
have not made haustorial connections 
with the host roots. The slowly develop- 
ing seedlings remained alive for several 
weeks in the initial purine solutions. 
Seedlings stimulated by, and left in con- 
tact with, the natural stimulant solution 
did not develop enlarged cotyledons or 
undergo elongation of the shoot apex 
(8). 
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In 1939 the famous Midco insect bed 
(Permian, Leonardian, Wellington for- 
mation) of Noble County, Okla., was 
discovered by G. 0. Raasch (1) and 
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F. M. Carpenter (2).' Slightly north- 
west of a locality in southern Kay 
County where Raasch had previously 
reported no insects, Tasch, aided by his 
assistant, Bernard Shaffer, found insects 
in the Midco bed. In addition, some 8 
ft above the Midco, a new insect bed 
was discovered (NW-SW, sec. 31, T 25 
N,R 1 W). 

The Midco insect bed and the new 
insect occurrence above it were both 
traced to northern Kay County (NE- 
NW and also SE-NE, sec. 23, T 28 N, 
R 28 W), where an excellently preserved 
insect fauna was found. At this locality 
algal beds occur respectively below and 
above the two insect beds. Equivalent 
algal beds were traced to Sumner 
County, Kan. (SE-SW, sec. 11, T 35 S, 
R 1 W). Insects were found associated 
with the upper algal bed. 

This is the first stratigraphically re- 
lated correlation of the Oklahoma and 
Kansas Wellington formation. As a 
result, dozens of fossil conchostracan 
beds that Tasch found in the Oklahoma 
Wellington can be related to those dis- 
covered in Kansas. This, in turn, pro- 
vides the necessary stratigraphic basis 
for study of evolutionary changes in 
Permian conchostracans. 

Previous work by Tasch in Kansas 
(3) established that there were two 
distinct insect beds: the well-known 
Carlton insect bed of Dunbar in Dick- 
inson County and one below it in 
Marion, Harvey, and Sedgwick counties. 
The Midco insect bed and the newly 
discovered insect bed above it are strati- 
graphically above (that is, geologically 
younger than) the two insect beds of 
Kansas. Thus, four distinct insect beds 
are now known for the mid-continent 
Wellington formation. 

Fossil Permian insects belonging to 
the following orders and families have 
been identified by Zimmerman, who is 
doing the insect systematics for this 
project. 

Southern Kay County, Okla. Upper 
insect bed, 8 ft above the Midco: 
Protodonata; Odonata, Protozygoptera, 
Kennedyidae, Kennedya sp.; Protoper- 
laria, Lemmatophoridae. 

Northern Kay County, Okla. Upper 
insect bed, 9.9 ft above the Midco: 
Ephemeroptera. Mideo: (extinct or- 
ders) Protodonata, Megasecoptera, 
Protelytroptera, Protoperlaria, Protor- 
thoptera; (living orders) Ephemeroptera, 
Odonata, Blattaria, Corrodentia, Ho- 
moptera, Neuroptera, Mecoptera. 

South Haven, Sumner County, Kan. 
Upper algal-insect bed, 9.3 ft above the 
Midco equivalent: Megasecoptera. 

These findings are of unusual inter- 
est. Our knowledge of insect specia- 
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and Carlton. Extension of the vertical 
range of Leonardian insects-above the 
Midco and below the Carlton-enlarges 
the geologic time span through which 
they may now be studied (4). 
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All-Female Strains of the Teleost 
Fishes of the Genus Poeciliopsis 

Abstract. In addition to the viviparous 
fish. Mollienesia formosa, two other species 
of poeciliids have recently been found to 
produce only female offspring. The young 
of these females, however, unlike those of 
M. formosa, inherit characteristics from 
any one of the several species of males 
used in experimental matings. 

Self-perpetuating populations of uni- 
sexual vertebrates have been experi- 
mentally demonstrated only among the 
viviparous fishes of the New World 
family Poeciliidae-of which the guppy 
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Fig. 1. Mating a clear-fin, all-female strain 
of species C (top) to a spot-fin male of 
species F (middle) results in spot-fin, all- 
female offspring (bottom); this demon- 
strates that, unlike the finding for Mollie- 
nesia formosa, characters of the male are 
transmitted to the all-female hybrids. 
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(Lebistes reticulatus) is perhaps the 
most widely known representative. 
Nearly 30 years ago Hubbs and Hubbs 
(1) announced the discovery of a re- 
markable fish which has only one sex. 
This is the so-called Amazon molly 
(Mollienesia formosa), which inhabits 
coastal and inland waters of northeast- 
ern Mexico and adjacent Texas. These 
females are able to maintain themselves 
as natural populations by utilizing the 
males of M. sphenops in certain parts of 
their range and the males of M. lati- 
pinna in others. Fourteen years of ex- 
perimental work has demonstrated that 
this species, evidently of hybrid origin, 
produces daughters only, and that these 
are invariably like their mothers despite 
the fact that the mothers were mated 
with the males of many related species, 
including even the guppy. Development 
is clearly induced by sperm, though no 
evidence of paternal inheritance has 
been found in resulting generations. 
These authors subsequently concluded 
(2) that "the most plausible explana- 
tion for the genetic behavior of Mollien- 
esia formosa is that this unisexual spe- 
cies is a permanently fixed diploid," 
and that active sperm is essential to 
initiate embryonic development (gyno- 
genesis). 

Recently Hubbs, Drewry, and War- 
burton (3) reported the discovery of 
what they interpreted as a naturally oc- 
curring phenotypic male of M. formosa 
in a population of this species taken 
near Brownsville, Tex. We and others 
(4) feel, however, that it is quite pos- 
sible that M. sphenops is occasionally 
liberated near Brownsville by aquarists 
or tropical-fish fanciers, or that it may 
occur there naturally on occasion. If so, 
the "male of M. formosa" may actually 
be a hybrid between sphenops and lati- 
pinna, which readily cross in aquaria 
and produce bisexual offspring. Only 
experimental evidence can reveal the 
correct explanation. 

At this time we wish to announce the 
discovery of unisexual types in two 
other species belonging to the same fam- 
ily as M. formosa. These, members of 
the genus Poeciliopsis, inhabit coastal 
streams of northwestern Mexico. Unlike 
the Amazon molly, these two allopatric 
species each have two kinds of females 
-those which produce both sexes and 
those which, although mated to the 
same male as the former, produce 
daughters only. Four generations of 
these fishes have been reared in the 
laboratory, with consistent production 
of bisexual young from the "normal" 
females and of unisexual offspring from 
the "aberrant" females. 
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from the normal females. A slight but 
consistent difference in dentition noted 
in preserved specimens first revealed the 
existence of two types of females in F 
and subsequently led to the studies now 
in progress (5). On similar grounds, 
the unisexual strain of C was later pre- 
dicted and its occurrence has recently 
been verified. 

Although the genetic explanation of 
these remarkable strains is not yet clear, 
sufficient data have accumulated to in- 
dicate that this all-female condition is 
not the result of (i) a sex-linked lethal, 
(ii) parthenogenesis, (iii) gynogenesis, 
(iv) cytoplasmic inheritance, or (v) sex 
reversal. We have established on the 
basis of genetical evidence that these 
fish have sex chromosomes and that, un- 
like most other viviparous fishes, the 
female is heterogametic and the male 
homogametic. Using marker genes, we 
have been able to show that paternal 
traits of the male of F are transmitted 
through the all-female of C to the F1 
hybrid (Fig. 1). 

These unisexual strains are of inter- 
est as possibly representing a transitional 
stage in the development of an all- 
female form like that of M. formosa. 

ROBERT RUSH MILLER 
R. JACK SCHULTZ 

Museum of Zoology, 
University of Michigan, Ann Arbor 
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Wave-Riding Dolphins 

I wish to take issue with P. F. Schol- 
ander (1) on the problem of how dol- 
phins ride waves (2). The problem of 
wave-riding dolphins was posed by 
Woodcock (3) and by Woodcock and 
McBride (4), who estimated the hydro- 
dynamics of a dolphin riding a wave 
propelled by its own weight times the 
angle (in radians) of the wave. Wood- 
cock and McBride showed that with a 
reasonable estimate of the hydrodynamic 
drag, the submerged weight of the dol- 
phin was insufficient to provide the 
necessary balancing thrust. I resolved 
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Scholander has rejected my explana- 
tion and has substituted an explanation 
of his own for the phenomenon. In my 
opinion Scholander has discarded a 
satisfactory and rational explanation to 
substitute one which violates fundamen- 
tal physical laws. 

Scholander's criticism of my explana- 
tion (5) appears to involve some lack 
of understanding of this explanation. In 
the critical part of his discussion of it 
Scholander confuses the concepts of 
acceleration and velocity. Here I must 
admit that my earlier article was writ- 
ten in quite a terse style. Though the 
article states the argument completely, 
it includes little expositional detail and 
might be fully convincing only to a 
theoretical hydrodynamicist willing to 
supply this detail. The conclusions of 
the article are nonetheless sound: A 
streamlined body in a steady incompres- 
sible flow does experience a force very 
nearly equal to its volume times minus 
the average ambient pressure gradient in 
the flow field. This effect provides the 
dolphin with a net forward thrust ap- 
proximately equal to its displaced weight 
times the wave angle. Scholander ad- 
mits that his experiments testing this 
effect do not represent a fair evaluation, 
and he gives but little description of 
them. 

The principle of a hydrodynamic 
force proportional to the ambient pres- 
sure gradient is an old one and plays a 
part in classical aerodynamics. [See, in 
particular, the work of Taylor (6).] 
Taylor's paper gives not only a thorough 
theoretical treatment but also a descrip- 
tion of experimental verification of the 
basic effect. The additional induced 
mass over the displaced mass is small 
for a slender body, and was neglected 
in my earlier article (5). 

Scholander's alternative explanation 
is based upon a model, in which the dol- 
phin derives a large upward force F on 
its tail fluke (see Fig. 1). The tail fluke 
is in a part of the wave in which the 
water is rising, with the result that the 
upward force has an appreciable for- 
ward component which balances the 
drag on the dolphin. So far, Scholan- 
der's model is satisfactory. The difficulty 
lies in the fact that both horizontal and 
vertical components of the forces on the 
dolphin must balance, and so must the 
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