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In plants, polyploidy is recognized to be a wide-spread
phenomenon and of considerable practical and evolutionary importance, whereas polyploid animal species have been relegated for
the most part, to insignificance in terms of their existence or
evolutionary importance. Evolutionary and genetic authorities
have adhered mostly to ~fullers's 1925 (1) contention that sexual
imbalance in polyploids would not permit bisexual polyploids to
exist as natural entities in animals as they do in plants, which
are capable of vegetative reproduction. Asexual polyploids are
also condemned, in animals, by the commonly held, and mathematically "proven" (2) viewpoint that this method of reproduction
reduces genetic recombination and is tantamount to phylogenetic
suicide (3-5). It is evident, however, that an increasing number
of polyploid amphibians and reptiles are being encountered in
natural populations living in North America, South America,
Europe, Asia, and Africa. To ignore their existence or to pass
judgement on their evolutionary significance without adequate
study is incomprehensible. In spite of the theoretical dogma
surrounding animal polyploids, there is a growing bank of data
which suggests that naturally occurring animal polyploids may
play an interesting and significant role in population genetics
and speciation.
In amphibians and reptiles, all the polyploid species are
associated with diploid species. There are no distinctly polyploid families, genera, or even species groupings. Reptilian
polyploids are all-female triploid lizards which are all thought
to reproduce parthenogenetically. Amphibian polyploids are more
diverse. Urodeles have demonstrated all-female triploid populations which supposedly reproduced gynogenetically and require
sperm for egg activation from a related diploid bisexual species.
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Anurans have bisexual, triploid, tetraploid, hexaploid, or octoploid populations or species. Those species or populations which
have been demonstrated to be polyploids are listed in Table 1.
Table 1.

Amphibian and reptilian species and/or natural populations
which are considered to be polyploid. a

Species with
Classification

ReproductJve
Mode

AMPHIBIA
Anura
Pipidae
Xenopus
ruwenzoriensis
X. vestitus
!. sp.
Leptodactylidae
Ceratophrys
dorsata
C. «ornata»
Odontophrynus
«americanus»
Pleurodema
bibroni
P. kriegi
Hylidae
Hyla versicolor
Phyllomedusa
«burmeisteri»
Bufonidae
Bufo danatensis
Bufo «viridis»
B. sp.D
Ranidae
Dicroglossus
«occipitalis»
Pxyicephalus
«delalandii»
Rana

«esculenta»

Diploid
Chromosome
No. (Ploidy)

Geographic
Distribution
(reference)

Uganda (6,7)

B

108(6x)
72 (4x)
72(4x)

B
B

104(8x)
104(8x)

Brazil (8)
Argentina (9)

B

44(4x)

Argentina &
Brazil (10)

B
B

44(4x)
44(4x)

Uruguay (11)
Argentina (11)

B

48 (4x)

e. North
America (12)

B

52(4x)

Brazil (13)

B
B

B

44(4x)
44(4x)
40(4x)

Turkmen (14)
Kirghizia (15)
Ethiopia (16)

B

52(4x)

Liberia (16)

B

52(4x)

H

39(3x)

South
Africa (16)
Europe (17.18)

B
B

"
"
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Table l. (continued)
Caudata
Ambystomidae
Ambystoma platineum
A. trembla:¥:i
A. texanum X
laterale
REPTILIA
Squamata
Gekkonidae
Gehyra
variegata
Hemidact:¥:lus
garnotii
Agamidae
Leiolepis
triEloida
Teiidae
CnemidoEhorus
exanguis
C. flagellicaudas
C. oEatae
C. sonorae
C. tesselatus
C. uni)2arens
C. velox

a

G

42(3x)

G

42(3x)

e. North
America (19)
" (19)

P?G?

42(3x)

" (20)

P

63(3x)

Japan (21)

P

70(3x)

Indo-Pacific
(22)

P

54(3x)

Malaysia (21)

P

69 (3x.)

P
P
P

69(3x)
69(3x)
69(3x)

P
P
P

69(3x)
69(3x)
69(3x)

S.w. U.S.
n. Mexico
s.w. U.S.
n. Mexico
s.w. U.S.
n. Mexico
" (23)
" (24)
s.w. U.S.

&

(23)
(24)
(25)
&

(24)
(23)

a Some species of frogs, indicated by « » have been recognized to consist of diploid and polyploid populations as is
Rana «esculenta» which is considered to be a hybrid "species."
cnemidophorus tesselatus also has recognized diploid (2n=46)
clones which are parthenogenetic.
bpolyploid amphibians and reptiles differ with respect to
their zygote production. Bisexual polyploids (B) have males
and females which contribute equally to the zygote. Hybridogenetic (H) reproduction involves the elimination of one of the
parental genomes in the Fl' All-female polyploids' eggs may
initiate cleavage spontaneously and are considered to be parthenogenetic (P) or they may require stimulation from a male from some
bisexual species and are considered to be gynogenetic (G).
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Polyploid amphibians were recognized in some of the earliest
chromosomal investigations under experimental conditions and even
in natural populations. The early investigations are reviewed by
Parmenter (26), Fankhauser (27), and Moore (28). Temperature
shock has been used to induce triploidy in amphibians since the
late 1930's (26) and pressure (29-32) is fairly commonly utilized
in recent studies of polyploidy. The frequency of diploid eggs
may be substantially increased using temperature shock or pressure,
both of which have the effect of prohibiting the second polar
body from being produced or escaping. Diploid eggs may develop
gynogenetically if the sperm nucleus is not capable of fusing
with the egg nucleus. This effect may be accomplished experimentally by using foreign or irradiated sperm (32-34). Certain
percentages of eggs, even in control crosses not subjected to
abnormal temperature or pressure, have been found to be diploid
or tetraploid (35-38). Triploid progeny has been reported to be
as high as 35% in control crosses using certain female Rana
pipiens (37). A certain proportion of the progeny of many amphibian females might possible be polyploid since polyploid individuals
have been encountered wherever large numbers of offspring have
been examined. Finding polyploid populations or species may not
be too surprising in the light of these experimental results and,
indeed, finding polyploid individuals in natural populations may
not be deemed a significant enough event to justify a detailed
populational investigation. It is interesting, in retrospect,
that the Hertwigs (39) discovered a naturally occurring triploid
Rana «esculenta» as early as 1920. Because of the ease with
which polyploidy may be experimentally induced in amphibians, the
mechanism of polyploid production has been investigated in a
number of species (28,30,33,35,36,40-46, and many others).
Experimentation in Anurans is simplified by the fact of
external fertilization. Female Urodeles typically pick up a
spermatophore with their cloacal lips and fertilization is internal, but artificial in vitro fertilization is still possible by
using oviducal eggs or by squeezing the eggs from an uninseminated
female (47-49). Similar types of manipulation are not possible
in reptiles. Most of the information concerning meiotic behaviour
has been obtained indirectly by examining progeny using a variety
of techniques such as chromosome markers (30), compatible parents
which have different chromosome numbers (35,36), or mutant genes
(33,34,45). There is fairly general agreement concerning the
female's responsibility for the production of polyploids when it
is possible to determine responsibility. There is no direct
evidence that polyploidy can be accomplished by polyspermy or
unreduced sperm.
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The Ambystoma Jeffersonianum Complex
As early as 1934, Clanton (50) described two forms of
Jefferson's salamander from Michigan. Salamanders of the "light
form" were all female and matings between "dark males" and light
females resulted in only females of the light form. In some
populations the ratio of females to males was as high as 50 to 1.
Bishop (51) recognized the "Clanton effect" (scewed sex ratio
with many more females than males) in New York. Jefferson's
salamanders in Indiana were analyzed by Minton (52) and he
concluded that Clanton's light all-female form represented interspecific hybrids involving two morphologically distinctive bisexual
species, Ambystoma jeffersonianum and !. laterale. Minton speculated that the hybridization was the result of secondary contact
of two populations which were originally divided, by the postPleistocene eastward extension of the prairie Steppe, into a
northern (!. laterale) and a southern (!. jeffersonianum) species.
He also predicted that the ever-increasing proportion of femalee
to males could result in the extinction of populations which
relied on a steady migration of normal males in the contact zone.
Uzzell (19,53) uncovered the triploid nature of the all-female
hybrids and speculated that the hybrids represented two distinct
species. Uzzell (53) and Uzzell and Goldblatt (54) considered
the early (post-Pleistocene) hybridization of the diploid species
to have been an initial step for the evolution of the triploid
species and that the triploids each arose as a result of backcrosses involving the putative hybrid and!. laterale (to produce
!. tremblayi) or!. jeffersonianum (to produce!. platineum).
The triploid species so produced are all female and reproduce
gynogenetically so they must remain closely associated with the
original parental species which was involved in the backcross.
They exist as sexual parasites utilizing the sperm of normal
diploid males for the initiation of zygote development.
Plasma proteins were examined by Uzzell and Goldblatt (54)
who found fixed heterozygosity and differential staining intensities at one plasma protein locus. This evidence supported the
hypothesis concerning the hybrid nature and expected genome
constitution in both of the triploids. Meiosis in one of the
triploids, !. tremblayi (55,56), appears to be preceded by a preoBgonial endomitosis so the eggs initiate meiosis in a hexaploid
state. Bivalents and occasional multivalent associations were
observed in first prophase. It is assumed that meiosis procedes
normally and results in the formation of triploid eggs.
Recently, Downs (20) examined the Jeffersonianum complex in
Ohio, Indiana, and Michigan. He encountered some additional
complexities involving yet another species, Ambystoma texanum,
which is considered to be very distantly related to Jefferson's
complex species as well as to many other Ambystomatids (57).
Freytag (58) would even place!. texanum in a separate genus
(Linguelapsus). All-female diploid and triploid populations were
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discovered by Downs (20) on the Bass Islands in Lake Erie. These
were interpreted to be hybrids between!. laterale and !. texanum
as evidenced by their intermediate morphological characteristics
and serum protein patterns. Diploid male and female!. texanum
were found on the middle Bass Island, but no Ambystoma males were
found on the north Island. Triploid females were determined to
have a genome which consists of two sets of !. texanum chromosomes
and one of A. laterale. Downs suggests that the all-female
diploids and triploids are parthenogenetic (at least on the north
Bass Island) and that!. texanum may interact with the Jefferson's
complex in other geographical areas where they occur in sympatry.
Downs found the diploid and triploid unisexuals to be heterozygous
for the same presumed locus studied by Uzzell and Goldblatt (54)
but also found electrophoretic heterozygotes in!. jeffersonianum
and!. texanum serum proteins. He suggests that we may be presently observing, with!. laterale and !. texanum a hybridi~ation
event which is very similar to the original postulated hybridization which gave rise to!. tremblayi and !. platineum prior to
the time that the diploid, perhaps parthenogenetic, populations
were displaced by the allotriploids. Discovering mixed diploidtriploid populations of Ambystoma is of extreme interest as it
parallels the situation observed in Cnemidophorus lizards and
frogs of the~. «esculenta» complex.
The Rana «esculenta»

Complex

In Europe and western Asia there exists another extremely
interesting group of related amphibian species which has been the
subject of considerable taxonomic confusion (Fig.l). This may
now be appreciated in the light of several recent studies which
have been summarized by Berger (17) and Dubois (59). The edible
frog, R. «esculenta», has been determined to be a hybrid
«species» in numerous populations over much of its range and
is the product of crosses involving the lake frog, ~. ridibunda
and the pool frog, R. lessonae. Populations have been studied
in Poland (17,60), Switzerland (61), Germany (62,63), Austria
(64,65), Denmark (66), and Sweden (67). There is considerable
variability in the sex ratios of R. «esculenta» in various
populations as well as the ratios of R. «esculenta» t,o the
"parental" species. ~. «esculenta» is found in three different
associations. The most common association is with R. ridibunda
and by itself in so-called "pure" populations. The-interaction
between the "parental" species and~. «esculenta» varies between
populations and this depends on their associations. Turner (64)
analysed a population consisting of male and female~. lessonae
and only female~. «esculenta». He postulated a scheme by which
the eggs of ~. «esculenta» females contain only the~. ridibunda
genome and~. «esculenta» is produced when these eggs are fertilized with~. lessonae sperm. This hybridqgenetic reproduction
would be similar to the system described in unisexual poeciliid
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Fig. 1: Distribution of Rana ridibunda, R. lessonae, and
their hybrid, Rana esculenta, in Europe (modified from 59).

fish (68,69), but with the added complication of having, in
other populations, supposedly hybridogenetic male!. «esculenta»
(70). If!. « esculenta» is found with!. ridibunda, most of
the R. «esculenta» are males which transmit sperm containing
either a R. lessonae genome (2/3 of the time) or a R. ridibunda
genome (1/3 of the time) (17,70,71). "Pure"!. «e;culenta»
populations contain both males and females (18,66,71) but as
many as 80% of the individuals (both male and female) are triploids
(18). Male triploids produce sperm of different sizes, and
considerable abnormalities have been observed in meiosis (72).
Crossing triploids results in offspring exhibiting all three
phenotypes (17). Clutches of !. « esculenta» eggs have occasionally been noted to include different size (73,74) and it is
assumed that triploid !. «esculenta» arise from fertilization
of diploid eggs produced by diploid!. «esculenta» (74).
Polyploid Reptiles
Skewed sex ratios have been observed in a number of lizards
belonging to several families since the 1930's. In his review,
Cole (75) pointed out the existance of 26 all-female species of
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lizards (from 6 families), as well as one all-female species of
snake. It is generally accepted (21,75-79) that the all-female
reptiles reproduce by parthenogenesis. Direct proof is available
for a few species which have been raised in isolation (76,79,80).
The absence of sperm in oviducts or cloacae of female unisexuals
which live in sympatry with sperm carring females of bisexual
species has been used as indirect evidence (81,82). Most of the
all-female unisexual lizards are believed to have arisen as the
result of hybridization involving bisexual species (76,83,84),
although some may have arisen spontaneously (75,85).
In addition to many recognized diploid parthenogenetic
species of lizards, several are triploid, as determined by chromosomal analysis (Table 1). Triploid lizards of the ~enus Cnemidophorus have received the most intensive investigation. OBgenesis
has been studied in only one triploid lizard, ~. uniparens by
Cuellar (86), and it appears that meiosis is preceded by an
endomitotic event, as is the case with the salamander Ambystoma
tremblayi (55,56). However, meiosis in~. uniparens is soon
followed by cleavage and the embryo is fairly well developed at
the time of oviposition. The triploid unisexual Cnemidophorus
are all suspected to be the product of hybridization involving a
diploid unisexual parthenogenetic species and a normal bisexual
species (25,75). Chromosomes of ~. sexlineatus group species are
not easily distinguished and it is not always easy to detect the
original parents involved in the allotriploid (25). It is generally assumed that triploidy is the result of a female diploid
parthenogenetic species which backcrossed to one or the other of
the original bisexual species. This produces an allotriploid
possessing a double complement of chromosome from some bisexual
species although the possibility exists that an allotriploid
could rarely have three separate genomes and may be referred to
three distinctive bisexual species (25). Normally unisexual
diploid parthenogenetic females may become inseminated with sperm
from a male of a bisexual species and this has resulted in the
occasional formation of triploids (76,87,88). Also, fertilization
of a normally parthenogenetic triploid female may sometimes
result in a tetraploid male (89) or female (76).
Cnemidophorus tesselatus is the only species of Cnemidophorus
which is recognized as having diploid and triploid all-female
populations (25). This species consists of allodiploids, modified
allodiploids, allotriploids, and modified allotriploids. The
diploid populations were formed by hybridization involving the
two bisexual species, ~. tigris and ~. septemvittatus, and the
triploid population involved a hybridization of the now all-female
allodiploid, C. tesselatus and C. sexlineatus (a third bisexual
species) (25)~ Parker and Selander (90) electrophoretically
examined diploid and triploid C. tesselatus. The triploid C.
tesselatus (identified electrophoretically) were all deemed-to be
members of a single clone and the diploid parthenogenetic females
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represented as many as 12 electrophoretically distinguishable
clones. Clones of another allotriploid species, ~. exsanguis,
have been identified karyotypically (76).
Tetraploid, Hexaploid, Octoploid Frogs
In 1949, Wickbom (91) reviewed the available information and
concluded that anuran chromosomes were very stable. Prior to
1959, most anuran species consistantly demonstrated chromosome
numbers which confirmed this hypothesis, but in the examination
of South American leptodactylid frogs, Saez and Brum's discovery
(92,93) of 42 chromosomes in Odontophrynus americanus and up to
108 chromosomes in Ceratophrys ornata opposed such a generality.
They also found some configurations in ~. ornata which ~esembled
multivalent associations. Saez and Brum did not attribute the
elevated chromosome numbers to polyploidy but discussed chromosome
number variability and "mixoploidy." In a subsequent study, Saez
and Brum-Zorrilla (94) examined chromosomes from Uruguayan and
Argentine populations and found O. americanus to have chromosome
numbers of 42, 44 and 50 in different populations. Two other
Odontophrynus species were found to have only 22 chromosomes.
Rather than polyploidy, they considered O. americanus to be "a
very polymorphic species." In the same year, M.L. Becak et ale
(10) established that Q. «americanus» in Brazil was a constant
tetraploid. Additional studies in Argentina, Uruguay, and Brazil
(8,9,95-98) clarified the polyploid nature of Odontophrynus
«americanus» which has diploid and tetraploid populations in
Argentina and Brazil. Barrio and Pistol de Rubel (95) examined
39 different populations in Argentina and Uruguay and found only
diploids (2n=22) or tetraploids (2n=44). Individuals having 42
or 50 chromosomes were not found, nor were any diploid-tetraploid
sympatric populations. There is no mention of the. number of
individuals sampled in either Saez and Brum-Zorill~s (94) study or
that of Barrio and Pistol de Rubel (95). Ceratophrys «ornata»
turned out to be an octop10id species with 104 chromosomes
(9,96) as did C. dorsata in Brazil (8) but diploid (2n=26) populations of C. «ornata» are also found in Argentina (96,98).
The nu;ber of known bisexual polyploid species (or populations) has increased dramatically in the past few years: Hyla
versicolor in North America (12); Pleurodema kreigi (11,98) in
Argentina; Pleurodema bibroni (11) in Uruguay; Bufo «kavirensis»
in Kirghizia (15); Xenopus ruwenzoriensis, ~. v~tus, and ~.
sp. in Uganda (6,7); Dicroglossus [or Rana] «occipitalis»,
Pyxicephalus [or Tomopterna or Rana] «delalandii», and Bufo sp.
D in Africa (16); Bufo danatensis in Turkmen (14) (Fig. 2-3).
Many of the polyploid species have been found to have morphologically very similar diploid "cryptic species" (13,14,16,97,98).
There is very little information concerning the population dynamics
of many of the polyploid bisexual frog species (or populations)
but, admittedly, most have only recently been discovered and some
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® Ceratophrys dorsata
ornata
* Odontophrynus americanus
Phytlomedusa burmeisteri
• Pleurodema bibrani
¢- Pleurodema krieoi

o Cerataphrys

'*

Fig. 2. Localities in South America where polyploid anuran
species have been encountered.

occur in fairly remote regions. Only Hyla versicolor has been
sufficiently studied to provide populational data which may be
relevant to bisexual polyploid frogs generally. The diploidtetraploid cryptic species pair, Hyla chrysoscelis and ~. versicolor has received more attention than most as differences
between these species were recognized, not by morphology but by
acoustics, as early as 1958 by Blair (99), twelve years before~.
versicolor was determined to be a tetraploid. In attempting to
explain the acoustical differences noted by Blair, Johnson (100)
analyzed calls from additional populations and produced viable
hybrids between "slow" and "fast-calling" populations. Backcrosses
involving Fl males only produced a few short-lived tadpoles which
justified specific designation for both call types. The ranges
of the species have been outlined using pulse-rate analyses of
calling males (40,99,101-107). Even though there appear to be
some minor differences in morphology in some areas (40,105) both
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... Bufo sp 0
• Dicroglossus occipitalis
• Pyxicephalus delalandii
~ Xenopus ruwenzoriensis
.. Xenopus vestitus
.. Xenopus sp.

Fig. 3. Localities in Africa where polyploid anuran species
have been encountered.

species are variable over their ranges and no over-all morphometric
analysis has been found to distinguish all members of either
species.
Finding H. versicolor to be tetraploid and~. chrysoscelis
to be diploid-(12,98) (see chromosomes, Fig . 4) helped to explain
the hybridization experiments of Johnson (100) in that the hybrids
would be triploids and, evidently, sterile. Also, chromosomal
information has assisted with the identification of females, which
do not vocalize, and in the establishment of more accurate ranges.
The distribution of both species is provided in Fig. 5, which
represents the compilation of data obtained from the previous acoustical studies, and information I have accumulated over the past six
years from chromosomes and nucleoli (108). There is much more
overlap and apparent sympatry than has been indicated previously
(105,106), especially in the north. Viable triploid hybrids are
easily produced artificially, but only one "intermediate call"
which may be that of a hybrid (107), has ever been reported in
nature. There are some indications that this cryptic species
pair may be a cryptic species complex involving three or even four
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Fig. 4. Representative karyotypes of Hyla crysoscelis
(2n=24) and~. versicolor (2n=4x=48). ~. chrysoscelis chromosomes
are above those of ~. versicolor for each supposed homologous
set. Both specimens were males and came from a sympatric pond at
Lake Riviera Road and Highway 1, s.e. Manitoba. The scale is
20 ~m.

species according to acoustical analyses (103,104,106), microcomplement fixation (109), and electrophoresis (110).
DISCUSSION
It is very likely that autopolyploids do arise from time to
time in natural populations as indicated by random sampling among
individuals in natural populations (27), the large number of
diploid eggs which some females seem to normally produce (35-37),
and the ease by which polyploidy can be experimentally induced.
The newly formed autopolyploid may be quite viable, but other
than any possible benefits of gene dosage, no unique combinations
of genes would be expected which would provide the individual
with a superior genotype, compared with normal diploids in a
natural population. As well as the physiological problems which
must be associated with increased cell size and an unbalanced
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• Hyla chrysoscelis
v Hylo
versicolor

Fig. 5. Localities for tetraploid Hyla versicolor and
diploid Hyla chrysoscelis.

genetic composition, gamete production could not procede in a
normal fashion. Selection should be severe against autopolyploids
living in competition with normally reproducing individuals
having the same alleles. If, however, the original parents of a
polyploid were genetically dissimilar, an allotriploid would have
unique allelic combinations as well as maintaining a normal set
of chromosomes from one parent.
Blair (see III for summary and references) has hybridized
toads from allover the world. Chromosomal investigations from
tadpoles produced from some of his several hundred cross combinations (35,36) demonstrated that polyploid tadpoles appear occasionally in control crosses, and in low frequencies if the parents
are considered to be included in the same species group. The
frequencies of polyploids increases substantially if the parents
are from different species grouping and, in some crosses involving
very distantly related species, only polyploids are found. It is
not suggested that hybridization produces polyploids, since the
number of polyploid individuals in any cross represents only a
small fraction of the eggs which initially cleaved. Clearly,
there is strong selection against certain diploid hybrids which
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does not, in many cases, seem to affect the polyploids. Selection
would seem to operate against lethal genetic combinations, and
the addition of (a) maternal chromosome set(s) endows the hybrid
with viable gene combinations.
Although the crosses involving very divergent species of
Bufo demonstrated increased viability with polyploidy, there is
reason to doubt the applicability of this hypothesis to any of
the polyploid reptiles or amphibians. All of the presently known
po1yp10ids have morphologically, and presumably genetically,
similar species (or populations) which are diploids. Hybridization
involving closely related diploid species is much more likely to
produce dip10irl hybrids than po1yp10ids. Viable hybrids (presumably diploid) are produced when Ambystoma jeffersonianum is
crossed with~. 1atera1e (53) or even~. texanum (47,49). Diploid
~. «escu1enta»
are more numerous than trip10ids and a ~.
«escu1enta» phenotype may be produced by crossing R. 1essonae
with R. ridibunda (17). There are more diploid parthenogenetic
lizards than triploid (75) and triploid lizards have been produced
by hybridizing a normally parthenogenetic diploid female with a
male from a bisexual species (87,89). The formation of diploid
or triploid parthenogenetic or gynogenetic species by hybridization
has been proposed for many of the unisexual amphibians and reptiles
(20,25,54,89,112), as well as fish (68,69,113) and insects (114,115).
Initial hybrid advantage, i f present, could be easily lost by
backcrossing and gene exchange with the parental species or
breeding among the hybrids. The obvious solution to these problems,
which has evolved independently in many groups of parthenogenetic
or gynogenetic animal species, is to maintain an independent gene
system meiotically.
Meiosis in polyploid females has been examined in only one
triploid salamander, Ambystoma tremblayi (55,56), and one triploid
lizard, Cnemidophorus uniparens (86). Observations, based on
numbers of chromosomes in first prophase, suggest that a premeiotic endomitosis produces a hexaploid oBgonia1 cell which,
through meiotic reduction, results in triploid eggs. Most of the
synaptic complexes are biva1ents but, of the twenty eggs from
three triploid females examined by MacGregor and Uzzell (56), two
quadriva1ents were observed in one egg and one quadriva1ent was
observed in each of two other eggs. They also found twice as
many chiasmata in the triploid as in the diploid eggs, but
assumed they involved pseudobiva1ents of sister chromosomes so
that any recombination would be meaningless genetically. In
spite of this limited information, the process of premeiotic
endomitosis has been widely disseminated as the mechanism for
maintaining somatic ploidy in virtually all parthenogenetic or
gynogenetic amphibians and reptiles (85,112,116). This same
mechanism is even speculated to occur in Rana «escu1enta» for
the production of diploid eggs or sperm (70). In diploid R.
«escu1enta» the genomes are apparently segregated such tllat the
~. ridibunda or ~. 1essonae genome ends up in the first polar
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body, which is eliminated, and the remaining!. lessonae or R.
ridibunda genome passes through a second meiotic equational
division and remains intact in the female egg nucleus. This
mechanism is termed "hybridogenesis" and has been likened to
similar meiotic events postulated in some unisexual fish (68,69).
Cytological documentation for these proposed meiotic events is
not available, but they have been inferred based on numerous
progeny which have resulted from several matings (17,65,70).
Meiosis in male R. «esculenta» has revealed some multivalents
and bridges (72)~ thus suggesting genetic recombination between
non-sister homologues.
Observations of meiosis in tetraploid males often demonstrates
quadrivalent associations involving the four supposedly homologous
chromosomes (10,98,117). Meiosis in the octoploid Ceratophrys
reveals bivalents, quadrivalents, hexavalents, and octovalents
(8,92,96). However, only bivalents are usually found in both
tetraploid Pleurodema species (11). The tetraploid species of
Xenopus demonstrates bivalents, but multivalents were sometimes
found in the hexaploid Xenopus (7). Tetraploid Dicroglossus
occipitalis and Bufo sp. D have twice as many bivalents in the
first metaphase of meiosis as do diploid Dicroglossus
«occipitalis» and Bufo kerinyagae (a close relative of Bufo sp.
D) and no multivalents were found in these two tetraploid species.
Tetraploid Pyxicephalus «delalandii» did demonstrate some
quadrivalents, but they may be considered "loose quadrivalents"
for they either dissociate during prophase or metaphase, or are
not formed in some cells (Fig. 6). Multivalent associations have
generally been used as evidence for chromosomal homology such that
if a polyploid demonstrates multivalents it is assumed to be an
autopolyploid. Allopolyploids, on the other hand, would show few
if any multivalents because the hybrid set of chromosomes would
not be homologous. If this is true, multivalent associations
could be used as evidence that some anuran polyploids were
derived from hybridization involving genetically divergent parents
(allopolyploidy), but others, which show multivalent associations
evolved from a single species (autopolyploidy). Chromosome
morphology has also been used to distinguish between autopolyploids
and allopolyploids in triploid Cnemidophorus (76,118) and in the
Pleurodema tetraploids which have some chromosomes which do not
form a morphologically similar set of four for some of the groups
(11,98). The Pleurodema species do not demonstrate multivalents.
In the same context, it is interesting to note that the tetraploid
Pyxicephalus «delalandii», which does demonstrate some quadrivalent formation, has a karyotype in which 11 of the 13 chromosome
sets of this species are easily grouped into 4 morphologically
"homologous" chromosomes. This may be compared with only 5 of
the 10 chromosome sets in Bufo sp. D and 8 of the 13 sets in
Dicroglossus «occipitalis» (Fig. 7) which do not demonstrate
quadrivalents (Fig. 6).
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Fig. 6. Meiotic metaphase I of diploid and tetraploid
African bufonid and ranid cyptic species. Multivalents are not
present in Bufo sp. D or the tetraploid Dicroglossus. Some
multivalents are demonstrated in some cells of the tetraploid
Pyxicephalus (middle spread) but not other cells of the same male
(right spread).
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Fig. 7. Idiograms of diploid and tetraploid African bufonid
and ranid cryptic species. The scale is the percent (XIO) of the
chromosome complement divided by 2. If the haploid complement of
the diploid species (below the axis) are compared with that of
the tetraploid species (above the axis) it is evident that some
chromosome sets of the tetraploid are not identical to the
supposed homologous chromosome in the diploid. This could be the
result of allopolyploidy or chromosomal restructuring (diploid ization) in the tetraploid.
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It is possible, however, that mutational events would, over
time, alter the original genetic and chromosomal structure such
that homologies are lost. The multivalent association could,
perhaps, be a temporal indicator of polyploidy: recently evolved
autopolyploids would demonstrate multivalents but, over time,
fewer multivalent associations would be expected (98). Mancino
et al. (119) determined, using C-banded techniques which distinguished homologous from heterologous chromosomes in newts, that
chiasmata form between heterologous chromosomes even belonging to
the same specific genome (intra-haploid) in hybrids. Apparently,
synapsis in a hybrid may be so disrupted that pairings occur
between "re-duplicated" segments (sensu White (120)) which may
result in tri-, quadra-, hexa-, and octovalents even in a diploid!
This information clouds the issue concerning the use of multivalents to distinguish allo- from autopolyploids. But, if intrahaploid associations do occur in hybrids of amphibians and reptiles,
we could be provided with a mechanism to help explain the segregation of parental genomes. Meiotic dysfunction, such as hybridogenesis, could evolve rapidly if intra-haploid synapses kept the
respective parental genomes intact. Perhaps, in those polyploids
which do not demonstrate multivalents, there are few or no reduplicated segments in the parental genome. It would appear that
the interpretation of multivalent association must rely on the
ability to distinguish truly homologous chromosomes.
Although functional retention of the second polar body in
meiosis accounts for the great majority of polyploid amphibians
under experimental conditions and may account for the formation
of diploid eggs in some parthenogenetic lizards (80), it is
probably not the mechanism currently used in polyploid amphibian
and reptile species or populations. Asher, Nace, and Richards
(33,121,122) mathematically demonstrated the consequences of
various meiotic mechanisms and concluded that homozygosity would
be attained rapidly in such a system even in a polyploid.
Homozygosity has not been encountered in any unisexual or polyploid
amphibian or reptile which has been examined electrophoretically
(20,54,90,110,123-128). Most of the electrophoretic studies have
demonstrated fixed heterozygosity and gene dosage which helps to
substantiate hybrid origin hypotheses for unisexual and polyploid
amphibians and reptiles. Heterozygosity could be maintained over
many more generations through a pre-meiotic endomitosis (116,122).
But, these same studies raise an additional problem, since Asher
and Nace (122) also determined that fixed heterozygosity could be
maintained over many generations only by very strong selection
and it is, therefore, surprising that heterozygous genotypes
referrable to original parental species would be encountered as
often as they are. For a heterozygous pattern to be maintained
from some Pleistocene event is extremely unlikely. Some of the
supposed fixed heterozygosity would best be interpreted as the
result of a relatively recent hybridization or to be more apparent
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than real. Uzzell and Goldblatt (54) examined only one presumptive
gene locus in 22 individuals which consisted of eight Ambystoma
jeffersonianum, 18 A. laterale, 10 A platineum, and six A.
tremblayi. Their s~dy has been used to claim fixed heterozygosity
and dosage effects which may be used to differentiate the two
diploid and two triploid species. Recently, Downs (20) demonstrated allelic variability for this, presumably, same locus in
the diploids, !::... jeffersonianum and!::... texanum. In Ontario
populations of the Ambystoma jeffersonianum complex there appears
to be a considerable amount of variability in the general proteins
and at more than a dozen enzymatic loci (unpublished). General
protein phenotypes (Fig. 8) represent some of the range of variability which has been encountered in Ontario. Certain of the
triploid specimens do demonstrate what might be considered fixed
heterozygosity and dosage as do some of the diploids. These
results may be more easily explained by assuming that there are
two, rather than one, loci (GP 3,4), and that certain alleles are
overlapping. The overlapping alleles have the same appearance as
the presumed dosage effects which were presented by Uzzell and
Goldblatt (54) and Downs (20). Increased variability in this
complex would be more consistant with the hypothesis of Asher and
Nace (122), who predict heterozygosity in polyploids over time.
Fixed heterozygosity would be apparent for a relatively short
time only if the parents were determined to be fixed homozygotes
for different alleles and would, if evidenced, provide documentation for a recent hybridization. If, on the other hand, polyploidy
did arise from some single event several hundred generations ago,
we would expect random Mutation, any possible recombination, or
selection to have altered the gene frequencies such that a hybrid
origin would not easily be identifiable electrophoretically.
Few electrophoretic studies have actually been performed
using large numbers of amphibian or reptilian polyploid individuals
from several populations. Parker and Selander's (90) electrophoretic study of f.. tesselatus involved 339 diploid and 67
triploid specimens as well as 69 ~. tigris, 62 ~. septemvittatus,
and 34 C. sexlineatus (which have been implicated in the evolution
of ~. tesselatus). They found an extremely high level of heterozygosity (.714) in the triploid clone and a very high level
(.560) in the diploid clones. Mean heterozygosity for most
vertebrate species ranges from .04 to .1 (129-131). Uzzell
et al. (74) found no evidence of recombination in a examination
of the descendants of a single Rana «esculenta» female which
was heterozygous for four alleles. Other investigations, however,
do reveal possible introgression between Rana lessonae and R.
ridibunda through~. «esculenta». GUnther and HHhnel (125)
studied LDH patterns in 159 ~. lessonae, 62~. ridibunda, and 402
~. «esculenta»
from eleven different populations in Germany.
They found 5.7% of the~. «esculenta» to be homozygous for the
R. lessonae allele or the R. ridibunda allele. Three R. lessonae
had a R. ridibunda allele while 12 R. ridibunda had a R. lessonae
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Fig. 8. Starch-gel electrophoretic patterns of serum proteins
from members of the Ambystoma jeffersonianum complex in Ontario:
triploid!. platineum (A,G,H,I); triploid!. tremblayi (C,D,E);
!. laterale (B); !. jeffersonianum (J); and F is a triploid male.
Loci 3 and 4 were examined by Uzzell and Goldblatt (54). They
demonstrated fixed heterozygosity with dosage effects for the
triploid female species. B,C,D, and J would appear similar to
their figure for ~. laterale, ~. tremblayi, ~. platineum, and ~.
jeffersonianum respectively. It appears that general protein
loci 3,4, and 5 are polymorphic and have alleles which interact
to produce the presumed dosage effect. It is not possible to use
dosage as a species specific criterion in Ontario populations
because of the evident variability in the triploid species.
Variability among these loci was also demonstrated in Ohio (20).

allele. They concluded that gene flow had occurred between ~.
ridibunda and R. lessonae and that the ~. ridibunda gene pool was
less protected against R. lessonae genes than the R. lessonae
pool was against those of ~. ridibunda. Uzzell et-al. (70) also
indicated some slight gene flow between~. ridibunda and ~.
«esculenta». Ralin and Selander (110) studied more than 300
specimens of Hyla versicolor and ~. chrysoscelis electrophoretically and determined that H. versicolor is much more variable than
H. chrysoscelis and possesses more unique alleles.
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Mechanisms for sex determination were originally postulated
to be of paramount importance in the prevention of the formation
of naturally occurring animal polyploids. Obviously, this obstacle
has been independantly circumvented many times in animal populations. In the recognition of animal polyploids, it is now assumed
that sex chromosomes are still in an initial state of differentiation for those groups which do demonstrate polyploidy (132). Of
all the polyploids and possible ancestors in amphibians and
reptiles, only Cnemidophorus tigris seems to have discernable sex
chromosomes (133). Chromosomal evidence for female heterogamety
in Xenopus laevis was presented by Weiler and Ohno (134) but
these results were discredited by a more comprehensive chromosome
study of normal and sex-reversed individuals of Xenopus laevis by
Mikamo and Witschi (135). In Hyla arborea, Iriki (136) indicated
that the male was chromosomally heterogametic, while Yosida (137)
and Matsuda (138) claimed the female was heterogametic. Seto
(139) did not find any difference in the male and female H.
arborea karyotypes. Sex reversal experiments suggested that
female toads (Bufo) and Ambystomatid salamanders are heterogametic
(WZ) (140-l42):--1n Rana, temperature shock treatments on eggs
have produced all males (143) or all females (144) and the temperature during development may transform females into males
(144). In some populations of Rana temporaria, females may change
to males after having reached sexual maturity (146). Sex-reversal
experiments indicate that the females of many species of Rana are
homogametic (147). It is conceivable that selection can alter
the frequencies of males and females in amphibians and reptiles
in natural populations. Males are occasionally encountered in
all-female populations but they may be selected against in the
embryo, or they may be sterile (88). Females which produce males
in all-female population would be selected against. Triploid~.
«esculenta» may be male or female. Males contribute to the
formation of ~. «esculenta» in some diploid populations (with
R. ridibunda) while females are more important for the continual
production of ~. «esculenta» in other populations (with~.
lessonae). Tetraploids, hexaploids, and octoploids are bisexual
and the mechanisms for maintaining sexual balance must have
evolved independently several times. Perhaps genetic sexual
balance is influenced by synaptic events in meiosis (98). Apparently, polyploids may be bisexual or all-female and this does not
depend on the supposed heterogamety of either sex.
Evolutionary Considerations
Available information from presently known polyploids would
suggest that most amphibian and reptilian polyploids arose through
hybridization involving genetically divergent species or populations. The original hybrid produced would be genetically intermediate, probably diploid, and could survive in the same ecological
situations as either parent (though not as successfully) but
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could also survive in marginal or "average" habitats (more successfully). Selection would eliminate hybrids which engaged in large
amounts of genetic recombination with the parental species as
this would have the effect of strengthening isolating mechanisms
between the original parental populations. Those hybrids which
could maintain a hybrid advantage would survive over time and
this appears to have been accomplished by a meiotic mechanism in
which synapses between the original parental genomes is restricted.
Mancino et a1. 's (119) discovery of intra-genome synapses in
hybrids is very significant and could provide a mechanism by
which original parental genomes could be segregated. Hybridogenesis could evolve under such a system and the particular
parental genome which would be maintained might be determined by
selection. Genomes are selected differentially in populations of
Rana «escu1enta» such that the R. 1essonae chromosomes end up
in the majority of sperm cells if-the female is ~. ridibunda and
the~. ridibunda chromosomes usually are in the egg if the male
is R. 1essonae. A pre-meiotic endomitosis could also circumvent
intergenoma1 synapses as sister homologous pair and any synapses
would be between these sister homogenetic chromosomes. Meiosis
would then procede fairly normally, and the eggs would be genetically and chromosomally identical to the female which produced
them. This mechanism has been proposed for parthenogenetic and
gynogenetic diploid and triploid species or populations. Most of
the information for amphibian and reptilian meiotic processes has
been obtained as inferrence from the analysis of the offspring
but it is assumed that the hybridogenetic mechanism in R.
«escu1enta» is similar to that in poeci1iid fish (68)~ A11female diploid species may also have a premeiotic endomitosis as
suggested by Uzzell and Darevsky (112) for the Lacerta saxico1a
comp1es, even though Darevsky (80) did not find the expected
altered number of chromosomes. Selection might operate to cull
out rapidly those individuals which were not capable of viable
solutions to reproduction, but there is some indication that
hybrids may, perhaps through the imbalance of chromosomes, be
able to achieve an endomitotic condition rapidly through the
process of hybridization. Hybrid Xenopus were produced by crossing
~. 1aevis and ~. gi11i (148, Kobel cited in 59) and females from
this cross produced two types of eggs (haploid and diploid). The
diploid eggs were the product of an endomitosis and bivalents
were formed between identical chromosomes. The diploid eggs were
fertilized using sperm of a third species (!. muelleri) and
produced trihybrid triploids. The triploid hybrids were viable
and the females produced triploid eggs by means of a premeiotic
endoduplication.
Meiosis in triploid male R. «esculenta» appears to be
abherrant and there are various univalents, bivalents, multivalents, and bridges but there are also some normal-appearing
figures which, according to GUnther (73) produce two size classes
of sperm. This can be referred to a haploid and a diploid
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genetic constitution. The large (diploid) sperm cells are less
common but may be involved in fertilization.
Objections which have been raised concerning parthenogenetic
reproduction involving the reduction of genetic recombination and
the subsequent accumulation of deleterious mutations (1,3-5) may
not apply. It has been demonstrated that parthenogenetic species
or populations are genetically variable (76,90) and do demonstrate
enough recombination to counter the previous objections (33,121,
122). The parthenogenetic triploids or diploids have a greater
reproductive potential than the bisexuals and it would seem that
they would be able to disperse freely, colonize easily, and
displace the original parental populations. Some parthenogenetic
lizards which have not yet demonstrated a hybrid origin perhaps
have displaced and eliminated one or both of their bisexual
ancestors. In lizards, the mating behaviour may have some bearing
on this problem. In many species (such as Cnemidophorus), males
select females and may mate with anything that slightly resembles
a conspecific female. This mating behaviour is important in the
formation of hybrids and may also be important to confine the
parthenogenetic females. Parthenogenetic females dispersing into
the territories of a bisexual male would be inseminated. Experimental matings (76), planting females in natural populations
containing bisexual males (87), and the sometimes finding of
males in all-female populations, all demonstrate that this union
produces triploids from diploid parthenogenetic females and
tetraploids from triploid parthenogenetic females. Since there
are no documented tetraploid parthenogenetic populations, it
would seem that the tetraploid, having a balanced genetic system,
may revert to random recombination. A tetraploid female may
produce diploid eggs and a tetraploid male may produce diploid
sperm. Assuming that the diploid gametes from the resulting
tetraploids are viable, matings between the few rare tetraploids
would be less common than backcrosses involving diploid bisexuals
which would again produce triploids. So, the same rape-strategy
in lizards which produces hybrid populations might also save
parental populations.
Apparently, the gynogenetic triploid salamanders must depend
on a bisexual male to initiate cleavage. If a parental bisexual
male is not present in a population the triploids cannot survive,
so the triploid females exist in a balance with the diploids.
This situation if very difficult to comprehend for a number of
reasons. It would appear that a diploid male who chose to mate
with a triploid female could not contribute anything to future
generations, and selection, operating at any level, would rapidly
eliminate males which were not able to discriminate between
members of their own species and the triploid parasites. Premating isolating mechanisms, which are well developed in other
salamander species, would be expected to evolve rapidly and this
would eliminate the triploids. Also, in many populations, the
triploids are much more successful than the diploids and ratios
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of females to males may be as high as 50:1. One male would not
be able to provide enough spermatophores for 50 females and it
may be assumed that the ratio would be much higher if the males
were not a limiting factor in the production of triploid females
(Fig. 9). If, as has been suggested by several investigators

Fig. 9.

Male salamanders in demand!

(20,53-55), some populations contain all female parthenogenetic
triploids or diploids, it would be expected that these clones
could easily eliminate the diploid bisexuals. The meiotic
mechanisms would be similar in the parthenogenetic and gynogenetic
females and the only difference would appear to be the mechanism
by which cleavage is initiated. The destiny of the sperm which
stimulates gynogenetic development in triploid Ambystoma has not
been investigated. In hybridization experiments, the sperm
nucleus unites with the egg nucleus unless the parents are
extremely genetically divergent such as in crosses between
families (34). Sperm has the capability of developing androgenetically even in cytoplasm of related species. Radiation is
usually employed to inactivate sperm nuclei for initiating
gynogenetic development. Most Ambystomatid hybridizations result
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in normal zygote formation and not gynogenesis (47-49, 53,140).
Parthenogenetic lizards may be inseminated and the sperm nucleus
is incorporated. Occasional fusions would be expected to produce
tetraploid offspring in the Ambystoma jeffersonianum complex but
such individuals have not yet been encountered in this complex
nor have mosaics, which might also be expected if the sperm may
sometimes develop as a clone of haploid cells. A more reasonable
hypothesis for the triploid Ambystoma would be the formation of
diploid eggs so the sperm would be utilized to produce the triploids. This type of reproduction would satisfy most of the
observations and provide a hybridogenetic mechanism similar to
that believed to be operating in the Rana «esculenta» complex
and poeciliid fish (68). Hybridization-among!. jeffersonianum
and!. laterale or !. laterale and!. texanum could produce a
hybrid which, through a pre-meiotic endomitosis would produce
diploid eggs. The egg could be fertilized by any available male
of the complex producing triploids which would carry a full
complement of genes from the sympatric diploid species, as well
as a haploid set of chromosomes from one of the other species.
The morphology of the triploid would be most similar to the
sympatric species and this could explain the diploid bisexual triploid unisexual pair associations. Triploid females could
reject the male's haploid chromosomes by hybridogenesis and if an
!. platineum dispersed into an!. laterale population, her fertilized eggs would result in the formation of !. tremblayi and
account for the observed association in natural populations.
Perhaps some percentage of the eggs or individuals are capable of
parthenogenetic development either as diploid or, perhaps, as
triploids. Parthenogenetic individuals could colonize easily and
if diploid, could re-establish triploidy with other males. If
the parthenogenetic female were triploid, the tadpoles would be
expected to be tetraploid.
Unlike polyploid lizards and Ambystomatid salamanders in
which the female cannot select an individual male, discrimination
in anuran amphibians is a function of the female. Discrimination
experiments amply demonstrate that females respond to conspecific
vocalizations and may be essentially deaf to heterospecific
males. Vocalization is considered to be the major isolating
mechanism used by tetraploid Hyla versicolor and diploid ~.
chrysoscelis (103,104,106). In sympatry, females apparently
discriminate very successfully. Perhaps this is the major reason
that anurans demonstrate even-ploid polyploid bisexual populations,
for even though tetraploid lizards of both sexes may be formed,
there is no adequate mechanism to ensure that a tetraploid female
will mate with a tetraploid male. The mechanisms for sound
production and reception in anurans involve both the muscular
system and the nervous system (149) and there is a possibility
that increased cell size would alter male vocalization as well as
the female's reception. The possibility also exists, however,
that the demonstrated differences in vocalizations which have
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been found in Hy1a versicolor and ~. chrysosce1is or in diploid
and tetraploid Odontophrynus americanus (98) were evolved subsequentia11y after po1yp1oidization as a pre-mating isolating
mechanism (Fig . 10).
Hany anuran tetrap10ids have closely related diploid cryptic
species or populations (13,14,16,96-98), and i t may be assumed
that the tetraploid arose from the similar diploid species . It

Fig. 10 .

Discriminating female frogs!

is possible that a hybridization may have taken place which
involved similar species or even genetically dissimilar populations
of the same species. To be maintained, the hybrid would be
expected to have a genotype which would be in some way advantageous. Present examination of tetrap10ids may not adequately
provide the necessary information to outline their past history.
Random recombination coupled with a larger possible number of
alleles would, in a few generations, considerably alter the
original ancestral genotype. Assuming a hybrid origin, successful
tetrap1oids cou1d eliminate one or both of the supposed parental
populations. There is also the possibility that, if the tetraploid is an autopolyploid, it may eliminate diploids in certain
parts of the former range resulting in partitioning of the
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ancestral population into isolated groups. These isolates could
diverge genetically and speciate. Diploid eggs from a tetraploid
female may develop gynogenetically and produce diploid populations
derived from the tetraploid. I have tried various techniques
such as irradiated sperm, foreign sperm, and needle pricking to
induce gynogenetic development with Hyla versicolor eggs. The
very few diploids that do develop are never very viable and have
all died as tadpoles. I suspect that the large level of heterozygosity and possible mutant alleles in the tetraploid essentially
prohibits gynogenetic development. Also, if the tetraploid's
major advantage lies in its ability to carry a large variety of
alleles, the reduction in genetic variability which would be
necessary for the viability of a diploid gynogen would lead to
rare individuals which would be selected against.
In Kobel's (cited by Dubois (69)) experiments with Xenopus,
hybridization produced diploids which produced unreduced diploid
eggs. An additional hybridization involving the diploid eggs
produced triploids which also produced unreduced triploid eggs.
An additional hybridization or a backcross may produce a tetraploid. Triploid Rana «esculenta» apparently produce diploid
and haploid eggs or sperm (72,73). The possibility exists that
diploid eggs and sperm could unite and form a tetraploid although
this has yet to be demonstrated. I believe that if diploid and
haploid sperm are produced and are equally viable, the haploid
sperm would be more successful when competing for the same eggs.
I performed a simple experiment to justify my contention. Testes
were removed from diploid~. chrysoscelis and tetraploid ~.
versicolor and minced together to form a sperm suspension which
consisted of haploid and diploid sperm. This suspension was used
to fertilize eggs of both~. versicolor and ~. chyrsoscelis.
Sixty tadpoles were chromosomally sampled in each cross. All the
tadpoles from the ~. versicolor eggs were triploid and all the
tadpoles from the~. chrysoscelis eggs were diploid. Obviously,
the haploid sperm were more successful. A small piece of testis
from each male was used for control crosses to ensure that each
male had viable sperm. Twenty control tadpoles from each female
were chromosomally examined and confirmed sperm viability. It
should be a simple matter to examine, chromosomally, the offspring
of triploid male and female~. «esculenta» to determine whether
the diploid sperm are capable of fertilizing diploid eggs.
The existing evidence for triploid lizards, salamanders, and
members of the Rana «esculenta» complex provides documentation
that triploids can arise by hybridization in natural populations
and that triploids are capable of producing triploid eggs.
Fertilization of the triploid eggs does produce tetraploids.
Because anuran tetraploid females are able to discriminate between
tetraploid and diploid males, tetraploid species are possible.
Higher levels of ploidy exist and may evolve from tetraploids.
Unreduced tetraploid eggs would be tetraploid and fertilization
by a diploid sperm would result in a hexaploid. Viable hexaploid
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Hy1a versicolor tadpoles are produced from time to time in control
crosses (98). Even though this type of po1yp1oidization could be
termed autopolyploid, it would originate from a tetraploid which
may be an a11opo1yp1oid and, thus, the hexaploid could be considered an autoa11opo1yp1oid. The octop1oid species may have
evolved from a tetraploid which produced completely unreduced
eggs involving a tetention of the first polar body. These eggs
would be octop1oid and would have to develop gynogenetica11y.
Octop1oids could evolve from hexaploid unreduced eggs involving
only the second polar body combined with diploid sperm from a
tetraploid population. This mechanism would appear to be unlikely
for it would involve tetraploid and hexaploid sympatric populations, although a situation such as this might be found when the
hexaploid species is recently evolved. Retarded cleavage involving
chromosomal division without cytokinesis in a tetraploid could
also produce an octop1oid, but this mechanism appears to be very
rare even in experimental manipulations and would probably not
initiate an interbreeding population of octop1oids.
The evolutionary advantage of polyploidy in amphibians and
reptiles would seem to rest in the ability to provide individuals
with unique gene combinations. If selection can operate at the
gene or chromosomal level, the gametes which are incorporated
into the genome of a parthenogenetic diploid or triploid hybrid
cannot be considered wasted. Rather, these genes can be c1ona11y
duplicated and, through genetic recombination, may eventually
pass from one species into another such as has been evidence in
the Rana «escu1enta» complex (70,125). Similar introgression
might be possible in the triploid lizards if males are produced
which have viable sperm. Introgression might also be possible in
the Ambystoma jeffersonianum complex. The genes which are passed
would be expected to have been carefully screened by clonal
selection and probably ideally suited to the existing environment.
The polyploid triploid population may be likened to a gene bank
account in which genes are deposited, accumulate rapidly in a new
environment and, if they are withdrawn, can provide a distinct
advantage to the individual receiving the new gene combination.
Polyploid trip10ids may survive only under situations in which
they maintain an advantage but then be displaced once the parental
species have the genetic ability to live in the "hybrid" environment. Introgression might also be possible between diploid and
tetraploid species through mismating, which produces, or recreates, trip10ids (14). Most tetrap1oids, however, and especially
the higher even-p1oid bisexual po1yp1oids, have perhaps succeeded
in escaping a situation which could lead to their demise.
Genetic recombination and selection may enable the tetrap1oids,
hexap1oids, or octop1oids to displace the diploid ancestors and
even to speciate as po1yp1oids in a normal fashion. P1eurodema
bibroni and/or ~. kriegi may have arisen from a tetraploid ancestor
and Ceratophrys dorsata may have arisen from an octop1oid ancestor
(98). Over many generations, the polyploid nature of the genome
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duplications could be substantially altered as the species engage
in dip10idization. The fate of the tetraploid would be to become
a diploid initially having an elevated number of chromosomes,
additional loci, and a greater quantity of DNA. This process is
assumed to have happened many times in vertebrate evolution
(132,150), and contrary to previous speculations (151), may prove
to be a significant aspect of speciation.
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