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Abstract

NOTES ON THE PRESENT SITUATION OF Anastrephafraterculus IN ARGENTINA.
Behavioural and karyotypical results from Anastrepha fraterculus samples received in our

laboratory during the period 92-94 are discussed. The work represents the partial situation of this pest
in Argentina. Data from guava fruits indicate 1) that the oviposition behaviour does not agree with
the autocontrol mechanism via ODP previously described, 2) that a selection mechanism associated to
fruit size and quality exists, allowing the female to choose the oviposition site, 3) if different varieties
of fruits are available, then the fly shows preference for one of them.

The oviposition behaviour in samples of peaches is different from that observed on guava
samples and agrees with the ODP mechanism. In some localities, A. fraterculus and C. capitata are
sharing the same substrate or fruit (same unit). Samples from commercial oranges do not show
evidence of Anastrepha attack.

A more frequent karyotype fArg 1 (wild type karyotype) as well as high karyotypic variation,
mainly measured through the polymorphism of sexual chromosomes, are present within different
geographic populations sharing the same host species. To date, we do not have enough information to
associate a particular behaviour to a karyotype. The chromosomal analysis is merely descriptive.

1. INTRODUCTION

Anastrepha (Schiner) is the neotropical tephritid genus which most attacks fruits of
natural and cultivated species in America. Steyskal [1] recognizes 155 species, but only six of
them are economically important [2].

The South American fruit fly Anastrepha fraterculus (Wied) is considered to be native
of the Galapagos Islands [3]. It has a wide geographic distribution, from the Rio Grande
Valley, Texas, U.S. to Chile and Argentina. According to Stone [4], it inhabits between the 27
N and 35 S parallels. Its larvae live inside fruits of different species and it is a very important
pest in Argentina.

Maddison & Bartlett [5] indicate the presence of the genus Anastrepha in this country
even in the region of Patagonia. Except for accidental sporadic introductions, this information
is not too likely because the eco-climatic conditions below the 38S parallel become a barrier
for Anastrepha development.

Patagonia is a desert region composed, in the non mountainous zone, by two habitats
described as follows: in the North, arid-semi arid temperate climate (annual maximum 18°C)
and in the South, plateau cold arid (annual mean 6-12°C). The natural vegetation corresponds
with a pasturing degraded rockrose.

Cultivated areas are found at oases, on the hillsides of thawing rivers and are separated
by more than 100 Km from each other [6]. Aluja [7] states that the genus does not occur in
the South region of Argentina. Blanchard [8] describes the presence of 35 species and 2
varieties of the genus Anastrepha in Argentina. These results can be summarized in the
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following way: the description of 60% of the species was based on samples of 1 to 7
individuals. Further work [1] synonymizes 2 of them and assembles another seven species
into the complex A. punctata. Among the remaining species, 11% are designated as using
Passiflora sp. as hosts, 6% as using vegetables as hosts, 12% without recorded hosts and only
11% as using fruits as hosts: Anastrepha fraterculus, A. punctata, A. schultzi and A. pickeli.
Aluja [7] describes only seven species of the genus as pests, three of which would be present
in Argentina: A.grandis, specific for cucurbitaceous hosts, A. serpentina for sapotaceous hosts
and A. fraterculus, which attacks a wide diversity of fruit species. The existence of this latter
species in this country was confirmed by Dr. Weyenbergh in 1874 under the synonym
Anthomya persicorum, a fact recorded by an anonymous author [9]. This anonymous paper
from the Argentinian Ministry of Agriculture indicates that, up to that date, Anastrepha
fraterculus was the only species of the genus present in the country, "existing more
abundantly in the Provinces of Tucuman, Salta and Jujuy where it produces great damage
during those years favorable for its evolution." Generally, the fruit fly (common name used
here) prevails in years of little climatic variation, and jeopardized damage, diminishes
noticeably during the years with sudden changes of temperature. That publication points out
"that it prefers thin peel fruits such as peaches, cherimoya, damsons, guava fruits, figs and
caqui, but that it also attacks citrus: orange, mandarin orange, kumquate and grapefruit, when
a diminution of the first type of fruits or a superabundance of autumn flies, oblige it to attend
on thick peel fruits to perform oviposition;" this is the reason why it is sometimes called the
orange fly or orange worm. That report determines "that the attack begins in damsons during
spring, it continues in peaches, and when this species finishes fructification, then there is no
fruit which does not receive perforations from this fly, despite its larvae cannot develop in all
the varieties. The cherimoya and guava fruits are successively utilized to feed two
generations of flies. Next, they apply for caqui until the time oranges and mandarin oranges
are about ripening. Most of the eggs oviposited on orange peel result destroyed by the action
of essential oils, while many little larvae die due to the lack of food before boring the thick
peel and reaching the pulp." The report continues: "Generally the development of Anastrepha
fraterculus worm inside citrus fruits is slower than that taking place in other plants; this is due
on one hand to the qualities of the fruit itself and on the other hand to the relatively low
temperature prevailing during the period of maturation of these fruits. The activities of worms
completely paralyze on winter coldly days but on warmy days, larvae renew their
development. Climatic conditions as drought and high temperatures stop the development of
the flies. It was demonstrated that many larvae and pupae soon die when temperatures are
higher than 37°C. The same is also true for new born adults. Instead, this insect can perfectly
resist low temperatures of 7°C below cero, and the strong hoarfrosts do not have any effect on
them. These flies are 1) indirectly favoured by rains, because consequently a greater
development of trees takes place and 2) directly because earth becomes softer favouring
adults to get rid of their underground bundle." Stone (1942) (taken from Annals of Argentine
Agriculture, 1874,2:165), explains that this species had already been reported from Argentina
by Dr. Weyenbergh as Anthomya frutalis.

Anastrepha fraterculus populations from different latitudes and ecological niches have
been studied systematically, cytologically, biochemically and ethologically.

The review by Baker et al. [10] distinguishes Mexican A. fraterculus from that of the
South region because it does not attack citrus and through morphological differences. These
authors observed differences in the main host and differences in wing pattern. Nevertheless a
complete investigation of host records in both areas showed that not only South American but
also Mexican populations attack citrus as well as other hosts [2].
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Karyotypic variation within Brazilian and Mexican populations is demonstrated when
comparing the works of Mendes [11] & Bush [12]. Bush suggests that it is not possible to
identify differences among A. fraterculus, A. mombinpraeotans (considered a variety of A.
fraterculus by Blanchard) and A. distincta [12]. Four distinguishable karyotypes have been
described for different populations of Brazil, taking into account sexual chromosome diversity
[13]. This work suggests that these are sibling species. Afterwards, karyotype 3 was assigned
to Anastrepha sororcula [14].

Results for the Argentine Republic are discussed by Lifschitz et al. [15] and Manso &
Basso [16]. The most frequent wild type karyotype fraterculus Arg. 1 [17] present in all
Argentine populations, is different from those described for Brazilian and Mexican
populations [11, 12, 13]. Another cytological study performed on peaches from Montecarlo,
Misiones Province, demonstrates that the mentioned karyotype is present at a high rate [16],
but a chromosomal configuration (X2) which characterizes, up to now, this population, is also
present [16,17], along with other chromosome polymorphisms

Biochemical studies performed on 11 enzymatic proteins in 13 Anastrepha species from
16 populations of Anastrepha taken from different host fruits and areas of Brazil suggest the
existence of a fraterculus complex, heterogeneous and formed by four cryptic species
occupying a wide geographic distribution [18]. The fraterculus group from Brazil contains
the following species (identified, according to Morgante et al. [18], on the basis of female
gentalia morphology [19]): fraterculus, obliqua (mombinpraeoptans), suspensa and antunesi,
which, based on other aspects of their morphology, are indistinguishable but biochemically
they present differences. Later, A. sororcula is included in this group [14].

Another isozyme study of eight populations from different hosts in the same area
explained the low variability observed among them based on habits of reproduction and
polyphagy of this multivoltine species [20].

Later surveys [21], performed on populations from different South American countries,
applying similar techniques, revealed two distinct groups within the species: a group
composed by samples from northern Brazil, coastal Venezuela, Costa Rica and Mexico; the
other one formed by the samples from southern Brazil, Venezuelan Andes and Peru. The
author postulates the existence of a complex of cryptic species of different phylogenetic
origins.

A first isozyme study was carried out on three Argentine populations, analyzed in the
present work, infesting guava from Ituzaingo (Buenos Aires), Castelar (Buenos Aires) and
Yuto (Jujuy, a locality 1800 km. from Buenos Aires [22]. The authors found low genetic
differentiation among them, suggesting that all three belong to the same biological species and
supporting the occurrence of gene flow among them.

The use of RAPD/PCR techniques on A.fraterculus larvae demonstrated differences
between populations from Ituzaingo (Bs.As.) and Horco Molle (Tucuman), both taken on
guava shrubs [23, 24,25].

The females of many phytophagous insects use their ovipositors to deposit and spread
out a deterring pheromone on the host after oviposition. This would dissuade other females
from ovipositing into the same host fruit. In A. fraterculus, this marking mechanism is
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supposed to diminish competitive conditions among larvae of different stages into the fruit; as
a consequence of the specific autocontrol carried out via this pheromone (ODP), the number
of larvae found in the fruit would vary from 1 to 5 [26].

Further variation was found when analyzing mitochondrial DNA [27]: four populations
of A. fraterculus from different regions of America (Sao Paulo and Bahia, Brazil; Coast
Region and Andean Region, Venezuela) could be distinguished by using 3 restriction
enzymes.

The present work contains data taken from samples of different geographic origins of
the country during the period 92-94 and analyzes: 1) the behaviour, through different
samplings, relative to the presence of Anastrepha fraterculus,indicating those cases where this
species shares the same host with Ceratitis capitata, and 2) chromosome variation. This work
is not a review of the subject but the basis to make possible the initiation of subsequent
working strategies.

2. MATERIALS AND METHODS

Samples were collected and brought to the laboratory to receive the following treatment:

A) Manageable numbers of fruits were isolated into flasks of 3 Kg containing a base of
vermiculite to control problems of humidity caused by decay conditions of the fruits.
Flasks were covered with plastic foam. At the time pupae could be seen, all samples were
carefully examined to avoid damaging the fruit so as larvae of different stages in the fruit
pulp could complete their development. Again, pupae were isolated on vermiculite and
were identified by the fruit from which emerged and by the date of pupation. The
examinations were periodically repeated until the isolation of all individuals.

B) The rest of the material was put on riddling trays, placed on other trays containing a base
of vermiculite which was periodically sifted to isolate pupae. Pupae were then treated in a
similar way as described in step A. This mass-conducted material was utilized for
cytological and isozyme studies and to obtain adults to try different approaches to
artificial rearing.

All this material was managed in the same environment, an underground laboratory,
which presents little oscillation of natural conditions of temperature and humidity during the
months of sampling from September to April, depending on the fruit and its geographical
origin.

The following experiments represent samples from different host fruits and localities of
Argentina.

Materials came from different localities.

2.1.1. Locality 1 (LI) in Castelar (lat. 34,5°; long.58,50), Buenos Aires province, is an
experimental field of different species and varieties of fruit trees which ripen gradually: 1)
guava fruits, 2) sour fruits, 3) plums, 4) damsons, 5) early peaches, 6) apples, 7) late peaches,
8) pears and 9) guava from October to April; it can be considered a zone of temperate climate
included in a radius of 1 km.
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2.1.2. Locality 2 (L2) in Ituzaingo, Buenos Aires is a family garden with only two guava
shrubs, one being Psidium guayaba and the other one Feijoa sellowiana both within the same
climatic zone, 4 km away from locality 1.

2.1.3. Locality 3 (L3) is situated 1800 km away from the former and it is about 1000 mts. over
sea level, in Yuto (lat. 24,5°; long.64,50), Jujuy province. It is a region of tropical climate in
the Northwestern of Argentina.

2.1.4. Locality 4 (L4) corresponds to Montecarlo (lat. 26,5°; long. 55°), Misiones province
(Northeastern region), in the Mesopotamia. It is 1200 km from locality 1, and it presents sub-
tropical climate.

The analysis of the present work is divided into two sections. Experiments 1,2, 3 and 4
refer to studies on fruits of guava shrubs (known as Feijoa sellowiana or false guava of green
and little juicy fruits) and the true guava Psidium guayaba which produces yellow and very
juicy fruits. The second section in the work, that is, experiments 5 & 6 are based on the study
of other fruit trees.

2.2.1. Experiment 1 (El) was performed on the whole production of a false guava shrub
which could be Feijoa sellowiana, from locality 1 during the period March-April 1992; this
comprised practically all the fruiting of the year. In order to verify if the nutrition received
from the harvested fruits was enough for the complete development of the parasites within,
research was carried out in the following way: a sample of 100 fruits was put with the pulp
placed on larval food [28] and another similar sample was placed on vermiculite.

Isolated fruits of one day sampling were classified into group A (14 to 40 mm) n=40
and group B (larger than 40 mm) n=56. In this experiment, material was examined daily; the
recovery of pupae began on the sixth day after arrival of fruits to the laboratory, and it was
repeated on the eighth, the thirteenth and the twentieth days. Afterwards no pupae were
recovered.

2.2.2. Experiment 2 (E2) was carried out in the following season (1993) on fruits of the same
shrub, sampling its whole production. The same design was repeated and three groups were
visually separated: A' the smallest fruits, B' the intermediate ones and C the largest ones.

2.2.3. Experiment 3 (E3) was performed at the same time as experiment 2, but it was taken in
locality 2, at approximately 4 km from locality 1. The situation was different because in this
place, two guava shrubs were nearby, separated by a few centimeters from each other: Feijoa
sellowiana, which had been produced many years ago by a shoot of that used in the previous
experiment and one Psidium guayaba . In this situation, flies had the possibility of selecting
between two different host fruits.

2.2.4. Experiment 4 (E4) was performed simultaneously with experiments 2 and 3 but
coincided in date with Psidium guayaba sampling. Samples of P. guayaba were taken in
similar conditions in locality 3, Yuto, Jujuy, and sent to our laboratory where they were
treated in the manner described above.

2.2.5. Experiment 5 (E5) was carried out in locality 4, Montecarlo, Misiones. Samples were
taken during two different periods in which the presence of A. fraterculus on two species of
fruit-trees was demonstrated through a fly-trapping system. Sweet oranges were collected in
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June and August and peaches during November of the same year in three sampling periods 25
days long in which 100 fruits of each were isolated.

2.2.6. Experiment 6 (E6) was performed in locality 1 which contains shrubs species with
different periods of fructification during the year. Different fruits were isolated, as previously
described, to study the infestation behaviour.

2.3. Chromosomal analysis

The chromosomal analysis was performed on materials from the four localities using the
techniques described in Lifschitz et al. [17].

3. RESULTS AND DISCUSSION

3.1. Experiment 1

95% of fruits placed on additional food were infested, and 99% of fruits without
additional food were not significantly different in the distribution and recovery of pupae,
analyzed with the Wilcoxon method for paired data. These results were taken as a reference,
and,in the remaining trials no additional food was used.

The analysis of fruits classified by size (Figure 1) shows differences in the mean number
of recovered pupae, in the mode (expressed in number of recovered pupae per fruit) and in
the maximum number of recovered pupae being associated with fruit size. The difference
among means was highly significant and their variances were equal (Table I).

Number of frulte

1-5 6-10 11-15 16-20 21-26 26-30 31-36 36-40 41-46 46-60 51-66
Number of pupae

Large fruits Small fruits

Fig. 1. number of pupae recovered per fruit classified in two sizes.
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TABLE I. MEAN AND VARIANCE ANALYSIS OF THE DISTRIBUTION OF
RECOVERED PUPAE /FRUIT, DISCRIMINATED BY SIZE: A (15 TO
40mm) AND B (>40mm). * (E1.L1)

Group

A

B

%lnf.

99

99

X pupae/fruit

12,35-r

24,4 J

c (12)

97,93 ^
ns

136,94 J

Mo

9

25

Maxknun nunber
of pupae

35

55

* Mo Mode
%Inf % of infested fruits.

The study about recovery of pupae during different days in relation with fruit size is
shown in Figure 2. A mode for small fruit can be detected on the eighth day and for large
fruit on the twentieth day. Then a dichotomous design was planned to understand if these
recoveries were the result of different oviposition behaviours, in which the day of recovery
was considered as positive (Positive situation= collection date= oviposition event) and the rest
as negative for both groups. Table II shows this analysis as well as the percentage distribution
for different situations concerning both groups.

The maximum frequency for group A includes the first three collection dates, and for
group B the four positive signs. In order to manage only the positive situations, they were
regrouped without taking into account the array (Table III).

50

40

30

20

10

% Pupae

1 2 3 4 5 6 7 8 9 10 11 12 13 14 16 16 17 18 19 20
Time (day)

Small fruit* Large fruits

Fig. 2. Proportion of pupae recovered along time from guava fruit collected at Castelar.
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TABLE II. DICHOTOMOUS ANALYSIS OF PUPAE COLLECTION DAYS. (E1,L1)

A%
33,3
11.1
11,1
5.6
16.7
5,6
2,8
8,3
2.8
2,8
0
0

B%
20
16
0
0
0
0
0
29

27,3
3.6
1.8
1.8

Collection days
6
+
0
+
0
0
+
0
+
0
0
+
+

8
+
+
+
+
0
0
0
+
+
0
+
0

13
+
+
0
0
+
+
0
+
+
+
0
+

20
0
0
0
+
0
0
+
+
+
+
+
+

+ Pupae presence
0 Pupae absence

80% of group B data corresponds to 3 and 4 positive situations and no case of 1 positive
is reported. 72% of group A cases corresponds to 2 and 3 positive situations. These results
indicate that oviposition behaviour, measured as the number of pupae and the moment in
which they were obtained, is different according to the size of host fruits.

TABLE III. SUMMARY OF POSITIVE SITUATIONS FROM TABLE II. (E1 ,L 1)

4+
3+
2+
1+

A%
8,3
36,1
36,2
19.5

B%
29

50.7
19,6

0

If the sampling based on the number of recovered pupae allows us to distinguish
behaviours indicating that the fly selects the fruit at the moment of oviposition, a hypothesis
could be postulated: females prefer to oviposit into the biggest fruits several times
(ovipositions) and they would be more attracted by riper fruits. This is demonstrated by 64%
recovery within group B on the last registered date, in comparison to 22% of group A.

Data discussed up to now do not agree with previously reported bibliographic data about
oviposition autocontrol of the species via the "oviposition deterring pheromone" (ODP) which
limits the presence of eggs per fruit between 1 to 5. In this sampling the ODP mechanism
would not act on this host situation for this insect population.

3.2. Experiment 2

The distribution of fruit percentages with different numbers of collected pupae for
groups A', B' and C are shown in Table IV. Although an overlap of the three distributions
exists, each mode is associated with fruit size. Group A' presents a mode of 15 pupae and a
maximum of 50; group B' a mode of 25 and the same maximum as A' and group C (fruits of
the biggest size) a mode of 35 and a maximum of 105 pupae (Table IV).
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Two years data are congruent in that 1) a mechanism, associated with fruit size, exists,
allowing the female to select the oviposition site and 2) the amount of recovered pupae in
these fruits does not agree with the pheromonal autocontrol mechanism previously suggested.

TABLE IV. SUMMARY OF DATA FROM GRAPHIC III. (E2,L1)

Group %Infest Mo R

A'

B'

C

95

89

92

15

25

35

50

50

105

3.3. Experiment 3

In this situation the true guava began to ripen earlier than its neighbour, consequently
two samplings could be carried out, ten days separating one from each other. This allowed to
take samples of both shrubs simultaneously.

Results show that there is only a trend of the mode to move towards higher values
during the second sampling without alteration of the infestation rank, in comparison with data
of the other shrub, showing that it would be less attractive to flies although, observing the
distribution of the mode and maximum limits, the behaviour per fruit seems to be similar
(Table V).

TABLE V. SUMMARY OF ATTACK BEHAVIOUR TO GUAVA FRUITS.
(E1,E2,E3,E4,L1,L2,L3)

Locality 1
Exper.1 (April 92}

Exper.2(April 93)

small fr.
large fr.
small fr.

medium fr.
large fr.

Green Fruits

%infes
99%
99%
95%
89%
92%

Mo
9

23
15
25
35

Max.
range

35
55
50
50

105

Yellow Fruits

%infes. Mo
Max.
range

Locality 2

Locality 3

-11 st Sampling.

j2ndSampfing
Exper.3

](april93)

|Exper.4(March93)

| 4 5 % | 5 | 25| 85%| 5| 35

I 95%| S| 251

83%
42%

1-5.
1-10

156
45
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3.4. Experiment 4

Results of two samplings carried out within the same area but separated from one
another by three days are very different (Figure 3). The first shipping of fruits showed a
greater attack and a curve moving towards the maximum production of pupae. Differences
are so evident that the data seem to be giving information about attacks produced by
physiologically different specimens of this pest.

The attack behaviour of A. fraterculus on guava fruits, measured through the number of
pupae, varies according to the different ecological situations presented in this work and is
summarized in Table V. In a general manner it is observed that: 1) the autocontrol via ODP
seems not to be total; 2) a strong correlation exists between fruit size and quantity of pupae
recovered from them; 3) yellow fruits are more attractive than green ones when choice is
possible, although behaviour for the first two parameters is invariant. However, it seems that
in Yuto ecological situation, both curves are different.

3.5. Experiment 5

The study performed on oranges from locality 4 lasted 25 days, sufficient time to
complete it. The third shipping contained a hundred fruits, but no larvae were found. In the
samples of peaches from locality 4, the presence of larvae could be detected while examining
the arriving fruits. One hundred fruits of each sample were isolated, the infestation results
were 50%, 40% and 68%, the mode was 1 pupa per fruit and the maximum numbers were 12,
16 and 8 pupae, respectively. These results are completely different from those observed on
guava fruits (Table VI).

Fruits

• I , I . •
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160

Number of pupae

9-03-93 11-03-93

Fig. 3. Proportion of pupae recovered per fruit (two samples from Yuto Jujuy).
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Results of experiment 5 indicate that, although during these samplings A. fraterculus
was present, a host fruit was not always chosen. A sampling of other hosts of this fly should
be performed during its presence in the area. However, the most evident result is that oranges
were not chosen for oviposition; instead peaches were, and oviposition behaviour (Figure 4) is
different than that observed on previously described guava samples.

TABLE VI. SUMMARY OF ATTACK BEHAVIOUR TOWARD PEACHES. (E5,L4)

%Inf Mo

1st.
2nd.
3rd.

3.6. Experiment

50
40
68

6

1
1
1

Range

12
16
8

This experiment was carried out in locality 1 during the period from the first to second
crop of guava fruits (experiments 1 & 2), which is approximately 12 months. The purpose
was not only to identify hosts of the species but also to study its behaviour during this lapse.

Figure 5 shows the percentage of infestation in different species and varieties. During
the lapse from May to September, no hosts of the pest were detected within this area. Two
situations could be distinguished within the sampled material: 1) damsons, guava and sour-
fruits, which were only attacked by Anastrepha although, due to the decay condition of the
sours, the analysis of the pest distribution was not possible; and 2) peaches and pears, which
were hosts of both Ceratitis capitata and Anastrepha. To avoid confusion, the study of
distribution within these last two fruit species was not performed. Instead, only the
percentages of attacks in fruits were analyzed (Table VII).

60

60

40

30

20

10

% fruit

1 2 3 4 6 6 7 8 9 10 11 12 13 14 15 16
Number of pupae

6/11/92 13/11/92 H H 27/11/92

Fig. 4. Proportion of pupae recovered per fruit (three samples of peaches from Misiones).
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Fig. 5. Infestation of fruit from locality 1 during one year.

TABLE VII. ANALYSIS OF FRUITS INFESTED BY CERATITIS CAPITATA AND
Anastrephafraterculus. (E6, LI)

Infestation
A. fraterculus only
C. capitata only
A. fraterculus & C. capitata

Peaches

87%
26%
38%
36%

Pears

43%

83%
17%

3.7. Chromosomal analysis

As described previously [17], fraterculus Arg.I karyotype was present at a high rate in
all geographical populations. Nevertheless, a great amount of chromosomal variation was
detected during the present cytological samplings within populations. Polymorphisms for the
X chromosome, Y chromosome, autosomal pair 2 and presence of B chromosomes free or
attached to some autosome of the complement were observed.

With respect to the X chromosome, five variants could be found: the acrocentric Xj of
fArg 1; an acrocentric X2, longer than the Xi [17]; a submetacentric X chromosome (X3) in
which the short arm is half the long arm (Picture 1); a submetacentric one which is almost
metacentric (X4) (Picture 2) and a subtelocentric one named X5 (Picture 3).

Four morphological variants concerning the Y chromosome were detected: the small
submetacentric Yj of fArg 1; a subtelocentric Y chromosome (Y2) (Picture.2); a telocentric
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one (Y3) (Picture 4) and an acrocentric one (Y4) (Picture 5). Autosomal pair 2, which can
show 1) heteromorphism (2h) (Picture 6), 2) a satellite on one or both members of the pair
(2s), or unequal size (2*) (Pictures 4 & 8). A similar situation can be found on other
autosomes (Ah, As or A*) (Pictures 2 & 7).

Further variation in size, morphology or number of chromosomes, concerns the
presence of B chromosomes. Sexual aneuploids were also detected (Picture 8).

Data in table VTQ are representative of the variability relative to the number of
cytologically analyzed individuals.
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TABLE VIII. CHROMOSOMAL VARIANTS PER LOCALITY AND HOST FRUIT.

Locality

1,-Grcen Guava
2,-Green Guava

Yellow Guava
3,- Yellow Guava
4,- Peaches

fArgLXiY,
frequency/population

38% (n= 52)

50% (n=56)
71% (n=35)
38% (n=48) X

x3

X

x*

X
X

Xs

X

Y2

X

X

Y,

X

X
X
X

Y4

X
X

2s

X

X

2h

X

X

X

2*

X
X

X

As

X

X

Ah

X

X

A"

X

X

B

X

X
X
X

Despite relatively small samples, the chromosome diversity suggests that we are
studying a very polymorphic species.

In analyzing the presence of sexual chromosomes within each locality, not only more
than one variant is present (Table VIII) but also recombination among individuals of different
karyotypes can be verified (Table IX). The described X3 (Picture 1) is similar to that of A.
sororcula [14], but it is combined with the Y] of fArg 1 [17]. This situation was detected
among larvae from locality 1 (Picture 1, Table IX).

TABLE IX. COMBINATIONS OF SEXUAL CHROMOSOMES, (appart from fArg 1).

Karyotypes Found

Loc.1

Loc.2 Green
Yellow

Loc.3

Loc.4

X«Y2

X1Y3

X2X2

XiY3

X,Xs
XtY«

XiX2

X*Y3

X5Y3

XiY2

X 3 ^

X , Y 3

XiY3 X,Y4

Data in Table IX show that the Xi comes joined to all described Y chromosome variants
as well as to all the X chromosome variants except for the X3 (Table IX). Besides, other
different sexual chromosome combinations within polymorphic populations were detected
(Tables VIII, IX).

Although it is not possible to establish an association either with host species or with
geographical origin, it is worthwhile remarking that the X2 [17] was only found in peaches
from Montecarlo. Besides, when different varieties of guava fruits are analyzed separately,
the X5 (Picture 3) is only detected within yellow fruits and the X4 (Picture 2) within green
fruits (Table VIII).

Assuming that the frequency of each variant can be different within each population, in
most of the cases in which different sexual chromosome combinations occur, no isolating
processes are acting among individuals carrying them. These data suggest that not all
chromosomal polymorphisms mark reproductive barriers.

160



However, two possibilities should be taken into account: 1) our analyses are just
pointing out sibling species as proposed for Brazilian populations [13] or 2) we have two
simultaneous phenomena: A) some situations would be chromosome polymorphisms such as
those found within Argentine populations of Ceratitis capitata [29, 30], B) some others could
be representing sibling species.

It would be essential to analyze what effect these karyotypic markers might represent as
reproductive barriers. To date, despite the distinctive behaviour detected in guava fruits
versus peaches, our knowledge does not allow us to talk about an isolation caused by the
karyotype. However the X2 chromosome described for Montecarlo, Misiones, where peaches
were sampled, could be one of the causes for such differential behaviour.
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