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At least five, morphologically distinct,
all-female forms occur in the viviparous fish
genus Poeciliopsis (Schultz, 1966; Schultz,
1969). These appear to have had a similar
origin, even though in different parts of
their range they are not associated with the
same gonochoristic (bisexual) species of
Poeciliopsis. Morphological and experimen-
tal evidence indicate that the common an-
cestor to all of the unisexual forms was a
diploid unisexual that originated through
hybridization, at which time it was en-
dowed with its obligatory unisexuality and
a disruptive meiotic mechanism. This form,
termed P. monacha-lucida (Schultz, 1969)
has given rise to two gynogenetic triploid
populations by incorporating an additional
genome from one or the other of the ances-
tral bisexual species involved in its origin.
Two other derived forms are diploid and like
P. monacha-lucida sustain themselves by a
unique reproductive mechanism termed hy-
bridogenesis (Schultz, 1969).

In gynogenesis, spermatozoa are required
to initiate cleavage, but paternal chroma-
tin is not incorporated into the zygotic
nucleus. Offspring of hybridogenetic orga-
nisms, on the other hand, exhibit character-
istics of both parents but unisexuality is
retained by excluding the entire paternal
genome from functional ova in the process
of oogenesis. The latter mode of reproduc-
tion, theoretically, has high adaptive value.
Females that reproduce by such a mech-
anism have a genome which is isolated
from the gene pool of the bisexual species
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that serves as its sexual host. However,
since progeny carry the paternal genome,
one would expect them to be at least parti-
ally adapted to the specific habitat of the
host species and at the same time have a
higher reproductive potential because of
their obligatory all-femaleness. In addition,
such organisms are in essence always Fi
hybrids and display, at least in the labora-
tory, a certain amount of “hybrid vigor.”
The northernmost species of the genus is
Poeciliopsis occidentalis (Baird and Gir-
ard) which ranges from southern Arizona
along the Pacific coastal drainages of So-
nora, Mexico, to the Rio Mayo. P. lucida
Miller, a closely related species, occupies
the next three river systems to the south:
the Rios Fuerte, Sinaloa and Mocorito
(Miller, 1960). Both species are associated
with a hybridogenetic all-female form.
The unusual biology of these animals
presents certain taxonomic problems. The
hybridogenetic female associated with P.
lucida was originally designated Cx (Schultz,
1961). Since it now appears that Cx arose
through hybridization of P. lucida and a
distantly related species, P. monacha Mil-
ler, emphasis on the origin should be main-
tained and the name P. monacha-lucida re-
cently has been adopted (Schultz, 1969).
Morphological data indicate that the “iso-
lated” hybridogenetic genome is primarily
a P. monacha genome and by virtue of this
reproductive mechanism its inheritance is
clonal. Since these females normally mate
with P. lucida males the “excluded” genome
is entirely a P. lucida derivative. The first
all-female form discovered in the genus was
designated Fx and its bisexual “host” spe-
cies F (Miller and Schultz, 1959; Schultz,
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1961). F is similar to P. occidentalis and
if the two differ at all it would be conserva-
tive to say they have diverged no further
than the subspecies level: we adopt the
usage of P. occidentalis in preference to F.

Schultz (1969) believed that the hybrid-
ogenetic Fx arose from P. monacha-lucida
which migrated into the range of P. occi-
dentalis where the role of P. lucida males
was adopted by the closely related P. occi-
dentalis. It is also possible that Fx was
derived from hybridization between occi-
dentalis and monache assuming that mo-
nache once lived or still lives north of its
present known range. In either case, the
result would be retention of the primarily
monacha “isolated” genome with inclusion
and exclusion of a paternally derived P.
occidentalis genome in each generation. To
be consistent with the P. monacha-lucida
designation this form should be called P.
monacha-occidentalis.

Evidence documented by Ohno et al.
(1968) indicates that mechanisms leading
to gene duplication have been significant
in vertebrate evolution. Polyploidizations
appear to have occurred at the base of the
incipient vertebrate phylogeny and subse-
quently at several critical points in the evo-
lution of aquatic vertebrates up to the
emergence of terrestrial forms. An exami-
nation of living unisexual vertebrate “spe-
cies” reveals a pattern of hybridization
leading to unisexuality and triploidy. This
prompted Schultz (1969) to postulate that
a tetraploid species could be formed
through populations similar to Poeciliopsis.
The series of events leading to the existing
triploid forms is thought to have involved
the formation of a hybridogenetic diploid
ovum which was fertilized; the resulting
triploid offspring then achieved fixation in
the population. The hypothesized route to
the formation of a tetraploid would require
incorporation of a paternally derived ge-
nome into a triploid ovum resulting in a tet-
raploid zygote which subsequently achieved
fixation. Implicit is the assumption that
both the unisexual diploid and triploid
forms are capable of sustaining themselves

W. S. MOORE, R. R. MILLER, AND R. J. SCHULTZ

in sufficient numbers and for a long enough
period of time to allow for the occurrence
of a series of rare events.

The purposes of this paper are: (1) To
report the geographical distribution of the
hybridogenetic diploid unisexual, P. mo-
nacha-occidentalis, in relation to its “host”
species; (2) to use these data to gain a
better understanding of the origin of this
form and factors important to its distribu-
tion; (3) to determine the “fitness” of the
unisexual form relative to P. occidentalis
and to postulate the existence of stability
in this complex over a considerable length
of time.

MATERIALS AND METHODS

Forty-seven collections preserved at the
University of Michigan Museum of Zool-
ogy (UMMZ) were examined, representing
material collected over the range of P. oc-
cidentalis (sensu lato) from 1936 to 1969,
On close examination, the females of P.
monacha-occidentalis and P. occidentalis
can be distinguished on morphological
bases (Miller and Schultz, 1959, and
Schultz, 1961). All collections containing
ten or more specimens were sorted and ma-
ture females of each type were counted.
Males and fish less than 20 mm in total
length were not included in calculating
population composition.

REesuLrts

The greatest concentration of P. mona-
cha-occidentalis was found in the southern-
most drainage, the Rio Mayo (Fig. 1),
where in one collection the female popula-
tion consisted of 97% unisexuals. North of
the Rio Mayo, the next three river systems
had a lower percentage of P. monacha-occi-
dentalis. A maximum P. monacka-occiden-
talis level of 38% was found in the Rio
Yaqui, 11% in the Rio Matape and 30% in
the Rio Sonora. Each drainage has an area
of maximum P. monacha-occidentalis con-
centration which declines both up- and
downstream. The known northern limit of
P. monacha-occidentalis is in the Rio de la
Concepcion drainage where a peak P. mo-
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F1c. 1. Distribution of the all-female form P. monacha-occidentalis over the range of its host
species P. occidentalis in Sonora, Mexico. The number of the collection site is given along with the
percentage of females in the population that consist of P. monacha-occidentalis. The dashed lin¢ indi-
cates the trend in maximum P. monacha-occidentalis concentration in each drainage.
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TaBLE 1. Proportion of mature females of the bisexual species Poeciliopsis occidentalis to females of
the unisexual form P. monacha-occidentalis.
Location Number of females
- - —_— Percent
Drainage Site N w Date Bisexual Unisexual Unisexual

1 31°15 111°15 6/16/55 83 o] 0%

Rio de la 2 30°45 111°45 4/9/41 1838 63 3%

Concepcion 3 30°42 112°08 2/9/50 184 3 2%

4 30°41 112°05 3/9/41 165 2 1%

S 30°58 110°05 4/6/55 83 0 0%

6 30°38 109°57 3/10/41 136 11 8%

7 30°15 110°13 3/11/41 322 0 0%

8 29°43 110°12 3/11/41 86 20 19%

Rio Sonora 9 29°25 110°25 1/26/51 76 32 30%

10 29°20 110°31 1/26/51 45 5 10%

11 29°20 110°31 1/30/55 167 43 21%

12 29°20  110°50 3/12/40 17 0 0%

13 29°10 110°55 1/27/51 31 1 3%

14 29°04  110°54 3/11/40 38 2 5%

15 29°09 109°15 3/17/41 55 0 0%

Rio Matape 16 29°00 110°07 3/18/41 954 122 11%

17 28°44 110°20 3/28/59 302 22 7%

18 31°10 109°15 4/8/44 34 0 0%

19 31°07 109°34 1/22/51 41 0 0%

20 30°03 109°48 6/1/36 130 20 13%

21 29°59 109°48 1/25/51 161 3 2%

22 29°49 109°44 3/15/41 74 17 19%

23 20°47 109°18 3/14/41 97 60 38%

24 29°46 109°18 3/13/41 22 0 0%

Rio Yaqui 25 29°16 109°44 3/16/41 179 8 4%

26 28°47 109°31 3/19/41 17 2 11%

27 28°37 109°57 3/28/59 286 25 8%

28 28°35 109°30 5/5/45 81 17 17%

29 27°45 109°50 1/25/50 100 6 6%

30 27°40 110°25 2/1/55 24 0 0%

31 27°35 110°00 1/28/51 86 2 2%

32 31°20 109°20 1/27/50 535 0 0%

33 31°13 109°10 7/15/55 96 o] 0%

34 27°28 109°10 2/16/57 158 665 80%

35 27°10 108°50 3/21/41 3 33 92%

36 27°05 109°30 3/14/40 3 8 73%

Rio Mayo 37 27°05 109°30 2/25/55 9 321 97%

38 27°05 109°30 3/27/59 10 94 90%

39 27°05 109°30 4/16/68 49 92 65%

40 27°05 109°30 11/4/69 17 59 8%

nacka-occidentalis concentration of only female forms. It appears that P. monacka-

3% was observed. This value is consider-
ably lower than the maximum values found
in the four more southerly drainages. Over
1000 specimens of P. occidentalis from scat-
tered locations in the Gila River system
have been examined with no evidence of
the aberrant dentition characteristic of all-

occidentalis has never successfully colonized
this system, although P. occidentalis has oc-
curred there in great abundance until re-
cently (Hubbs and Miller, 1941; Minckley
and Deacon, 1968).

The collections examined were made over
a period of 33 years. Two locations are
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represented by repeat collections made in
different years. In the Rio Sonora two
collections (10 and 11) were made at the
same location in 1951 and 1955 respec-
tively. In 1951, the female population con-
tained 10% P. monacha-occidentalis and in
1955, 21%. In the Rio Mayo five collec-
tions were taken near Navojoa. Four of
these (37, 38, 39 and 40) were from
precisely the same location while the fifth
(36) was taken slightly to the east. The
P. monacha-occidentalis composition of
these collections was 97%, 90%, 65%, 78%
and 73% respectively. The mean composi-
tion was 80.6%.

DiscussioN

Hoy (1943) described two distinct phys-
iographic regions in Sonora, Mexico. The
Sonoran Desert forms a narrow band along
the Gulf of California from 50-100 miles
wide. To the east this gives way abruptly
to the Sierra Madre Occidental, the highest
mountain range in the country.

The unisexual form, P. monacha-occi-
dentalis, is restricted to a narrow coastal
piedmont between the two regions. To the
west the ranges of both P. occidentalis and
P. monacha-occidentalis are limited by the
Sonoran Desert. However, this region ap-
pears to be less hospitable to P. monacha-
occidentalis than to P. occidentalis since
the proportion of the unisexual form dimin-
ishes in the desert. A collection (30) taken
within 15 miles of the coast contained P.
occidentalis but no unisexuals.

To the east of the Sonoran Desert a dis-
cernible gradient occurs in the populations
with the proportion of P. monacha-occiden-
talis increasing on the coastal piedmont to a
region of maximum unisexual composition
indicated by the dashed line in Figure 1.
The eastward extension of both forms is
cut off by the rising Sierra Madre Occiden-
tal. Between the regions of maximum uni-
sexual composition and the eastern extent
of the range the variations in composition
appear to be related more to local habitat
differences than to physiography.

To the north P. occidentalis extends to
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the United States border in the headwaters
of the Rios Yaqui, Sonora and Concepcion.
It also occurs in the Gila River basin of
southern Arizona. The most northern col-
lections of P. monacha-occidentalis are in
the Rio Concepcion (2) and the Rio Sonora
(6) south of 30°45” N. The percentage of
P. monacha-occidentalis in these collections
was small.

The southern limit of both forms is the
Rio Mayo which is delimited from the
northern range of P. lucida in the Rio
Fuerte by a distance of over 80 miles in the
lowlands and a high mountain ridge in the
headwaters.

The distribution of P. monacha-occiden-
talis cannot be explained on the basis of
physiography alone. In addition to the gen-
eral trends outlined above, considerable
local variation occurs, particularly in the
upper reaches of the Rios Sonora and
Yaqui. Three collections in the Rio Sonora
were taken within a period of 2 days; yet
the most southern collection (8) contained
19% P. monacha-occidentalis females, the
middle collection (7) 0%, and the more
northern collection (6), 8%. An even
sharper contrast in the proportion of P.
monacha-occidentalis occurred in the Rio
Bavispe, a northern tributary of the Yaqui,
where two collections (23 and 24) taken on
successive days only 3 miles apart con-
tained 38% and 0% unisexuals.

The argument that P. monacha-occiden-
talis arose through displacement of the P.
lucida genome from the hybridogenetic P.
monacha-lucida by a P. occidentalis genome
is based on three facts: (1) Experimental
evidence that the hybridogenetic females
are capable of this transition (Schultz,
1961, 1966). (2) No other species has been
found in the range of P. occidentalis that
has the potential to form an indigenous
hybridogenetic female (Schultz, 1969). (3)
Direct hybridization of P. occidentalis with
P. monacha imposes too many difficulties.
Among these difficulties is the problem that
the closest known locality of P. monacha is
the headwaters of the Rio Fuerte. In order
for an individual to reach P. occidentalis
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territory it would have to travel about 200
miles of inhospitable waters; P. monacha-
lucida, on the other hand, is abundant
throughout most of the Fuerte, including
the lower reaches. Although it is possible
that an undiscovered pocket of P. monacha
exists in an uncollected headwater of one of
the P. occidentalis rivers, one would expect
that the extensive collections from this re-
gion would include a few strays; but they
have not.

It is evident that P. monacha-occidentalis
is neither ubiquitous nor homogenous in its
distribution over the range of P. occiden-
talis and furthermore, it seems likely that
although P. monacha-occidentalis has eco-
logical requirements similar to P. occiden-
talis, they are not identical. If P. monacha-
occidentalis has arisen as suggested, one
would expect it to be most successful in an
environment intermediate between that of
the parental species involved in the hybrido-
genetic origin (i.e. P. lucide and P. mo-
nacha) and P. occidentalis. This appears
to be true since at Navojoa, which is only
80 miles from the northern extent of P.
monacha-lucida and the limited range of P.
monacha, the proportion of P. monacke-oc-
cidentalis ran as high as 97%, whereas at
its northern limit it constituted only 1-8%
of the female population. With the addi-
tion of the fact that collections taken in the
lower regions of the Rio Yaqui in the So-
noran Desert, a short distance from Navo-
joa, contain 0~-6% P. monacha-occidentalis,
it follows that the overall distribution can
best be explained by differences in ecologi-
cal requirements of P. monacha-occidentalis
and P. occidentalis.

Substantial fluctuation in year-to-year
composition of female populations is also
evident. Nonetheless, the physiography of
the area and distribution of P. monacha-
occidentalis again imply that proportional
regulation occurs within a river drainage.
The five river systems that support these
populations are separated not only by con-
siderable distance but by mountain ridges
which preclude migration via flooding in
the headwaters or stream capture. Although
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Poeciliopsis exhibits high salinity toler-
ances, inter-drainage migration is probably
limited. Leaving the preferred habitat of
the piedmont, crossing the Sonoran Desert,
moving up the coast, crossing the desert
again and going onto the piedmont in an-
other drainage is probably an infrequent
occurrence. It appears that P. monacha-
occidentalis populations are sustained with-
out extensive recruitment via migration.

The nature of local population regula-
tion in this “sexual-parasite-host” interac-
tion is not clear. Since the all-female form
relies on P. occidentalis for sperm, competi-
tive exclusion of the latter would bring
about the demise of the former. Why this
has not occurred, particularly in the Rio
Mayo where the all-female P. monacha-oc-
cidentalis is so abundant, is not evident
from these data. However, the sequence of
collections taken at Navojoa, spanning over
29 years (approximately 80-135 genera-
tions) suggests localized proportional regu-
lation does occur within rather broad lim-
its. For the time being the nature of this
regulation must remain an enigma. Al-
though extensive field and experimental
studies are needed to understand the popu-
lation ecology of this complex, the occur-
rence of P. monacha-occidentalis in high
proportions and the fact that the complex
has existed at least since 1936 attest to
the high adaptive value of the hybridoge-
netic mechanism.

SUMMARY

The distribution of the all-female “spe-
cies” P. monacha-occidentalis over the
range of its “host species” P. occidentalis is
presented. The all-female form achieves
greatest concentration at the southern limit
of its range in the Rio Mayo and is succes-
sively diminished in the four northerly
drainages. Within a given drainage the
proportion of P. monacha-occidentalis in-
creases from very low levels at its western
extent, along the eastern edge of the So-
noran Desert, to maximum levels midway
between the eastern and western boundaries
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of its range. To the east of this maximum,
considerable localized fluctuation in pro-
portional levels of P. monacha-occidentalis
occurs.

The hypothesis which most parsimo-
niously explains the origin and distribution
of the unisexual form, P. monacha-occiden-
talis, is:

1) P. monacha-occidentalis arose from P.
monacha-lucida, a unisexual form of a more
southern origin which has migrated north
into the range of P. occidentalis.

2) It sustains itself by mating with males
of the indigenous P. occidentalis. In so
doing, it inherits not only some of its mor-
phological characters but also some of its
ecological requirements. All-femaleness and
the maternal genome are retained, however,
via hybridogenesis.

3) The level at which P. monacha-occi-
dentalis females are found in a population
is probably determined by the slight differ-
ences in niche requirements of P. monacha-
occidentalis and the host species P. occi-
dentalis.

A stable equilibrium between the two
forms appears to exist within a given drain-
age and possibly within local populations.
However, the causative factors in this equi-
librium cannot be resolved from these data.
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