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Leptysma argentina is polymorphic for a centric fusion between pairs 3 and 6 of the basic complement, for interstitial
(S1) and proximal (Sn) supernumerary segments in the smallest member of the complement, and for a B-chromosome.
Fusion 3/6 is associated with several effects that would lead to a drastic reduction of recombination (Colombo 1987,
1988). Nine populations from the Argentine provinces of Buenos Aires, Entre RIos and Santa Fe were analysed for
total (T), proximal (P), interstitial (I) and distal (D) chiasma frequencies, and for the morphometrical characters
tegmina length, total length, femur length, tibia length, thorax length and thorax height. There was a strong negative
correlation of T, P and I frequencies, and a significant positive correlation of D, with fusion 3/6 frequency. Fusion
carriers were significantly bigger than basic homozygotes, leading to highly significant correlations of all
morphometrical variables with fusion frequency.

The frequencies of the fusion, segment S and the B-chromosome follow a geographical pattern. The uneven
distribution of the fusion is explained by effects on several exo- and endophenotypic traits. The nonrandom distribution
of the B-chromosome is attributed to differential tolerance under differing chromosomal, genetical and/or ecological
environments. No significant effects were detected for segments but S, is geographically widespread, arguing against its
neutrality, while the low frequency and even frequency distribution of S, suggests maintenance by mutation.

INTRODUCTION

Polymorphisms for centric fusions and inversions
are frequently cited as chromosomal devices that
allow a population to maintain certain regions of
the genome free of recombination (Carson, 1958;
Hewitt, 1979; John, 1981; Brussard, 1984). The
relevance of these polymorphisms to the preserva-
tion of coadapted gene complexes is self-evident,
and their intra- and interchromosome effects on
recombination (measured either through genetic
or cytogenetic approaches) are well known (White
and Morley, 1955; Lucchesi, 1976; John, 1981;
Brussard, 1984). Nevertheless, there are no clear
examples of chromosome rearrangements affecting
exophenotypic traits (John, 1983).

Leptysma argentina Bruner (Leptysminae:
Acrididae) is a South-American grasshopper that
lives in relation with semiaquatic flora (Amedeg-
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nato, 1974; Roberts, 1978). In previous studies
(Amoedo, 1979; Bidau and Hasson, 1984) this
species was shown to be polymorphic for a centric
fusion, a large supernumerary segment and a B-
chromosome. The polymorphic centric fusion has
been demonstrated to be associated with several
intra- and interchromosomal effects that would
lead to a strong reduction in recombination levels
(Colombo, 1987). In the present paper, nine
populations of this species were analysed in order
to understand the importance of these polymorph-
isms to such relevant parameters as recombination,
estimated through chiasma frequency and posi-
tion, and exophenotypic traits, and to infer as far
as possible and probable causes of their mainten-
ance in natural populations of L. argentina.

MATERIAL AND METHODS

Three hundred and eight male individuals of L.
argentina Bruner were collected in the meiotic
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season for this species (September—December)
between 1983 and 1986 in nine localities of Santa ______ __________________
Fe, Entre RIos and Buenos Aires. A list of the
localities and their abbreviations is given in table
1, and in the map of fig. I their geographic situation
is shown. Individuals were dissected in the field
and testes were fixed in 3: 1 methanol: acetic acid
and subsequently stored at 4°C. Cytological pre-
parations were made by squashing follicles in lac-
toproprionic orcein. For each individual the karyo-
type was determined and ten metaphase I plates
were analysed for total (T), proximal (P), inter-
stitial (I) and distal (D) chiasma frequency.
Morphological measures (tegmina length, total
length, femur length, tibia length, thorax length
and thorax height) were determined with the aid
of a graduated binocular microscope. In order to
avoid the variable abdomen associated with feed- _________ _________________

Figure 1 Map showing the distribution of fusion 3/6 and segment S polymorphisms as pie diagrams, the filled area representing
relative frequency of each. Left circle: fusion 3/6; right circle: segment S. Populations CUA and CUB from the study of Bidau
and Hasson (1984).

Table I Provenance, size and date of collection of the nine
populations of Leptvstna argentina

Localities

Province of Buenos Aires
ZArate (Z)
Isla Talavera (IT)
Puerto Talavera (PT)
Pilar (P)
RIo Luján (RL)

16 September 1984
10 December 1985
75 October to December 1986
13 September 1985*
98 November-December 1983

October-December 1984

Province of Entre RIos (Parque Nacional "El Palmar")
Arroyo de los Loros (LL) 20 December 1985
Yarará GuazO (YG) 25 December 1986
Arroyo El Palmar (EP) 34 December 1985

Province of Santa Fe
Santa Fe (SF) 13 December 1986

Total 308

ing, total length was considered from the frontal Courtesy of Dr C. J. Bidau.
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Figure 2 (a) Diplotene; double heterozygote for both the centric fusion 3/6 and the interstitial segment Si (arrow). (h) Supernumerary
segments on pairs 4 and 9 (arrowheads) that appear at low frequencies in the populations are also shown. (c) Diplotene: fusion
homozygote carrying both supernumerary segments on pair 10 (arrows). (d) Metaphase I: fusion homozygote carrying a
B-chromosome (B). III 3/6: trivalent 3-3/6-6. Il 3/6: bivalent 3/6-3/6. Bar= 10 m.

extreme of the fastigium to the articulation
between femur and tibia (Ronderos, personal
communication).

RESULTS

1. Basic karyotype and
chromosome polymorphisms

The karyotype of L. argentina was described by
Bidau and Hasson (1984). In its basic form it
consists of 21 chromosomes in the male (20 A+
XO), with the biggest pair being metacentric and
the remaining ones telocentric. In nearly all popu-
lations so far studied two chromosome polymorph-
isms were present: one of them is a centric fusion
between chromosomes three and six of the basic
complement (fig. 2) and the other polymorphism
is a heterochromatic supernumerary segment (S1)
in the interstitial region of pair 10 (fig. 2). Some
populations (especially those where a large sample
was obtained) were also polymorphic for a super-
numerary segment (S0) in the centromeric region

of pair 10 (fig. 2(b), (c)). This segment displays a
continuous variation in size, and ranges from a
small heterochromatic knob (fig. 2(b), (c)) in most
of the cases to a segment that duplicates the size
of chromosome 10. Finally, a partially euchromatic
B-chromosome whose size is comparable to that
of the X chromosome was detected in all well-
represented populations (fig. 2(d)) (table 2).

2. Frequencies of the polymorphism

The frequencies of all four polymorphisms ana-
lysed are summarised in table 2. Both the centric
fusion and the interstitial supernumerary segment
display a considerable frequency variation
between populations, and are schematically rep-
resented in fig. 1; in this map the two populations
studied by Bidau and Hasson (1984) are included.
The frequencies of both the centric fusion and the
supernumerary segment increase southwards. The
two variables are represented in a biaxial system
in fig. 3. The grouping of populations in this
graphic, given by chromosome frequencies, is
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Table 2 Observed (0) and expected (E) frequencies, according to the Hardy-Weinberg formula, of the centric fusion and the
supernumerary segments, and the frequencies of the B-chromosome in all nine populations of Leptysma argentina. In the case
of the RL population, data from both collections (1983 and 1984) are given. Whenever the size of the sample allowed a statistical
analysis, karyomorph frequencies did not depart significantly from Hardy-Weinberg expectations. BH: basic homozygote; H:
heterozygote; SH: structural homozygote. q = frequency of the rearrangement. For abbreviations of localities see table I

Fusion Si S
0 E B-chromosome0 E 0 F

consistent with the geographic provenance; popu-
lations that are geographically near to each other
display quite similar chromosome frequencies. The
only exception to this pattern is the IT population,
that shows an unexpectedly low frequency of S, in
comparison to the neighbouring populations (fig.
2). This population is very recent, and the small

SF BH 13 13 7 769 12 1202 f(B) 023
I-I — 0 6 4-62 1 0-96
SH — 0 — 069 — 0-02
q 0-0 023 004

LL BH 12 1125 17 162 16 162 f(B)=0-15
H 6 7-5 2 36 4 36
SH 2 125 1 02 — 02
q 025 0-1 0-1

YG BH 9 9-61 19 19-36 23 2304 f(B)=0-12
H 13 1178 6 5-28 2 1-92
SH 3 3-61 — 0-36 — 0-04
q 0-38 012 0-04

EP BH 8 8-5 28 28-26 32 32-03 f(B) =0-03
H 18 17 6 5-47 2 194
SH 8 8-5 — 0-26 — 0-03
q 0-5 0-09 0-03

Z BH -—- 0-77 6 6-64 16 16 J(B) =0-0
H 7 5-47 7 7-71 — 0
SH 9 9-77 3 2-64 — 0
q 0-78 0-41 0-0

PT BH 2 2-55 21 22-7 59 58-3 f(B) =0-015
I-I 22 21-03 36 32-59 7 8-39
SH 43 43-52 10 11-7 1 0-3
q 0-8 0-42 0-07

IT BH 1 0-4 9 9-03 10 10 f(B) = 0-0
H 2 3-2 1 0-99 — 0
SH 7 6-4 — 0-03 — 0
q 0-8 0-05 0-0

RL BH 3 0-7 26 24-5 25 21-8 f(B)=0-05
(1983) H 6 10-6 18 21 16 22-4

SH 41 38-7 6 4-5 9 5-8

q 0-88 0-30 0-33

RL BH — 0-8 27 27 40 39-4 f(B) 0-06
(1984) H 12 10-5 18 18 7 8-2

SH 36 36-7 3 3 1 0-4

q 0-875 0-25 0-09

P BH 0 6 5-56 13 13 f(B) 0-0
H — 0 5 5-88 — 0
SH 13 13 2 1-56 0
q 1-00 0-35 0-0

duced in 1977 by human activity. The pond is
periodically subject to desiccation and disturbance
by man. Hence, it is probable that the low
frequency of S1 in IT reflect a recent founder effect
or the operation of random drift.

A double correlation analysis between longi-
tude and latitude and each of the frequencies of

pond where the sample was collected was pro- all four polymorphisms was performed in order to
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Table 3 Mean total (T), proximal (P), interstitial (I) and distal (D) chiasma frequency per population and frequency of the fusion
chromosome 3/6 (q) of Leptysma argentina. r = correlation coefficient between chiasma values and fusion frequency. P: level
of significance of r

Population q T P I D
Number of
mdiv.

Number of
cells

SF 000 1535 508 325 702 13 130
LL 025 1471 4-12 318 741 17 170
YG 038 1468 398 263 816 25 250
EP 050 1389 366 178 845 29 290
Z 078 1381 278 209 794 15 150
PT 080 1350 321 165 864 25 250
IT 080 1276 232 183 861 8 80
RL 089 12-87 271 160 856 41 410
P 1-00 1275 227 208 839 11 110

r — —095 —0-95 —085 083 — —
P — <0001 <0001 <0001 00016 — —
Total — — — — — 154 1540

evaluate the degree of association between geo-
graphic provenance of the population and chromo-
some frequencies. The analysis was carried out
both including and excluding the IT population,
because of its peculiarities. Correlation was very
high for the centric fusion (r=095 and r=093
with and without IT, respectively); a weaker but
also significant association was found for the B-
chromosome (r = 063 and r = 0.68) and no associ-
ation was found for the S. segment (r=037 and
r = 0.41). The S1 segment showed a significant but
weak association when IT was included (r =0.61)
and a much higher one when it was excluded
(r = 093).

In the population of RIo Luján karyotypic
frequencies were monitored in two consecutive
years (1983 and 1984). The centric fusion, the
interstitial segment and the B-chromosome dis-
played quite similar frequencies in 1983 and 1984;
by contrast, the frequency of the proximal segment
dropped from 033 in 1983 to 009 in 1984 (table
2). A third analysis in 1985 was impossible because
the region sampled was converted into a camping
site.

3. Chiasma frequency and position

Fusion 3/6 has pronounced intra- and inter-
chromosome effects on chiasma conditions; in fact,
the fusion carriers have a reduced chiasma
frequency as a result of partial suppression of
proximal and interstitial chiasmata; this effect is
more marked in fusion homozygotes than in
heterozygotes (Colombo, 1987, 1988a). As a con-
sequence of this, it is expected that populations
with different frequencies of the fused chromo-
some will also differ in their mean chiasma
frequency and position per population. On the
contrary, neither the supernumerary segments nor
the B-chromosome seem to affect chiasma condi-
tions (unpublished data of the author). A total of
154 individuals were analysed for total (T),
proximal (P), interstitial (I) and distal (D) chiasma
frequency; in each one ten metaphase I cells were
scored and the mean value per cell per individual
was obtained; in table 3 the averaged values per
population are represented, together with chromo-
some 3/6 frequency (q). The correlation of T, P
and I with fusion frequency was negative and
highly significant; on the other hand, correlation

z PT
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Figure 3 Frequency of the segment S plotted against fusion
3/6 frequency. White circles (CUA and CU8) belong to
the populations studied by Bidau and Hasson (1984).
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of D with fusion frequency was positive and sig-
nificant (table 3). It is worth noting that, whereas
T and P lines are nearly parallel with each other,
I and D ones are nearly mirror images of one
another (figs. 4(a) and 4(b)). A correlation analysis
was consequently carried out between: (a) mean
T and P chiasma frequencies, and (b) mean I and
D chiasma frequencies. The degree of association
was very high in both cases, being positive for (a)
(r=0966, P<0001) and negative for (b) r=
—0988, P<0001).

b

S
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2.0

3 1,0
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Figure 4 Total (•), proximal (0) (upper graphic), interstitial
(S) and distal (0) (lower graphic) mean chiasma frequen-
cies per population plotted against fusion 3/6 frequency
in all nine populations of L. argentina.

4. Effects of polymorphisms on
exomorphological traits

With the aim of determining whether the centric
fusion, the interstitial segment or both exert any
influence on body size, a morphometrical study
was performed. First, intrapopulational (between

karyomorphs) studies were carried out in order to
determine with certainty whether the effects are
indeed attributable to the rearrangement. Also, a
correlation analysis was carried out in order to
determine the degree of association between body
measures and fusion frequencies in different popu-
lations.

4. 1. The populations of "El Palmar" and
Puerto Talavera

All three populations from National Park "El
Palmar" (Arroyo de los Loros, Yarará Guazd and
Arroyo El Palmar) were pooled in order to provide
enough individuals to perform the statistical
analyses, given that those populations are only a
few kilometers apart. The results are summarised
in table 4(a). It was found that fusion carriers are
bigger, on the whole, than basic homozygotes, and
this effect is more marked in fusion homozygotes
than in heterozygotes. Differences between karyo-
morphs were significant in all cases, except for
femur length. An analogous statistical analysis was
developed with individuals from Puerto Talavera;
as no basic homozygotes were measured here,
differences between karyomorphs are expected to
be smaller (and they are). In this population it was
also evident that fusion homozygotes are bigger
than heterozygotes, although only the ANOVAs
comparing total and thorax length gave significant
differences (table 4(b)). In this population it was
also possible to test for differences between carriers
and non-carriers for the interstitial segment;
however, in all cases differences were not
significant.

4.2. Correlation of morphometric variables with
fusion 3/6 frequency

Having demonstrated the significant effect of
fusion 3/6 on body size (fig. 5), the correlations
between the frequency of that rearrangement and
mean morphological variables in all nine popula-
tions were examined. The results of this analysis
are summarised in table 5. Correlation with fusion
3/6 frequency was highly significant for all charac-
ters measured.

DISCUSSION

Polymorphisms for centric fusions have a twofold
effect on recombination. First, a new linkage group
is built up that severely reduces the possible num-
ber of chromosome combinations (White, 1973).
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Table 4 Effects of the centric fusion 3/6 on morphometrical characters in (a) the pooled populations
of Parque Nacional "El Palmar' (LL+YG+EP) and(b) Puerto Talavera (PT) population. Measures
are expressed in milimeters. All karyomorphs were compared by means of one-way analyses of
variance. The number of individuals measured in each case is given between parentheses below the
mean value for each character. F = variance ratio. P = level of significance

Karyomorphs

Characters analysed

Total
length

Tegmina
length

Femur
length

Tibia
length

Thorax
length

Thorax
height

(a) "El Palmar"
Basic
homozygotes
Heterozygotes

Fusion
homozygotes

2456
(25)
2494

(35)
2535

(13)

2453
(15)
2485

(23)
2565

(10)

1181
(15)
1186

(35)
1207

(13)

1019
(24)
1040

(34)
1059

(13)

383
(25)

390
(35)

400
(13)

283
(22)

279
(32)

296
(11)

F
P

432
0.017*

402
0025

122
030 ns

453
0.01*

651
0003**

324
0.046*

(b) Puerto Talavera

Heterozygotes

Fusion
homozygotes

2495
(19)
2546

(36)

2511
(19)
2566

(32)

1221
(19)
1241

(36)

1055
(19)
1076

(36)

400
(19)

416
(36)

296
(19)

297
(36)

F
P

493
0.03*

234
013 ns

257
011 ns

289
0O9ns

546
0.02*

003
086ns

Second, a chiasma readjustment is necessary in
order to preclude the formation of proximal chias-
mata in the trivalent, which would result in its
malorientation (Sybenga, 1975; Hewitt, 1979).
Hence, a centric fusion polymorphism has, to a
large extent, the same genetic consequencees as
inversion polymorphisms in Drosophila, that is, a
progressive genetic differentiation between both
the fused and non-fused chromosomes. Unfortu-
nately, there are few genuine cases of centric fusion
polymorphisms so far described in which chiasma
studies have been performed (Hewitt and
Schroeter, 1968; Bidau, 1984).

Although much attention has been paid to the
effects of chromosome rearrangements on rec-
ombination (White and Morley, 1955; Lucchesi,
1976; Hewitt and John, 1972; John and Freeman,
1975; John, 1981) there are few examples of posi-
tion effects caused by chromosome rearrangements
that affect exomorphological traits (John, 1983).
This lack of clear evidence has led to some authors,
like Lande (1979), to conclude that chromosome
rearrangements seldom or never have significant
effects on the exophenotype. In this context the
case of L. argentina is interesting since both
chiasma conditions and morphometrical charac-

ters are affected in this species by a polymorphic
centric fusion.

As a first point of discussion it is evident that,
whereas the segment S is randomly distributed

26.0
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ff25.0

2.0
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Figure 5 Mean total body length per population plotted
against fusion 3/6 frequency in all nine populations of L.
argentina.
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amongst the populations, the fusion 3/6, the inter-
stitial segment and the B-chromosome are not (figs.
1 and 3, table 2), but they clearly follow a geo-
graphic pattern. Although non-adaptive argu-
ments, such as historical factors, can be set out to
explain the nonrandom distribution of the three
ancient polymorphisms (as inferred upon their
ubiquity), it can also be used as indirect proof of
stabilizing selection acting on them (John, 1981).

Secondly, it was demonstrated that fusion 3/6
produces both intra- and interchromosome effects
that lead to a reduction in total recombination
(Colombo, 1987; 1988a). lntrachromosome effects
consist in suppression of proximal and interstitial
chiasmata in the metacentric chromosome,
especially in heterozygotes (Colombo, 1987); as
stated above, this redistribution is a very important
prerequisite for the maintenance of the poly-
morphism, and was probably achieved through
rapid selection against proximal and interstitial
chiasmata in the newly arisen metacentric (Hewitt,
1979). The fusion also causes an intrachromosome
reduction in total chiasma frequency, which is
mainly explained by a lowered number of proximal
chiasmata. This effect was attributed to an increase
of interference, that would explain both the posi-
tive correlation observed between T and P mean
chiasma frequencies per individual and the nega-
tive correlation between I and D (Colombo,
unpublished). The results of the interpopulational
study developed in this work are consistent with

the intrapopulational ones quoted above; mçan
total and proximal chiasma frequencies per popu-
lation are negatively correlated with fusion
frequency and positively correlated to each other
(table 4); likewise, interstitial and distal chiasma
frequencies are slightly less affected by fusion
frequency but are negatively correlated to each
other (table 4, fig. 4).

On the other hand, a highly significant correla-
tion between fusion 3/6 frequency and all mean
morphometric measures per population was
obtained; and it is further apparent from intrapopu-
lation (between karyomorphys) ANOVA tests that
this correlation is due to the fact that fusion carriers
(especially fusion homozygotes) are bigger than
non-carriers. Hence there seems little doubt that
fusion 3/6 (by means of a hypothetical position
effect) has a significant effect on exophenotypic
characters.

Having in mind both of the effects of fusion
3/6 so far detected (i.e., chiasma and body size
efiects), some tentative explanations of its non-
random distribution can be set out:
(1) The geographic distribution of fusion 3/6

resembles the central-marginal pattern of
inversion frequencies described in some
species of Drosophila (Carson, 1955; Dob-
zhansky et a!., 1963; Brussard, 1984). It is
known that ecologically central populations
of Drosophila often display a larger extent of
inversion polymorphisms than marginal ones.
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Table 5 Mean morphometrical measures per population, and their correlation (r) with fusion 3/6 frequencies.
The number of individuals analysed in each case is given between parentheses below the mean value. P = level
of significance of r

Characters analysed

Fusion Total
Population freq. length

SF 00

Tegmina
length

Femur Tibia Thorax Thorax
length length length height

2415 2446 1142 1008 374 279
(13) (13) (13) (13) (13) (13)

11 025 2468
(17)

2515
(13)

1185
(17)

1030
(17)

388
(17)

286
(17)

YG 038 2498
(24)

2456
(18)

1198
(24)

1051
(23)

388
(24)

279
(24)

EP 050 2489
(32)

2498
(24)

1183
(32)

1029
(32)

391
(32)

284
(32)

PT 080 2531

(57)

2545
(52)

1234

(57)

1068

(57)

411
(57)

297
(57)

RL 089 2597
(25)

2618
(21)

1262
(25)

1090
(25)

405
(25)

293
(25)

P 100 2604
(13)

2579
(13)

1238
(13)

1091
(13)

404
(13)

301
(13)

r 097 088 094 095 093 089
P <0001 0009 0002 <0001 0002 0007
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This pattern has been attributed by some
authors to the fact that marginal populations
would need more genotypic variability than
central ones in order to face the increased
selective pressures that are inherent to
peripheral habitats (Carson, 1958; Brussard,
1984).

One of the procedures used in deciding
whether a habitat is ecologically central or
marginal for a given species is by determining
its relative frequency with respect to other
species with a similar ecological niche and that
would therefore be potential competitors of it.
According to this criterion, northern popula-
tions of L. argentina are visibly more marginal
than southern ones, given that in Santa Fe this
species shares its habitat with at least three
other leptysmine species (namely Leptysmina
gracilis, Tucayaca gracilis and Haroldgrantia
lignosa, Amedegnato, 1974; Roberts, 1978)
that clearly exceed L. argentina in density. In
"El Palmar" L. argentina is found together
with Cylindrotettix obscurus and C. santarosae
(also leptysminae), but the density of these
species is lower. Finally, southern populations
of L. argentina are much denser than those of
other grasshoppers. Although these qualitative
determinations, based upon the relative cap-
ture effort necessary to get the sample, are
somewhat coarse, they do give some idea of
the increased competition that L. argentina
must undergo in northern populations.

(2) Nonrandom distribution of fusion 3/6 is due
to its effect on body size; the biggest
individuals would be favoured in southern
populstions whereas in northern populations
the smallest ones would be selected. These
differential pressures could be hypothetically
attributed to character displacement (Schluter
eta!., 1985). In southern populations L. argen-
tina is the biggest leptysmine (compared with
T. parvula and Stenopola bohisi). On the
contrary, in northern populations L. argentina
would be displaced in size by L. gracilis and
the two species of the genus Cylindrotettix, that
display approximately the same size as
southern L. argentina. Fusion 3/6 would be
nonadaptive in the north since it produces
increased body size, which would enhance
competition with other leptysminae.

(3) A third possibility is, of course, that both
effects are relevant and that they reinforce one
another.

One question that remains to be answered is
why selection should "prefer" to act on a chromo-

somal polymorphism to achieve an adjustment of
chiasma frequency and/or body size, instead of
acting on genes that control these characteristics.
Genetic studies in plants (Gale and Rees, 1970)
and Drosophila (Chinnici, 1971; Kidwell, 1972)
demonstrate that recombination is controlled by
polygenes that act in an additive way. These poly.
genes can readily respond to intense directional
artificial selection (Shaw, 1972, 1974; Charles-
worth and Charlesworth, 1985). However, if selec-
tion acts with low coefficients—as is probably the
case for chiasma frequency adjustment—the
response would be improved if there were a major
gene or a chromosomal rearrangement that pro-
duced a marked effect on chiasma frequency
and/or distribution. Hence, fusion 3/6 polymorph-
ism could confer the necessary plasticity to achieve
a rapid response of recombination to the selective
pressures. The same reasoning is valid for the
exophenotypic effects.

The interstitial segment has no obvious effect
on recombination or on body size. John (1981) has
stated that some forms of supernumerary hetero-
chromatin polymorphisms may be neutral and con-
sequently transient; however, the vast and non-
random geographic distribution of S, (cf. Results)
argues against neutrality for this segment and it is
probable in our opinion that some still undetected
effect could account for its maintenance.

On the contrary, it looks improbable that S.
and the B-chromosome have any positive effect on
carriers. Most B-chromosome polymorphisms are
thought to be maintained by accumulation
mechanisms counterbalanced by negative selec-
tion. It is probable therefore that the nonrandom
distribution of the B-chromosome of L. argentina
reflect a differential tolerance to this element
under varied chromosomal, genetical and/or eco-
logical environments. Although it is known that
some B-chromosomes can exert chiasma effects
that might account for their maintenance in
natural populations (Jones and Rees, 1982;
Vilardi, 1985; Remis and Vilardi, 1987; Colombo,
1988h), this seems not to be the case for
L. argentina.

The presence of proximal segments of different
size in pair 10 suggests that those segments could
appear more than once by spontaneous and
repeated amplification of heterochromatic sequen-
ces contiguous to the centromere (John et a!.,
1986). The detection of other supernumerary seg-
ments in very low frequencies in various popula-
tions of L. argentina indicates that this mechanism
might be common in this species (fig. 1(b)). This
fact, along with the marked temporal fluctuation
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of S. (table 2) suggests that this segment could be
maintained by mutational input.

L. argentina offers an unusual opportunity to
test the effects that very different chromosome
polymorphisms exert on meiosis and on exoph-
enotypic traits. This study is necessarily a first
approach to this problem, and a much more
thorough investigation is required to ascertain the
actual causes for the maintenance of chromosomal
variability in natural populations in this species.
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