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S T E L L I N G E N 

1 
Het vaststellen of een bepaalde plant al dan niet een geschikte waardplant is 

van een in de grond voorkomende Meloidogyne populatie kan alleen geschie-
den door experimenten. 

2 
De teelt van plantesoorten welke geen waardplant zijn van wortelknobbel-

aaltjes en van rassen van gewoonlijk vatbare gewassen moet tegen deze nema-
toden voornamelijk preventief worden toegepast. 

3 
In tegenstelling tot de gangbare opvattingen kunnen larven van wortel-

knobbelaaltjes zich in de grond in korte tijd over meer dan 40 cm verplaatsen. 

4 
Bij de beschrijving van nieuwe nematodensoorten dienen zo mogelijk ook 

cytologische en fysiologische gegevens te worden vermeld. 

5 
Quarantainevoorschriften van verscheidene landen zijn niet realistisch om-

dat zij onvoldoende rekening houden met de fysiologische specialisatie van de 
schadeverwekkers. 

6 
Mocht het mogelijk zijn het nif-complex te incorporeren en te laten functio-

neren in gramineeen, dan zou dit een belangrijke bijdrage van de moleculaire 
biologie aan de landbouw zijn. 

7 
Landbouwvoorlichting in achtergebleven gebieden heeft weinig zin voordat 

de aanvoer en beschikbaarstelling van voor de landbouw benodigde materialen 
en de afvoer van het geoogste product zijn verzorgd. 

Een bestrijdingscampagne tegen ingewandsparasieten in een achtergebleven 
gebied kan als indirect gevolg hebben dat het aantal gevallen van open long-
tuberculose in zo'n gebied sterk daalt. 

9 
Er bestaat een grote overeenkomst tussen de vocale en instrumentale ver-

tolkingen van psalmen door de Harristen en de eerste geregistreerde muziek 
van de Amerikaanse negers. 

C. NETSCHER 

Wageningen, 12januari 1978 



V E R A N T W O O R D I N G 

Vanaf oktober 1960 tot juli 1962 was de auteur werkzaam als phytopatholoog 
aan de University of Science and Technology te Kumasi, Ghana. Gedurende 
deze periode kwam hij voor het eerst in aanraking met nematologische pro-
blemen in de landbouw, vooral die veroorzaakt door wortelknobbelaaltjes 
(Meloidogyne spp.). 

Sinds augustus 1962 is hij werkzaam als nematoloog bij het Office de la 
Recherche Scientifique et Technique Outre-Mer (ORSTOM), de Franse re-
gerings-organisatie voor onderzoek in de Tropen, eerst in Adiopodoume 
(Ivoorkust) en vanaf 1970 in Dakar (Senegal). Deze periode werd onderbroken 
door een aantal korte verblijven in Nigeria, Mauretanie, Upper-Volta, Indo­
nesia, Engeland, Nederland, Canada en de Verenigde Staten, gedurende welke 
gespecialiseerde kennis omtrent het geslacht Meloidogyne werd opgedaan 
resulterend in een aantal verslagen en artikelen omtrent de plantenparasieten die 
tot dit geslacht behoren. 

Dit proefschrift is een synthese van deze artikelen, andere die betrekking 
hebben op fundamenteel nematologisch onderzoek, technieken en veldproeven, 
alsmede van nog niet eerder gepubliceerde gegevens en waarnemingen. 

Hieronder volgt een lijst van publicaties welke mede de basis van dit proef­
schrift vormen: 

1. NETSCHER, C. (1970). a. Les nematodes parasites des cultures maraicheres 
au Senegal. Cah. ORSTOM, Ser. Biol. 11: 209-229. 

2. NETSCHER, C. (1970). b. A rapid technique for mass-killing of nematodes 
with hot fixative. Nematologica 16: 603. 

3. NETSCHER, C. (1973). Etude sur la variability de la longueur des larves chez 
Meloidogyne incognita Chitwood, 1949, et Meloidogyne javanica Chitwood, 
1949. Cah. ORSTOM, Ser. Biol. 21: 91-95. 

4. NETSCHER, C. (1974). L'arachide et le controle biologique des nematodes 
Meloidogyne spp. dans les cultures maraicheres du Senegal. C. r. hebd. 
Seanc. Acad. Agric. Fr. 60: 1332-1339. 

5. NETSCHER, C. (1975). Studies on the resistance of groundnut to Meloidogyne 
sp. in Senegal. Cah. ORSTOM, Ser. Biol. X: 227-232. 

6. NETSCHER, C. (1977). Observations and preliminary studies on the oc­
currence of resistance-breaking biotypes of Meloidogyne spp. on tomato. 
Cah. ORSTOM, Ser. Biol. XI, 1976: 173-178. 

7. NETSCHER, C. & Luc, M. (1974). Nematodes associes aux cultures marai­
cheres en Mauritanie. Agron. trop., Nogent 29: 697-701. 

8. NETSCHER, C. & MAUBOUSSIN, J. C. (1973). Resultats d'un essai concernant 
l'efficacite comparee d'une variete de tomate resistante et de certains 
nematicides contre Meloidogyne javanica. Cah. ORSTOM, Ser. Biol. 21: 
97-102. 



9. NETSCHER, C. & PERNES, J. (1971). Etude concernant l'influence de la 
constitution genetique sur la longueur des larves d' Heterodera oryzae. 
Nematologica 17: 336-346. 

10. NETSCHER, C. & SEINHORST, J. W. (1969). Propionic acid better than acetic 
acid for killing nematodes. Nematologica 15: 286. 

11. TAYLOR, D. P. & NETSCHER, C. (1974). An improved technique for pre­
paring perineal patterns of Meloidogyne spp. Nematologica 20: 268-269. 

12. TAYLOR, D. P. & NETSCHER, C. (1975). Occurrence in Senegal of a biotype 
of Meloidogyne javanica parasitic on strawberry. Cah. ORSTOM, Ser. 
Biol. X: 247-249. 
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1. I N T R O D U C T I O N 

Members of the genus Meloidogyne (Goeldi, 1887) Chitwood, 1949, are 
called 'root-knot' nematodes because they induce galls on the roots of most 
plants attacked. Species of Meloidogyne cause the most important Hemato­
logical problem in agriculture of developing countries in the tropics for the 
following reasons: many tropical crops are heavily damaged by species of 
Meloidogyne; disease complexes exist in which root-knot nematodes increase 
the severity of important fungal and bacterial diseases (e.g. Fusarium wilt of 
tomato and bacterial wilt of tobacco), and these nematodes are widespread and 
frequently abundant in tropical soils. 

Though few reliable data exist on losses caused by Meloidogyne, the following 
examples illustrate the economic importance of these nematodes. In South 
Carolina, USA, severe attacks of M. incognita (Kofoid & White, 1919) 
Chitwood, 1949, on potato caused losses up to $ 1000 per acre (SITTERLY & 
FASSULIOTIS, 1965). Cotton yields increased 50% following nematicide treat­
ment of infested land (RASKI et al., 1953). Field trials in North Carolina showed 
yield reductions of 85% of tomato in soils infested with M. incognita compared 
to yields of uninfested plots (BARKER et al., 1976). Total crops failure was 
observed by MILNE (1972) in tobacco fields infested with Meloidogyne sp. 

Contrary to most plant diseases and pests in which minute inocula can initiate 
epidemics under conditions favourable for the parasites, damage caused by 
nematodes depends on the initial population density present at the time of 
planting. Therefore, nematode control consists of reducing soil populations to 
such levels that susceptible crops can be grown without suffering great losses 
from the remaining nematodes. 

A common method of nematode control is the application of special chemi­
cals, nematicides, that kill a large proportion of nematodes present in the soil. 
Unfortunately, nematicides are expensive, toxic and usually difficult to use for 
persons lacking experience in pesticide application. For instance, application 
of most of these chemicals necessitates the purchase of rather costly equipment 
easily damaged by these corrosive products. In order to obtain the maximum 
benefits from the nematicide, manufacturers' recommendations should be 
strictly followed. This will avoid low nematode kill and even crop injury in the 
case the chemicals are phytotoxic. Therefore control methods not involving 
the use of nematicides are of great interest to the average farmer, especially in 
the tropics. 

As is true for other soil-borne pathogens, crop rotations offer a possible 
way to control Meloidogyne. Like all plant - parasitic nematodes, species of 
Meloidogyne are obligate parasites that must feed on a suitable host to complete 
their lifecycles and to reproduce. Thus, crop sequences which include non-
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hosts and resistant varieties of otherwise suitable host plants should decrease 
soil populations of root-knot nematodes and improve conditions for production 
of susceptible crops. Unlike air-borne pathogens dispersion of nematodes is 
limited and little or no reinfestation from nearby inoculum reservoirs will 
occur. 

Unfortunately many complications interfere with the application of crop 
rotation as a control method for Meloidogyne. The extreme morphological and 
physiological variability within some species of this genus in West Africa makes 
reliable identification and establishment of host ranges of these species very 
difficult. The implications of this variability are discussed in this paper with 
special reference to the situation existing in West Africa. 
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2. T A X O N O M Y A N D M O R P H O L O G I C A L 
V A R I A B I L I T Y OF MELOIDOGYNE 

2.1. HISTORICAL ASPECTS 

Undoubtedly lack of sufficient communication between scientists during the 
end of the nineteenth and the beginning of this century resulted in root-knot 
nematodes being described under different names. WHITEHEAD (1968) reviewed 
the history of the genus, the existing synonyms and the lumping in 1932 of all 
described root-knot species under one species: Heterodera marioni (Cornu, 
1887)Goodey, 1932. 

Within the genus Heterodera Schmidt, 1871, the root-knot nematode oc­
cupied a very special place. It was the only species in the genus capable of 
inducing galls on the roots of parasitized plants, and, unlike the other species, 
H. marioni females were soft-walled and after their death did not transform 
into egg-containing cysts. Eggs of H. marioni are deposited in a gelatinous 
matrix attached to the posterior part of the females. Most species of Heterodera 
do not produce egg-masses although exceptions are known; for example, 
H. schachtii Schmidt, 1871, H. oryzae Luc and Berdon, 1961, and others. 

Another important difference between the root-knot nematode and other 
species of Heterodera was the polyphagous nature of H. marioni compared to 
the relative host specificity of the other species. Several hundreds of plants 
belonging to many families were recorded as hosts for H. marioni whereas the 
most polyphagous of the other species, H. schachtii, mainly parasitizes plants 
belonging to the families Polygonaceae, Chenopodiaceae and Cruciferae. 

Though the differences mentioned above together with certain morphological 
characters typical for H. marioni justify the separation of the root-knot nema­
tode from the genus Heterodera, the species was maintained in the genus because 
of the general morphological resemblance to the other species. This lasted 
until 1949 when CHITWOOD, studying different populations of root-knot 
nematodes, was able to indicate morphological differences between five species 
and a subspecies. He reestablished the genus Meloidogyne Goeldi, 1887, into 
which he placed the newly described species; Meloidogyne together with the 
genus Heterodera constituted the subfamily Heteroderinae. WOUTS and SHER 
(1971) finally placed the root-knot nematodes in the subfamily Meloidogininae 
Skarbilovitch, 1959. 

The main character CHITWOOD used to differentiate between the species of 
Meloidogyne was the so-called perineal pattern, the cuticular ornamentation 
around the anus and the vulva of the female formed by striae and sometimes the 
folds of the cuticle. He listed a few other characters, such as the shape of the 
stylet knobs and the length of stylets of males and females which could serve as 
supplemental characters to assist in the identification of certain species: how-
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ever, most measurements utilized by CHITWOOD cannot be used to identify the 
species, as no clear-cut differences exist between species for several of these 
characters. 

Therefore, emphasis was placed on the configuration of the perineal pattern 
for identifying species of Meloidogyne. TAYLOR, DROPKIN and MARTIN (1955) 
gave a key to the species of Meloidogyne known at that date based entirely on 
the characters of the perineal pattern. 

Unfortunately, it was soon observed that the perineal pattern varied greatly 
between and within populations making identification of root-knot nematodes 
difficult. Almost every student of Meloidogyne has experienced great difficulties 
in making specific determinations. Aberrant forms and intermediates between 
species are frequently observed making identification uncertain and it has 
appeared that the criteria used for identification are not well-defined. Thus 
identification may be to some degree a subjective judgement rather than an 
objective determination. 

The variability within root-knot species was well recognized by Chitwood 
himself, who stated in his original paper: 'Members of the genus Meloidogyne 
are extremely adaptable and their morphological characters show considerable 
variation. In fact we have not as yet seen two identical specimens. Nevertheless 
general pattern series and other structures show similarities, and progenies 
from individual females are relatively consistent both as to morphology and 
host range'. In the same paper he wrote: 'It would be remiss not to mention that 
twice we have encountered individual females in which the perineal pattern on 
one side of the body was that of M. incognita and on the other side it was in one 
instance M. i. acrita and in the other case it was M.javanica. Both cases occurred 
in mixed natural populations. Male stylets of M. javanica are very similar to 
those of M. incognita and of course the whole anatomy of M. incognita and 
M. i. acrita is very similar'. Thus, even the author of these species admitted that 
species identification based upon perineal patterns was not completely reliable. 

ALLEN (1952) stated: 'Satisfactory identifications are made only with diffi­
culty due to the extreme individual variation that may be present in certain 
populations, even those originating from the progeny of a single female'. 

In the progeny of a single female collected from cotton, multiplied on tomato, 
and subsequently cultured on different hosts, including cotton, alfalfa and 
sugar beet, ALLEN found a majority of females with perineal patterns of M. 
incognita acrita Chitwood, 1949. However, certain patterns closely resembled 
those of M.javanica (Treub, 1885) Chitwood, 1949. Because of this variability, 
he concluded that specific identification of field populations should be based 
on a fairly large series of perineal patterns. 

In a detailed study in which one pure line of M. arenaria (Neal, 1889) 
Chitwood, 1949, and two of M. incognita acrita Chitwood, 1949, each estab­
lished from a single juvenile, were compared with populations of mixed 
ancestry of these two species, DROPKIN (1953) attempted to quantify the mor-
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phological characters of the perineal patterns. Using photographs of the 
patterns, made with a 40 x oil immersion objective, printed at the same 
optical magnification, standard tracings of the patterns were made; areas 
obtained in this way and morphological features such as vulval width and dis­
tance from anus to vulva were determined. Analysis of the data showed that 
patterns of pure lines of M. incognita acrita were less variable than those of 
populations of mixed ancestry; in M. arenaria no differences could be demon­
strated. A particular pattern ('E type') found among wild type M. incognita 
acrita occurred with high frequency in two generations of offspring of a female 
possessing the pattern. Although this study suggested that shape and possibly 
some of the details of the patterns were under genetic control, the figures 
presented by DROPKIN (1953) cannot serve to distinguish between M. arenaria 
and M. incognita acrita. In fact, for all characters measured, overlapping 
existed between the populations of the two species studied; for example, the 
mean vulval width of the populations of M. incognita acrita ranged from 2.3 to 
4.8 ocular micrometer units, whereas that of M. arenaria was between 2.4 and 3. 

In a study of all species ofMeloidogyne known at that date, TAYLOR, DROPKIN 

and MARTIN (1955) suggested a system of nomenclature for the perineal pattern 
and presented a key based on its characters. They recognized that patterns vary 
to a greater or lesser extent within the species so that the extremes in one 
species could be mistaken for those of another. 

TRIANTAPHYLLOU and SASSER (1960) studied females from eggmass cultures 
derived from different populations of M. incognita and M. incognita acrita. 
They synonymized the two because the perineal patterns of different lines ranged 
from M. incognita through intermediate types to M. incognita acrita. They 
confirmed the observations of DROPKIN (1953) that certain characteristics of 
cultures persisted from the first to the 10th or 12th generation, a phenomenon 
suggesting that some of the pattern characteristics were under genetic control. 
Though most nematologists seemed to have accepted this view (WHITEHEAD, 

1968), not all agreed. Recently ESSER, PERRY and TAYLOR (1976) rejected this 
synonymy on the basis of statistical evidence presented by TERENTEVA (1967) 
and the absence of an inflated rectum in juveniles of M. incognita acrita as 
opposed to the inflated rectum of juveniles of M. incognita. We later will discuss 
the validity of this separation. 

During the first ten years after Chitwood reestablished the genus Meloidogyne, 
only four new species or subspecies were described; M. arenaria thamesi 
Chitwood, 1952 in CHITWOOD, SPECHT and HA vis, 1952; M. brevicauda Loos, 
1953; M. acronea Coetzee, 1956; and M. inornata Lordello, 1956. However, 
from the beginning of the 1960's a great number of new species has been des­
cribed. Thus, WHITEHEAD (1968) listed 23 species of Meloidogyne and one 
species inquirenda. Because of the unreliable nature of perineal patterns to 
make valid specific identifications, Whitehead used measurements and morpho­
logy of juveniles and males to elaborate a system for defining different species 
of Meloidogyne and a procedure was suggested in which up to 50 females had 
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to be examined. He concluded that the most useful measurements for taxono-
mic studies were body length and tail length of the juveniles (i.e. the second-
stage larvae), stylet length in males and females and certain measurements of 
the perineal patterns such as vulval width, interphasmidial distance, distance 
from anus to vulva, and distance from anus to tail terminus. Morphological 
characters most appropriate for identifying root-knot species were in the males: 
position of the cephalids, appearance and annulation of the head, form of stylet 
knobs, position of phasmids and form of the spicules; in the females: the peri­
neal pattern, and in the juveniles: the appearance of the head and the form of the 
tail. 

SLEDGE and GOLDEN (1964) created a new genus, Hypsoperine, close to 
Meloidogyne but differing from the latter by its thickened cuticle and an ele­
vated perineal area of the females. This genus was synonymized with Meloido­
gyne by WHITEHEAD (1968) because he found these features independantly in 
several species of Meloidogyne. 

Since WHITEHEAD'S important paper additional species have been described 
and, recently, ESSER, PERRY and TAYLOR (1976) published a diagnostic com­
pendium for the identification of 35 root-knot nematode species. They for­
mulated three lattices, one each for females, males, and juveniles. In each 
lattice characters were presented, considered essential for the identification of 
species of Meloidogyne. 

2.2. CYTOLOGICAL ASPECTS 

TRIANTAPHYLLOU (1962, 1963, 1966, 1969, 1971a, b) studied the cytology 
of several species of Meloidogyne. He established that M. arenaria, M. incognita 
and M. javanica reproduce by mitotic parthogenesis. Each of these species is 
characterized by a different degree of polyploidy; within each species chromo­
some numbers of different populations vary within a certain range, suggesting 
different degrees of aneuploidy of these populations. M. hap la Chitwood, 1949; 
M. graminicola Golden and Birchfield, 1965; M. naasi Franklin, 1965: M. 
graminis (Sledge and Golden, 1964) and M. ottersoni (Thorne, 1969) are all 
characterized by a meiotic parthenogenetic mode of reproduction. When males 
were abundant amphimictic reproduction was observed in M. hapla, M. 
graminis, M. graminicola, and M. ottersoni. It was suspected that amphimixis 
might occur in M. naasi. Certain populations of M. hapla have a mitotic type 
of parthenogenetic reproduction. Of all species of Meloidogyne studied to date, 
only M. carolinensis Fox, 1967*, has an obligate amphimictic reproduction. 
Though of great value in determining phylogenetic relationships between differ­
ent species of Meloidogyne, up till now cytological techniques have had little 
value for specific determination. Accurate counts are difficult to make because 

* M. carolinensis is not an officially recognized species and it has not technically been 
published. 
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of the great number of chromosomes present, their small size, and their tendency 
to present themselves as pairs of parallel chromatides. However, HACKNEY 

(1974) succesfully applied chromosome counts in order to identify different 
species of Meloidogyne. 

2.3. RELATIVE IMPORTANCE OF SPECIES OF MELOIDOGYNE AS 

INDICATED BY NUMBER OF LITERATURE REFERENCES 

References from the world literature between 1949 and 1976 appearing in 
'Helminthological Abstracts' were examined, and it was found that 93% of 
the references to identified species referred to the original species and sub­
species described by CHITWOOD (1949) (See Table 1). Three of these species, M. 
arenaria, M. incognita and M. javanica are widely distributed through the 
tropics. In fact 76% of the references collected in Table 1 refer to M. incognita, 
M. javanica, M. incognita acrita and M. arenaria. These species are extremely 
polyphagous and constitute the main Meloidogyne problem in the tropics. 

The other commonly cited species, M. hapla, inhabits cooler climates, though 
incidentally this species may be found in the tropics at high and cool altitudes 
(WITHEHEAD, 1969). The tropical species less frequently cited seem to be either 
restricted to one or a few hosts and/or to a limited geographical area. In this 
respect an exception should be made for M. exigua (Goeldi, 1887) Chitwood 
1949, which has been found in Brazil, Central America and Trinidad and whose 
host range includes coffee (Coffea arabica L.), tea (Camellia sinensis (L.) 

TABLE 1. Number of references to identified species of Meloidogyne reviewed in 'Helmintho­
logical Abstracts' between 1949 and 1976. Species marked by * are described by Chitwood in 
1949. 

Species 

M. incognita* 
M. javanica* 
M. hapla* 
M. incognita acrita* 
M. arenaria* 
M. naasi 
M. exigua* 
M. graminicola 
M. thamesi 
M. graminis 
M. artiellia 
M. coffeicola 
M. brevicauda 
M. ovalis 
M. ottersoni 
M. inornata 

Number of 
references 

778 
417 
300 
159 
93 
49 
28 
17 
15 
9 
8 
7 
5 
3 
3 
3 

Species 

M. kikuyensis 
M. litoralis 
M. spartinae 
M. javanica bauruensis 
M. tadshikistanica 
M. deconincki 
M. africana 
M. phagosinae 
M. megadora 
M. indica 
M. ethiopica 
M. decalineata 
M. lucknowica 
M. kirjanovae 
M. oteifae 
M. ardenensis 

Number of 
references 

2 
2 
2 
2 
2 
2 

Meded. Landbouwhogeschool Wageningen 78-3 (1978) 



Kuntze), pepper (Capsicum annuum L.) watermelon (Citrullus vulgaris 
Schrad.), and Bidens pilosa L. 

Those species cited only once or a few times according to Table 1 seem not 
to represent a real threat to agriculture; however, they may be of great import-
tance locally; for example M. brevicauda Loos, 1953, on tea in Ceylon. How­
ever, most species infrequently mentioned in world literature seem to be 
economically unimportant and the articles referring to these species are of 
taxonomic character. SASSER (1977) recently split the species of Meloidogyne 
into four groups: one consisting of species parasitizing grasses, one consisting 
of species mainly parasitizing trees and shrubs, one comprising species confined 
to limited areas (e.g. M. litoralis) and one consisting of polyphagous cosmo­
politan species, frequently encountered (M. incognita, M. javanica, M. arenaria 
and M. hapla). Sasser estimated that the nematodes belonging to the last group 
account for more than 90% of the damage caused to economic crops. 

2.4. THE SITUATION IN WEST AFRICA 

Surveys made during the last fifteen years in West Africa have shown the 
frequent presence of the three most commonly occurring tropical species M. 
incognita, M. javanica and M. arenaria (ADDOH, 1974; CAVENESS, 1962; 
NETSCHER, 1970; NETSCHER & Luc, 1974). Since the suggestion of WHITEHEAD 

(1968) of examining females, juveniles from adhering egg-masses and males is 
not very practical, we attempted to develop a more simple procedure of 
identification which could possibly also be used by workers not necessarily 
nematologists and certainly not taxonomists. 

In order to achieve this goal, we made observations and studies of several 
populations of Meloidogyne from West Africa; the results are presented below. 
This involved a series of published and unpublished studies dealing with im­
proved techniques of fixation and mounting (NETSCHER & SEINHORST, 1969; 
NETSCHER, 1971; TAYLOR & NETSCHER, 1974), genetic studies concerning length 
of juveniles of species of Meloidogyne and Heterodera (NETSCHER & PERNES, 

1971; NETSCHER, 1973), and studies on morphological variability of females of 
Meloidogyne. Because of the importance of the species M. incognita, M. javanica 
and M. arenaria, attempts were made to distinguish between these species only, 
thus neglecting all other existing species. 

At first identifications were made on the basis of perineal pattern config­
urations, but the difficulties encountered by the workers already cited were also 
experienced. Another common problem was the very frequent appearance of 
natural populations composed of two or more species, an otherwise common 
phenomenon (OOSTENBRINK, 1957). Actually about 25% of the Meloidogyne 
populations present in the slide collection of the Laboratoire de Nematologie, 
ORSTOM, Dakar, Senegal, are composed of more than one species. 
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FIG. 1. Perineal patterns of females belonging to a wild population of Meloidogyne collected 
from egg plant (Population 3249 from Bambey, Senegal). A: M.javanica, 1 = lateral field, 
w = whorl; B: Perineal pattern intermediate between M. javanica and M. arenaria ;C:M. 
arenaria, b.s. = striae broken at lateral field. 

In the Senegalese populations particularly, we observed transitions from 
one species to another. To illustrate this, perineal patterns of a wild population 
collected from egg plant (Solanum melongena L.) at Bambey, Senegal, are 
shown in figure 1: fig. 1A closely resembles M.javanica as characterized by the 
lateral lines and the whorl in the tail-tip region; fig. 1C resembles M. arenaria 
(round pattern, with low dorsal arch, broken striae along lateral field). Fig. IB 
possessed characters intermediate between the two. From the 27 females of this 
population examined, 9 were M.javanica, 9 M. arenaria and 9 were intermediate 
between these two species. Another population collected in the same garden on 
tomato (population 3251) consisted of the intermediate form only. In order to 
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