tarsuss I for M
progresivus when he proposed the existence of three different
species 1n the group then called M. tanajoa We examined 20-29
specimens chosen randomly from each morphotype. All had sensory
setae on tarsus I. In general, five tactlle setae were present
on tarsus I, and nine were present on tibla I, as described by
Flechtmann & Baker (1970) and Nokoe & Rogo (1988) for M. tanajoa.
However, several types of anomalies were observed 32% of
specimens had fewer or more than five tactile setae on tarsus I;
0 8% had fewar or more than nine tactile setae on tibia I, 0 8%
of specimens were masculinized, with more than one sensory seta
on tarsus I and/or tibia I (see Gutierrez 1987), 29 and 11 % of
specimens had diferences between the number of right and left
tactile and sensory setae on tarsus I and tibia I, respectively

The probability of possessing normal morphology was equal for all

i4
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morphotypes (Table 9, %2 goodness-of-fit test, NS) With respect

to specific types of anomalies, th% probabl&nkggdgeﬁghggs ing

1) unegual number of raight and Teft sensory and tactile

setage or

2) more or less than 5 tactaile setae on tarsus I

was equal for all morphotypes (Table 9, X2 goodness~of-fit test;

NS)
Electrophoresis

Polymorphism was not found for malate dehydrogenase or
glutamic oxalacetic transaminase. The banding patterns for a-

and A~esterases from M. tLanalca collected from the Caribbean

*
coast (Malagana and Ariona, Bolivar, Colombia; Luruaco,

Atlantico, Colombia), an interandean valley (Palmira, valle,
Colombia) and northeast Brazil (Cruz das Almas, Bahia) were
1dentical (Figs 7,8), however, greater esterase activity,
expressed as darker bands, was consistently found in specimens

with short setae (Fig. 8)

DISCUSSION
Morpholoaical Variability

Our data corroborate Rogo's et al (1988) conclusion that M
progresavus and M. tanaloa comprise a single polymorphlc species,
and that wmorphotype may be associated with the geographical

origin of specimens

Rogo et al (1987) report a range in variation in setal

lengths for CGM collected in Afraca similar to that reported here
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for northwest &5 america, Central and Southern Brazil and
Paraguay Assuming that setal length 1s genetically determined,
if the 1introduction of CGM to Africa was from a site with a
highly polymorphic population, a single introduction of CGM to
Africa could account for the polymorphaism 1in Africa. It 1s
unlikely that the origin of CGM in Africa was from northeast
Brazil, where variability in setal length 1s limited.

A similar degree of variability in length is present in the

lateral hysterosomal setae of M. caraibbeanae (Guerrero unpub.

data) The short setal forms fit the the descraiption of N
caribbeanae (McGregor 1950) and the long setal forms fit the
description of M ervthrinse (Tuttle et al 1976), a species

described from Mexico on Ervthrina sp A continuous gradient of

intermediate forms occurs between these extremes (Guerrero unpub

data }.

Comparison of our collection records of Mopnonvchellus
species on cassava in the Neotropics with reports in the
literature indicates that M. tanajoa 18 present 1in Colombia,
Venezuela, Brazil, Guyana and Paraguay (See Table 2) In Central
America CGM has been reported in Panama and Costa Rica, and 1in
the cCaribbean, in Trinidad and Tobago and Halilti. M. bkondara
Paschoal, which we consider to be a junior synonym of ¥ Ltanaijoa,
which has been reported once from cassava in Brazil, and once
from Colombia (see Table 2} was not detected i1in our survey We

found M. megregori i1n interandean valleys of Colombia, Ecuador,

16



and Peru (Fig 1) and 1n subtropical southern Brazil,
corroborating the reports of Samways & Ciociocla (1980}, but were
unable to confirm unpublished reports (Yaseen 1978; Yaseen &
Bennett 1978) of this specles in northeast Brazil or Trinidad and
Tobago, M garibbeanae occurs from southern Florida (Pefia &
Wwad1ll 1982, Pefia et @l 1984), throughout the Caribbean basin
(see Table 2} and in Ecuador, however we could not corroborate
unpublished reports of this species in northeast Brazil (Yaseen
1977, 1978, Yaseen & Bennett 1978}. Other Neotropical species of
Mononvchellus (see Table 2) have been reported primarily from
Mexico on species other than HManaihot. Northeast Brazil and
Paraguay are unique ?n that neither M. garibbeanae nor M.
megreqori were detected in our survey.

M c¢aribbeanae was collected in zones with 0 to 9 dry
months/yr, and with mean annual precipitation between 401 to 3023
mm/yr The mean number of dry months/yr for these sites was 5 &
compared to 3 1 for M tanailoa, indicating that M caribbeanae
distribution is skewed towards subhumid areas, whereas CGM
distribution 1s skewed towards more humid zones. The absence of
M caribbeange in northeast Brazil i1s particularly noteworthy
given the sizeable seasonally dry to semiarid cassava-growing
area whaere M. caribbeanae would presumably be well adapted. The
absence of M. mcaregora 1in northeast Brazil, on the other hand,
1s not as surprising, since 80% of cassava fields where this
species has been detected in our survey were in humid interandean

valleys

17



Origin of the Trophic Relationship hetween Mononvchellus and

cassava

The largest number of species of Mononychellug on cassava
occurs in Colombia, with the number dropping off with distance
both towards Central America and the Caribbean, and te the south,
suggesting a center of genetic diversity for the genus. The
antiguity of cassava cultivation in northwest S. America 1s well
documented (Shultes 1987), and this region is an area of primary
genetic diversity of cassava (Gulick ef al 1983) and may be a
ocne of several possible areas of domestication (Sauer 1969,
Lathrap 1973; Spath 1973, Renvoise 1973). Colombila also has the
greatest diversity of phytoseiid predators of tetranychid mites
reported on cassava (CIAT 1991, Botelho et al. submitted).

Together these patterns point to a possible area of origin of the

trophic association between Mononvchellus and cassava in

northwest &8 America

The absence in northeast Brazil of the setal polymorphism
associated with M. tanajoa throughout the rest of its range 1s
unigue. CGM with short dorsocentral setae can be distinguished
electrophoretically from specimens waith long setae by their
enhanced esterase activaity, suggesting some physiological
d¢ifferentiation and the possible existence of a geographical
subpopulation in northeast Brazil It is striking that in
Moraes' survey of 427 cassava fielda in northeast Brazil (CIAT

1990, 1991) and in cassava germplasm screening sites (CIAT 1992),

18



heavy 1nfestations of CGM were found 1n semiarid areas, a pattern
not seen elsewhere in tropical America or in Africa, where CGM
does not appear to have colonized semiarid areas of Nigeria (M
Porto pers. com } or Benin (Yaninek & Onzo 19288, unpublished)

A hypothesis which accounts both for the absence of other
Mononvchellus species and the limited setal polymorphism skewed
toward the short extreme of polymorphic variability in M tanajoa
in northeast Brazil is that CGM was introduced inadvertently to
the area. The absence of the long morphs over such an extensive
area could have come about 1f the founder population had short
setae, and a high degree of genetic 1isolation was maintalned.
Alternatively, after introduction of a polymorphie founder
population, selection may have favored the short morphotypes
leading to elimination of the others. The absence of competition
from other xgggnyghgligg species, particularly M. caribbeanae may
have contributed to the success of the short morphotypes of M
tanaica 1n northeast Brazil and to its unigque adaptation to
semiarid environments Molecular techniques have recently been
applied in acarological phylogenetic research (Kaliszewski et al
1982, Navajas gt al. 1992) The application of these techniques
in studies of phylogenetic relationships of Mononvchellus spp
may provide a conclusive means to assess whether a distinct CGM
biotype occurs northeast Brazil.

The wvariability in setal 1length, the relatively high
frecquency of anomalies 1n the numbers of tactile and sensory
setae found in M. fanajoa, and the high frequency of similar
phenomena 1in M. carpibbeanae suggests that rapid evolutionary

19



change is occurring in these species in the Americas, perhaps 1in
response to the great range of edaphic and climatic factors under
which cassava is grown We collected M tanailoa over a range of
altitudes (2-1820 m}, and precipitation 2zones (425-4468 mm/yr)
with widely varying rainfall patterns (1-% dry months/yr). The
diversity of ecological conditions under which cassava has been
cultivated 1n the Andean zone and the patchiness of cassava
distribution there (Carter 1986} are both related to the
mountainous topography of the region. Less agroecological and
topographical variability occurs in northeast Brazil, where we
collected M. tanaioa from 30-300 m above sea level in rainfall
zones from 425-2083 mm/yr Agroecological diversity and patchy
distribution may have been incisive in the speciation of
Mononvchellus associated with Manihot and in the appearance of
setal polymorphasm in CGM and M. carxibbeanae

Implications for Bigloaical Control

CGM is considered an important pest of cassava in northeast
Brazil, particularly in seasonally dry and semiarid areas (Veiga,
1985) Alternatives for contreol of CGM in northeast Brazil have
focused on host plant resistance, and improving the level of
resistance to CGH is a high priority for cassava breeders working
in the states of Ceara, Paraiba, Pernambuco, Alagoas and Bahia
{C 1Iglesias pers. com.). To date no effort has been made to
improve levels of biological contreol, even though the phytoseiid
fauna in cassava all agroecological zones of northeast Brazil is

less diverse than that in homologous zones 1in northwest §
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America (CIAT 1991, Moraes et al submitted) Introduction of
exotic species or strains may provide an ecologically sound pest
management option in northeast Brazil 1f species or strains which
are well adapted to semiarid conditions can be found The
largest diversity of phytoseiid species in a semiarid area occurs
in coastal Ecuador (Braun 1993). Introduction of exotic natural
enemies for control of CGM in Brazil should be 1implemented in
conjunction with other plant protection measures such as
augmentation and conservation of natural enemies, habjitat
manipulation and the deployment of host plant resistance

The possibility that the trophic relationship between
Mononvchellus and Manihot evolved in northwest S« America
suggests that this area should receive high priority as a source
of phytoseiid predators and fungal pathogens (Neozvgites spp.) of
natural enemies of CGM for introduction to Africa and Brazil.

A high degree of host specificity of Neozvagitegs spp. can be
deduced from the difficulty of culturing this fungus on
artificial media (Alvarez 1990, Evans 1991). Since our data
point to differences in morphotype composition and ecological
adaptation between CGM from northeast Brazil and Africa, we
recommend broadening the effort to introduce fungal pathogens
from northeast Brazil to 1include Neozvgites species/strains
obtained elsewhere in the Americas

The use of ecological homologue mapping for prioritizing the
search for natural enemies and deciding which natural enemies to
intreduce to particular regions of the African cassava belt has

been proposed by Yaninek & Bellottl (1987), and 1s compatibile
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with a strategy based on searching in the area of origin of the

trophic relationship between CGM and cassava.
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Table 1 Inventory of Mononychellus species on cassava
the Americas.
No fields Specles No fields

Country sampled Reported present
Brazil 52 M. fanajoa 29

¥ planka i

H mecaregord 1
Cuba 41 M caribbeanae 23
Ecuador 132 M <caraibbeanae 65

M. megreqori 13
Colombia 869 M. tanaloa 420

M. caraibbeanae 71

M. mcaregori 59

M. planka 5
Mexico 27 M caribbeanae 16 g
Nicaragua 2 M carabbeanae 1
Honduras 3 M carabbeanae 3
Panama 17 M caribbeanae 13

M tanaioa 3
Venezuela 84 M tanasioa 76

M. carxibbeanae a6
Peru 14 M mecaregori 5
PFaraguay 7 M. Lanajoa 5
Trinidad & 12 ¥ c¢arabbeanae 11
Tebago

M tanalea 8
Guyana 2 M. carabbeanae 1

M. tanaioa 1

in



Table 2 Menonyohellius species reported in the Neotropics

[spacxes 1Country Reference
¥ hispidozetus* Mexico® Beer & Lang 1958, Tuttle ef al 13976
M hyvotis? Mexico? Tuttle et al 1974, 1976
¥ estradai? Mexico® Tattle gt al 1976
Nicaragua® Baker & Pritchard 1962
M ervthrinae? Mexi1cod Tuttle gt al 1976
H ;Aghgligsggugi Mexico® Beer & Lang 1958 Tuttlie et al 1976
M chapalensis? Mex1cod Tuttle ef al 1976
¥ willardime? Mex1co? Tuttle et al 1976
M waingstein? Mexico® Tuttle ef al 1976, 1977
M eysenhardtiae? Mex1cod Tuttle et al 1976
M tephrosiae? Moxicod Tutrle et g1 1974 1976
M paidiumé Mexicod Estebanes & Baker 1968, Tuttle et gl 1376
¥ yilaricensis Brazil® Paschoal 1971c
¥ bondari® Brazal Paschoal 1970a, Flechtmann & Baker 1979,
Yaseen & Benmett 1978P
Colombia Urueta 1975
v msaxeggxxﬁ Brazil Yaseen 1978P, Samways & Ciccicla 1580,
colombia Urueta 1975 Yaseen & Bermett 1977P, 1978P
Guerrerc &k Bellotti 1980, CIATC
Trinidad Yasseen & Bennett 19?8”
Argentina® Pritchard & Baker 19%5
Panama CIATS
Peru CIATC

{continued)




Table 2 l{cont )

Mononvchellus species reported in the Neotropics

L§pe01as ICountry Reference
¥ mapihoti®d Venezuela Doreste 1980, 1981
Trinidad cIpc 19820
¥ prouresivys®d Bolivia, Colombia Yaseen 19780
Venezuela Yaseen 1978P
Paraguay, Yaseen 1988 |
Trinidad Yaseen 19578P
M ;analggg Brazil Bondar 1938, Paschoal 1971a, Flechtmann
& Abreu 1873, Flechtmann & Bastos 1973,
Costa 1875, Tuttle et gl 1877,
Yaseen & Benmett 1977P, 1978P, Flechtmann
1987, Yaseen 13?8b, Farias et gl 1978, 1979,
1981, samways & Ciocicla 1980, CIATC
Paraguay Aranda & Flechtmann 1§71, CIATC,

Costa Rica
Colombia

Venezuela

Haiti

Guyana, Trinidad
Bahamas, Surinam
French Guyana
Panama

Yaseen & Bennett 13977P

Salas 1978

Urueta 1870, 1975, Yaseen & Bennett 1977P,
1978, Guerrers & Bellottil 1%80, CIATC
Quiroz 1977, Yaseen &k Bennett 1978P,
Doreste 1981, CIATC

Lenoir gt al 1981

Yaseen & Bemnett 1977P, 1978P, crarc
vaseen 19772, Yaseen & Bennett 1978Y
Yaseen 1978P

CIATC

& Reports on host plants other than Manihot spp

b Unpublished

C Specimens deposited 1n a reference collection at Centro Jnternacional de Agricultura

Tropical (CIAT)

{Continued)




Table 3 Mean dorsocentral setal lengths of female Moponvchellus
ranaqea from 266 sites 1in the Americas

Mean length Range

Cluster Morphotype n Seta (um) {pam)
1 Very short 29 DC1 20 37 17 85-22.24
DC2 21.45 17 85-25.50
DC3 24 87 20 40-28 22
2 Short 73 DCl 24 05 20 40-26.78
DC2 25 32 22 95-28 90
DC3 30 68 26 07-37 05
3 Intermediate 32 DC1 25 64 22 10~28 05
DC2 2B 26 25 50-~30 60
bC3 38 83 33 15-«45 05
4 Long 94 DC1 28.85 23,80~34.00
DC2 34.99 28.90-45 90
pC3 46 35 35 21~61 20
5 Very long 38 DC1 36 17 30 60~54.40
DC2 44 82 34 00~-56 10
DC3 54 19 44 20~64 60




Table 4 Distribution of dorsocentral setal length morphotypes in Mononvchellus
Lanaloa specimens from the Ameraicas.

% specimens/morphotypel
No
specimens
Country measured 1 2 3 4 5
Brazil 611 28 6 55 8 12.1 10 25
Colombia 716 2.9 15.5 24.3 16.8 0.5
Venezuela 440 1.6 25.9 48 9 18 6 50
Trainidad 64 00 7.8 84 4 6 25 16
Panama 18 ¢ 0 54.4 5.6 0.0 00
Paraguay 11 36 4 g1 0.0 45.5 91
Guyana 2 0.0 c 0 00 100 © 00

1 l=very short, 2=short; 3=1lntermediate; 4=long; S=very long.

LY
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Table 5 Geographic distribution of Mononvchellus tanaioa dorsocentral setal
length morphotypes in Brazil.

% sites/morphotypel
Ho
sites
Region? sampled 1 2 3 4 5

North 5 100 G o0 0 00 00
Northeast 54 27 8 70 4 18 0.0 00
Central West bR ) iz & 1z 5 18 8 31 3 25 0
Southeast 8 12 5 62.5 12 5 12 5 0.0
South 1 100 ¢ 00 00O 0.0 o0

1l 1=very short, 2=short; 3=intermediate, 4=long, S=very long

2 states sampled 1n regions are North-Amazonae, Northeast-Ceara, Piaui, Bahuia,
Alagoas, Sergipe, Paraiba, Pernambuco, Maranhao, Central West-Matto Grosso do
Sul, Brasilia D F , Southeast-Saoc Paulo, Sauth—santa Catarina.



Table 6. Variability withain dorsocentral setal morphotypes of
Mononvchellus tanajoa from the Americas.

% specxmensfmerphotypel
No
females
Morphotype | measured VS S I L VL
Vs 208 &0.4 39 6 0.0 0.0 3.0
S 589 5.5 88 6 5.9 20 0.0
I 518 0 4 42.0 29.0 27.8 08
L 218 0.0 10.3 12.1 63.5 14 2
VL 329 00 14 2.1 26.0 70 &

1 VS=very short, S=short, I=1intermediate, L=long, Vi=very long.




Table 7. Geographic distraibution of Mononvchellus tapaica dorsocentral setal length
morphotypes in Brazil

% sites/morphotypel
- HNo.
sites
Region? sampled vs s 1 L VL
North 5 100 0O 00 0.0 0.0 0.0
Northeast 54 27.8 70 4 1.8 0.0 0.0
Central West 16 12 5 12 5 18.8 31.3 25.0
Southeast B 12 5 62 & 12.5 12.5 0
South 1 19C © o0 (0 I Y] G 0 00

1 ys=very short, S=short, I=intermediate; L=long, Vl=very long

2 states sampled 1n regions are. North-Amazonas, Northeast-Ceara, Piaul, Bahia,
Alagoas, Sergipe, Paralba, Pernambuco, Maranhao; Central West-Matto Grosso do
Sul, Brasilia D F , Southeast-Sao Paule, South-Santa Catarina



Table 8. Distribution of Moponvchellus tanaioa dorsocentral setal length morphotypes

in Brazil.
$ specimens/morphotypel
B No
specimens
Region? neasured vs s I L VL

NHorth 15 100.0 0 0 0.0 0.0 0.6
Northeast 459 29.4 64.5 6 1 0.0 00
Centra)l West 73 16.4 17.8 38.4 € 8 20.5
Southeast 58 13.8 55.2 31.0 0.0 0.0
South 6 100 0 0.0 00 0D (11 ]

1 Vs=very short, S=short, I=intermediate; L~=long; Vi~very long.

2 gtates sampled in regions are. North-Amazonas; Northeast-Ceara, Piaui, Bahia,
Alagoas, Sergipe, Paraiba, Pernambuco, Maranhao; Central West-Matto Grosso do Sul,
Brasilia D.F.; Southeast-Sao Paulo; South-Sansa Catarina.
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Table 9 Comparative frequencles of ancmalies in the sensory and

tactile setae of Mononvchellus tanatoa morphotypes

Anomaly typal
Morphotype? n 1 2 33 44 5
very short 23 14 1 6 7 0
short 20 10 o 9 10 0
intermediate 25 14 0 6 10 0
long 29 20 0 7 9 o
very long 25 21 0 3 3 1
1 1 = normal; 2 = masculinized; 3 = unequal number of right

and left sensory or tactlle setae; 4 = more or less than 5
tactile setae on tarsus I; 5 = more or less than 9 tactile
setal on tibia I. The prnbability of poasaaﬁing normal
morphology is equal for all morphotypes (X2 = § 95, df = 4,
P =0 20, NS).

Morphotype was determined by cluster analysis of lengths of
dorsocentral setae D1, D2 and D2.

The probability of possessing an unequal number of right and
left sensory and tactile setae is equal for all morphotypes
(X2 = 4 96, df = 4, P = (.29, NS).

The probability of possessing more or less than 5 tactile
setae on tarsus I is equal for all morphotypes (X2 = 5 73,
df = 4, P = 0.22, KS).
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Figure Legends

1 The geographical distribution of M. tanalca, M

caribbeanae, M planki and M. mcareqori in the Americas

2 Variation in the length of the dorsocentral setae D1, D2,
and D3 of M tanaica (Morphotypes: A = very short; B =

short, ¢ = intermediate; D = long).

3 Continuous gradient in variability in the mean length of

the dorsocentral setae D1, D2, and D3 of M. tanai1oa from 266

sites i1n the Americas and their distribution i1n morphotypes.
P

4 Geographical distribution of M. tanajca morphotypes in

the Amerlcas.

5 Frequency of M. tanajlga wmorphotypes in humid (HL},
seasonally dry (SDL), and semiarid (SAL) lowlands of the
Americas (Morphotypes: VS8 = very short, S8 = short, I =

intermediate, L = long, VL = very long).

6 Aedeagi of male ¥ tanajca from Colombia (A), Venezuela

(B) and Brazil (C)



Fig

Fig

7 Banding patterns for 0O~ and B-esterases from M. tanaijoa
from the Caribbean coast (Malagana [lanes 1-3] and Arjona

[lanes 4-~6), Bolivar, Colombia, Luruaco ({lanes 7-9],

Atlantico, Colombia)

8 Banding patterns for o- and B-esterases from M tanaloa
with short dorsocentral setae from an 1interandean valley
(Palmira, Colombia; lanes 1-3) and Northeast Brazil (Cruz
das Almas, lane 8), and with long setae from an interandean

valley (Palmira, Colombia; lane 4-7).
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Appendix

The estimate of the gquadratic discrimination score 18
c?‘"(x*} = lnlsll +{X~ “JE‘ ys(x - ;—{33” 21n(P)

X = vector of values, Dl, D2, D3, to be assigned to a

morphotype
8, = sample covariance matrix in morphotype 1.

3{ = gample mean vector of morphotype 1.

P, = prior probability of membership in morphotype 1.

Allocate X to morphotype Iy 1f the gquadratic discrimination

A A @

0 -
score dk (X) 18 the largest of the d; ;s 1 = 1,2,. .g. The 8j
L]

are as follows:

(2 394 2.176 2.373
S =]2 176 3 900 2.926
L2 373 2 926 4 620

{1 969 0.146 -0 704

s =| 0146 1321 1 097
L~0 704 1 097 7 0BO
(2 018 0 544 -0 837
S =| 0544 1872 -0 026
. ~0 837 -0 026 9 352
(S 761 2 420 1 435
s = |2 420 12 181 8 730

(1.435 8 730 25 062

{17 182 11 539 7 BB7
S =111 539 23 528 9 180
. 7 887 9.180 20 101
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The ’"}Z‘l are as followsa.
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