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McNeill (1889) was apparently the
first investigator to recognize that the
most abundant and widely distributed
field cricket in northeastern North
America is actually composed of two
populations, one overwintering as a late
instar nymph and maturing in spring and
one overwintering in the egg stage and
maturing in middle or late summer.
McNeill also noted (1) that the adult
males of the nymph-overwintering popu-
lation more often occupy burrows and are
characteristically more solitary and more
aggressive than those of the egg-over-
wintering population, and (2) that the
ovipositors of the females in the nymph-
overwintering population are usually
shorter in relation to the length of the
body than those of the females in the egg-
overwintering population. Later investi-
gators, such as Blatchley (1903, 1920),
Walker (1904), Criddle (1925), Urqu-
hart (1941), Cantrall (1943), Fulton
(1952), Alexander (1957), and Bigelow
(1958) have corroborated and refined
McNeill’s  observations on these two
populations without materially altering
his conclusions. It is surprising that in
spite of the confusion in field cricket
taxonomy, the relationships of this pair
of populations have been fairly well
understood by field biologists for about
seventy years.

Prior to Fulton’s work, various names
had been applied to these two forms,
either as binomials or as trinomials.
Fulton, Alexander, and Bigelow did not
separate the two populations with formal
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nomenclature.  Fulton remained quite
uncertain as to their status, being able to
deal only with the southernmost frag-
ments of their ranges in the northwestern
part of North Carolina. Alexander,
puzzled by the apparent identity of the
two populations in song, habitat, and
distribution, noted that most females
could be separated on the basis of ovi-
positor length, and stated (p. 592),
“These two broods may interbreed in
mid-summer, or possibly in fall in the
southern part of their range, or it may
be that they have been isolated such a
short time that no noticeable differences
have yet appeared between them. Cer-
tainly more investigation is needed to-
clarify their relationship.” Bigelow, on
the basis of differences he had discovered
in the developmental rates of the two
populations, and the differences in dia-
pause stage, stated (p. 147), “The dis-
tinctive differences between these two
populations are more likely to become
further consolidated than they are to
break down through any future gene ex-
change. Therefore, these two populations.
should be regarded as distinct species,
however similar they might be morpho-
logically.”

Recently, we have pooled our informa-
tion on these populations and have con-
cluded that a more detailed discussion of
their relationships, and their recognition
as distinct species, is in order. We be-
lieve that these species have become re-
productively isolated through a seasonal
separation of adults initially imposed by
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elimination of all but two widely sepa-
rated overwintering stages in the ancestral
population; there is no evidence that
spatial isolation has ever existed, and no
necessity for its postulation. The term
“allochronic speciation” is used because
it seems appropriate to include all specia-
tion resulting initially from temporal
separation (cyclic as well as linear)
under “allochronic speciation” and all
speciation resulting initially from spatial
separation (micro-geographic as well
as macro-geographic) under “allopatric
speciation.” “Sympatric speciation” seems
to us an inappropriate label because it
refers only to spatial relationships which
play no more role in the process sug-
gested here than synchrony plays in
allopatric speciation.

ACHETA PENNSYLVANICUS

(BURMEISTER)
THeE NorTHERN FarLL Fierp CRICKET
The name Acheta pennsylvanicus

(Burmeister) has most often been used
for the nymph-overwintering species, ap-
parently because Scudder (1862) used
it for a cricket which he distinguished
primarily on the basis of a short ovi-
positor. As Blatchley (1903, p. 438)
pointed out, none of the early American
workers gave evidence of having seen
Burmeister’s types, and the original de-
scription (only a sentence) included no
measurements. Examination of the types
shows that the name was actually applied
by Burmeister to the much more
frequently collected egg-overwintering
species.  Measurements of types and
examination of descriptions also show
that Gryllus luctuosus Serville (1839),
G. abbreviatus Serville (1839), Acheta
nigra Harris (1841), Gryllus angustus
Scudder (1862), G. neglectus Scudder
(1862), and G. aremaceous Blatchley
(1903) were all applied to the egg-over-
‘wintering species (cf. fig. 2 and Alex-
ander, 1957), and are thus synonyms of
A. pennsylvanicus (Burmeister). This
is not surprising in view of the confusion
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among eatly taxonomists with regard to
this group, and the much greater abun-
dance of fall adults in collections. As
shown in figure 2, a single female in
Scudder’s series of neglectus cotypes falls
just inside the range of variation of the
nymph-overwintering species in the ratio
of ovipositor length to body length. Be-
cause there is no date on the label, and
because this specimen cannot be assigned
with any degree of confidence to the
nymph-overwintering  species, another
specimen from this series which is obvi-
ously from the egg-overwintering species
is here selected as lectotype (fig. 2) to
avoid the possibility of name changes at
some later date.

ACHETA VELETIS, N. Sp.
TrE NorTHERN SPrING Fierp CRICKET

We designate the nymph-overwintering
species as Acheta veletis in reference to
its aggressive behavior. This species can
be distinguished from A. pennsylvanicus
by life history, ovipositor, and behavioral
differences, and from other North Amer-
ican field crickets by song, distribution,
morphology, and other characteristics
(Alexander, 1957).

Holotype male : Collected by Alexander
in Piatt County, Illinois, Sangamon
Township, 17 June 1954, under a stone
in a bluegrass pasture. Head, pronotum,
and abdomen black; tegmina and cerci
dark brown; hind femora nearly black
with a reddish patch extending along the
basal one-third of the outer ventral
margin ; other appendages dark brown or
black ; pronotum slightly wider anteriorly ;
head full and rounded, nearly as wide as
widest part of pronotum; tegmina reach-
ing to end of abdomen; hind wings reach-
ing to basal margin of third abdominal
segment anterior to base of cerci, and
completely hidden by tegmina in resting
position. Other distinguishing morpho-
logical characteristics are not known,
except for body measurements given
below and shown in figures 2-5.

Allotype female: Collected with holo-
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type; same as holotype except legs a
little lighter and more reddish in color.
and hind wings reaching just past basal
margin of fourth abdominal segment
anterior to base of cerci; ovipositor a
fairly uniform dark brown.

Measurements of holotype and allotype
(in millimeters, made with ocular mi-
crometer in binocular microscope) : body
length, &, ¢, 22.0; pronotal length, &,
4.3, 9, 4.5; greatest pronotal width, 2,
6.9. ¢, 6.7; head width, 8, 6.9, ¢, 64;
length of hind femur, &, 119, ¢, 13.0;
length of tegmina, &, 13.0, ¢. 12.8;
length of hind wings, &, 9.0, ¢, 9.5;
length of ovipostor, 14.3,

The types are located in the University
of Michigan Museum of Zoology. Varia-
tions in morphology and in the calling
song are discussed by Alexander (1957)
under the name, Acheta pennsylvanica®
(Burmeister), spring brood.” The dif-
ferent sounds of the males are described
and illustrated by Alexander (1957a)
under the name “mountain cricket,” and
appear on a record (Alexander, in press).
The calling song consists of 3- to 5-pulse
chirps delivered at 120-370 per minute
at 85° F. The pulse rate (wingstroke
rate) at this temperature is about 25 per
second. Aggressive sounds are made by
increasing the chirp length, and the court-
ship song consists of multi-pulse, noise-
like phrases delivered at about four per
second with a sharp “tick” terminating
each prase. There appear to be no dif-
ferences between the sounds of weletis
and those of pennsylvanicus, suggesting
that the breeding populations of the two
species have never been in contact on a
large scale. No other sympatric species
of Orthoptera with identical acoustical
behavior are known to us.

There is no evidence of habitat separa-
tion of these species; where one is found,

LIt has since been pointed out to Alexander
by Dr. A. B. Gurney (in correspondence) that
Acheta is a Greek word, masculine in gender,
and the feminine endings used in 1957 for A.
firmus  (Scudder) and A. pennsylvanicus
(Burmeister) were erroneous.
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the other is also present, and often indi-
vidual pennsylvanicus males are located
in the same spots that veletis males
occupied earlier in the season ( Alexander,
1957 ; Bigelow, 1958). The only known
difference in geographic distribution is
that pennsylvanicus extends into Nova
Scotia, while veletis apparently does not
(Piers, 1918; V. R. Vickery, personal
communication).  These two species
occur over most of the northeastern North
America from southern Canada to Mary-
land and Virginia, down the Appalachian
Mountains into western North Carolina
and northern Georgia, and west across
northern Alabama, Tennessee. and
northern Arkansas. The western limits
are not known, though they seem likely to
angle northwest from about the
Oklahoma-Arkansas line following the
general line of the Missouri River. Both
species may extend to Washington and
Oregon, but we have no biological in-
formation or song records to confirm the
identity of preserved specimens from the
northwestern states.

EviDENCE OF REPRODUCTIVE ISOLATION

Morphology and behavior. The chief
deterrent to recognition of weletis and
pennsylvanicus as distinct species has
been the absence of non-overlapping
morphological differences, coupled with
a lack of information as to reproductive
barriers between pennsylvanicus and late
surviving or occasional second-generation
veletis. Nearly every worker has noted
the slight overlap of adults (fig. 1),
apparent because there are no nights
during mid-summer when a few singing
males cannot be heard.

Morphological comparisons become
confusing whenever specimens from all
over the geographic ranges of the species
are lumped together for the evaluation of
individual characters. Both species are
quite variable in most of the characters
we have studied, but except for a general
decrease in size northward, there is little
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F16. 1. A generalized diagram showing changes on a north-south plane in the relative
sizes of adult populations of Acheta veletis and A. pennsylvanicus, and in the amount and

time of overlap of adults of the two species.

indication of consistent geographic or
clinal variation. Specimens from sandy
areas (such as beaches around the Great
Lakes and along the Atlantic Coast, and
inland locations along the Illinois River
and in the Kankakee Basin in Illinois and
Indiana) have consistently longer ovi-
positors and are lighter-colored than
specimens from other areas. ILocal popu-

lations are often distinctive; for example,
a veletis population with unusually pale
tegmina occurs at Fort Hill in Jackson
County, Ohio, and Appalachian popula-
tions of either species are apt to be uni-
formly large and almost entirely black.
Occasional Canadian and New England
specimens are even smaller than A.
vernalis (Blatchley), although they retain
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Figs. 2-5. The relationship of ovipositor length to body length in females of Acheia

veletis and A.

the characteristic body conformation of
veletis and pennsylvanicus.

Figures 2-5 show the relationship of
body length to ovipositor length in
females of the two species from the four
areas considered in figure 1. The species
were separated on the basis of collection
date, and all specimens available from
each of the four areas involved were used,
with the exception of the few taken in

pennsylvanicus from various locations within their ranges.

July which could have been either species,
Although there is overlap in each scatter-
diagram, a high percentage of specimens
can be separated, except on the northern
border of the ranges.

Selection for longer ovipositors in
pennsylvanicus has probably occurred
because this species overwinters in the
egg stage. It has also occurred in both
species in sandy areas, and one might
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expect pennsylvanicus females to have
longer ovipositors in the north than in
the south. This is not the case; the
pennsylvanicus females from Canada and
New England have ovipositors that are
shorter in relation to body length than
those in any other population we have
studied. Possibly the more consistent
cold weather during winter in northern
localities is less dangerous to overwinter-
ing eggs than the fluctuating temperatures
in southern localities.

The ease with which body length is
distorted by mounting techniques, and the
difficulty in measuring it accurately, led
us to search for other characters which
would enhance the difference in ovipositor
length, However, all those tested (such
as femoral length, ovipositor width, and
width and length of the head and pro-
notum) either were valueless or tended to
obscure rather than to enhance the dif-
ference in ovipositor length. Since there
is no reason to assume other than random
error in measurement of body length, we
believe it is satisfactory for the use to
which we have put it. The specimens in
figure 5 were pinned and dried, all in the
same manner, those in figure 3 were pre-
served in alcohol, and both kinds of
specimens were used in figures 2 and 4.

As mentioned earlier, several workers
have noted a general difference between
these species in gregariousness and ag-
gressiveness, especially of the adult males,
and in the tendency of older nymphs and
adults to burrow or to occupy niches and
crevices of various sorts. A. weletis has
thus been described as a sedentary,
solitary, aggressive, burrow-inhabiting
cricket, while pennsylvanicus has been
described as a gregarious cricket often
found in groups and less often observed
in burrows or displaying aggressive be-
havior. These behavioral differences ap-
pear to be fairly consistent in the field, at
least in northern latitudes, and this has
led to the supposition that they are genetic
in origin. However, while differences in
these characteristics are apparent among
different species of Acheta. thev can also
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be produced to some degree hetween in-
dividuals of the same species by varying
the situations in which the crickets are
reared (Alexander, in prep.). Isolation
increases aggressiveness and encourages
burrow construction and territorial be-
havior, and observable differences in these
respects between field-collected Michigan
males of the two species have been erased
in the laboratory by suhsequent isolation
of pennsylvanicus and crowding of veletis.
Nymphs of wveletis spend several months
in the last three instars, when aggression
and burrowing are just beginning to be
evident, and are likely to disperse and
become isolated. Nymphs of pennsyl-
vanicus, on the other hand, mature di-
rectly from egg to adult in a few months,
and also they do not pass through the
periods of cool weather which might be
partly responsible for weletis nymphs
more often occupying crevices and be-
ginning the process leading to solitary,
aggressive behavior. Finally, pennsyl-
vanicus nymphs are generally more
abundant than weletis nymphs, and it is
significant that the above behavioral dif-
ferences have been emphasized exclusively
by workers in northern latitudes where
the difference in population size is most
evident. At this point, we must conclude
that there is no clear evidence of
genetically based behavioral differences
of any sort between these two species.

Diapause. Under laboratory conditions,
diapause in pennsylvanicus and wveletis is
expressed by extensive delay in develop-
ment in the egg stage and in the late
nymphal instars, respectively. At 80-85°
F., non-diapause field cricket eggs usually
hatch within three weeks; the eggs of
pennsylvanicus rarely hatch in less than
60 days, and several months may be re-
quired. Under the same conditions, non-
diapause nymphs usually reach maturity
within two months after hatching; in
veletis and other nymph-diapausing
species, a small percentage matures’
without apparent delay, but most require
several months,

The diapause difference between veletis
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and pennsylvanicus has persisted in spite
of temperature, season, and light-dark
ratio fluctuations in successive genera-
tions of laboratory-reared strains at
MacDonald College. All of the many
thousands of weletis eggs successfully
incubated in the laboratory have hatched
within 47 days, even at temperatures as
low as 68° F, while less than one per cent
of the pemnsylvanicus eggs have hatched
in less than 40 days, even at temperatures
as high as 82=%=2° F. All wveletis
nymphs were greatedly retarded at
temperatures below 73° F, and even at
82° F, about 25 per cent were retarded.
The last two or three instars persisted in
some cases for three to five months.

The diapause differences between these
two species appear to be fundamental,
They are infallible in tagging individuals
as belonging to one species or the other,
they are a direct cause of temporal isola-
tion between the species, and they may
be even more directly involved in isolation
if differences in the eggs and embryos
are involved in the physiological incom-
patability demonstrated below.

Crossing experiments. It is difficult to
obtain adults of weletis and pennsylvanicus
at the same time; in order to do so the
normal developmental rate of one species
or the other must be altered in the labora-
tory. Both pennsylvanicus and wveletis
seem to require a period of low tempera-
ture conditions (in the egg and nymphal
stages, respectively) if the vigor and
fecundity that exist normally in the field
are to be maintained. Consequently,
laboratory-reared specimens must be used
in controls whenever they are used in
tests if the results of the crosses are to be
conclusive.

The following experiments were carried
out by Bigelow at MacDonald College.
The adults were left together in each case
until death; in the few cases of premature
death, the individuals were replaced.

1. Laboratory-reared Quebec pennsyl-
vanicus and veletis.
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Replica-

Test tions Offspring
lvel. # X3vel. 2 ¢ 2 many
1penn. @ X 3vel. @ 9 3 none
1vel. @ X3 penn. 99 2 none
1 penn. & X 3 penn. @ @ 2 many

2. Field-collected Quebec pennsylva-

nicus and laboratory-reared Quebec
veletis.
Replica-
Test tions Offspring

6penn. @ X 12penn. 9 9 1 many

6 penn. &' X 12vel, 2 Q 1 none
6vel. 7 X 12penn. 2 9 1 none
6vel. " X 12vel. @ @ 1 many

3. Field-collected weletis from Danbury,
North Carolina, Culpepper, Virginia,
Frederick, Maryland, and Quebec, and
laboratory-reared pennsylvanicus from
Quebec and Dutchess County, New York.
Every combination of weletis individuals
from different localities was tested, and
every test produced many offspring; the
same was true of pennsylvanicus matings
involving Quebec X New York individu-
als. No offspring were produced in the
two crosses attempted: 2 penn. & &
(NY) x 3 vel. 2 2 (Va) and 3 penn.
38 (NY) X4vel 2 2 (Q).

Eggs were laid frequently in the crosses
listed above, copulation was observed
once between a pennsylvanicus female
and a veletis male, and the spermatheca
of a single veletis female examined was
found to contain penmnsylvamicus sperm.
Clearly, some effective barrier exists; if
hybrids are present in the field they must
be exceedingly rare, and actual exchange
of genes is even less likely.

ALLOCHRONIC SPECIATION

In the vast majority of cases, speciation
in sexually reproducing animals probably
takes place as outlined by Mayr (1942,
1947) and others. Populations become
geographically isolated and diverge
through differential selection imposed by
their respective environments, and addi-
tionally through the accumulation of
chance differences in mutations and re-
combination. If these differences happen
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to make the two populations physio-
logically, morphologically, or behaviorally
incompatible, or if they merely make ex-
change of genetic materials sufficiently
deleterious prior to the resumption of
geographic contact, then the two popula-
tions are irrevocably isolated. With
resumption of geographic contact, the re-
sultant interaction between such newly
formed species should operate to maxi-
mize the efficiency of their isolation and
enhance the accelerating and re-inforcing
factors operative in their continuing
divergence.

Basic to this process is the presence of
an extrinsic barrier to gene flow between
the two populations with at the same time
a sufficiently broad avenue of gene flow
within each population to allow con-
solidation of characteristics leading
(eventually) to incompatibility,  In
sexually reproducing animals these re-
quirements largely eliminate (with certain
exceptions—cf. Dethier, 1954) the pos-
sibility of speciation along the lines of
ecological divergence, which is essentially
speciation in the absence of an initial
extrinsic barrier to gene flow (Mayr,
1947y,

One is faced with certain problems in
attempting to reconstruct the evolution
of veletis and pennsylvanicus on the basis
of previous allopatry. First, there is no
evidence that these species have ever been
allopatric; indeed, their wide range, their
apparent identity in ecological distribu-
tion, and the fact that their geographic
limits appear to coincide everywhere but
in the north tend to support the opposite
suggestion—that they have never differed
in geographic distribution more than they
do today. The fact that only pennsylva-
nicus occurs in Nova Scotia appears to
be more likely a result of the difference
in overwintering stage than a reflection
of difference in distributional history, and
this is supported by the north-south
change in the relative abundance of the
two species (fig. 1), which indicates that
veletis nymphs are less likely to survive
severe winters than pemnsylvanicus eggs.
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If one postulates that veletis and penn-
sylvamicus acquired their present incom-
patability while geographically separated,
he is left with the problem of how they
developed such widely different over-
wintering stages without diverging in
other ecological respects. The difference in
breeding season cannot easily be ex-
plained as a result of interaction after
hybridization had become disadvanta-
geous, for the identity in all phases of
acoustical behavior and the ability to
cross-copulate strongly suggest that the
breeding populations of the two species
have not been in significant contact since
their separation. Further, the lack of
difference in ecological distribution re-
duces the likelihood that the difference in
breeding season arose in association with
other environmental factors favoring the
presence of particular stages at particular
times,

But extrinsic barriers need not involve
geographic or spatial separation. Bigelow
(1958) discussed the possibility that
veletis and pennsylvanicus have speciated
without geographic separation through a
seasonal isolation of breeding populations,
All of the information we have been able
to gather with respect to the relationships
of these species and the pertinent charac-
teristics of related Orthoptera has re-
inforced this hypothesis. Three relatively
simple steps are involved: (1) the
repeated elimination during successive
winters of all stages but late juveniles
and eggs, with a concomitant reduction
or elimination of gene flow between the
resulting populations, (2) subsequent
increases in the winter-hardiness of the
two overwintering stages, culminating in
the development of obligate diapauses and
(3) the eventual appearance of reproduc-
tive incompatibility.

The first step in the above sequence is
obviously the most important one, and
the one which must be clearly understood
if this process can be accepted. How can
a species be divided into two populations
which exchange genes on a very much
reduced basis or not at all, simply by a
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differential elimination of overwintering
stages? How could this sort of separation
persist long enough to allow consolidation
of intrinsic isolating mechanisms, and in
what sorts of climates could such a
Pphenomenon take place?

An animal susceptible to splitting
through the kind of allochronic speciation
suggested here for wveletis and pennsylva-
nicus would be required to possess the
following characteristics: (1) a consistent
developmental rate producing fewer than
two generations per year, (2) a narrow
breeding season or a short adult life, and
(3) a duality in winter-hardiness, with
the two stages involved widely separated
on the life history cycle. All of the ap-
proximately 85 species of native Gryllidae
and Tettigoniidae in northeastern North
America possess the first two of these
characteristics, and the eight species of
Gryllinae there possess all three. North
of the 38th parallel, none of these 85
species produces more than a single
generation per year. The adults live
about six weeks, or less than half the
available season, and they generally
mature together, producing for each
species either a spring or a fall adult
population. Only two overwintering
stages are represented—Ilate juveniles and
eggs—and no species overwinters north
of about the 38th parallel in more than a
single stage, with the exception of the
European house cricket, Acheta domes-
ticus, living in artificially warmed situa-
tions, and the possible exception of
the ant nest inhabitant, Myrmecophila
pergandei.  Two cone-headed grass-
hoppers, Pyrgocorypha wuncinate and
Neoconocephalus iriops, overwinter after
their final molt, but even these “adults”
must be considered immature, for sexual
behavior does not begin until the follow-
ing spring, even in adults kept in the
lahoratory. Seventy species overwinter
as eggs and the rest as late juveniles; all
of the latter are burrowing crickets except
for the two cone-headed grasshoppers,
which apparently spend the winter deep
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in the bases of clumps of thick vegetation,
and which reach northward only to the
vicinity of the 38th parallel. One southern
field cricket, Acheta firmus, reaches to
about the 38th parallel and overwinters
as both eggs and late instar nymphs
there, while breeding more or less con-
tinuously and overwintering in all stages
farther south.

Duality in winter-hardiness is obviously
not unusual in Orthoptera, and it would
appear that the burrowing behavior which
begins in late juvenile crickets is closely
associated with the ability to overwinter.
Evidently, nymphs are somewhat less
winter-hardy than eggs, even after dia-
pause has appeared, for veletis is the most
northern nymph-overwintering orthop-
teran in North America; the other two
strictly nymph-overwintering field crick-
ets, A. wvernalis and A. fultomi, which
incidentally are much less active burrow-
ers than veletis, reach only to the vicinity
of the 40th parallel.

All of the native Gryllidae and Tetti-
goniidae in northeastern North America
exhibit obligate diapauses in the over-
wintering stage, completing development
only after considerable delay or after
passing through a cold period. These
diapauses have an important function in
addition to their association with winter-
hardiness; they synchronize the appear-
ance of the short-lived adults and are thus
responsible for producing a definite
breeding season which can be relatively
short and yet highly efficient. The cone-
headed grasshoppers which overwinter as
adults and are not triggered into sexual
behavior until spring are important ex-
amples. It seems a fair assumption that
selection for diapause in connection with
synchronizing the appearance of adults in
climates such as prevail in northeastern
North America is at least as intense as
selection for diapause in connection with
winter-hardiness,

The nymph-overwintering Gryllinae,
including species of Miogryllus and
Anurogryllus as well as Acheta, almost
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inevitahly diapause in the second instar
from adulthood. The reasons for this
rather precise limitation are not clear, but
nymphal diapause has certainly appeared
more than once in these crickets, sug-
gesting that this particular stage is
unusually susceptible to its development.
This is important information, for it
strengthens our speculation that nvmphal
diapause must have appeared independ-
ently many times across the range of the
nymph-overwintering  population  that
gave rise to weletis, as well as egg dia-
pause probably many times within the
egg-overwintering population that gave
rise to pemnsylvanicus. There is no
reason to believe that this could not have
happened while a considerable amount of
gene flow was still going on between the
ancestral populations of veletis and penn-
sylvanicus; whenever and wherever dia-
pause appeared, either in weletis nymphs
or in pemnsylvanicus eggs, it surely de-
creased to a great extent the likelihood
of subsequent amalgamation of the two
populations,

We would hypothesize the evolution of
veletis and  pennsylvanicus as follows.
The ancestral population probably in-
habited an area of mild winters and bred
more or less continuously there. Either
an increase in the rigorousness of winters
or the isolation of a northern segment of
this population (or some combination of
such events) produced a population in
which all stages but late juveniles and
eggs were decimated during each winter.
The eggs survived initally because they
were buried in the soil, and the nymphs
survived initially because of their be-
ginning to actively burrow about three
instars from adulthood. We might ex-
pect that overwintering nymphs would
frequently mature before spring under
these conditions, but adults which
matured late in the fall would be unlikely
to survive until spring because of the
short adult life and the tendency of the
adults to be active in connection with
sexual behavior.
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A reasonably consistent developmental
rate would now produce a population of
spring adults and a population of fall
adults. There would undoubtedly be a
reduction in gene flow between these two
populations, and this condition could
persist indefinitely under proper climatic
conditions in the absence of genetic dif-
ferences between the two populations.

Under these conditions, the appearance
of diapauses increasing winter-resistance
in the already resistant stages and syn-
chronizing the appearance of adults in
spring and fall would be advantageous to
each of the two partially isolated popula-
tions. Wherever such diapauses appeared
and were retained, they would further
reduce gene flow between the two popula-
tions, at the least through emphasizing
the appearance of adults only in spring
and in fall. The gradual consolidation of
diapause in the two different overwinter-
ing stages could lead omly to more
stringent isolation, eventually allowing
development of the intrinsic isolating
mechanisms present today, As noted, the
diapauses themselves may involve mor-
phological or physiological characteristics
which produce incompatability. Hybridi-
zation at any time during the above
sequence would probably be disadvanta-
geous, early in the sequence simply be-
cause it would tend to occur in the
middle of the season and thus to produce
individuals that were likely to be in the
wrong stages at the onset of winter, and
late in the sequence because almost any
manner of inheritance of diapause charac-
teristics would likely cause hybrids to be
at a disadvantage additional to that accru-
ing from being in the wrong stage at the
wrong time.

The beach cricket, Acheta firmus, is
especially important in this reconstruc-
tion, not only because it illustrates how
the process could take place, but also
because it may actually be involved in
this particular case. This species occurs
along the Gulf Coast and the Atlantic
Coast from Louisiana to Delaware. In
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southern Florida, it appears to breed
more or less continuously ; in the northern
parts of its range it becomes an egg-over-
‘wintering species producing a single
‘'generation per year, but with a few in-
dividuals there getting “out of step with
the main population” (Fulton, 1952, p.
289), overwintering as juveniles and
maturing in May and June. Not only
does this species illustrate duality
in winter-hardiness without significant
nymphal dispause, but should a northern
population become isolated in the area
where the species now overwinters only
as eggs and as late juveniles, then the
separation of that northern population
into two species according to the process
suggested here for veletis and pennsylva-
nicus would be very easy to visualize.
It is quite possible that this is exactly
what did happen in the past, and that
firmus represents the southern remnant
of the ancestral population which also
gave rise to wveletis and pemnsylvanicus.
Today, firmus is clearly more closely re-
lated to weletis and pennsylvanicus than
any other North American field cricket,
showing close similarity in acoustical be-
havior, morphology, and developmental
rate. The chief difference in morphology
among these species is that firmus females
have very long ovipositors, undoubtedly
evolved in association with the beach
habitat,

Allochronic speciation as outlined above
is a simple and reasonable hypothesis, and
the only one which satisfactorily explains
all facets of the present characteristics
and relationships of weletis and pennsyl-
vanicus. It is doubtful that the possibility
of allopatric speciation could ever be com-
pletely ruled out, but the evidence sug-
gests that geographic isolation is hoth
unlikely and unnecessary in this particular
case.

Discussron

Speciation through initial seasonal or
other cyclic isolation is not a new idea,
but the actual process by which it might
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occur has not previously been outlined in
detail for a particular group of animals.
Emerson (1949) summarized most of the
investigations dealing with this possibility,
and more recently Ghent and Wallace
have hypothesized speciation through a
seasonal separation caused by overwinter-
ing in both egg and pupa in sawflies
(Hymenoptera). The greatest problem
has been in visualizing the initial step;
in the process as suggested here, no
genetic difference is required, either for
the initial separation of populations or
for the long-time maintenance of their
separation,

. A great deal of biological information
will have to be acquired before the sig-
nificance of temporal isolation in helping
to account for the prolificness of speciation
in insects can be determined. A cyclic
phenomenon similar to that discussed
here occurs in many insects when popula-
tions of species in which the life cycle
requires more than a year become isolated
by maturing on different years. This
happens in many cicadas, most notably
between sympatric broods of periodical
cicadas, and between those species with
17-year and 13-year life cycles. It may
be a more common occurrence than is
suspected in other insects as well.
Gabbutt (1959), for example, found that
Nemobius sylvestris (Bosc.), a European
ground cricket, has a two-year life cycle,
each individual diapausing as an egg one
year and as a nymph the next year. The
only possibility of gene exchange between
populations maturing on different years
is through stragglers, and in cicadas, in
which the presence of adults can easily
be detected because of their loud songs,
stragglers are known to be extremely
unusual. In such cases, temporal isola-
tion can be as effective as complete
allopatry,

The characteristics of animals suscepti-
ble to allochronic speciation are obviously
not restricted to the Orthoptera; rather
they are widespread among invertebrates
in temperate climates, especially among
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metamorphosing insects, Without the
hypothesis of allochronic speciation we
would continue to be puzzled by the
hundreds of cases in which dichotomy in
overwintering stages has become estab-
lished within groups of closely related
species.  Such dichotomies have surely
arisen many times without speciation,
either through the chance appearance of
greater winter-hardiness in an unusual
stage or through selection for the appear-
ance of the breeding population during a
particular season. But when two closely
related, sympatric species are found to
overwinter in stages which are widely
separated on the life history cycle, when
there is no evidence for earlier allopatry,
and when the two species also maintain
brief, non-overlapping periods of repro-
ductive maturity without evidence of
previous interaction with respect to
characters involved in sexual selection,
then it would appear that the possibility
of allochronic speciation should not be
ruled out without careful study.

SuMMARY

Analysis of what has seemed to be a
single species of field cricket, ahundant
and widely distributed in northeastern
North America, shows that it is actually
composed of two closely related species
which are distinguished as follows:
(1) they diapause only in the late
nymphal instars and in the egg stage,
respectively, (2) they are unable to pro-
duce viable eggs in controlled crossing
experiments in the laboratory, and
(3) most females from the same locality
can be separated by ovipositor length.
Breeding populations of these two species
are seasonally isolated because of the dif-
ference in overwintering stage and the
short adult life of four to eight weeks.
Ecologically and geographically the two
species have always been found together,
with the exception that Acheta pennsyl-
vanicus  (Burmeister), the egg-over-
winterer, occurs in Nova Scotia, while
A. veletis, n. sp., the nymph-overwinterer,
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does not. All of the communicative
sounds of the two species appear to be
identical, indicating that there has been
no interaction with respect to characters
involved in sexual selection. It is sug-
gested that these species have become
isolated through a seasonal separation of
breeding populations imposed by a duality
in winter-hardiness originally due to the
deposition of the eggs below the soil
surface and the burrowing of late
juveniles. This initial isolation is then
believed to have been re-inforced by the
appearance of genetically-based diapauses
which not only increased winter-hardiness
but also aided in synchronizing the ap-
pearance of the adults, The term
“allochronic speciation” is applied because
of the role of temporal isolation; it is
suggested that various forms of cyclic
isolation may have been important factors
in initiating speciation among insects in
temperate climates.
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