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chores, as seen under the electron microscope. Marks!! in
Nigella damascena has also compared the paired cen-
tromeric Giemsa stained dots with the kinetochores. Our
results also indicate kinetochorelike structures in H. lupu-
lusL. ‘

1 The authors are grateful to Dr C. K. Atal, for his keen interest
and constant encouragement in the present study.
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Biochemical divergence between cavernicolous and marine Sphaeromidae and the Mediterranean salinity crisis

V. Sbordoni, Adalgisa Caccone, Elvira De Matthaeis and Marina Cobolli Sbordoni!
Institute of Zoology, University of Rome, viale dell’Universita, 32, I-00100 Rome (Italy), 8 March 1979

Summary. Allozymic variation in proteins encoded by 14 loci was analyzed in 3 cavernicolous Monolistra and in 2 marine
Sphaeroma species. Genetic distance data, high levels of heterozygosity and the divergence time calculations support the
hypothesis that Monolistra diverged from its Sphaeroma-like marine ancestor during the Messinian, in connection with the

Mediterranean salinity crisis.

The occurrence of Monolistrini (Crustacea, Isopoda), of the
typically marine family Sphaeromidae in freshwater cave
environments in continental Europe is a remarkable exam-
ple of relict distribution. The present range of the caverni-
colous species, all included in the genera Caecosphaeroma
and Monolistra, extends from France to Herzegovina, in-
cluding karst areas of the foothills of the Alps, Slovenia and
Istria2. This distribution has been related to Miocene
palaeogeography® in connection with the occurrence of
deep, long-lasting inlets over these areas (figure 1). It has
been speculated that the subterranean evolution of Mono-
listrini originated during the Miocene when their brackish
water ancestors began to adapt gradually to freshwater
_environments®. This hypothesis and recent progress in the
palaeogeography of the Mediterranean during the Tertiary
suggested to us a study of the genetic structure and degree
of divergence between 3 cavernicolous Monolistra and 2
marine Sphaeroma species. An attempt was made to identi-
fy Sphaeroma as a possible prototype for the marine
ancestor of the cave-dwelling Monolistra by evaluating the
divergence time between the 2 genera. The biochemical
data presented here support this hypothesis.
The 2 Sphaeroma species selected for this study are both
abundant and widespread in the Mediterranean®. S.serra-
tum (Fabricius) is an intertidal s?ecies, whereas S. hookeri
Leach lives in brackish waters® and may represent an

adaptively intermediate stage in the evolution from marine
to cave-dwelling forms. Population samples for electropho-
resis of these species were collected in 2 localities along the
Tyrrhenian coast. 3 Monolistra population samples were
taken from underground streams in limestone caves situat-

ed along the foothills of the Alps in northern Italy, respec-
tively in prealpine Lombardy near Bergamo, M.boldorii
bergomas Arcangeli, in the Colli Berici near Vicenza,
M. berica (Fabiani) and in prealpine Friuli near Tarcento
(Udine), M. caeca Gerstaecker.

Samples of about 50 individuals per population were
assayed using current electrophoretic techniques’. Genetic
variation was analyzed in enzymes and other proteins
encoded by 22 gene loci. A minimum of 18 loci were
assayed for each species. 14 loci were common io all the
species studied and the indices of genetic distance were
calculated on this basis. Other details of collecting sites and
electrophoretic methods and results are available.

Table 1 shows the genetic distance between the various
species, calculated by the Nei method®. Figure 2 shows the
phylogenetic relations among the Sphaeromidae studied as
revealed by our data. It is immediately clear that the
distances between Sphaeroma and Monolistra are higher
than those recorded for the congeneric species, either
Sphaeroma or Monolistra. Also, among the Monolistra the 2
easternmost species, M.caeca and M. berica, show the
highest degree of similarity. These findings are consistent
with the greater part of available data on comparisons
between true species and between different genera™!l.
Estimates of absolute divergence time between pairs of
Sphaeromidae species were made using Nei’s formula'l.
We used 2 alternative values for a (figure 2). 2 reservations
must be made, however, concerning this methodology. a)
Nei’s formula is correct only under certain assumptions
about protein structure and evolution'?, and b), the stan-
dard errors in the genetic distance estimates are fairly large

Fig. 1. Present distribution of the
Monolistrini (black areas)
superimposed on the Middle
Miocene Palaeogeography of the
Mediterranean  (reconstruction
after Hsti et al, 1977). White
areas: land; dotted areas: seas.
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due to the small set of loci assayed. However, even the raw
estimates of divergence time obtained with this method
provide valuable information when associated with other
available genetic and geological data. The average
divergence time calculated between Sphaeroma serratum
and the Monolistra species is 6.8-7.7 million years; that
calculated between S.hookeri and Monolistra is 5.6-
6.4 myr. These estimates fall around the Messinian, and the
Mediterranean salinity crisis, a dramatic ecological event
which has also been dated as far back as 6 myr'>', There is
disagreement among geologists as to the conditions which
resulted from this phenomenon. Some claim that the basin
dried up completely!*!> while others hypothesize only a
dramatic increase in salinity'®. In either case, the salinity
crisis must have created a drastic situation of selection for
the majority of marine species including those which were
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Fig.2. Biochemical similarity dendrogram and absolute divergence
times based on genetic distance data for Sphaeroma and Monolistra
species. The evolutionary time scale is calculated according to 2
different values for a (a=10"7 abovell; a=1.136x 10-7 below)
from the formula t=D/2a=D/2cn, where t is the time since
isolation of 2 populations, D is the genetic distance, ¢ is the
proportion of amino acid substitutions which are ¢lectrophoretical-
ly detectable, n, is the average number of amino acid per protein,
and 4, is the rate of amino acid substitutions per polypeptide per
year,

Table 1. Coefficients of genic identity (above) and distance
(below)® between species of Monolistra and Sphaeroma

M. boldorii M.berica  M.caeca S. hookeri
M . berica 0.4150
0.8795
M. caeca 0.3742 0.6849
0.9829 0.3786
S. hookeri 0.3326 0.2954 0.2232
1.1007 1.2193 1.4997
S.serratum  0.1895 0.2187 0.2331 0.5702
1.6633 1.5199 1.4564 0.5618

Table 2. Estimates
Sphaeroma species

of genetic variation in Monolistra and

P A H, H’
M. boldorii 0.714 2.000 0.303 0.206
M. berica 0.714 2.000 0.321 0.216
M. caeca 0.786 2.143 0.318 0.213
S. serratum 0.714 1.929 0.277 0.185
S. hookeri 0.714 1.929 0.216 0.155

P, frequency of polymorphic loci (those with a frequency of the
rarest allele >0.01); A, mean number of alleles per locus; H,,
average heterozygosity (expected under Hardy-Weinberg equi-
libriumn); H’, genic diversity (Shannon information index)®.
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saved by opportune ecological refuges such as brackish
waters from which they might eventually have found their
way into subterranean freshwater habitats via surface
streams and pools. An evolutionary model of this type
seems a probable explanation for the adaptation of
Sphaeromidae to the cave environment. Interestingly,
S. hookeri, which may represent an intermediate stage in
the marine to freshwater cavernicolous Sphaeromidae, is
more closely related to the Monolistra species than is
S. serratum. The time of divergence and the beginning of
the process of Monolistra speciation falls, in our estimation,
in the middle and upper Pliocene. This dating, already
hypothesized by Racovitza?, is in close agreement with
palaeogeographic and palaeoclimatic evidence relative to
the prealpine Po plain during this period, when tectonic
and erosive phenomena would have produced a definitive
isolation of the various caves and karst areas'™!?,

In addition to the evidence of genetic divergence, an early
isolation of the cavernicolous populations is also indicated
by the polymorphism which they display. Table 2 shows
some estimates of genetic variability for the populations
studied. Surprisingly the populations of Monolistra, not-
withstanding their rather small size, estimated at most at a
few thousand individuals per population, show levels of
heterozygosity even higher than those found in Sphaeroma.
A finding of this kind is not compatible with recent
colonization of the caves by surface water forms. In fact,

-during colonization the founder effect plays a considerable

role in the drastic reduction of variability?-?2. Variability
would be expected to reemerge little by little in the cave
populations if further bottle necks did not come into play.
However, because of the notable stability of these environ-
ments, it is unlikely that bottle necks would occur. Avail-
able genetic data for cavernicolous populations of various
organisms are all in agreement with this model”?-%, On
the other hand, because of the very low vagility of the
Monolistra and the notable degree of isolation of prealpine
subterranean water systems, it is highly unlikely that genic
flow could explain the high level of heterozygosity ob-
served. Therefore, the high variability of the populations of
Monolistra, which appears to be maintained by balancing
selection®, is in our view further evidence in establishing
the early isolation of these species.
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Genetic variability in natural populations, evidence in support of the selectionist view

S. Narang
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Summary. Genetic variability in 6 neotropical anopheline species, analyzed, by zymogram technique, has been described.
The results support the ‘selectionist’ theory of the evolutionary significance of high levels of molecular diversity in natural

populations.

Thanks to the monumental work of Lewontin and his
group, showing a high level of genetic diversity in Droso-
phila pseudoobscura, by zymogram technique??, the long
controversy between the ‘classical’ school and ‘balanced’
view finally started to turn around. Until then, according to
the ‘classical’ school championed by H.J. Muller, later led
by J.LF. Crow and M. Kimura, natural populations possess
very low genetic variability. Most mutations are deleterious
and are removed by natural selection which thus acts
primarily as a cleansing agent of ‘wild type’ gene pool. A
rare favourable mutation may replace the old less-fit gene,
leading to evolution of the gene pool*®. On the other
extreme, the ‘balanced’ view proposed by T. Dobzhansky
and later led by B. Wallace holds quite an opposite view of
the evolutionary process. According to this school, natural
populations possess a high level of genetic variation main-
tained by various forms of balancing selection. An occa-
sional favourable mutation contributes just a simple frac-
tion to the high level of genetic diversity always present.
This variation enables populations to adapt to diverse
temporal and spatial environmental conditions.

Since then a great amount of genetic diversity has been
reported in populations of diverse types of organisms®7~.
These findings thus tended to support the ‘balanced’ school.
With the controversy among the 2 schools on the amount of
genetic diversity in populations thus resolved, the next 3
central questions of the population or evolutionary genetics
persist; 1. what is the evolutionary significance of this high
level of molecular polymorphism or in other words its
adaptive significance?; 2. what is the important ‘unit of
selection’?; 3. what evolutionary mechanisms maintain the
high level of genetic variability>'®!!. The st question again
drew diverse answers from 2 schools of thought. Kimura'?,
the proponent of the ‘classical’ school put forward the

Measures of genetic variability in neotropical anopheline species

‘neutral’ theory of genic polymorphism suggesting that
most of the observed biochemical variation is random and
physiologically irrelevant, whereas according to the ‘selec-
tion’ school, this variation is the direct result of balancing
forms of natural selection, and is thus not selectively
neutral. If so, it would then be necessary to support this
with experimental data. Thus the ‘balanced vs. classical’
controversy changed into ‘selectionist vs. neutralist’ con-
froversy.

2 types of approaches commonly used can be phrased into
the following questions. Does each isoenzyme of a given
locus possess a specific physiological or metabolic function
and if the enzyme diversity indeed provides the adaptive
raw material necessary for a population to explore and
adapt to the changing environment, then there should be an
overall correlation between the degree and nature of
molecular diversity in a population or species and the
proportion of the diverse ecological niches it occupies in its
geographical distribution range. In other words the more
extensive the distribution of a population or species over
wide environmental conditions, more genetically heterozy-
gous or polymorphic it should be and conversely if a
population or species has its distribution limited or restrict-
ed to specialized ecological niches it should be less poly-
morphic. Far more studies have been addressed to the Ist
question®, for references, than to the second. It is the latter
question that our studies have attempted. We initiated
studies on genetic structure of 6 neotropical anophelines, of
which A. aquasalis has a very rigid requirement of salt
water during the larval stages and thus the distribution of
this species is restricted to the coastal region only. On the
other hand, other species (table) are widely distributed,
both in coastal and interior regions, and consequently these
species have been able to explore regions of high and low

Species No. of enzyme Proportion of genome  Proportion of polymorphic loci  Proportion of
loci analyzed heterozygous per crit. 1 crit. 2 heterozygous
individual individuals
A.aquasalis 26 0.081 023 034 0.084
A.darlingi 19 0.21 0.579 0.632 0.125
A.nuneztovari 26 0.171 0.46 054 0.111
A.argyritarsis 27 0.188 0.46 0.682 0.113
A.albitarsis . 18 0.27 042 065 0.17
A.evansae 19 0.23 0.56 0.63 0.149

Enzymes used for this table included esterases, ODH, XDH, MDH, ME, HK, GOT, AO of larval stages; LAP of pupal and ACPH and
a-GPDH of adults. Crit. }=Most common allele with a frequency of 0.95 or less. Crit. 2= Second most common allele has a frequency not

smaller than 0.01.



