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ABSTRACT OF THE PRIMARY RESULTS
Genetic and wild population studies have shown that the

two races of Colias chrysotheme are different on a multiple-

factor basis, these including physiological differences as well

as a color difference. Sterility in the crosses may be largely
related to diet differences betweeh the races though evidence is
presented to show that the hybrid segregants are less viable than

the parental types. A wild population where intercrossing occurs shows
about 10% of intermediates - mostly fertile.

A dominant autosomal gene for white female color is found
in wild populations of both races. Genetic results indicate that
it is probably homologous in the two races and is interchangesable
between them. The gene may be either lethal or semi-lethsal with
certain modifiers when homozygous dominant. Within each race
the gene is most abundant in the northern pvopulations as compared
with the southern.

The history of the recent establishment of the orange race
in the area east of the lississippi River is reviewed; the evidence
shows that the planting of alfalfa in thaet area has been the
primary factor which has encouraged the extension of range of
the butterfly.

The causes of genetic alterations in ' 1ild pooualtions hsas
been studied by means of the white females. GCenetic population
changes are described which have been caused by migration,
environmentsl selection, random fluctuations and differential

development rate of the genotypes.
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The Nomenclature of the Colias chrysotheme

CompleX in North America (Lepidoptera-Pieridae)

William Hovanltz

California Institute of Technology, Pasadena

Genetic and population studies on the Colias chrysotheme complex

of North America indicate that the group is divisible into two natural
subgroups or races. One race is visibly differentiated from the other
most easily by the presence of orange pigment on the upper surface of
the fore wing; the other completely lacks the pigment in this location.
Correlated with thils character are several physiological differences
relating to growth and diet; these phenomena will be considered in de-
tail in other publications (see abstract, Hovanitz, 1942).

Owing to considerable interbreeding, these two major groups ex-
change sufficient gene materials in some populations to be identical
in morphological characters. Therefore, it is doubtful that the two
groups should be designated as taxonomic species, but instead will be

designated "orange-race" and "yellow-race" respectively.

The name chrysotheme refers to a Palearctic species of Colias
which is apparently identical in morphological characters with the
North American forms. It may be found later with additional informa-
tion that their classification as a unit should be reconsidereds The
name has been revived for use for the North American forms by Clark
(1941); it has been in use by many of the early nineteenth century
entomelogists and by Godman and Salvin (1889) for the orange-race.
The author of keewaydin, W. H. Edwards, stated that "keewaydin =

chrysotheme except that chrysotheme has not the extreme variability

of keewaydin". Xeewaydin is a seasonal variastion of the orange-races

With the information available at present, chrysotheme seems to be a

reasonable name for the yellow and orange races of North America.
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The yellow=-race cean be subdivided into five entities correspond=-
ing to five geographic zones. These blend one into the other so that
specimens from intermediate locations can be designated by the name
applying to one or the other adjacent geographlical zones The varia-
tion in the butterflies within a zone 13 tremendous, due Lo seasonal

climatic effects on the phenotype of the adult butterfly as well as
to genetic veariations within the populationss Some populations are
now in the process of genetic alteration owing to recent and present
exchange of genes with the orange race. IL 1is douvbtful that a new
name should be applied to these new products of genetic segregation.
Instead, it is bettiter to recognize the change which is taking place
and to withhold naming the new race until such time as the alteration
is apparently completed.

Varlations in the orange race are plentiful but do not seem to
have geographical significance ggfa genetic basis. The large, heavily
orange=-plgmented materlal Trom tlhie Mississippi Valley may be genetic
on an eadaptational basis; but, as these forms occur wherever the

rumidity and temperature conditions are high enough, no convenient
end ls achieved in applying a Latin name to theme

The use of the binomigal or trinomigal name in this group must
remain a matter of convenience depending upon the use to which the
name is put. The orange-~race might more practically be designated

Colias eurytheme by the economic entomoclogist when studying the

destructive nature of this form on alfalfas. Since none of the five
geographical segregations of the yellow race’gg of econonic impor-
tance, a general name to cover them all is not then immediately
necessarye. The usual taxonomic method would be to take the oldest
name philcodice and to subordinate the others under ite The followe
ing system has been adopted as being most practical for general use

and for showing genetlc relationships:



Colias chrysotheme Esper

NORTH AMERICAN RACES

YELLOW=-RACE
Colias chrysotheme philodice Godart, Enc. Meth. 9:100, 1819.%*

Synonyms: notatus Megs., europome Haws, nig Str., nigridice
Scud., melanic Skin., nigrina Stkr., miscidice Scud.,

nigrofasclate Reiff., hybrida Stkr., luteitincta Wolc.,

virida Stkr., inversata Nake., rothkei Reiff., raritus Gunds,
serrata Cherwock, plicadata Nak., albida Cherm., alba
Cherms, nminor Cherms., ehrmanni Cherms., alba Streck., pal=-

lidice Scude., albinic Skin., suffusa Ckll., nigrofasciata

Reiff., anthyale Hbn.
geographical distribution: Georgla to Labrador west through
the eastern portion of the Mississippl Valley and north to
Hudson Baye
Type localitys Virginias

Colias chrysotheme hageni Edwards, Papilio 3:163. 1883,

Synonymss: nigricosta Cherms, laurae Cherm., autumnalis

Cklle, eriphyle (various)s.

geographical distribution: Texas, New Mexico, Utah and ea§t~
ern California north to HMontana, Idaho and Washingtone

Type locality: "Southern Colorado to Montana and Dekotah",
reatricted by Barnes and McDunnough to Pueblo, Colo« No one
type specimen.

Colias chrysotheme eriphyle Edwards, Trans. Amer. IEnt. Soc. 5:202.

18786,
Synonyms kootenal Cockle.
geographical distribution: Northern Washington and Idaho,
Rocky Mtnse of Alberta, southern and central British Columbia.

Type locality: Lake Lehache, British Columbia.



Colias chrysotheme vitabunda Hovanitz

Synonym: kootenal (various but not Cockle)s

geographical distribution: Alaska, Yukon Territory, Northe
west Territories, northern British Columbia.

Type locality: "Mte lcKinley National Park, Alaska".

Colias chrysotheme guatemalena Rober, in Seitz, Grosschmetterling

der Erde. 5:91. 1907.
Synonym: philodice (Godman and Salvin)
geographical distribution: high elevations in Guatemala.
Type locality: no types, loecality clearly Guabtemalas
ORANGE~RACE
Colias chrysotheme eurytheme Bdve., Ann. Soc. Ente Fre. 2:286,

1852.
synonyms: ariadne Edw., keewaydin Edws, Intermedie Ckll.,

alba 3tkre, fumosa Stkrs., rudkini Gund., amphidusa Bdv.,

californiana Men., flava Stkr., unicitrina Gund., pallida

Cklle

geographical distribution: southern Mexico to southern

British Columbia and Hudson Bay from the Atlantic to the

Pacific oceans.

Type locality: California

Names applying to individual aberrants, to white forms, to melanic

forms, to gseasonal forms, and so forth have been placed in the synonymy
under the subspecific name applying to the geographical region from
where the material cames This does not preclude theilr use by persons
who find it convenient to use such names, provided the latter are a-
vailable under the rules of nomenclatures The author finds no conven-
ience in thelr use but rather a great inconvenience. Variations of
the orange-race are placed under that race; likewise, intermediates

between the orange- and yellow-races ere placed in that places.
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The differences between the above races or subspecies with respect
to combinations of genetic characters nossessed by each will be covered
thoroughly in another publication. The present revision of the nomen-
clature is essential before the population work can be adequately de-
scribed.

Description of the lew Subspecies

Colias chrysotheme vitabunda Hovanitz, ssps. nove

This is the northern representative of the yellow-race of chryso-
theme in North Amerieca. As such, it is characterized by its slightly
smaller size, by its relatively narrvow melanic border, by its rounded
wings, by a heavy deposition of red pigment on the extremities, by a
relatively lightecolored hind-wing cell spot, by a melanic suffusion
on the under-surface hind wing, by a reduction in size cor complete
disappearance of the subnmarginal row of spots on the under-gide hind-
wing, by a very high frequency of white females in the populations
(95% in Alaska, 71% in Yuken Territory, Northwest Territories and N.
We Britigh Columbia, N =77), by a nearly complete obsolescence of the
inner portion of the melanic border on the upper surface of the female
and the enﬁire border on the hind wings and by a high frequency of
white females with a white rather than orange or yellow hind-wing cell=-
spots The males have a rather heavy deposition of orange pigment on
the under-side hind-wings and apices of the fore-wings. There is a
higher degree of intermediacy between the yellow and white females in
this race than in other races.

The holotype female selected 1s white, as this genetic mutant is
more abundant than the yellow. The variation in color of the hind
wing cell spot (upper side) in the white females is from bright orange
to pale yellowish~whites The holotype is of nearly the whitest typee
By analogy with the genetic results in the orange~race, this possibly

means that the individual was homozygous for the dominant gene
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controlling the white character« The pterine pigmentation of the une-
derside hind wings and apex fore wings is very light orange-yellows
It will be shown later that these two characters are genetically core-
related.

The allotype male differs from eriphyle mainly in its smaller
gsize and the more complete reduction of the submarginal row of spots
on the under side of the wingse. From hageni, in addition tc the above,
it differs in a heavier orange suffusion on the under side of the wings,
in its rounder wings and narrower marginal melanic bande

Holotype female and allotype male: McKinley National Park,
Alaska, July 18 to August 9, 1930. Frank Morand collector. J. D.
Gunder Collection, Accession no. 34998, American Museum of Natural
History.

Paratypes: 12 JJ same data as abovej 1l Jo same locality butb
July 29, 1931 and "collector unknown"; 4 ¢¢ July 15-20, 1931, "col=
lector unknown" in Los Angeles Museuus 10 white 2?2 same data as
Holotype; 4 white 29 July 20-30, 1931, "collector unknown" in Ios
Angeles Museum; 1 white ¢ August 9, 1930 in Los Angeles MNuseum, '"col=
lector unknown".

That portion of the following materiél which has been examined
is indistinguishable from the above type material, but in order to
avoid confusion in type locality, hes not been designated as part of
the paratype seriese

Alaskas: "Alaska" ~ 5 ddy Mte Dewey, 5000', 3 JdJ; Eagle, Rampart,
Kuskokwim River, Circle, Ft. Yukon, 61 dd, 1 yellow 2, 10 white 993
Circle, 5 dd3 Eagle, 14 JdJ, 6 white ?93; Chitine, 1 white ?; Ft. Yukon,
1 white 93 Skagway, 10 dd, & white 993 Alfred Creek Camp, 1 white 9,
Mte lMcKinley National Park 10 white, 3 intermediate and, 2 yellow 29

Yukon Territory: White_ horse 52 d¢, 3 white 99, 3 yellow 99

Dawson, 33 <7, 3 white %9, 1 yellow ¢; Campbell Creek, Pelly River,
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1 J3 Pelly River near Hoole River, 1 J; Klotassin River 1 d, 1 yellow

9.

Northwest Territories: Great 3lave Lake, 3 white 9.

British Columbia: "Northwest Be. C.", 2 sd; Atlin, 1 yellow 9, 1

white ?; Monarch mountain, 1 specimeny Pike River, Atlin, & white @9.

Discussion_gg the Names Kootenail Cockle and Alberta Bowman

The name kootenal was applied, without much description, to Collas
occurring in the vicinity of Kaslo, B. C. early and late in the season
as compared with eriphyle, which is found in the summer. Barnes and
McDunnough (1914) have been quite logical, therefore, in restricting
this name for the spring or auvbtumn form of eriphyle in southern
British Columbia, even though there are no type specimens. The type
locality of eriphyle (Lake Lahache) 1s close enough to Kaslo so that
the populations at the two places may be considered as of the same
subspeciess Kootenal Cockle, therefore, must fall as a synonym of
eriphyle if en¥irommental modifications of the phenotype are not to
have Latin designations. Some authors (Barnes and MeDunnough, 1914,
Gibson, 1920, Clark, 1941) have used kocotenal in the sense of a sube
speclies for the far Northwest populationss Though 1t is true that
the spring form from southern British Columbia is quite similar to
the far northern material of the summer and only generation, they are
not identiceal and the name should not be used for this purpose.

A race Colias eurytheme alberta was described by Bowman (1942)

from Alberta, Canada. An examination of a paratype in the Los Angeles
Museuna indicates that the specimen is of a race of the christina-
astraea-ctc. complex with more orange pigment than others of that

group but not a race of chrysotheme. Therefore, the name was omitted

from the synonymy aboves
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Genetic Data on the two Races of Colias chrysotheme

in North America and on a white Form occurring in each.

William Hovanitz
California Institute of Technology, Pasadena.

Investigations on the population structure of Colias chrysotheme

in North America have been made with a view towards determining the
genetic and ecologic relationships of the three color phases existing
in the wild, namely, the orange, the yellow, and the white.

A deduction derived from distributional data alone has been
formulatedﬁthat the color phases of butterflies are purely expressions
of a different genetlc adaptation to the environment (Hovanitz, '40,
'41). According to this hypothesis, the colors are by-products of
the adaptation, perheps being alternative metabolic materials derived
from the varying growth processes in turn under genetic control.

The present physiological and genetic data on the color phases

of Colias chrysotheme suggest that the earlier view 1s essentially a

correct one.

Historlical Orientation

At the time that this work on the three color phases was in-
itiated in 1940, a geographical part of the yellow form was considered
by many authors to be a speciles separate from the orange form. Anotler
geographical part was considered to be merely a seasonal form or al-
ternate form of the orange species. Gerould ('23) had reported crosses
made between the former two "species". He has since given more com-
plete datz on these results ('41, MS).

Edwards ('68-'93) first bred yellow forms from orange females
and orange forms from yellow females; the interpretation he obtained
from this work has had a profound influence on the taxonomic standing
of the forms in later years and accounts in part for the present con-

fused nature of the nomenclature.
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Gerould ('23) has given the results of his crosses involving
the inheritance of the white form in the yellow “species" (philodice)
and the orange (eurytheme).
In this paper, these data are compared with additional data
derived from new material. It has been concluded that the orange and

yellow "phases" of Collas chrysotheme are throughout their entire

range separable equally as genetic complexes which do not break down
in crosses with the other type. Therefore, they have been designated

as the orange-race and yellow-race respectively (Hovanitz, '42, '43a).

The genetic results presented here confirm the essential pos-
tulates of Gerould that the white phase 1s controlled by a dominant
sex~-1limited gene which segregates with the normal orange or yellow
phase.

The Interraclal Crosses

The essential visible difference between the yellow and orange
races lles in the orange suffusion which is on the one and not the
other on the upper surface of the fore wing. Though the color of the
hind wing (upper side) cell spot, the color of the under side fore
wing and the color of the upper side hind wing may vary in unison
with the color of the fore wing upper side, in some races there may
be a difference only in the latter. This is true, particularly for
the females. A number of non-visible physiologleal differences have
been found to be present between these races but owing to the d4iffi-
culty of determination in individual cases, mention of these wlll be
made later.

An arbitrary scale of from (1) to (10) was arranged, giving at
(1) a light yellow color with no suffusion of orange and at (10) a
full orange suffusion ﬁnﬁxhe fore winéfuﬁﬁér éidé;wxnga* The scale
i1s useful mainly for comparing butterflies bred at uniform environ-

mental conditions or at least those which appear to have had fairly
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optimum conditions. The reason for this i1s that the amount of orange
pigment is directly changeable according to the environmental con-
ditions, (Hovanitz '43b). |

Gerould (MS) has used a tint photometer with which the degree
of red in the wing plgment was obtained in a standard srea near the
base of the fore wing. His units range from O.1 for & light yellow
butterfly to above 5.6 for the orange. Approximate congruence can be
obtained with Gerould's values by means of the following table. This
is based upon some individuals sent him for determination and later
compared with the present standard series. TFor the purposes of this
paper, when Gerould's data have been mentioned hig values have been
translated into these standards.

Pregent grade Gerould's grade

1 0.1-0.7
0.7-1.0
1.0-1.3
1.3-1.7
1.7-2.0
2.0-2.2

) 2.2-2.9
2.9-3.4

W ® N O

3e4~4.0
10 4.0-5.6"

The accompanying table (table 1) shows the results of crosses
between the orange and yellow races.

The segregations show that the factors controlling the orange
coloration are multiple factor onee. The F; 18 normally exactly in
between the two parental typee. The Fy present a wide range of varla-
tion nearly covering the range from 1 to 10. The backerosses cover

the grades between the parental types and, perhaps due to environmental
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Yellow X Orange racial crosses
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‘GRADES |
Source of Parents . . . : - sex 1 SN . SRR S— 5 . ¥ . 8B g i0 -w - ftotal
Tempe, Ariz. orange X Hanover, HN.H. yellow G  male R _ 2 24 3 . w2
. | female 16 19 3 .36 71
lanover, N.H, yellow X Tempe, Ariz. orange G male 4 Wl | ' 8 18 6 2 182
i tenale B 4 | ~ 1 IO " 3 | o | 40
nc " | G  male : 4 9 30 2 | 1 45
& | | AR 4 5 Lo 16
:13 p Tempe, Arix. orange X Ianover, N.H. yellow G male 3 9 8 0 4 : 20
o8 | female 1 4 4 0 1 24 24
g3 £ Round Valley yellow X Round Valley orange H male _ — 1% 15
il : female ‘ | | | 7 - 0
'j1 P Tempe, Ariz. orange X Hsnover, N.H. yellow G male : : , : ‘ . - i . | 1
B | | . | female v ‘ 6 % 2 _ ' | . | | 11
PG " | ' | G male s . 14 11 ( l 25
. | - fgmale - _ o : , | 3 8
,Eﬂ H Round Valley‘yellow X Round Vglley orange ¥ male Lff' :  §? L _ ' i alwal . 5?
. Fopinta Ras !
L
F2 A Grade 7 from F1 B X Grade 8 from F1 B ¢ male 2 0 0 3 0 > 1 6
. . - . feamle ] [ 1 2 0 's) o 4 0 6
P2 B Grade 5 Or 6 from "1 B X same ¢ male ' 1. 3 1 o 5 3 o 4 12
e | , female 1 : 2V - 1 3 4 2 1 0 22
‘P2 C  Grade 6 from FlL X Grade 6 from Fl A "G male 3 = 4 2 1 13
L : | female e 18 3 3 6
'BC A Orade 7 from F1 B X Hanover, I.H. yellow ¢ male 7 2| Oe 3 5 3 | | | | | 24
P ) female 2 5. ; 3 16 7 . | | , \ o | 36
gﬁCAB Intermediate X orange from Tempw, Ariz. & . male 'i, é ' ,}g 2% 7 | 7 | 8 2 | Q | ; : B
o : female o ‘ . | t . i 0 29
‘B Cc 1vempe, Ariz. w X Grade 7 from Fl A | G male fl P 5 2 4 11 4 2 38
| female L : | ' | 39 | 39
" . G male . 3 - 7 - S TS T O & 5 | | . 36
| ) . female | : “M:  B ’;' 4. a1 g . a ) 2 15 28
Rio Hondo w X Grade 5 from ¥1 & = T e £ = '
3 . : . H male A , | 1 0 6 =
EJF Rio Hondo w X Grade 6 from Fl E R i L TR e e g :
' H male : . 1 5 12
female ' - s 0 7 & - = 19 30
i 5
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shifting, somewhat beyond them. The broods of Gerould were subject
to the outside environment at Hanover, N.H. and show seasonal changes
in the phenotype. The summer broods show more orange than the autumn
ones. The wide range in the Fq variability (from 3-7 or from 5-8)
is certainly due to the changeable environmental effect. The shift in
F1 mean from grade 4 in two cases to 7 in other cases is due to sea-
gsonagl climatic effects. The Fp segregations likewlse show a seasonal
ghift in the mean from grades 3 or 4 to 5 or 8. The greater vari-
abllity of the Fp 1s expected.

The backcrosses are all late season broods and would show the
effects of cold on the phenotype. Pertinent here is the expected re-
duction in orange. The crosses Fy x orange parent and the reciprocal
all show a shift toward yellow'beyond the expected Fy grade. The color
plates of Gerould (MS) show that this is phenotypiec. The segregation
of the crosses by Hovanitz grown at near optimum does not show this
shiftiin phenotype.

The lack of Fz crosses is apparently not so much due to sterility
in the butterflies as to the fact that stocks are usually lost during
the winter at Hanover or original difficulties with food”at Pasadena.

A brood was obtained from two individuals which had arisen from a back-
oross. The backecross individuals are therefore fertile.

Tests of sexual selection between the yellow and orange race
individuals, which have been made, have been found to have little
value. This is due to the difficulties arising from the larval dlet.
Great difficulties had been found in getting orange X yellow matings
and likewise even yellow X yellow. Orange X orange (including the
white female) took place readily. This will be discussed under larval-
diet sterility and sexual apathy. In the crosses made at Pasadena, no

sterility has been found between yellow race and orange race individusls



which cannot be traced to larval dlet difficulties.
Sterility and Sexual Apathy Induced by Larval Diet

The breeding of the yellow and orange races of Colias chrysotheme

in North America has shown that the two races differ in theilr food re-
quirements. Sterility, sexual apathy, high mortality and phenotyple
alterations are the result of interchanging the normsl food of the two
races.

Owing to the fact that females are often not too particulsr
about the leguminous plante upon which they lay their eggs, a long list
'of larval food plants has accumulated in the literature. This liet is
not very different for the two réces. Caterpillars presumed to be of
either race (they are indistinguishable) have been taken on most plants
on the list. In some cases larvae have been bred on the plant.

The recorded larval food plants of the orange rsce in the wild

are as follows! slfalfs (ﬂpdicggg sativa, introduced), Trifolium

(ineluding repens, pratense, etc. which are introduced and native

clovers), Lupines (Lupinus sp.), vetehes (Vicia sp.), loco-weed (As-

tragalus sp.), sweet white clover (Melilotus alba and other species),

Lotus (Hosackia) americana and other species, various grassee.\}f/

The author has observed in the wild the laying of eggs by the
orange race on alfalfa, on white clover (E. repens) and native clovers,

and on Astragalus sp., but not on red clover (T. pratense). Eggs and

larvae have been taken from these same plants. Adults have been bred
on alfalfa and on red clover. The adults were not fertile in the lat-
ter case.

Observationg of oviposition were made at Round Valley in a field
of mixed red clover and alfalfa of about equal proportions and height
(13 feet high). More than ten laying orange females were observed at-

taching their eggs onto the dorsal surface of alfalfa leaves, wholly

ignoring for this purpose, the red clover in the field. Each of these
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femalee‘ég;; under observation for five minutes or more and some eggs
were collected. At the same time five yellow females were observed
laying on the red clover in the same field. It is not known if, when
red clover alone is present in a field, the orange females will lay
upon it. Scudder ('89) says that the orange females ignore red clover.
Caged females of the orange type will lay upon red clover in the labor-
atory with no difficulty~-the eggs being lald on the dorsal surface of
the leaves. This observation is factual though contrary to statements
of others that the hairiness of the under side of the leaves prevents
the eggs from being attached.

Clark('32) records eggs being laid by this specles (eurytheme)
on red clover and on sweet clover (Melilotus). However, according to
the view point at that time, the large, angular yellow butterflies
present in the viecinity of Washington, D.C. were classifiable as gury-
theme (or the orange form). It is now believed that the yellow phase
in that locality represents the yellow race altered by repeated inter-
crossing with the orange. Therefore, it may have been yellow females
which had laid the above eggs.

Larvae and pupae of the orange form bred on red clover are
modified in coloration as compared with the same bred on alfslfa. The
former have a bluish color to thé blood, absent ln the latter. The
same difference has been noted in the yellow race but is not so striking.
The effect of this color change of the blood is to give the larvae and
pupae a blue-green color, as compared with a yellow=-green color. The
dung of the larvae of the former 1s also bluish and darker. It quite
resembles the dried leaves of the red clover itself and is gpparently
derived directly from the food plant.

The listed fopd plants of the yellow race are the same as the

orange race but in addition, the following: Amorpha (indigo; this
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is the normal food plant of Colias caesonis-eurydice), Baptisiz tinc-

toria, Pisum sativa (cultivated pea), Cytisus (Scotch Broom), Cara-

gena. The latter three are introduced from Eurasia.

The yellow form from New England, Colorado, and Kansas has been
bred fertile on white clover (T. repens) by Gerould. From California
(Mono Lake and Round Valley), yellow have been bred by the author fer=-
tile on red clover (I. pratense), on alfalfa and red clover in part,
and alfalfa and white clover in part. In one case a fertile mating
was made between a yellow male and a yellow female (Round Valley stock)
bred whollyvon alfalfa from which young larvae were obtained. They all
died on alfalfa in the first instar. There is a possibllity that had
these larvae been on clover, they might have survived. ©Several stocks
derived ffom New Hampshire wild yellow females have been bred with dif-
ficulty on alfalfa (at Pasadena). Some of these have died in various
larval stages--others have nearly always gone through to the imago but
with phenotypic alterations. Of 4 matings made between such individuals,
one female laid fertile eggs. Larvae from this set died in the first
instar on alfalfa. The "yellow" individuals bred on alfalfa are usu-
ally of a phenotypleally reduced sort. They are much smaller and have
a "spring type" of pigmentation (Hovanitz, '43b).

Larvae of the yellow races bred on alfalfa through several in-
stars generally have a "siock" appearance. They have little vitality,
their skin is wrinkled and their color is a lighter-than-normal green.-
In one case where several of these "sick" larvae in the last instar
were obviously not far from the point of death, they were removed from
the alfalfe and placed on white clover. Four out of seven eapparently
recovered enough to pupate. One female imago was obtained. ©She was
mated to an orange male bred on alfalfa and lald fertlile F; hybrid eges.

Seven yellow males and nine females of the same brood bred wholly on
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glfalfa would not mate with their kind ﬁor with fertile "“orange" in-
dividuals (reciprocal crosses). The one yellow female referred to
above could,not be mated to any of her yellow brothers bred on alfalfa
though the attempt was made for several days before introducing an
orange male into the same cage. This female was phenotyplieally also
the most fu11;grown of all the individuals of that brood.

The Fy; intermediates are apparently fertile on both alfalfa and
white clover, at least some individuals. Gerould ('23 and MS) bred
his F1 on white clover and though some difficulty was met in getting
copulations with some individuals, many were fertile. All Gerould's
strains of the yellow race were bred on white clover; the orange were
partly on alfalfa (personal communication).

The F1 of Round Valley stock were bred on alfalfa (parents were
from alfalfa and red clover). At least two of these Fj were fertile.
In another F1 cross (from yellow g)on alfalfa and white clover X
orange < on alfalfa), the adults seem to be normal. The eggs were
fertile and larvae resulted. The first third of the larvae (about 15)
were grown on alfalfa. The second third were removed from alfalfa im-
mediately after hatching from the egg to white clover. They all died
on the white clover in 4-5-daye in thelr second larval instar. The
third portion of eggs have grown to the imago on alfalfa.

The yellow female parent of the last Fl discussed was the only
female of her brood (about 10) which would mate with either yellow
males (bred on alfalfa) or with orange males (bred on alfalfa). The
others had a complete dlet of alfalfa. This one femsle is the in-
dividual discussed just above which was partly bred on white clover.

The sexual apathy and sterility of yellow-race individuals bred
on alfalfa may be 1llustrated by the following:

(a) Caged 5 white and 5 orange Garvey orange-race 77 with
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7 yellow-race (Rounad Valley)fi;: All were bred on alfalfa. In four
days with excellent conditions no matings occurred. Orange race copu-
lations can be expected to occur within s few hours, normally. The
females were sexually very active but the males were not.

(b) Replaced the above females by sisters but in two days there
were still no copulations.

(¢) Caged 3 yellow sisters bred on alfalfa with 4 yellow males
also bred on alfalfa (brothers of above). No copulations and 1little
sex play.

(a) Caged yellow sister of above (from alfalfa) with Garvey
(orange race o', brother of above? 7). Some sex play, espeeially by
the male.  Female was once noticed in typical mating pose with ab-
domen curved toward male and with wings spread. Contact was made with
male but no copulation.

(e) Single pair mating of same individual male in (d) with an
orange sister occurred in one hour after exposure.

(f) The 10 females in (a) were exposed to four brothers (orange).
gﬁdwihree copulations occurred in the same day, 2 white females and
;ne orange female.

Similar mating difficulties have been found with Fo and back-
cross intermediates. The yellow half (grades 1 to 5) of the segregation
when bred on alfalfa are sterlile or impossible to mate. Thls suggests
that the dlet necessity is directly correlsted with the yellow race
and cannot be separated from it.

The desire or lack of desire to mate is not sterility. However,
3 crosses (copulations) made between yellow ?4Jand yellow ¢”>”from the
grades l-4 of an apparently Fo segregation (bred on alfalfa) produced
a few eggs. The eggs lald did not start development. Crosses made be-

tween grades 6-10 and white ?izof the same brood were fertile (9 crosses
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mede) and progeny were fertile.

Sterility was noticed 1n‘two crosses made between New Hampshire
yellows bred on alfalfa though fertile eggs were laid in a third case.
The larvae died on alfalfa immediately after hatching.

Crosses were made between yellows arisen from a single pailr
mating, half of which were bred on alfalfa and half on red clover.
Copulations could not be induced in indlviduals from alfalfa but sev-
eral were made between those bred on red clover. Inter-strain (food
strain) copulations were difficult as only one from several individuals
occurred. No eggs were obtained. Interracial crosses were attempted
with orange-race individuals bred on alfalfa. Combinations were made
as follows (all individuals from these two strains unless noted):

A. yellow Y9 (alfalfa) with orange 7= (alfalfa)

B. yellow Y% (red clover) with orange <" (alfalfa)

C. orange 7 (alfalfa) with yellow o (alfalfa)

D. yellow 77 (alfalfa but different stock) with orange
(alfalfa).

Two copulations were obtained after two to three days:

yellow - (red clover) X orange 57 (alfalfa)

yellow © (alfalfa from D) X orange o7 (alfalfa).

Eggs from the former were fertile, larvae were obtained and Fy
bred on alfalfa. Few eggs from the second cross were obtained and
these failed to start development (that is, remained yellow or white
and then dried up). |

Possible sexual selection of Fq male hybrids against yellow
females bred on alfalfa 1s peshaps 1llustrated by the following:

5 Fp grade 5 and 6 intermediates (bred on alfalfa) were placed
with 2 yellow females bred on alfalfa and three white females (orange
race) bred on alfalfa. Two of the males mated the first day with two

of the white orange-race females. The remaining three males, two
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yellow females and one white orange-race female were kept together for
five days more but with no further copulations. After the first day,
the mated males were re-introduced with the remaining females but with
no further copulations. The two white fomales lald fertile eggs (backe
crose).

The exlistence of yellow 'sports' or aberrations within orange-
race populations (Hovanitz '43c) indloates that the orange plgment ocan
be eliminated in some cases in & way separate from that differentiating
the races. It has been shown that there is a series of genes or alleles
controllgng oranga pilgmentation in pure orange-race populations (Hovan-
1tz;433). These are arranged in such a way as to give a eontinuous
geries from very orangeé¢ butterflies to those completely lacking it.

The latter are excesadingly rare in wild populations. The progeny of

a yellow female of thig sort bred on alfalfa were found to be fully
fertile. ©So the food plant preference whieh is correlated with the
solor difference in the yellow-rsce ig not so correlated in the yellow
Ysporte! of the orange-race.

Summery:! It scems clear that the yellow race is sterile and
sexually inactive when the larvse are bred on alfalrg,but not on white
or red clover. The same 1s true for the yellow end of the Fp and back-
oross segregetions. Much of the sterility and sexual apathy apparently
obtained in these crosses (such as by Gerould) may be related entirely
to cdiet difficulties.

The orange race in one trial was sterile on red eclover. BSince
it is not attracted to it in the wild -s well, perhaps red olover is
not a suffielent food for this race.

The yellow race 1ls fertile and well attracted to both red and
white elovers. The orange race has not been tried in the laboratory

entirely on white clover but as the orange half of Fg and backoross
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gegregations grown on white clcver by Gerould have been at least partly
fertile, 1t may be assumed that this food plant ie satisfactory. Orange
females lay on white clover in the wild.

Yellow 'sports' in orange populations have theworange-race
food preference.

Diapause

The jyllow race during the middle of the larval stage is able
to go into a dlapause. This normally does not take place unless in-
stigated by some environmental condition. Low temperatures, dried or
frost-bitten clover leaves, the wrong food plant (such as salfalfs) and
perhsps other things will ineite the larvae to stop feeding and become
dormant. This is true for larvae of New Hampshire yellow as well as
for those from Culifornia and Colorado.

The orange race larva dies when conditions become untenable
rather than beeoming dormant. Cool temperatures which will induce dia-
pause in the yellow race (0% C. to 10° C.) will merely slow up the
development of the orange race. This fact was noticed by Edwards
('68-'93) but the significance was not spparent then. Gerould (MS)
hss mentioned this dlapause in his yellow material also.

Parts of intermediate broods in which grades l-8 individuals
are expected will go into diapause when bred on alfalfa just as yellow-
race stocks do. However, there is no knowledge that Fl will 8o so.
Orange strains derived from the grades 6-10 of these broods have shown
no diapause tendencies when bred on alfalfa. Apparently the dlapause
is correlated directly with the yellow color and the food preference.
These characters do not seem to be interchangeable between the races.

However, the existence of yellow 'sports' or aberrations within
orange-race pure populations (see page I/ ) indieates that the diapause

may be separable from the color difference. The eggs and larvae from
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one such individual (Grade 2) were bred out-of-doors (8° C. night to
20° C. day) on alfalfa in the cold of autumn. Under the same con-
ditigns, the eggs and larvae of several yellow females from the yellow-
race population at Round Valley were bred. The 2nd instar larvae of
the latter went into diapause on and under the leaves of the red clover
whereas the former continued to grow to pupation and were partially
killed by frost. This illustrates that the orange pigment can be
eliminated without the necessity of introducing the controller of the
diapause. This does not seem to occur in the yellow-race but only in
the orange.

Intermediates in Wild Populations

Considerable intermating occurse between the orange and yellow
races where populations of each exist in the same place. The more in-
termixed the food plants of each race are, the greater the hybridi-
zation between the two. In fields where alfalfa, red and white clover
are commingled, the amount of intercrossing is very high. As females
will generally mate immediately upon eclosion and rarely after the
first copulation, the males which are present in the immediate vicinity
of the newly eclosed female will be more likely to mate with her than
males in adjacent fields. Thils would be true despite the flying of
the females into adjacent fields. The important part of the inter-
mixing of the adults must be the transfer of sperm from one race to
the other. No amount of commingling after the mating period could have
any effect on the genetic structure of the races.

Intermedlates between the yellow and orange races have been
found everywhere %héz the two races occur more or less together. Usu-
ally the habitats ocoupied by the races are different. An alfalfa
field is usually a pure alfalfa fileld and can support only the orange

race. Red clover fields are often pure red clover fields and can

support only the yellow race. Astragalus, Vicia, ete. prefer dryer
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habiltete than most of the clovers and mlcrochabitat differences will
then arise between the races. It 1s(possible that prior to the grow-
ing of clover and slfalfa together as & hay crop, there may not have
been a great deal of intercrossing between the races. In the 1880's,
however, Edwards ('84) bred orange specimens from yellow wild Colorado
females and yellow specimens from orange wild Colorado females. He
makes no mention of intermediates and it is possible that these were
either present or had died as larvae by reason of their lower viability.
Table 2 shows the results of the breeding from wild females by Edwards.

The material was bred on "clover", probably white clover, so the
diet would have been satisfactory for either racs.

Records of copulated pairs of the orange and yellow races are
very rare. Most collectors have seen orange X orange, white X orange,
yellow X yellow and white X yellow pairs, but few have seen orange X
yellow or the reciprocal. Edwards ('69-'93) gives the only record
known in the literature of the 18th century: yellow %?x orange <~
in copulstion in Illinols. At that time this locality was as far east
as the orange race could be found in fair numbers. Clark (MS) notes
that yellow X orange and reciprocal crosses were common at the time of
" the first influx of orange race into the vicinity of Virginia but are
no longer so.

Copulated palrs of intermediate and parental types have been
taken at Mono Lake and Round Valley as follows:

o~

yellow X orange yellow X yellow

orange X oreange yellow X grade 6
white X orange

grade 6 X orange

5

The relative frequency of the types means 1little as there 1is

reason to believe that more yellow femalee 1in the mating period are




Table 2.=- The nineteenth century records of Edwards on inter-

crossing between the orange and yellow races in Colorado.

Parents yellow orange white
6 yellow %% 97 0 0
1 yellow @ 0 12 3
2 yellow 99 25 5] 0
1l orange ° 3 5] 0
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present at these localities than orange females.

Persons well acquainted with populations of this butterfly in
areas where both races occur have not failed to note the blending of
the characters of each. Elrod ('06) finds that in Montana there is
no complete separation of the yellow form from the orange since they
blend one into the other. Klots ('30) finde the same true for Wyoming.
Each of these authors has, however, found‘that there are definite broods
of one race occurring in certain locations or seasons. Elrod finds
that the yellow race is more restricted in distribution to certain aresas
while the orange is everywhere. J.C. Hopfinger (personal communication)
has noted the same for north-centrél Washington. Apparently, a similar
situation is true for Kansas (Field, '39). The results of a complete
analysis of populations at Mono Lake and Round Valley, California shows
the same to be true (Hovanitz '434).

Intermediates have been obtained in the wild from as far north
as British Columbila and at least as far south as California, New Mexico
and Georgia. They probably occur in Mexico as well. They are very
common in eastern Cslifornia and Nevada (Mono Lake, Round Valley, Honey
Lake Valley, Modoc Co., Carson Valley), Great Salt Lake Valley (Utah),
Montana, Idaho, Colorado, New Mexico, Kansas and the vicinity of Wash-
ington, D.C.

A very early record for New England of an "orange philodice" is
by Scudder ('89). This specimen is probably an intermediate between
the races and was taken in Bangor, Maine.

Breeding from wild intermediates:

The progenies of many wild intermediate females have been bred
on alfalfa, or at least the attempt has been made to do so. Many of
. these did not get far beyond the early larval stages, poscibly due to
diet difficulties or lethal recombinations of genes (see egg counts

later). The main conclusions to be derived from these broods are
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(1) that the wild intermedlates may be Fi, Fg, backoross, F3, F4, Fn
individuzls, (2) that the wild intermedigtes“which‘have laid any eggs
at all have lald mostly fertile ones, (3) that the phenotype of the
intermedlate is true to its genotyre, and (4) that the progeny glve a
range of varlation as expected had the female mated with a given hypo-
thetical male.

Table three gives the grades of progeny bred from wild inter-
mediate fémales. The numbers are small due to the fact that inter-
medlates between grades D and 6 werc usually selected as parents. As
only alfalfa was used as food, the mortality is very high. Likewlse,
the yellow end of the segregation would be expected to have a higher
mortality than the orange end and the progeny would be expected to be
sterile due to dlet. The unknown males were probsbly of the yellow
race Jjudging from the segregation in the progeny and the fact that most
males at Round Valley are yellow. The white female from Mono Lake was
probably an F1 intermedlate; her mate must have been that too in order
to have given a range of intermedistes and parentsl types such as that
ghown. The skewness of her curve (high on the orange side and low in
the center) might be sccounted for by sperm from seversl males but the
13:56 ratio of white: orange-yellow eould not be. It 18 more likely
that half of the expected white females were of the yellow type and
had died before the imago stage. The skewness of the curve 1s also
best answered by high mortslity on the yellow side; the latter individ-

ualsvwhich were present were sterile.

Genetic Data on the White Form
In the wild, individuals have besen found with all yellow and
orange plilgment replaced by white, or varicus degrees of substlitution

can be found. White indlividuals exist most commonly in the femsle sex

but occasionally males have also been taken. A clear-cut segregation
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into white versus yellow or orange usually maskes a classification of
these forms quite easy. However, there is considerable fluctuation
within each type and some individuals exist which bridge the gap. The
latter individuals have been observed only in the wild.

That the common white female variety of each of the yellow and
orange races was a genetic variant was “pesl¥y first noted by W.H. Ed-
wards ('68-'93) though he did not understand the significance of it.
Edwards bred both yellow and white progeny from a yellow female. The
numbers in the brood were, however, too small to glve much genetic
information (see table un:E;*ra%ieswﬁrom'wi&éwfemaiﬁs7

Mr. Thomas E. Bean in 1891 (see Gerould, '23) bred the progeny
of yellow and white wild femalee of Colias christina from Alberta,

Canada. This specles shows a much higher degree of intermediacy be-

tween the colored forms than do the races of Collias chrysotheme. For

the most part, however, the progeny could be classified as white or
yellow. Except for the progeny of one female of an intermedliate type
between orange, yellow and white which gave 18 progeny of various grades

of the three colors, the results seem comparable to the genetic re-

sults in the chrysotheme group to be discussed later.
Frohawk ('0l) bred progeny in the ratic of 110 w “:: 125 or 7%

from 4 white wild females of Collas croceus = edusa (European specles).

This is probably a 1li:l ratio.
Main and Harrison ('05) bred pfogeny from a wild white female
of crocea in the ratio 52 white i 19 orange 7% (3:1 ratio).
Pieszezek ('17) has bred butterflies from white females of

Colias myrmidone of Europe and Aslia Minor where the frequency of whites

varies from more than 50% to close to 0%.
2 white 7% (Upper Styria): 30 w : 0 or = 1:0 ratio

1 white & " n 18 : 17 or = 1:1 ratio
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(Majority of females in Upper Styria are white though yellows, oranges,
and whites are common in the populations).
5 white = Graz = 23 w : 19 red (orange) = 1:1 ratio
(white females at Graz are falrly rare. Population count of 33 red;
7 intermediate; 11 white.)
Gerculd ('11, '23) has studied the inheritance of a genetic

factor controlling white wing color in femsles of Colias philodice

(yeliow from New Hampshire) and Coliasg eurytheme (orange from Arizona).

In the earller paper, the author showed that the gene was dominant and
he postulated homozygous lethality due to the difficulty of getting

3:1 ratios (nearer 2:1 was the result). Later, this was sssumed to be
due to the existence of an occasionslly linked lethal recessive factor
for broods were obtalned having 3:1 ratios as well as 100% white progeny.

Likewise, unexpected ratios, such as 100% white females from a
supposedly heterozygote X heterozygote led Gerould to postulate a lethal
factor associated with the recessive factor for yellow. The data of
Goldschmidt and Pischer ('22) on a similar sex~limited gene in Argynnis
paphia of Europe gave simllar results; it was concluded that the domi-
nant gene was usually linked with a recessive lethal. The present
author belleves that the evidence needs to be reconsidered and that the
reasson for these gberrant results may lie in the effect of modifying
factors.

From ratios obtained from wild females alone, it is clear that
the gene controlling white female color i1s dominant, in both the orange
and yellow races. This conclusion has been arrived at by Gerould ('23).
White females have never failed to produce at least some white female
progeny when the total number of female progeny was large. Only one
wild female of this specles has yet produced a 100% white female brood

which is statistically significant and this one from a locality where

the white frequency was 71 to 74% of the females in the population.
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The two white females of the European Coliss myrmidone of Europe pro-

duced all white broods; these also came from a population having a high
white frequency.

It can be‘assumed fairly safely that most wild females have
mated but once. However, old females have been found in copulation.
014 females have been mated more than once in the laboratory, but only
when the supply of sperm has been exhausted; then the females have ex~
hausted their supply of eggs.

Males are apparently not affected bhenotypically by the genetic
controller of the white color in these females. However, the existence
of very rare white males in wild populations suggests that there are
genes which do control this character or a2 similar one on a bisexual
basis. Except for one case which will be brought up later, no white
males have appeared in any of the cultures. This one exceptional case
is obviously due to a different recessive gene with a much more drastic
effect than the dominant one.

Though the males are indistinguishable phenotypically, they ap-
parently carry the gene for female whiteness in the same manner as do
the females. The following genotypes should, therefore, appear in wild
populations in various frequencies proviiing that none are lethal, not-

withstanding the fact that visibly the males are indistinguishable:

yellow or orange 7 Ww
white © © Ww, WW
yellow or orange -~ - ww, Ww, WW

Individuals giving genetic results expected of all the above
genotypes have been tested in elther the yellow or orange races with the
one possible exception of the homozygous dominant masle. The difficulties
in méking the desirable tests of individuals have their foundation in the
laborious work involved in breeding the material. Without tremendous

facilities, 1t 1ls imposesible to carry the larvae of many crosses through
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at any one time. Ten full grown larvae will consume a two foot high
alfalfs plant in 1 to 2 days at 25° C. Also, since the genotype of a
male cannot be told phenotypically, one must partly rely upon a lucky
choice for an individual.

Without a narrative of minute detail on 211 the crosses made in
testing the genotypes of the above forme, it will be impossible to de-
geribe the pedigrees of 21l the crosses made. OFf course, this will
eliminate desirable detail, especially where the small ratios are con-
cerned. The latter have been summarized in the places where they seem-
ed to fit best according to their pedigree.

Knowledge if the existence of all the various combinations of
genes is desirsble from the voint of view of the genetics of wild popu-~
lations. For that reason, the ratios from wild females are compared
with those from laboratory ratios. The wild females from which these
ratios have been derived have come from many geogrephical sources,
namely, Hanover, N.H. (yellow-race), Pueblo, Colorado (yellow- and
orange-races), Centennial, Wyoming (yellow-race), Tolland, Colorsdo
(yellow- and orange-races), Manhattan, Kensas (ysllow- and orange-races),
Kearney, Nebrasks (yellow-race), Round Valley, California (yellow- and
orange-races), Mono Lake, California (yellow- and orange-races), Tempe,
Arizona (orange-race), Rio Hondo (near Los Angeles), California (orange-
race), Garvey, California (orange-race), Westley, California  (orange-
race), Elsah, Illinois (orange-race), San Fernando Valley, California
(orange race), Bouguet Canon, California (orange-race). Some data are
from Gerould ('23), and Edwards ('69-'93); the remainder from cultures
of the author. The data indicate that the genetics of the variations
are comparsble in sll localities. For specific detalls on geographical
distributions of the races and freguencies of the white forms, maps sare

given in another article (Hovanitz '43e).
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Granting the dominance of the white allele, the ratios from yel-

low or orange wild females giving all orange or yellow female progeny

are evidence of crosses in the wild involving a homozygous
recessive female and a homozygous recessive male. These total O white:
505 yellow in 31 broods, O white: 248 orange in 18 broods, or an inter-
raclal total of O white: 753 yellow~orange in 49 broods. Laboratory
orosseg glving the same ratio total O white: 218 yellow in 10 broods,

0 white: 896 orange in 18 broods or a grand total of O white! 912 yel-
low-orange in 28 broods.

Ratios of 1l:1 from orange or yellow females would suggest the
cross recessive female X heterozygous #Mmale. Of wild ratios of this
type there are but ﬁwo in the yellow-race totaling 8 white: 11 yellow.
In the orange-race there sre several, 28 w: 18 or, 13 w! 17 or, 12 w!
10 or, 21 wi 18 or, 21 w! 29 or, 20 wi: 23 or, 13 w: 15 or in a single
brood ratios and 9 w: 13 or in 4 small broods, a total of 137 white:
143 orange females.

The lack of Fj ratios from wild yellow or orange females giving
much more than a 1!l ratio may be taken as evidence against the ex~
istence of a yellow or orange heterozygote; were the latter in exist-
ence, 2:!1 or 3!1 ratios would occur in the F from willd material more
frequently.

There are many small broods close to 1:1 or O!1l but in which the
male is known to have been a heterozygote. These have been included in
the following totals for 1i:1, 13 w!: 14 y, 7 wi: 5y, 19 w! 19 y, 28 w!
28 y, B9 wi 76 g, lw 2y, 10w 12 or, 7 w! 14 or, 30 w!: 14 or, 43 w:
35 or, 2418t 20 or (in 6 broods), 5 w: 14 or, giving a total for the
two races of 216 white: 246 yellow-orange.

These data show that all ratios obtained from yellow or orange
females are either O:!:1 or 1:1l. The 30:14 ratio in ﬁzzbcase may be
significantly different or not. The history of this is a# given in
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table 4 (from Gerould '23, reorganized).

Males have, in all cultures which are normsl, a greater chance of
gurvival over the females due to their faster development. When cul-
ture condlitions are poor, it is the femsles which suffer most. This
always g;yeg a higher frequency of males in the cultures. In the abowe

7

brood Bé? fﬁe malesg are about half that which would nprmally be expect-
ed, whereas the other broods are normal. It would appear that elther
an error has been made in recording the results or that something has
happened to the sex determination so that about half the normally ex-
pected males have become white females. Or possibly the unusual rare
ratio has appeared as expected on statistical grounds.

Part of the data glven above for the homozygous recessive female
1s equally applicahle as evidence for a homozygous recessive male. All
the 100% yellow or orange female broods must have had a homozygous re-
cessive male parent.

Ratios obtalned from white females which approximate 1l:1 suggest

that the male was homozygous recessive (and the female heterozygous).

1:1 ratios from wild white females of the yellow race are as follows,

22 w: 28 y 28 wi 21 v

15 wt 13 y 7w 186y

13 w: 11 y 30 w: 38 y (in 7 broods)
8 w: 17 y

or a total of 124 white: 144 yellow. 1!1 ratios from wild white females

of the orange race are as follows

29 w: 24 or 20 w: 15 or
27 w: 20 or 14 w: 10 or
13 w: 15 or 16 w: 6 or
62 w: B3 or 18 w: 21 or
16 w: 8 or 32 wi 20 or

8 wi 13 or 4 w: O or (in two broode)



Ae

Ble
B2
BSe
B4
BO.

Table 4= Pedigree

wild white @

w? X y& from A

w? X same yd as in Bl
y9 X same ¥J as in Bl
y? X yd from A

w? X yd same as in B4

involved in the 30:

white?9 yellow?%? JJ

15
58

13
22
8

14
19

14 ratio of Gerould.

30
63
23
=7
46

4

Expected
Lal
211 or &:l
2:1 or 311
1:1
1:1

2:1 or 3:1
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or a total of 257 w: 205 or. This gives a grand total for the two
races of 381l white: 349 yellow-orange.

Ratlios from laboratory crosses involving a white female and

where a 1!l is expected are as follows,

28 wi 38 y 2l w! 17 y
14 w: 10 y 13 wt 12 y
65 w: 69 y 14w 9y
20 wt 13 y 8w 8y
6 w: 11 y 30 wt 35 y (in 10 broods)

or a total of 219 w! 222 y in 19 broods. These same ratios from orange-

race white females are as follows,

16 w: 11 or 27 w: 22 or
28 wi: 29 or 15 wt 13 or
9 wt 10 or 43 w! 35 or
11 w: 11 or 10 wt¢ 12 or
% wi 13 or 20 wi: 16 or
1w 13 or 21 w: 19 or (in 7 broods)

or a total of 207 w: 204 orange in 18 broods. The interracial total
18 426 white: 411 yellow-orange.

The evidence for the existence of the heterozygous white female
has been partly covered sbove under homozygous recessive male X white
female giving 1l:1 ratio. No wildAfemales representing crosses involving
heterozygous white femsles and heterozygous males 6 giving ratios ap-
proximating 2¢1 or 3:1 have been taken in the wild though such wiid
crosses ﬁust occur at a frequency varying directly with the gene fre-
guency in the population.

Laboratory crosses glving such ratios or where those ratios

are expected are as follows,



24

67 w: 36 y

49 w: 26 y

4wt Oy
17 w: Oy 14 w¢ 4 or
28 w¢ Oy Qw: O or
38 wt 22 y 38 wi 21 or
13 w: 8y 83 w: 31 or
95 wi: 28 y 34 wt: 15 or
10 w: 2 y 37 w: 22 or
321 will2l y 216 w: 83 or
(2.65 w: 1 y) (2.60 w: 1 or)

The heterozygote X heterozygote cross 1s expected to give a 3:1
ratio where the homozygous dominant is viable but indistinguishable
from the heterozygote. Instead, however, the ratios vary from 3:!1 to
2:1 with an average of 2.65:1 in yellow and 2.60:1 in orange. These
averages, of course, mean only that neither 2:1 or 3:!1 ratios are ex-
clusively obtained. The production of 2:!1 or 3!l ratios seemSto run
in certain families. This was true also in Flscher and Goldschmidt's

('21) work on Argynnis paphla and ite melanic mutant where an average

of 2.57:1 was obtained. BSome families of the latter specles gave 3:1,
others 2:1 leading Goldschmidt to predict that a lethal recessive factor
wag assoclated with the dominant gene in certain cases and absent in
others. In the more highly inbred strains, the 3:l ratio was obtained
whereas 21 was obtained in relatively sllghtly inbred or F; from wild
strains. Gerould ('ll) first assumed that the homozygous dominant was
lethal on the basis of 2:1 ratioe in three broods. Later ('23), he
postulated a recessive lethat factor which was eliminated in certain
strains because 3!1 and wholly white strains were later obtained between
1911 and 1923. He also postulated a recessive lethal factor linked

with the recessive yellow gene due to some anomalous broods of 2:1
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where 1:1 was expected. This history of one of these broods is illus-
trated in Table 5.

It is se2en that the total of the ratios for all three white sis-
ters mated to the same male is 103:82 though one of these white females
gave 67:136. Yellow glsters of these white females gave with the same
male a ratio of O wt: 12 y '+« The probability that the latter ratio
ig 1:1 1is .OOOE)or quite unlikely. Therefore we may assume that the
male is homozygous recessive. It should give a 1:1 ratio with hetero-
zygous females. The ratio 103:82 has a standard error of 6.8. Since
the deviation from the expected ratio i8 10.5 (considerably less than
2 X the standard error), the difference need not be taken seriously.

In the specific case of the ratio 67:36, the standard error 1s
5.8 and the deviation from the 1i1 ratio is 15.5. The actual devliation
is, therefore, Jjust over 2 X the standard error. It may be significant.
However, a linked lethal factor with recessive yellow 18 not necessary
here.

All Pq from orange or yellow females that give white progeny
in a 1:1 ratio are evidence that yellow or orange males =z2re hetsro-
zygous for the dominant gene. These are listed in the section on homo-
zygous recessive females. Other ratios of 3:1l, 2:1 and some 1:0 could
also be due to a heterozygous male but are listed elsewhere.

A homozygous dominant white female should give 100% white female
progeny with any male. Thefe are several broocds of small number which
have 211 white females; actually a retio of 18 w: O or has a probabllity

of .0056 of being a 3 w! 1 or ratio. Desnite this, some low ratios are
.meVL‘a wi/l '(CVM‘&

listed here. Only one W% ratio of many all white females, 18 known.

Of course the female might have been an heterozygote which had mated

with a homozygous dominant male. The same 1s likewise true of the

laboratory crosses; whether the male or female was homozygous is un-

known. No all-white brood has yet been obtained from an orange or



Table Se= Pedigree involved in a 2:1 ratio of Gerould.

white?? yellow®? od  expected

Ae wild white @ 3 4 1 1:1, 3:1

Ble W% from A X yJ from A 28 38 64 l:1, 3:1

B2 o w9 from A X yd same as in Bl 8 8 26 1:1

B3e w? from A X yJ same as in Bl 67 56 4 111l 21
total from 3 white %9 103 82 1687 1zl

Bde y? from A X yJ same as in Bl 0 4 13 031

BS. v9 from A X yJ& same as in Bl 0 3] 5 0:1
total from yellow 99 0 12 16 Ozl
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yellow female (except possibly one); such a ratio would suggest a homo-

zygous dominant male was involved.

19wt Oy

28 w: O y

24 w: Oy

15 w: Oy

10wt Oy

10wt Oy

21 w: Oy 9wt O or

2w Oy 26 w¢ O or

2w Oy 15 w¢ O or

4 w: Oy 12 w¢ O or
Total= 135 w: O y Total = 7?1 w: O or

This gives a grand total of 206 white: O yellow-orange. Broods of all-
white females from wild females are: (1) from orange female - 11 w: O or
(2) from white females - 7 w: O or, 11 w: O or, 28 w: O or or a total of
46 white: O orange.

The accompanying pedigree (Table 6, reorganized from Gerould, '23)
is given to indicate the possible effect of selection of modifying
factors upon the lethality of the homozygous dominant. When the material
isAinbred, white females are apparently more abundant in the crosses
than when outbred to wild material (where the white frequency is low).

S8o far we have been considering all the white females as pheno-
typically identical; but this is not true. Some are whiter than others,
have the melanie pigmentation reduced, have the orange cell spot of the
hind wing reduced to a pale yellowlsh eolor and have the yellow-orange
pigment of the under side hind wing and apex fore wing exceedingly light
in color. These differences are genetic. In view of the fact that
there 1s no sharp delimitatlon between the lightly pigmented individuals

and the darkly pligmented ones it was not possible to segregate them intn



Table 6.- Pedigree showing the cffect of source of the genetic

gtrain upon ratios of white to yellow females (reorganized from Gerould).

white 2% yellow 99 J¢ expected

Ae Wild white ? (Hanover, N<H.) 1 3 £

P

grosses from A.

Bl. w? X yd 95 28 130 321
B2e ¥ X yo (same as B]) 28 28 Kal4 d3l
B3se T9? X yo 59 76 146 111
B4e T? X yS 0 118 127 0:1
Crosses from DB3e
Cle w? X yo 14 10 20 LEl
Crosses from Bl (unless noted).
Dl. w? X yo 24 0 17 120
D2. w? X yg 2 0 2
D3e y? X yy from B4 0 13 21 O:3
Dde w? X yo 10 0 7 130
Crosses from Dé.
Ele w? X yd 21 0 29 140
E2. w? X yJ (same as E1) 4 0 5 1:0,3:1
~ES. we® X yd 2 0 8 180,331
Crosses from Dle
Fle w? X yd £ & 0 3
- F2se w? X yd sane as in Fl 15 0 2 1:0
P3e w? X yo 10 0] 14 1:0,3:1
Pde w? X yd same as in F3 2 0 4

(continued)



( Table 6 continued)

white 99 yellow 99 Jdd expected

crosses from F2 (unless noted)
¢l. w? X wild ¢ 6 11 22 131
g2e W?¥ X wild J 65 69 2147 1zl
@3. w? X wild J : 1 1
G4e W? X wild J 3 4 9
crosses from G2
Hl. w? X yJ 10 2 19
H2 « W2 X yJ 5) 6 16
H3. W? X yd 49 25 80 23l
H4e Ww? X yo 20 13 40
HS5. w? X yd 3 3 8
HBs w? X yd 14 9 45
H7. w? X yo 13 13 26
H8. w? X yd 21 Al 36 1zl
H9» w? X yd 28 0 30 1:0

total 163 87 300 8:1
Crosses from H3.
Il w? X yd 0 2 1
I2s w? X yd 19 0 10 1:0
I3¢ y9 X wild yd 0 20 2 sl
Cross from HS and H7.
Jle y?® from HS X yd from H7 0 8 7 O:1




(Notes to follow under Table 6)

Bl is a definite 3:1 ratio rather than 2:1 as often occurs in
material from a locality where the white frequency is low. BZ shows
that the male used in Bl was heterozygouse. The higher number of females
of yellow coler in B3 is hardly significant. B4 as well as B2 and B3
show that the yellow feuwales are certainly homozyzgous recessives The
mele in Cl is surely a heterozygotes D1 to D4 show that the males of
Bl a3 well as the white {females are homozygous or heterogysous dominante.
The yellow female in D3 from Bl is definitely homozygous recessivee.
gl to B3 show the existence of homozygous and heterozygous dominants
in D4. Il to F4 shows the same less definitely for Dl. In Gl to G4
the introduction of wild males which have an 83% chance of being
hormozysous recessive has eliminated homozygous dominantse The inter-
crossing of heterozygotes in Hl to HO9 has given at least one 2:1 ratio.
The 28:0 ration in H9 is an enigmae The I2 ratio suggests that there were

honozygous dominants in the 49:25 ratio of H3.
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peterozygous and homozygous dominant on these characters alone.
A serles of slx standards was made of each of two of these
characters, namely, darkness of orange pigment in (1) the hind wing

cell spot and (2) the under side pigmentation. -Phese—ehensoters are

88--B8NOWH--DFa--eorrelytton-eeefficlent-of- . A
formula is used to designate any one individual with respect to grade
of these characters, for example:

(1-1) = grade 1 in both characters.

(2-5) = grade 2 in cell spot pigmentation, grade 5 in under side
pigmentation, etc.

The crosses shown in Table 7 were made in order to test the geno-
type of different white females of these types. A single male was used
with eseveral females since the phenctypes of the males are the same.

The results show decldedly varlant ratios are obtained from the daif-
’ferent whive females mated to a single male. Cross H. shows that the
male chosen was a heterozygote. Crosses C and G suggest that the white
females (3-3) and (2<1) were homozygotes. Cross E suggests that the
female (5-5) wes a heterozygote but that the homozygote white females
did not appear in the progeny. However, the probability for a 2:1 ratio
is 1131 and for a 3:1 ratio it 1s .0829, 1.e., elther is not unlikely.
Cross F (5-5) and A (2-2) are the same as E.

More detailed and completé data are needed on the relatlon be-
tween the degree of coloration of these characters and the genotype of
the individual. It may be that the whiter individuals are the homo-
zygotes though the results above seem to indicate that this is not
always true. A review of the percentage of whites and its relation to
the minor characters in wild populaticns will be given elsewhere. There
is no sharp distinction between these minor variations but rather a con-

tinuous range of varlability. However, populations in which the white

female is abundant have a higher percentage of those individuals having



Table 7+~ Pedigree involving white females having different
modifiers for white color. All the females listed have been mated
to the same male (bred from wild pupa from the San Fernando Valley,

September 23, 1942)

? parent white 92 orange 29
Ae white ? (2-2) bred from egg from Westley, Calife. 37 22
Be white ? (1l~1l) same source as male, all died - -
Ce white ? (3-3) same source as male 15 0
Ds white ¢ (5=~3) intermediate white-orange, all died - =~ -
Ee white ¢ (5=-5) same source as male 34 15
Fe white ? (5-~85) same source asg male 14 4
Gs white ? (2-1) same source as male 25 0
He orange ¢ (6-60 same source as male 10 12

I, orange ? (2~ 1) same source as male, all died - --
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formulae running from 1-1 to 3~3 than populations where the frequency
of whites is low. It may be that homozygotes are more viable under
the supplementary sction of other genes which, on the side, affect the
color of the cell.spot and under surface.

Table 8 éggéfa.pedigree 11llustrating the shift of ratios from
white to orange and the reciprocal depending upon the source of the
material.

Parent A or its mate dgég%'have been homozygous white or hetero-
zygous white. Round Valley had more than 50% females white in the
orange'raoe at that time. The male and females chosen for Al might
also have been heterozygous or homozygous for dominant white. The pro-
geny of Al, therefore, could have been homozygous white, heterozygous
white or some males might have been homozygous recessive.

Parent B was a wild intermediate, having the anterior half of
the fore wings white, the rest of the wings normal yellow-orange. It
probably was genetically homozygous recessive and had mated with a
similar male.

Parent C was a very pale yellow-orange female. It was for this
reason that it was bred. 1Its Fj and Fgo progeny were full orange, how-
ever. An 11:0 ratio obtained from it suggests that 1t might have mated
with a homozygous dominant male. The probabillity that 11:0 could have
been the ratio of a ww * X Ww »” 18 .0005, not very likely but etill
possible. Its source (San Fernsndo Valley) 1s not the place where
homozygous males are likely to be very common.

Culture DB gives a ratio well within the expected for a 3:1 ratio
(probability .0535); both males and females were probably heterozygotes.

Culture D6 gives a ratio which should be 1:1 but instead is 5:21
(probability of being 1:1l ie .0010). The chances are not great that 1t
ie 1:1 but since the male wag the ssme as in DB and is there obviously

a heterozygote we may assume that perhaps the high death rate of the



Table 8. Pedigree showing the shift of ratios from white to
2
orange depending upon the strain used for the female-\“/

white 92 orange 99 .o expected

Ae Wild white ? from Round Valley (3-3) 4 0 18
Ale white ? X or J from A 12 0 +
Be Wild intermediate white-orange ¢ from

San Ternando Valley 0 4 7

Ce Wild orangs ? from San Fernando Valley 11 0 16

All from C unless otherwise noted
Dl. white 2 X or d
D2. white ? X or &
D3« white ¢ X or o

Nd. white ? X or J

DS5e white ? X or J (same as in D1) 15 ; 33 321
D6s orange ? from B X or ¢ (same as in D1) 5 2 i 4 57 1:1
D7. white ¢ from Al X or ¢ (same as in D1) 29 0 k15 1:0

D8« white ¢ X or J (same as in D1)

DS8e white @ X or J (same asz in D1)
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gultures have created a selection for the crange femgles. It may be
that in & given genic environment where modiflers have been sgelected
for sction with o particular gene, thls gene may give one allele an ad-
vantage over the other. The environment, too, may select modifiers and
thus allow a given allele to exist in a higher frequency in some places
than in others. Correlated with this theory may be the probable death
of homozygote dominants in some strains and their existence in others.
Obviously, the problem needs study with a greater control of the genic
environment as well as larger numbers of progeny brought to maturity and
tested. I% should be noted that the orange female parent of this cul-
ture ie from 2 locality where white females are but 30% of the female
population.

Culture D7 gives a ratio which is one hundred percent white. The
male is the same heterozygote as in D5 and D8 but the female is from a
gtrain producing in one generation 7 white females and 12 white females
in the following. The female strain arose from a population where the
white female frequency was more than 70%. The chances are great that
the strain Al had heterozygotes and homozygote dominants. The female
of D? must have been a homozygote unless the orange females expected
were eliminated in the strong selectlon. Granting no selection, the
29:0 ratio has a probability less than .0001 of being a 2:!1 ratio and
of .0002 of being a 3:1 ratio.

It was in the progeny of the crosses (D) that the realization
became firmly established that variations of the eell spot color and
under side hind wing color of white females %gg:genetic. Though most
of the material was discarded before a check against the standard series
was made, the data given in Table 9 were obtained.

Apparently the white females from the orange parent, though by
the same male, have decldedly a stronger orange cell spot and under

side coloration. The white females from the white inbred parents have



Table 9.= The grades of colors due to modifying factors or
different genotypes on white females from different colored parentse
Pedigree of the crosses is given in table 8.

Cross Parental color Ratio Average of grades Number Highest HLowest

graded grade grade
DS . white 15:1 1665=1e75 8 S=3 1-1
D6 orange 5:21 5.00«5.00 2 5=5 5=~5

D7 white 29:0 1+80-1505 o S=3 1-1
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a very light spot and under slde coloration. These date are also sug-

gestive of a selection of modiflers for the better adaptabllity of the
dominant gene in the genom as has Jjust been discussed.

Ford ('40) in Abrexas grossulsariste has found thaet the yellow

and white varleties ere under unifsesctorisl ccntrocl and that the hetero-
zygotes ere intermediste. However, he finds that by plus and minus
selection, these intermediates can be shifted from a continuvous dis-
tribution with one parentel type to the other. The shift, he indicates,
is by altering the genocm rather than the gene itself. Similarly, it
may be that the heterozygote and homozygote dominant white females in
Colias are distinguishable by the formula (1-1 being full homozygotes
and 6-6 or B5-5 belng heterozygctes) but that the varlability in the
genom accounts for the continuity between them, the gap between the
homozygous recessive (orange phenotype) and the heterozygote being too
great to bridge excspt in a few populatlons.

Conclusions: The preceding dats illustrate that in both the

yellow and orange races the heredity of the white female form ie similar.
In both'races, the expected 3i1 rstio may be reduced to 2:1 or some in-
termedlate condition. Also there 1s a possibility that under a given
gene environment one or the other of the homozygotes is at & disad-
vantage, thereby being selected out in a rigorous externzl environment.
Apparently, the white gene is at 1ts best in a gene environment such as
that existing where the white gene 1s moet abundant. The evidence sug-
gests that any experiment designed to test the differential ability of
the white vs. orange or yellow females to survive must be combined
with aﬁ intensive study of modifier selection.

From the standpoint of genstics of wild populations, when com-
paring the gene frequency in different geographlecal regions, the dif-
ferent ability of one genotype to survive (as for example, homozygous

dominant) may be different in different places. Since thie is probably
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¢rue in more cases than not, the study of wild gene frequencies must
necessarily be much more complicated than in present generalized work
on the subjeoct.

Effect of Interracial Crosses on the Inheritance

of the Dominant Gene for White

The question of homologies of genes between the orange and yel-
low races has not been attacked as in Drosophila (for review see Sturt-
evant and Novitzki, '41l). However, the apparently normal segregation
of the alleles in the interraclal crosses suggests that the dominant
white gene for female color 1s enough alike to be interchangeable in
the races. The accompanying dats on segregations are partially taken
from the general tables of Gerould ('23) (Table 10).

Except for the one ratio of 13 white to 53 yellow and orange,
ratios are normal. The abnormal ratio can be accounted for by differ-
ential mortality due to larval diet as discusesed earlier.

The important point here is the fact that the white gene is
transferred easily from one rsce to the other. Apparently, this is not
true for all genes which differentiste the races. Therefore, by suf-
ficient crossing between the races in wild populations the white gene
frequency in the two races will reach an equilibrium at the same area.

The White Male

White males have been obtained in widely separated geographical

regions:

Batavia, New York (1891) (probably yellow race)

Columbla, Missourl (orange or yellow race)

Alstead, New Hampshire (probably yellow race)

Finleyville, Pennsylvania (probably yellow race)

Sarver, Pennsylvania (probably yellow race)

"Western Pennsylvania' (probably yellow race)

"Michigan" (orange or yellow race)



Table 10.-

erra sses, lustrating
int cia 1 cross illustrating

Ratios involving dominant white for female color in

dependently of the racial complexe

Cros8ss

? parent color

that the gene is segregated in-

vellow,
white ¢ infer-, od

orange ¥¢

orange race X Yellow race white 36 90 72
B white 3 5 25

i white 4 o 13

3 3 w?? total 43 43 108

" orange, yellow O 11 1

. orange, yellow 3 3 1

i white 24 10 20

Orange race X Fl intermediate white 4 3 5
n white 85 38 108

o white 15 13 36

1 white 5 7 8

" white 3 8 30

i 5 w?® total 62 69 267

" white 39 0 35

Fl 1ntere X Fl inters white 3 3 13
: intormediate 0 6 6

" intermediate 0 12 22

Fz Iinter. " Fz inters. intermediate 0 8 14
Ywllow race X Orange race yellow 0 40 122
" yellow 7 9 45

Fl inters. X Yellow race intermediate 0 36 24
Yellow race X grade 6 inter. yellow 0 4 4
Grade 4 inters X ¢ d intermediate 0 G 9
Grade 6 inters X 2 d intermediate 0 13 8
7 X ? white 13 53 80
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Bouguet Canyon, California (orange race)
Mono, Californis (orange or yellow race)
2 Fo from orange female, Rio Hondo, California (orange race)

These are not all phenotyplcally identical. In addition to the
white color on the wings in place of the normal yellow and orange, these
males usually have white legs, pslpl, antennae and body. The male from
Alstead, N.H. was not of this type. The Pennsylvania specimens were
not examined nor do I have a record of their description. The living
males from Rio Hondo, Cslifornia as well as a white female sister had
blue-green eyes, bluish blood, bluish larvae and pupsae.

History of the white male brood is given in Table 11.

The whlte female in Bl died soon after emergence from the pupa
without expanding its wings. The males lived for three and four days
but could not be induced to mate. In none of these did the proboscis
parts unite at the end quarter. Thelr wings did not harden properly
after emergence from the pupal case and were quite sbnormal. It was
intended to intercross orange brothers and sieters of these white in-
dividuals (Bl progeny) but fumigation of the greenhouse at this time
killed all the materisl.

It seems clear that the gene giving this white male and female
brood is not dominant but recessive and different from that gene dis-
cussed as a dominant sex-limited one. It may be surmlsed that the willd
orange female (A) or its mate was heterozygous for the recessive gene.
Had the male been homozygous for it, (whlte) broods B2 and B3 would
have shown homozygotes as well as Bl. Half the individuals of A prc-
geny (33 § 470') should have been heterozygous for the recessive gene.
One fourth of the broods from these individusls, therefore, should have
produced homozygotes. One out of three did; however, considering the
lethality of the homozygotes it is posslible that B3 might have had

homozygotes which dld not resch the late pupal stage when they could



Table 1ll.-

Pedigree involving the white male strain. The

original female was from Rio Hondo, Calif., Feb. 2, 1941.

white 29 orange 99 whlte dd orange dd

A. W1ld orange ¢ —— 33 - 47

All crosses from A

Bl. Orange ¢ X orange J 3 6 2 19

B2. Orange ¢ X orange d - 26 - 27

B3. Orange ¢ X orange d == 8 - 14
Crosses from B3

Cle. Orange # X orange & - 21 - 18
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pe distinguished. The cross from B3 progeny shows that some individuals
did not carry the recessive gene for white.

Egg Fertility in Various Crosses

Counts on egg fertility have been made in hybrid crosses (yel-
low race X orange race) and in crosses in which the homozygous dominant
white might be expected.

The former were made in order to determine whether or not the
interraclial segregation of genes has led to any lowering of viability,
or to the elimination of any portion of the resulting segregants at
thie time. The latter were made in order to determine if the expected
homozygous lethal dominant would show up in the results by a higher
than normal death rate in the egg. The counts were not carried on
through the larval stages because of the high normal mortality at this
time.whioh could not be controlled.

The ¢ lassification into fertile versus non-fertile eggs was
made by direct observation. Fertile eggs will turn red in about one
day at 25-28° C.; non-fertile eggs will remain the newly-laid color of
white or yellow for several days before collapsing. The counts were
mede on the day followling time of laying - always 20-30 hours later.
This is ample time for the development of all fertile eggs but yet too
short a time for larval emergence. All eggs recelved identical treat-
ment. They were laid on alfalfa leaves at 26-28° C., 80% Relative
Humidity and remained at these conditions for cne day. Therefore, the
effects of normal desiccation should be the same on all eggs.

As a basls for comparison of the various egg fertilities, counts
were made of eggs from normal orsnge and white females. These are
shown in Table léi

The results indicate that two percent or less 1s the normal

frequency of infertile eggs laid. The high infertility (8.6%) of the



Table 12.~ The comparative fertility of eggs from wild females.
The ratios are glven as an indication of whether or not homozygous dome-
inants are expected. The ratio under Westley wild eggs 1s the ratio

L

of adult females in the population, not that derived from the eggs.

Source of the egzs Ratlo, w9: or® %infertile N

Westley, Calif,,orange ¢ 21: 18 2.6 + 0.7 502
H white 2 (2-2) 28: O 8.6 + 2.2 151

i white ¢ 14 10 4.4 + 1.5 180

o wild eggzs (random) 74: 26 1.1 + 0.4 662

Elsah, fllinois, orange ¢ 0: 20 2.0 + 0,5 792
Elsah, Illinois, orange ¢ 1.0 + 1.9 294
Elsah, Illinois, white ¢ (H5=5) 18321 1.3 + 0.4 el
Round Valley, Calif. white ¢ (1~1) s O 2.2 + 0.8 361
Total wild females and eggs, orange race 1.9 + 0.2 3,703
Round Valley, Calif,., y9 X vd 045 + 42
. | 1.7 + 180

Total wild females, yellow race 3e2 + 3.2 222
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eggs 1n which homozygotes might be expected (Westley 28:0) is probably
not significant. Despite the expected high frequeney of homozygotes
in the Westley wild eggs (24%), there is no reduction in egg fertility
(1.1%). The eggs from Illinols females with no homozygotes expected
give the same results as the Californias materisl.

Within the yellow-race, egg fertility counts were obtained on
two females only. The results are not essentislly different from the
orange race.

The crosses made to test the genotype of the varisnt white fe-
males (see redigree, Table 7) yielded the dats in Tableég.

There is no essentlal difference between the results whether
the female 1s white or orange or whether the female was a homozygote
or heterozygote dominant. As the male was a heterozygote, all crosses
with white should have produced homozygous dominant eggs, one fourth
with heterozygotes and cne half with homozygotes.

Regults from another pedigree (Table 14) are similar.

The higher infertility of D7 eggs compared with the other white
females may be related to the outcrossing since lts orange sister has
the second highest rate. The difference between the inbred and outbred
crosses 1g significant but the meaning of this difference is unknown.

| A lowering of viability might be expected in crosses between the
two complexes - orange-race and yellow-race. Though the sterility
involved between these is most probsbly caused primarily by deficient
dlet, new and unsatisfactory genic recombinations are anticipated which
would lower the viability of the subsequent generations. The counts
in Table 15 were made gg;~test£s§ this hypotheslis, even though 1t is
expected that mortality will probably occur at later stages as well
(that is, larvae and pupae).

These results all show a significantly higher rate of infertility |

- @even a8 far removed as the backcross. OSlsters of the females used in



Table 13.-

Fertility in the eggs of different whtle females

mated to the same male.

See pedigree in table

Source of the eggs genotype % infertile N
A. white ¢ (2-2) c heterozygote  =ww= ——
B, white ¢ (1-1) ? 0.0 189
Ce White 2 (3=3) homozygzote 0.9 =+ 907
D. white ¢ (5=3) 4 2.3 + 44
Te white @ (5<5) heterbzygote 0.6 1,194
F, white 2 (5=5) heterozygote 1.9 537
G. white ¢ (2-1) homozygote 2.4 330
H. orange 2 (6v6) homozygous rec.2.4 783
I. orange 9 (2=1) ? 1.8 386
Total for all females by same male 1.4 + 0,2 4,200




Table 14.~ Epg fertllity in crosses giving aberrant ratlos of white
females and also showing a possible difference in inbred veprsus oubtbred
crosses. The matings are all by a single heterozygous male (pedigree

in table )

Source of the egss genotype % infertile N
D2. white ¢ ? 0.6 710
D3. white ¢ t 2.0 494
D&, white @ heterozygote 1.9 592
D8, white ¢ ? 0.7 451
DS, white @ ? 0.2 419
Total of the inbred females 0.9 + 0.2 2,666
D6, orange 9 homozygous rec.2.7 866

hi fe
D7l Sbanze ¢ n d0M a3 46 837

Total of the outbred females 3al 0.4 1,703

i+




Table 15.~ The frequency of infertility in eggs involving
intermedliate segregations between the orange and yellow races.

Source of the eggs genotype % infertile i}

From Round Valley, Calif.s

Grade 19X Grade 10 o Fl hybrild 22.4 49
Grade 1 2 X Grade 6 d backcross 2.9 345
Grade 4 2 X ¢ ¢ prob. backecross Oel 629
Grade 6 X % ¢ prob. backcross 7 o4 108
Grade 6 2 X ? d prob. backcross 3B 423
Total Fl and bhackerosses (Round Valley stock) 11.5 + 0.9 1154

Sisters of D1-D5, D8~DO 99 (table )
in the following:
White ¢ X CGrade 5 By hybrid ¢  backecross 5.7 697

White 9 X Grade 6 Fq hybrid ¢ lbackeross 10,1 248

Total of these two backcrosses 6.8 4+ 0.8 935
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to brothers
the two backcrosses to F; hybrids were crossed inbe»r 8¢ with the fol-

é%é;;?hcrs ,,,,,,,

lowing comparison: g8 - 0.9% infertility and backcross - 6.8%

infertility.
The F1 cross with 22.4% infertility in the egg was accompanied

by aberrant development as Judged by the dilsturbance in red pigmentation
of the egg. The disturbances are such as to cause various portioné only
of the egg to be pigmented or for the pigment to be lighter in color
than normal. Cases of this sort have been noted in the eggs of many
females obtained at Mono Lake and Round Valley, California, whefe the
yellow and orange races hybridize. Actual counts show disturbances
much as in this cross:!

full red eggs (normal) 26

full orange (lightly pigmented) 4

top portion only red 5
lower portion only red 1
tinge of orange only 2
white 1l

The yellow female was bred on red clover and the orange male
on alfalfa. Therefore, diet should have had no influence on the re-
sults

It is clear that considerable disturbance of development occurs
in the inter-racial crosses together with the lowered egg fertility.
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General Summary and Conclusions

1. The genetic difference between the orange and yellow races

of Coliass chrysotheme is a multiple factor one, as shown by interracial

crosses. Hybrid individuals are usually fertile.

2. The two races have a different larval dlet necessity even
though females of each have been recorded as laying eggs on nearly the
game species of food plants.

3. BSterility, sexual apathy, high mortality and phenotypic al-
terations are the result of interchanging the normal food of the races.

4. The yellow race is able to go into diapause during the middle
of the larval stage; the orange race 1ls not able to do go.

5. The food neecessity, dlspause, and color differences between
the races are genetically controlled but are not interexchangeable be-
tween the races. -However, yellow "orange-race" butterflies do occur
rarely in pure orange-race populations.

6. Intermediates between the races are found in the wild.
Genetle results--indieate-that gﬁese may be Fi1, Fg2, Fn or backcross in-
dividuals. They are fertile. Copulated pairs of many combinations
have been taken in the wild.

7. The white female forms occurring in wild populations of both
races are genetically controlled by a dominant allele (confirmation
of Gerould, '23). The homozygous dominant is not distinctly separagsa
from the heterozygote phenotypically, though there is a suggestion
that 1t might be represented by more extremely white individuals. All
three expected genotypes occur in wild populations and have been bred
in the laboratory.

8. The homozygous dominant; seem to be lethal or semi-lethal
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under certain genic environments (modifiers). There is also a pos-
gibllity that the homozygous recessive may also be at a disadvantage
yhen with ? certain modifier. eavironment. These modifiers are probabﬁgy
gelected by the physlical factors of the environment in the wild. -

9. The dominant gene for white is readily and easlly transferred
from one race to the other (confirmation of Gerould, '23).

10. The white males known in wild populations are not genetically
controlled by the same dominant factor as the usual white females but
by a nearly lethal recesslive gene. It also has additional phenotypic ‘
effects. White males are found in bg;; races.

11. The normal egg fertility of Colias is approximately 97%-99% .
fé;pilél The presence of the homozygous dominant for white females
does not affect this figure. |

12. There 18 a lowered egg fertility in the interracial crosses
and in the ensuing crosses between intermedistes and backerosses. This

is partlally accompanied by aberrant egg development.
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Footnotes
1 pata from Comstock '27, Field '38, Holland '31, Wright 'O5,
Soudder '89, Edwards '68-'93, Clark '32, MS, Gerould M8, Klots '30,
Gerth '35, Comstock '40, ete.

® The point of ineluding this lost or discarded material in
this“table is to accurately place 1t in pedigree form. The material
was used for egg counts and will be considered on page .

S The percentage of Tfertile eggs from this cross dropped daily
from 15% to 100% infertile in gradual degrees within five days. On the
eighth day, the female was remated to another male with 39 fertile to
O infertile eggs. Presumably, she hadn't enough sperm from the first

mating.



Hybridization and Seasonal Segregation in

Two Races of a Butterfly Occurring in the Same Place

William Hovanitz

California Institute of Technology, Pasadena

The yellow and orange butterfly, Colias chrysotheme, exists in
the form of two complexes known as the orange-race and the yellow=
race (Hovanitz, '43a, '43b)s These races have different geographical
distributions but overlap over a tremendous territory from the Slerra-
Cascade divide in western North America to the Atlantic ocesn in the
east and from southern Canada in the north through Mexico in the south
(Hovanitz '43c)e. Each race usually occupies a different ecologic niche
go that nearly pure populations of each may be found in this area as
well as outside the zone of overlap. In certain places, however, the
same ecologic niche is partly occupled by both races, resulting in con-
siderable hybridization between them.

Two places where the races occupy the same niche for the most
part where analyzed in 1941-43 in order to study the behavior of each
in relation to its envircnment and to get an indication of the extent
of hybridization between them. These were at Mono Lake Valley, lono
County, California and at Round Valley, (near Bishep), Inyo County,
California. The positions of these localitles are indicated on a nap
in another paper (Hovanitz, '43d); they are just east of the Sierra
Nevada in the western Great Basine

The Seasonal Distribution 2£ Adults

Orange butterflies are present throughout the entire warm season
of the year at both Round Valley and lMono Laeke. It is easier, however,
to get a good sample in midsummer as compared with early spring or
autumne The abundance of orange adults apparently is at a minimum at

each end of the growing season and at & maximum in midswaiere
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The yellow butterflies at liono Lake are more irregular in seasonal
distribution than the orange (fig. 1)« The 1941 samples (Table 1)
show a high frequency of yellow to orange in May, and then a complete
drop to none present at all in Junee. A rise to a second maximum in
1ate July is apparent with a gradual drop again to none at all in
geptember. Early in October there is a third maximume. This suggests
three distinct broods per year at Mono Lake with an elapsed egg, larval
end pupal development time of two months between each. This time come
pares with a development rate of three to four weeks at a constant
jeboratory temperature of 25° C. MNMono Lake has a rather low air tem-
perature, especilally at night; in the day time, the direct radiation
from the sun is the primary source of heat.

The 1942 samples at Mono Lake show much the same seasonal dise-
tributione. The first adult flight was apparently not observed; it is
probably very short in duration. The 1942 samples were obtained at
monthly intervals rather than semi-monthly as in 1941; thercefore, the
chance of missing a short adult flight is increased. The second and
third broods of 1942 are indicated a few weeks earlier than in the
preceding year. 1942 was a warmer year for Mono Lake than was 1941.
An earlier spring start in larval development with a consequent shift
forward in the successive broods would thus be expected.

The two 1940 samples at Mono Lake show no yellow butterflies
present at alle. Compared with 1942, it would appear that they were
obtained in a yellow interbrood period (fige 1)

The frequency at Round Valley does not follow this sequence of
events (fige 1)+ Neither the 1941 nor the 1942 samples show any ccr-
relation with those of liono Lake (Table 1)« This shows the complete
lack of intermixing between the two places though they are only firfty
miles apart. The 1941 Round Valley curve is high in late June (60%

vyellow) and drops to a low in late July (25% yellow)e A rise occurs
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Fig. .- Frequency of yellow to orange butterflies at
Mono Lake and Round Valley, California throughout the season.
Note the complete absence of yellow at certain times at Mono
Lake.




Table%-
A

Wit

The frequency of the yellow-race as compared the the

orange~race butterflies at Mono lLgke and Round Valley, Calif.

ROUND VALLEY

HMONO LAKE

Date % yellow N % yellow N
1940 -
Aug. 11 — — 0.0 105
Det. 20 e i - 0.0 46
1941 50.50 + 2.89 299 5.84 ¢+ 0,63 1,387
May 4 many many - ok
May 19 —— - 46427 75
June 8 -—— —— 0.0 o1
June 24 61.19 134 0.0 70
July b 50.82 61 0.89 678
July £6 22,92 48 12.66 237
Aug. 15 52.63 19 4421 95
Septe. 2 33433 15 0.0 20
Oct. 4 54,55 22 9.01 121
1942 65.96 =* 150 987 10.68 + 0.88 1,336
April 1 40.82 49 - -
April 25 74,55 110 e -
June 12 77«14 140 0.0 many
July 7,8 63470 540 16.16 396
Auge 6,7 65.22 69 0.0 454’
Sept. 16 65.682 19 10.67 406
1940-41-42 62.36 + 1.35 1,286 7.68 # 0.51 2,774
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in mid-August (53%) with subsequent drop again the first of September
(34%) to a last rise in early October (05%). If these fluctuations
represent successive broods not completely separated one from the other,
then there sre many more generabions present per year at Round Valley
than at Mono Lakees This would be expected considering the warmer cli-
mate at the former place (Round Valley i1s at an elevation of 4500 feet
and Mono Take at 6500 feet)s Latitudinal differences in brood number
per year parallel these altitudinal ones. There are three generations
per year near Washington, De. C., (and Mono Lake), two generations near
Hanover, N« He (and centreal British Columbia) and one generation in
Alaska and Yukon Territory. At Round Valley there are probably four
or five.

The lQé}rsamples are more extensive at Round Valley than are those
of 1941 (Table 1)« There 1s a low of yellow (40%) in early spring,
rising to a high within the month of 75% and later 79%, with a rather
constant frequency of 657 yellow the remainder of the year. This curve
shows 1little evidence of a series of brcods or generations during the
years. At the rather high temperatures prevailing in the valley during
the summer (around 40° C days aand fluctuations but not very cool nights),
the succession of generations would be at about one month intervals.
The samples were made at this interval of time, so it is quite possible
that the two were in phase. Vere this the case, the results would show
a rather constant seasonal frequency. On the other hand, it is possible
that the variations in development rate between individuals owing to
micro-temperature differences in the locality have completely eliminat-
ed the inter-brood population minima&. This has been shown to be par-
tially true for the second and third broods in the vicinity of
Washington, D C. as well as for New York state. In these places,

only the break between broods one and two are clearly defined by the

absence of adults.
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A higher frequency of yellow at Round Valley than at liono Lake,
at 2ll times, is apparent (fig. 1l). Several factors conbine to create

oo
]

difference: (1) more larval food is present at Rovnd Valley

—
v

|
2]

t
(Trifolluwn, (2) Round Valley 1a farther ecologically from the source
of the migrant orange-race individuals (San Joagquin Valley) for these
are rnore likely to stop in the mountain meadows than to vrocede
through: the desert to Round Valley. The frequency of yellow is given
as compared with orange. 'When the orange frequency goes down, the
yellow will appear to rise in the curve. (3) The longer and wermer
growing season at Round Valley gives more time for the resident popu-
lation size to be built up. This has been shown elsewhere by the in-
creased numbers of individuals in the second and third broods at
Washington, D. C« and New York as compared with the first spring brood.

A higher frequency at Round Valley of yellows in the 1942 over
the 1941 samples is also indicated. The latter samples were obtained
in a mixed alfalfa-red clover field at the periphery of the large
meadow which constitutes the primary ecologic niche for the yellow-
race. The 1942 samples were made at a different field one mile from
the latter (containing alfelfa, red-clover, white clover and native
perennial clovers) in the center of the meadowe. This field would be
in the midst of the population for the yellow race whercas the former
field is on the periphery For the migratory orange-race (Hovanitz,
143d), no part of the meadow would constitute a population center.
The higher frequency of yellow in 1942, therefore, can be accounted
for by this change in position of the place sampled.

Hybridization Between the Races

Genetic data on croszes involving the races and on progency from
wild intermediates between the races indicate that crossing is easily
possible and occurs frequently (Hovanitz, '43b)e. The indications

also are that there is no genetic sterility between the races. The
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Fq is an exact intermediate of a light orange color; Fg and backcrosses
give the range of intermediates expected oun a multiple factor distri-
pution of genes.

The range of colors from the parental types through the inter-
mediates is given in a range from yellow to orange of 1 to 10. From
genetic results, it is known that grades 1 and 2 are pure parental
types, breeding true for the yellow race. In the pure popuvlations of
orange race, there is a range of yellow to orange from 1 to 10 but
from about 1 to 7 or 8 these are exceedingly rare (Hovanitz, '43e).
Therefore, grades 8~10 in the males and 7-10 in the females are cone-
gsidered as "parental types" for the Round Valley population. It is
understood that grades 7 or 8 may be intermediates or that some lower
grades may be parental types but that these will be insignificantly
small.

Ou the basis of grades 3 through 7 in the meles and 3 through 6
in the females, the frequency of intermediates in the Round Valley
populations have been calculated (Table 2). It is seen that there is
but little seasonal change in the sbundance of intermediates (fige 2).
A high of 30% in August, 1941 is possibly a result of the small sample
sizes An average of about 109 intermediates is usual.

Range of Wild Intermediates

The statistical consequences of continued interbreeding between

- the orange and yellow races should be a single race combining the
charecteristics of each parental type. But the two races have main-
tained their primary discreteness after mors than 70 years of such
interbreeding, and probably many centuries (Hovanitz, '43b, '43c).
Were the interbreeding only of very recent origin, the hybrid range
would show a very high frequency of F1 Intermcdiates (Grades & or 6)
and a lower range of Fz, Fz and backcross intermediates (Grades 3-=4,

7-8)e The data on wild individuals (fig. 3) do not show this higher
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Fige. 2 o Frequency of intermediates between yellow and
orange in the population at Round Valley, California 1941-4Z2.
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Table 2= The frecuency of intermediates in the mixed population

of orange and yellow races of Colias chrysotheme at Round Valley,

california. (The total given in Table 1 does not include intermecdistes;

henceﬁas smaller than thet given here).

~ 1941 1942
Date % intermediates N Date % infermediates I

May 4 - nany Lpril 1 10.91 55
June 24 14,65 157  April 25  7.56 119
July 5 11.59 69  June 12 14.15 163
July 26 9.43 53  July 7,8  6.08 575
Apg. 15 32.14 26  Aug. 6,7 6476 "4
Septe 2 040 15  Septe. 16 12.22 90
Oct. 4 0.0 22 1942 8.27 4 0.84 1,076

1941 13.08 4 1.82 844 1941~42 9.44 + 0,78 1,420



Fige 9 «- Range of variation from yellow to orange in
10 grades (see text) of wild individuals taken at Round Valley,
C C ' 5 SO d
California 1941-1942. J on left, ? on right.
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frequency of Fl to any great extent. The female curve mey be maBked
py the normally low orange female gradese. The malo range shows a
somewhat higher frequency of Grade 5 than the other intermediates.
rThe lack of the F, intermediates compared with F,, intermedictes may
pe due to many factors of which a general lower viability sseems to be
the most likely (Hovanitz, '43h).

Discussion

The data on the existence of the two races of Coliaz living in
the same place suggest how ecologic and physiological differences can
be meintained in units which may be called species. The races are
not here called speciesjfor some genes are easily and often interex-
changed (Hovenitz, '43b). However, other genes are not cffectively
segregated in this waye. This sug ests that the significant gene com-
plex characterizing each race and giving it individuality is not
broken down in hybrid crosses.

Sirce the color difference separating the races is a muléble fac~-
tor one and these factors are segregated independently of the basic
complex, it mizght still be expected that a complete intermedlate pop-
ulation would be produced, separate@ only by the non-visible basic
complexe. The reason for tnis lack:QOmplete blending of characters
probsably lies in a combination of the following conditions:

(a) Sexual selection (Hovanitz, '43b) may prevent sufficient in-
tercrossing to be effective.

{(b) Fggs genetically determined to be yellow-complex laid on
@lfalfs will later result in sterile adults or the subsequent larva
may die; also the reciprocal on red clover (Hovanitz, '43Db).

(c) The intermediates of all types are probably less viable than
the parental types and many of them will be sterile on the food plant
upon which they feed (Hovanitz, '43b).

(d) The diapause associated with the one complex (Hovanitz, '45b)

o



tends to kecp the races ccologically separvtede.

(e) The supplementary coclor genes of each normal type probably
act better in unison with the basic complex than any intermediate
gegregation of genes.

(£) The different ecological niche occupied by the food plants
neceszary for each complex aids in preventing hybridization (Hovanitz,
143C) »

Sumary

l. Two populations where the races of Colias chrysotheme occur

together are described.

e The yellow-race has definite broods during the seasone. The
orange race in this place apparently does not.

3+« The yellow=-race has more seasonal generations when a popula-
tion is at a lower elevation than at a higher elevation. This com=-
pares with latitudinal differences of the same type.

4. The two populations are separated by a territory of 50 miles,
but show no correlation in seasonal generations.

S5e The vellow-race generabtions at the higher slevation are sepa=-
" rated by interbrood periods with no adults. At the lower elevationu
the generations merge one into the other.

6. Hybrid intermediates are present at one locality rather con=-
stantly at a frequency of about 10%.

7. The range of intermediates is not trimodal as one might ex-
pect on the basis of multiple genes but a U-shaped curves. This is
probably due to a low viability of the Fl-

8« Several reasons are given to account for the lack of complete
blending between the races after years of hybridization.
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The Ecological Significance of the Geographical

Distributions of the Colias Chrysotheme

Races and Forms in North America

wWwilliam Hovanitz

California Institute of Technology, Pasadena

In North America, two major races of Colias chrysotheme can be

distinguished. These races are not differentiated by morphological
characters, but primarily by physiological ones (Hovanitz, '42, '43a).
Correlated with these physiological traits, there is the vresence of
orange pigment on the upper surface of the fore wings in the orange-
race, and the absence of this pigment in that place in the yellow-
race. Very occasionally "spots" or genic recombinations occur within
the orange-race which will prevent the appearance of orange pigment
in the wings. Such individuals are exceedingly rare (Hovanitz, '43b).
This color difference of the fore wing has been shown by genetic tests
(Hovanitz, '43c) to be of significant accuracy in the segregation of
specimens into the major 'orange' and 'yellow'!' races. It is by means
of this color difference that the segregation of museum specimens was
made, the data of which are considered in this paper.
| Within the wild populations of each of these physiological races,
a dominant gene occure in varying frequencies. This gene controls the
substitution of a white-colored pigment for the normally predominant
vellow or orange pigment upon the surface of the wings in the female
sex. The white females of the two major races are phenotypically in-
distinguishable in long established populations of the two races in
the same area. Conseguently, no segregation has been made between
white females of the races in the museum material.

According to the zoogeographic 'rule' suggested in a previous

paper (Hovanitz, '41), the pterine vigments of the Pierid butterflies
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(Group III) should follow a definite distributional seguence with re-
spect to correlations with the environment. The orange-pigmented
varieties should be found in warmer locations as compared with the
yeliow or white varieties. The yellow-pigmented varieties should be
‘found in warmer locations as compared with the white varieties. "Rules"
such as these are found to be true in a general way when otherwise
similar animals are being considered. That is, when a yellow physio-
logical race 1is compared with an orange race, the yellow one should be
found in the colder or the more northern locations. This is found %o

be true in the case of Colias chrysotheme.

Hdwever, the white-female form 1s a single genetic mutant occu -
ring in each rece. The couparison is therefore made with the normal
;yellow or orange varlety segregating with it in the same population.
w@hen this comparison is made, 1t 1s found to be true that the white
forms ore more abundant in the northern or colder areas than the
‘normal orange or yellow forms.

The ecological reasons for the different geographical distribu-
tions of these color forms are considered in this paper.

The Past and Present Distribution of the Orange Race

The mep (Fig. 1) illustrates the geographical distribution of the
orange form. It is noted that the area includes all the territory of
ENorth America, as far north as southern Canada, and as far south as
ﬁhé tropical life-zones of the Gulf coast, and Central America as
far as southern lexico. From observers in the field in specific
gplaces, and from notes in the litersture, it is known that the butter-
fly reinvades the northern part of 1ts range anew from the south yearly
‘(Bowman, '42). Some times a resident population remains to the next
Season, in other years 1t does not. Many of the far-northern locali-
ties shown on the map may be considered to be caotures of migrant in-

dividuals or also adults grown during the one season in the locality
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Fig. '#.- The geograph:
race of Colias chr

ical distribution of the orange
rysotheme in North America (=eurytheme).

The dashed lines enclose the approximate breeding limics of
the race. The line E~E 1s the eastern-most distribution prior
to about 13800. C-C = extension of range from about 1880 to
about 1925. B-B = extension to about 1929. A-A = extension
to about 1943 or present northern breeding limits.
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from eggs laid by migrants. One definite reason for the inability of
this form to exist in the far north is its lack of winter diapause,
though other factors may also be involved (Hovanitz, '42, ).

The distributional area is limited on the south by another clima-
tic barrier. Breeding populations are rare and scarcely known in the
hot, humid Gulf coast strip of Mexico, on the west coast of lexico in
"the humid areas and likewise south into Central America. Dr. Tarsicio
 Esca1ante has been kind enough to describe the general distribution of
~this butterfly in Mexico from which I quote: "Occurs at 800 to 1000
‘meters above sea level to 2800 or more. Host frequent in the Central
' States, such as Chihushua, Coahuila, Durango, Zacatecas, Agua Calientes,
Guana juato, San Luis Potosi, Queretaro, Puebla, Tlaxcala and Mexico.
Occurs also in the states of Tamaulioas and Vera Cruz but far from the
;sea and under the same conditions in Sonora, Sinaloa, Jalisco, Nayarit,
~Colima and ilichoacan. Does not occur between the sea and the Sierra -
:Madre nor in the southern callid states of Chiapas, Tabasco, Campeche,
Yucatan and Oaxaca. Is very rare in bMorelos znd Guerrero." This in-
formation, in addition to that given on the map shows that the butter-
fly exists primarily on the iMexican plateau at moderate to high eleva-
tione and is absent under the humid trooical conditions.

The present distribution of the butterfly in the United States
"has been much increased over what it was but a few decades ago. The
}butterfly was not oresent east of a line drawn from north to south
}along the eastern edge of the Great Plains orior to a few decades be-
fore the turn of the twentieth oenturyﬁi/. The exact times at which
.the butterfly appeared in breeding proportions in the gouthern Ap-
‘palachians is not very well known. At any rate, from the line drawn
as above and as shown as the western-most dotted line on the map

(Fig. 1) the migration took place yearly in a north and east directim.

Sometimes years of nmigrations were necessary in order to establish a
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population in any given place. Forbes (personal communication) notes
at Ithace, New York: "Single scattered specimens for many years over
the whole area, then will suddenly occupy a spot and become abundant
within a few years, the date of this change varying widely in closely
neighboring places. Ithaca had single specimens in 1927, then sbundant
over a few alfalfa fields in 1928; then common everywhere in 1929 and
later, but most abundant over alfalfa fields." These obeservations are
corroborated by several other witnesses. Similar cases are known for
other varts of the northeast. Dr. G.W. Rawson of Detroit, Mich. had
never seen the orange race in that vicinity about 1923, whereas it
was guite common at that time at points from Kentucky south. The
orange became common sbout 1930 and has actually established itself
in breeding populations until it is now apparently commoner than the
yellow form. It is noted that the occurrence annually is errstic,
suggesting a difficulty of this form in overwintering in the region.

There are data on orange specimens in Buffalo, N.Y. as early as
1921, Brooklyn, 1918, Staten Island, N.Y., 1921, and an 2ld specimen
taken before 1900 is labelled New York. The earliest records for some
New England states are 1932 in Connecticut, 1929 in Massachusetts,
1916 for New Brunswick, etc., sugeesting an erratic occurrence (see
Scudder's records below). An Ottawa, Ontario record is oresent for
1900, Pennsylvania 1s recorded for 1910, Tennessee for 1895, Virginia
"for 1916, West Virginia for around 1878. Overwintering populations
certainly exist throughout all the east now.

It is not certsin whether Illinols has been a breeding olace for
these butterflies orior to white man's entry or not. Occasional speci-
mens, at any rate, must have been very common. Some o0ld dates are:
Evanston, 1891, 1900, 1905-8, Chicato, 1907, Quincy, 1800. Belvidere,
1897, 1900, 1892, Peoria, 1872-5. This 0ld material in fair abundance

suggests proximlty at least to breeding populations. The rarity in
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adjacent iichigzan suggests that Illinois itself was not & strong source
of migrant material. 0ld material of the middle west collected by
Mead, Edwards, etc., but without specific localities, suggests the
presence of this butterfly in this region prior to the coming of man's
alterations. The earliest record in present museum material from
Kansas is 1909 but they were certainly here earlier. From Columbia,
Missouri, there are some "before 1900" and one 1897. From the Rocky
Mounteins west there is no doubt of its presence long before European
culture arrived in North America; 1t was originally made known from
San Franclsco in 1833.

Scudder ('89) writes of the distribution at that time: ‘"most
abundant in Mississiopi Valley and west between isotherms 40° and s oA
Occurs sparingly east of lkilssissippi Valley and entirely absent at
the Alleganies except for a few places as belowng. Prevails over
philodice in the Mississippi Valley. East of Alleganies known only
fron NeWcastle, Del., laryland, Georgia, in New England known from
Norwich, Conn., Wollaston, Belmont, ilass., liontpelier, Vt., MtT.
Desert, Me. Apparently migrates down the St. Lawrence Valley as it
is known from: Ilichigan, Bruce Mines, London, Ont. (occasionally),
St. Catherines, Ont. (rare), Montreal, P.Q., Quebec, 20 mi. below
Quebec, Missiquoil Co., P.Q., Albany, N.Y."

According to Scudder ('89) prior to 1889, it was taken as far
north as Vancouver Island, in the west, Dakota,'Milk River, Montane,
" Lake of the Woods, Nepigon north of Lake Superior, Moose, Albany
"River (on the Hudson Bay) and Athabasca region. In the southeast,
i1t was known at this early date from southern Texas, New Orlesns, La.,
Oxford, Miss., and "Alabama" but was rsre in the latter three places.
Dury ststes that it wss rare in southern Ohio.

Clark (MS) believes that the orange form moved into the state

of Virginie and the vicinity of Washington, D.C. from the south or
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southwest. He cites an observer (Smyth) who never saw this form in
Blacksburg, Montgomery County up to 1925, although he was a good ob-
server. An observer (Rawson) never saw it till 1925. Another ob-
server (Jones) in 1894 saw no orange north of Salisbury, Rowan County,
North Carolina, on a trip through the region; the yellow form‘was first
observed at that time in Danvilie, Virginia. Yellow forms were canmon
at Danville Beach in 1906 but no orange were there. This same ob-
server first noted the orange form on the Delaware peninsula in 1920
at Ocesn City, Maryland. In 1923, yellow were common around Wilming-
ton, Delsware, but no orange until south of Berlin, Worcester County,
Maryland. At Wachapreagul, Accomac County, Virginia, there were mly
orange. In 1925, orange was found in Dismal Swamp. In 1925, orange
was more abundant than yellow, &t least as far north as Lexington,
Rockbridge County; north, yellow supposedly was more common (A.B.J.
Clark, from Clark, WS.).

Clark finds that the first District of Columbia record for the
orange form was one by Lugger in 1896. Other single records are 1904,
1910, and 1923. In 1925 and 1926, it had become fairly numerous in
the vicinity. In 1927, it was exceedingly abundant. In higher local-
ities as at Silver Springs and Somerset, Maryland, in 1927, there were
about one half or equal numbers of yellow and orange forms. These
early records were nearly all from August to the end of the season.

In 1928, specimens were noted in June; in 1929, on May 18, but in this
case disappeared agaln for a few weeks until June, presumably during
an interbrood period. In 1930, it was noted in April and later was
more abundant than the yellow form.

It was quite common in 1889 at Columbia, S.C. and was bred on
clover. Yellow forms were absent at that time at Charleston and

Columbia, S5.C. Brimley and Sherman state that the orange were
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abundant over the state of North Carolina from at least 1300 onward.
W.H. Edwards ('68-'93) daid not find the orange form in the Kanawha
Valley of West Virginia (Coalburg) in the 1880's. Clark (iS) has
found it common in 1929.

The long dashed lines shown on the map enclose roughly the area
within which breeding populations of more than a single season éxist.
Areas outside these lines are considered as of insignificant imoort-
ance in the breeding population. The three dotted lines show the
northeastward extension of range since man disturbed the ecological
conditions in the east.

The best reason the author can give for the present extension
of range of the orange form into the east and northeastern parts of
the United States is the opening up of new breeding places by removal
of the original forest cover and replacement by plants which can be
used as larval food by the butterfly. In the wild this significant
replacement has been by sun-loving legumes such as Astragalus and
Vicia, which can be used as food by the orange forn. Undef culti-
vation, the now extensive growing of alfalfa has provided a new source
of food. This taking-over of an introduced vlant by a native species
‘has greatly enlarged the total area occupied by the specles, as well
es the total numbers in existence. Under native conditions, the butter-
fly could hardly ever have been very numerous owing to the scattering
and scarcity of food. The habits of the insect in such areas are those
of a migratory one. With the taking on of the role of a parasite on
alfalfa and therefore as an agricultural pest of man, the butterfly
has become so common as to destroy fields of this crop.

The map (Fig. 2) shows the oresent distribution of alfalfa as
taken from the Agricultural Yearbook, 1229. The distribution of al-

falfa acreage as shown on this map corresponds almost exactly with the
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Figure 1.—Distribution of alfalfa production in the Unito'd States in 1929. Approxi.
: mately 11,500,000 acres were cut for !uy_it_u that year.

Pig. o - Approximate acreage of alfalfa in the United
States in 1929. Compare with figure 2. Note the original
distribution of the orange race and compare with the pres-
ent distributions of that race as related to the growing of
alfalfa.
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present distribution of the alfalfa butterfly (the orange form). In
the areas in which the author has personal field experience (Califor-
nia, Nevada, and Arizona) the butterfly is most abundant in direct
relation to the abundance with which larval food is available. As
alfalfa is the food which at present is most suitable and usable by
this butterfly, the abundance of individuals can be directly correlated
with the abundance of the acreage of alfalfa grown. Physical environ-
mental conditions are apt to be effective in reducing the population
numbers, however. Thus, California valleys probabiy have a higher
number of butterfly individuals per acre of alfalfa than the midwest
or the east. In the north and east, cold winters serve to reduce the
population to lower numbers; in the south and east, hot and humid
sunmers serve to reduce the population by killing the insects or ster-
ilizing then.

Alfalfa was first grown in North America in effective quantity
by early settlers of Californis zbout 185L\§'. The later irrigated
lands of the California valleys provided verfect conditions for its
growth. From California 1t was taken to the Great Salt Lake Valley,
where the llormons found 1t satisfactory on the irrigated desert lands.
In 1868, the first fields were established in Kansas. Likewise, gbout
the same time in Colorado and Nebraska. The crop was very abundant
in 1890 in Kansss and but little less so in Nebraska. At least by
1900 it was east of the Missouri River on the alluvial soils of Iowa
and Nebraska. A little later it was established in Illinois and Chio
(Tysdal and Westover, '37). According to Bailey ('07), alfalfa was
first established in 1887 in New York state in Onondaga County and was
very common by 1894. According to Forbes (personal communication), it
was not until 1928 that the alfalfa butterfly really became well es-

tablished in ugper New York. Bailey ('07) states that in 1891 there



were 34,381 acres of alfalfs in Kansas; by 1906 this, had increased to
614,813 acres. United States acreage in 1899 was 2,094,011 acres
(Bailey, '07); in 1929 it was 11,516,000 acres (Tysdal and Westover,
«137). The orange alfalfa butterfly has had, therefore, remarkable
,encouragement'for multiplication in numbers.

When man removed the forest cover over the eastern states as
far west as the Mississionpi, he removed one of the barriers to the
distribution of this butterfly eastward. The food olants upon which
the larvae feed generally live in full sunlight; as before mentioned.
The opening of more such terrain has opened the possibilities for a
greater vopulation size, irrespective of the greater possibilities as
shown above by alfalfa fields. Despite the dearth of alfalfa in the
southeast (see Fig. 2), the orange alfalfa butterfly is fairly common
outside the immediate Gulf and Atlantic strips. Presumably this is
due to the dpening of the forest cover and increased abundance of other
food vlants. Dr. Tarsicio Escalante (personal communication) notes
thet in Mexico, the butterfly distribution is zoparently correlated
With thet of alfalfs and 1s increasing as the growing of alfalfa 1is
incressed. he total population size has, without doubt, been greatly
increcsed by the introduction of this plant everywhere.

Summary: The orsnge race originally occupied a range from
southern Canads to southern kiexico and from the Pacific ocean to the
central portion of the Mississippi Valley. With the opening of new
ecological conditions in the east, the range hac beén increased 1n
that direction as far as the Atlantic oceen.

The Distribution of the Yellow-race

The map (Fig. 3) shows that the distributional area of the yel-
low-race is more extensive than that of the orange. The land area

enclosed within the dashed lines represents the area votentially
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Fig.‘[-- The “geographical distribution of the yellow: race

of ColiaSchrysotheme in North Americas’ The dashed lines en~ e
close the approximate breeding limits of the races Note that f

in Mexico and Costa Rica certain areas are noted as potentially
breeding areas. Each dot represents a known locality listed in
the appendix but not the abundance of the race.
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expected to provide living conditions for the insect. The ecologic
niche for this butterfly is narrower than for the orange within this
area. Acparently wet places where clover can grow throughout the sea-
‘son are essentigl. Therefore, in the dryer parts of the continent it
is limited to wet meadows where clover grows throughout the year, de-
pendent upon water run-off from the nearby high mountains.

AAlong the river ccurses of Alaska, Yukon Territory, and the
-southern part of the Northwest Territories, this form is found, south
of the tundra. Collections of butterflies north of the line of tundra
(Baffin Island; Southhampton Island, Bnothia Peninsula, Greenland, etc. ).
failed to show this Colias present, though other species of Colias are

guite common (nastes, boothi, hecla, etec.). This insect is apoarently

widely distributed throughout the whole of southern Canada.

In the United States, the yellow race is absent in two signifi-

cant regidns: (1) the Pacific Coast strip west of the Casscade-Sierra
.Nevada divide, southern Nevada, and Arizona and (2) the Gulf Coast,
Florida and the southeastern lowlands. The absence on the Pacific
Coast is believed due possibly to the dry sunmeres orevalling in this
srea making extensive patches of wet nesdows for clover vropagation
rare. Or poscibly it is due to the warm winters orevalent here, or
to the fact that where in the north suumer precipitation 1is oresent,
the climate 1is cool and overcast much of the time. On the Gulf Coast,
apvarently the combination ofrtoo warm a temperature and humid an
‘atmosphere of this subtropical climate is the limiting factor.

In liexico and Guatemala, the butterfly is limited to very high
mountain meadows far above the Mexican olateau and above that zone
occupied by the orange form. Potential areas of occupation are en-
circled with a dashed line in ilexico and Costa Rica (Fig. 3).

Throughout the eastern ~arts of 1ts range, this butterfly
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(yellow race) exists mainly in wild territory, areas not under ex-
tensive cultivation. The latter sress are the breeding placee for the
orange fcrm. However, semnl-wild red-or-white-clover fielde crovide
excellent larval ﬁﬁbitats &nd no doutt in sone areas have orovided
ﬁetter than normwael habitats for it.

Richarde ('31l) gives the life zone distributions of these two
races 1in the southern Apualacnizns. Apparently, the vellow form oc-
curs at the higher elevations, being found in breeding gquantities from
Canadisn life-zone to Transition and occasionally in Upper Austral.

In lower Transition, the yellow is commoner. Below Transition, the
oranuze is commonest but avparently it, too, is rare below the Upper
Austreal.

Clark (wS) states of the occurrence of the yellow form in Vir-
ginia: "Found in open country generally, especially in clover fields;
formerly abundant throughout, now commoner in the higher mountain opas-
tures and freguent in the southwest, elsewhere infrequent or rare,
having been almost completely replaced by the western eurytheme.
Though lese common, it is still numerous in the southeast. Apparent-
ly a somewhat hardier butterfly than eurytheme and better adapted for
life in rugged regions, it is still credominant in the higher mountain
pastures and still frequent in the valleys amcng the southwestern
mountains."

From the Central Plains west, that ie, in the part of North
America with a more arid summer, the yellow form 1s restricted to
mountaid or valley meadows or to irrigated clover pastures. The
orange formn is found everywhere, on A4ary hill or mountein slopes
(Astragalus, etc. as food), in meadows, mainly as migrants (clovers
as food) or in alfalfa fields in the valleys. The yellow form is not

found in alfalfa fields in zbundance exceot when white or red clover



is grown along with the alfalfa. It is in fields of mixed clover and
>alfalfa that the most extensive intercrossing between these forms
occurs for here the breeding populations of each are in ecologically
the same vlace. Two populations where these conditions are present
were etudied in the summers of 1941-42 (Hovanitz '43).

Edwards ('68-'93) believed that the planting of red clover as
o: forage crop westward into the wississi:pi Valley during the nineteenth
century was allowing the range of the eastern yellow-rsce to be extend-
ed westward. Scudder ('82) does not believe this correct, but rather
that the planting merely allowed the butterfly to become more conmon
as well as to occupy more territory. According to Scudder, it was
very common in central Missouri in 1857. The yellow-race has certainly
had ite ootentisl range extended by the nlanting of white and red clover
throughout the Great Basin in irrigated vastures. According to Edwards,
the yellow-race was susposed to be getting commoner about Lawrence,
Kanszs, but then (about 1880) did not vet equel the orange eurytheme.
This was likewise true of Nebraska. It may be noted thet this was
just the time when the growing of red clover (the food nlant of the
yellow form) was beginning to receive comoetition from sglfalfa (later
the orimary food plant of the orange form).

Early records for the yellow race in the west are often not
available due to the idea that 1t was merely a color phase of the
orange and therefore always occurred with it. This, however, is not
true. Food olant, ecological and distributionsl data in most recent
publications are not applicable to this race for the most part. How-
ever, very old vellow material from eastern Czlifornia (middle 19th
century) shows that it is not a recent igrant into the Grest Basin.

Clark ('4l) sevarstes as s yellow phase of the orange form in

the vicinity of Washington, D.C. individuals which have no orange
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pigment, but in shape of wings, manner of flight and other habits are
similar to the orange form. He states (MS) that in 18937 "together
;With the orange form there appeared unusual numbers of the clear yellow
@hase which up to this time had been rare. We found several mated
palrs in which one individual was yellow and the other orange. BSince
that time the yellow phase has been frequent in all broods. Up to
‘this time it had been a fairly safe assumption that all yellow in-
idividuals were philodice. With the appearance of the yellow phase of
Qgggzzgggg in numbers this assumotion is no longer valid; yellow in-
dividuals may be either philodice or representatives of the yellow
(phase of one or other of the forms of gurytheme. At present all over
:Virginia except in the higher altitudes in the mountains and in the
éouthwest, most of the yellow individuals oprove on capture to be
‘eurytheme."

On the basis of the genetic study of similar interbreeding
populations at Mdno Lake and Round Valley, California, (Hovanitz, '43),
the "yellow phase" mentioned by Clark is now believed to represent
'yellow race individuals, altered by intercrossing. An exchange of
adaptive genes orobebly has taken place between the forms, which, how-
ever, have retained thelr essential physiological characteristics.

The yellow-race 1s divisible into five geographic entities which
have received names (Hovanitz, '43). We need not consider these sub-
divisions here as this is fully covered elsewhere (Hovanitz, '43) and
ig not esgsential to the present discussion.

Sumnery+s The vellow-race occuples a msoare extensive range than
the orange-race, occurring from Alasska to Guatemala znd from the Af-
lantic to the Pacific Ocesns. Its peripheral range has probably been
little affected by the alterations made by man in the ecological con-
ditions of North America.l However, genetic alterations in the race

have taken olace through intercrossing with the extended rsnge of the
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‘orange race. Also an increase in aotual numbers of individuals of
this race has taken place by the increase in larval food orovided by
man's cultivation of clover crops.

The Relative Abundance of the Races

in the Different Regions

Data on 6,072 museum or preserved specimens of Coliags chryso-

theme were obtalned from widely scattered geographicai locations
through the courtesy of the owners or curators of the material. The
ispecimens were segregated into orange, yellow and white ohases, partly
‘by the author and partly by the oersone supplying the information. The
full data with detasiled localities and dates are too extensive for pub-
lication; therefore, a condensation is given (table 1). Many of the
localities are shown as dots on the maps (figs. 1, 2).

The'frequengies of yellow-race individuals to orange—race'in—
‘dividuals in various geographical regions are indicated on the map
;(fig. 4). The uonper numbers of each fraction indicated represent the
‘percentage of yellow-race butterflies as comoared with orsnge-race in-
dividuals for that area. It 1s at once seen that there is a general
decrease of yellow from north to south. In each of three ways from

north to south this regularity is illustrated:xy

Cordillera Central Lowland Atlantic Coast
100 100 7
100 100 55
86 60 12
87 41
6

The Freguency of the White Females in the two

Races and in Different Geographical Regions

Within each of the races, the white females exist at & higher

Trequency in the north than in the south. The museum date, however,



Table 1. The freguency ip percent of the three color phases
of Colias chrysotheme in North America. “he yellow is the percentage
as compared with orange; the total (N) does not include any white
females. The white female percentage is compared with the total

yellow and orange females in the area.

yellow
Geographical region %yellow N Twhite n subspecies
Far Norht west 100 240 88 {874 vitabundsa
Algska 100 142 95 56
Yukon Terr., N.W.Terrs. 100 98 71 24
N.W. Brit. Col.
| MOUNTAIN REGION 74 1982 14 635 eriphyle

~ Northern portion 86 658 7 201

Brit. Col. (Central and 89 261 100 91
southern parts)
Alterta 88 101 4 53
Idaho g2 172 6 35
Montana 70 124 9 22
Southern portion 67 1334 18 4 34
Wyoming 57 186 12 43
Colorado 62 366 12 93
Utah 78 482 16 164
Nevada ba 63 15 43
Washington (eastern) 78 46 14 7
Oregon (eastern) 27 33 53 19
California (eastern) 71 158 17 65
PACIFIC COAST 0 340 45 187 (none)

Washington (western) 0 6 67 3
Oregon (western) 0 14 11 9
California (northwest) 0 131 47 60

California (southwest) 0 189 43 115



Geographical region % yellow

SOUTHEAST 6
Arizona 1
New Mexico 26
Mexico 1
NORTH PLAIRS 60
lMaitoba 58

Sakathewan, liorth Dakota, 63
South Dskota,linnesota

CENTRAT. PLAINS 44
Nebraska 44
Kansas 38
llissouri 38
Tewa 62

GREAT LAKES AND VICINITY b7
Ontario 44
Michigan 37
Illinois 64
Ohio, Indiana, Xentucky, 80

Wisconsin, Tennessee
SOUTH PLAINS AND MISSISSIPPI 6
VALLEY

Arkansas, Oklahoma, Texas,
Lousiana, Mississippi

NORTHEAST v
Quebec, Nova Scotia, New 63
Brunswick, lMaine, Vermont
Nlew Hampshire 100
Massachusetts, R.I. 856
Connecticut 89
New York 81
Pennsylvania "3

Hew Jersey, Delaware 67

N
449
224

85
140
232
142

20

193
86
16
78
13
307
63
67
118
59

164

1061
b7

34
46
73
357

430
64

7 white

43
39
61
37
25
19
37

33
30
67
35
20
38
41
40
30
56

42

33
10

19
37
30
33

35
43

N  subspecies

209 hageni
75

44

90

88

b4

34

96
36
3
49
8
140 philodice
& &
42
63
18

b2

514 philodice
31

16
19
47
220

130
bl



Geographical region % yellow N % white N  yellow sub.

CENTRAL ATLANTIC 55 359 28 119 philodice
Maryland 46 37 20 15
Virginia | 61 80 21 39
West Virginia 86 56 5
District of Columbia 33 98 21 38
North Carolina b2 88 14 22
SOUTH®AST 12 &4 28 36 philodice
South Carolina, Georgia 14 49 32 19
Plorida, Alabamsa 7 28 24 19

GRAND TOTAL NORTH AMERICA 58.5 5414 0.6 21563
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Fig. 4.- The comparative frequéncies of the yellow
to orange races in North Americs (upper figure in the fraction)
and the frequency of white to normal colored females (lower

figure in the fraction).



make no clasgification as to race of the white females. True fre-
‘quencies within a race can be obtsined only where the materisl 1s bred
or in pure cingle race populations.

Data of the former tyce have not been obtained in sufficlent
numnbers to give percentage values. Data of the latter tyne have been
obtained in the Far Northwest where the yellow race is found;élone,
and in sarts of California snd Arizona where the orange-race is found
alone. Prior to about 1925, such data could have been obtained in the
Northeast on the yellow-race. In some locslities, such as New Hamp-
shire, even now the orange race is scarce enough to give negligible
error to the datu.

The map (Fig. 4) shows the frequency of white females through-
out North Americws. The numbers shown as the lower figure of the
fractions are the percentages of white females compared with the nor-
mal yellow or orange females in each sarea. ne data 1s given in more
detail in table 1.

Alaska has a white frequency of 95 ner cent. Yukon Territory
(and vicinity) has & white freaguency of 71 per cent and illustrates
the decressed frequency to the south. The Northern Mountain Region
has a white frequency of 7 over cent, a tremendous decrease over the
Yukon Territory. New Hampshire has a freouency of 14-19 per cent
white femalee as determined both by random collection and by means of

museum mzterial (table 2).



Table 2.~ The frequency of the white female in New Hampshire.

Data for specific localities have been reorganized from Gerould

(123, '41).

Locality 7 white N
Hanover, N.H. 1911 16.1 ¥4.7 62
Hanover, N.H. 1923 9.8 *4.6 41
Goffstown, N.H. 1917 .8 *a.B 52
Hanover, N.H. 1940 17.2 *2.4 244
Total 14.5 *1.8 399

New Hampshire (Museum material) 19. -_—— 16
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The data for these areas of pure or nearly pure.yellow—raoe
are sufficient to illustrate the higher frequency of white in the
north and the decrease to the south.
| The orange race is found pure only along the Pacific Coast
‘west of the Csscade-Sierra Nevade divide, Arizona and the lower por-
tions of the iexican plateau. Samples of significant size have been
gotten in only one portion of the area - in California and Arizona.
Museum material indicafes an average freguency of 47 oer cent in
‘Northern Californis, 43 per cent in Southern Cslifornia, and 39 per
cent 1n Arizona.

However, more accurate data are available. These have been ob-
tained by random sampling of populations from central California to
western Arizona. Averages from four sectionsg of this range give 69 per
cent in the north through 59 and 30 per cent to 16 per cent in the
southeast. Thesce freguencies are shown in thelr approxinate geo-
greprical location on the map (Fig. 4).N/

The trend of the verlation is the same in eéch of the orange
and the yellow races. However, the yellow-race frequency is higher
farther north than in the orange-race. For example, whereas a fre-
gquency of 70 per cent white is found in the yellow-race north se far
as the Yukon Territory, in the orange race, 70 per cent is found much

srther south in the latitude of central Californis.

where the Ttwo races occur in the same area, the freguency of
white would be the combined freaquency in each of the orange and yel-
low races. It would follow that thie would fluctuate depending upon
the relative sbundance of the two races in the area. The more abun-
dant the orange race in an area, the higher would be the frecguency of
white. This is best chown by a dlagram (Fig. 5). The oercentages to

the right of the middle line represent the combined frequencies of
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white when the two races are eqgually sbundant; the percentages to the
left are the combined frequency when the yellow’race is twice as abun-
dant as the orange. |

The results of this intermixture of the racial frequencies will
be as follows: The white frequency will begin high in the north and
decrezse to the south. As the sbundance of the orange race increases,
the white freguency will stop 1ts decrease southward, reach an egui-
librium and then increase. This increase should be proportional to
the orange race increase (Fig. 5). The map (Fig. 4) shows this re-
lationship in the geographical data.

Theoretically, the frequency toward th% SOutﬁ should again de-
crease sfter the second "high'. The data are not sufficlently sbun-
“dant in the southern locations to show this clearly except in the pure
orange locations in California.

Discussion

The different geographical distributions of the three color
ohases of Colias described above are found to be consistent with some
ada~tive oualities possesced by each color form. These adaptive gqual-
ities enable the particuler form to exist better in the narticuler
range occupled; apparently, the color difference is incidental to the
main adaptive traits but directly relsted to it in growth metabolism.

For examnple, it has been shown elsewhere (Hovanitz, '42, '43)
that the yellow and orange races differ in a series of ohysiologicel
characteristics. Threse are related in the following ways to the
characteristics of the environment in which the*races are found.

A genetic diapause in the yellow race taking effect upon the
lorvae will ensble this race toc overwinter in a dormant state e:ssier
in cold territory then the orange race. The latter does not possess

& Ciapause; hence, 1t is more likely to be killed by freezing. The
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range of the yellow race into the varts of North America with cold
‘winters 1s coﬁsistent with this genetic trait (such as the far north,
the high mountainé and the east).

Likewise, the sterility and high mortality of the yellow-race
'1arvaé when bred on alfalfa and similar legumes would not encourage
~the race to expand its distribution with the increased growth of that
plant, such as is the case with the orange-race. The dry summers and
warm winters of the southern Pacific Coast are not desirable conditions
for the growth of perennial Trifoliums, the food plants of the yellow-
raoe.

Data on the better sbility to survive under various conditions
of the physical environmental factors are more difficult to obtain.
However, breeding data (Hovanitz, '43) suggest that the orange-race
is better skle to withstand hich temperatures than the yellow-race.
This also follows from the lower life-zone distribution of the orasnge-
race throughout the southeast and in its much greater abundence in the
southern areas 1in general.

The northern distributicn of the white female in the two races

ct

" suggests that 1t has an advantage over the normal orange or yellow in
those aress. The experimental evidence here is comolicated and will
be considered elsewhere (Hovanitz '43).

1. The North American dlstributions of two ohyslologicsl reces

of the butterfly, Colias chrysotheme, have been described from an

ecological and genetical point of view.

2. The orange-rsce has extended its range everywhere with the
. growing of alf:1lfa, but most especlally in the esctern United States.
The range in the western parts of North America hass been altered only

" by the ehifting of population abundance from wild areas to the alfalfa
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-fields in the valleys. The vpresent area now extends from southern
Canada to southern uexico and from the Atlantic to the Pacific. Be-
fore gbout 1850, the eastward distribution ended in the Liississiopi
Valley. The occupation of the Northeast has been from a west and
south direction. Apparently, the occupation of the new territory has
'been accompanied by a gehetio acclimatization in the race caused either
fby environmental selection or by intercrossing with the yellow-race.
3. The yellow—race has essentially the same range now as it
~had before the oresence of European man in North America. HoweVer, its
?abundance has been increased wilthin those parts of the range where
white and red clover are grown. The recently migrant but now resident
%orange—race has appserently changed the genetic adaptability of the
- yellow-race in a once pure "vellow" territory.
4. The range of the yellow-race ie greater than that of the
- orange, existing farther north and farther south. Wluseum material
indicates that the yellows are commoner than the oranges in the north.
5. The variation in frequency of & white genetic mutant existing
‘within each race has been described. In each race, the freguency 1is
;highest toward the nortn. At a given latitude or ecological equivalent
of it, whites are ncre frequent in the yellow race than in the orange.
6. The differences in the ecological distribution of the orange
and yellow zre shown to be due to the genetic ohysiological differences
between the races; namely, & potentiality diapause for winter hiber-
. hetion in the yellow réce, a different food plent distribution in th
two races znd different physical environmental osreferences.
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Footnotes

¥$/ Clark (1iS) has suggested that the orange-race may be in-
digenous to the Carolinas. However, because of the scarcity of this
form in early setern material as well ae the fact that it wae unknown
until described from Cealifornia, it is not believed to have been there
in any breeding cusntity till after the middle nineteenth century.

\%/ According to Clark (lS), Scudder was in error here as Smyth
has found them very common around Charleston, South Céroline, as early
as 1874 and 1876. The records collected for this paper indicate the
accuracy of Clark's notation since orange forms were probably common
near Chaoel Hill, North Carolina in 1888, three yesrs before Scudder's
note was published.

\9/ Alfalfa or lucerne seems to have had its origin in the steppes
of Central Asia from whence it moved into the semi-arid Asia Minor and
southern Eurove. It was introduced into America by the Spanish ex-
plorers in Peru and Chile (possibly also Mexico). In the 18th century,
there were some fields in oroduction along the Atlantic seaboard under
+ the name lucerne but these aid not thrive, owing probably to the lack
_of inoculation for nitrogen-fixing bacteria. The first thriving popu-
Alations were in California and thence these moved eastward to the At-
.lantic as described in the text. Other species of Colias are now pests

on alfalfa in other regions. Colias lesbia flies in droves over alfalfa

.fields in Argentina Jjust as eurytheme does in California. (C. lesbla
may represent an isolated population of the orange-rsce.)

\é//Error in obtaining these figures is largely minimized by the
wide distribution of the material in various collections throughout
North America. Nevertheleses, it is expected that collectors may have
selected the rarer color phases in any locality. This would tend to
minimize the differences between the figures rather than to increas

them. Also, any tendency on the part of collectors to have an equal
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representation of the colored tyses for purvoses of uniformity in
collections would decrease rather than increase the differences ob-
served.,

\H
“J/ Details of this work will be published sepsrately.



The Pistribution of Gene Freguencies in Wild Yopulstions

of GColiss.
Willigwm Hovanity

Californis Institute of Yechnology, Pasadensa

Nearly all butterflies of the genus Colias have dimorphic female
forms - the normal yellow or oranse and the "albinie” or white form.

The white form in both reces of (Coliss chrvsotheme in lorth America

48 controlled by a dominant autosomal gene which has erfect only on
e
the female sex (Berould '¢3, Hovanitz '43}. This seems to be true

plso for (oliss myrmidone and edusa = crocea of Europe and the

ghristina complex of ilorth America (Gerould '23, Tord '41 and Hovan-
a

itz '4%). The general distribution snd sbundance of the white e
:

male form of chryso#h@me in lorth Americs has been described in de-
tail (Hovanitg, ’4%3.

Uwing to the oase 0of segregation of the normal and white forms,
this materiel is excellent for the study of gene frequency varia-
tions and its biclogical causes in wild populstions. Tor this pur-
pose, aamples of the populations of the orange rasce were obtained

aeaaonelly‘and geographically in 1941-42,
Hethod

Counts of normel and white females were nsde throughout the ale
folfa growing districts of centrsl and southern Cslifornia, south-
bweatern Arizona and the western Grest Besin., The earliest samples obe
tained were by sctuslly caepturing individualsg latef, however, counts
alone of free-flving individusls were found to give larger numbers and

more sicgnificant results.



Knowledge of the exach viabilitr of the three genotypes expect-
ed In the populations in 2ll locatiors 18 necessary before pertinent

gene frequency dabta can be caleulated sccording to the standard ore-

€
¢

pula: P?{Epg+g“ (erdy '08). A=z the experimentusl data sugrest that

the visblility of the dominant homozveote (qﬁ) may be zero under cer-
tein conditions snd equal to or better than that of the other geno-

types under other conditions, the spnlication of this formules under

known conditions of viabllity is not possible. The dots sre there-

fore discusged not as gene requencies but as phenotype Ifreguencles

onlye.

With no difference 1n visbility between the genotypes, the pene
frequency in & population will remain constant, with rendom fluctua=-
‘tions only (Wright 132, '4%). %ith cormplete lethelity of the domi-
nant homozysobe which is probably true in hot environmments end in
‘gouthern regions, the white 2llele will be eliminated st & rate «8
given in the saccompanvineg table (Table 1).

The white allele has s selective value under certsain environ-

rental conditions which is grester than thet of the normal veliow or
a ‘_'P

3

‘orange sllele (iovanitz '&&). According to the conclusions derived
from ruseum dnta alone, the white allele should be at an asdvantage
vﬁver the novrm:l #«llese ra ulle north as compered with the south., There~
fore, in th1s detalled anslysls of populstions, a sinilar north-south
rale should be Founde. The allolic\frequency should vary directly with
the chsange in climate betweeon regions if the two nre thus inter-
related. In a previous paper (Hovanitz '47), it wers stated that only
by 2 polygenic or mulitiple allelic hereditsry mechanlism can & gra-

dient of morphological, sdaptive varistion c¢oinclde with a gradient of



Table | . Table showling rate of elimination from a popu-
lation of a dominant allele which is homozygous lethal, popu-
lation size being at infinity. Assuming equal viability for

the other two genotypes, the elimination will be at the rate

shown by the drop between generations.

Frequency of white dominant allele generation
females in adult frequency
population
Ww W
66.7% BB 5 1
50.0% 25,0 2
33.3% 16.7 . 3
28.6% 14.3 4
25.,0% 12.5 5
22.2% 11.1 6
20.0% 10.0 7
18.2% 9.1 8
16.5% 8.3 9
15.4% 7.7 10
9.1% 4.8 20
1.96% 0.98 100
.199% 0.099 1000

.000199% .000099 1,000, 000
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chsnging enviromentel conditions,. When this kind of hereditery
system is not availeble, similar results cen be sachieved by varying
petlos of two slleles with extrenmes of 100:¢0 and 01100,

The detn presented here illustrate the correlstlion between the
gradient Sormed by the frequency of the two white slleles, and the
gradlent formed by the elimstic conditions of the territory, They
also show the effects of migration and randam population change upon
the gene frequency in various enviromnments. A differentisl develop-
ment rate of different genotypes end its el fect upon population 4if-

ferences is noted in two populations.

The Precuencies of the White Female in _California

Pooulations

The frecuencies of white femnles in Celifornia populations of
the orenge rece are shown on the map (fin. 1)j. The general trend
of highest frequencies in the North (69% white) and lowest fre-
quencies in the South (13% white] is apparent.

The region sampled is divided into Tive district provinces by
the loecal topography of the land. There are from north to south:

1. The San srancisco Bay area in the northwest.,

2+ The San Joasquin Valley area slong the central portion of
the state.

3¢ The Greah Basin, renresented on the map by lono Lake sand
Round Vallev.

4, Ceastal Southern Cslifornia, represented by scattered snl-
fal’a fields throughout the cosstal velley.

He Uoachellas-Imperial«Colorado River Valley area of the south-

enst,
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The genetic nsture of wild populstions sre only studied or
visuslized with the aid of maps, climatologicsl information and a
knowledge of the local topographv.

To neglect this dsta would he to elinminate the caussl factors
in the population differentistion: the cause of the differentiation
is the point of this study.

The population differences (sensonal and geographical) are
descrived below, starting with a eentral point, the coastal Southern

valifornias populations.

The Coastal Southern California Populastions

The &osatal Southern California populations sampled are shown
on the map (fig.l) by numbers derived from the white frecuency at
gach pluce.

The San Gabriel Vellev area: The loecslities known collective~

ly e#8 the San Gabriel Vslley s2rea are situsted st the lower end of

the valley in the vicinity of El Monte, Garvey =snd Puente. The lo-
cality is msrked on the mep (fig.l) by the number 38. The populsae

tions are split into two parts, separated by the San Gabriel River,
the centers of which are shbout five miles spert. Unless specified,
semples were obtained generaslly over the area.

The general trend of the frequency variations during the 1942
sesson 1s given on the graph (fig.2) sas"S. G. Valley." It is seen
thet there is little fluctustion during the season. A sunmary of
the dats sceording to the sesnson for 1941-42 is gilven in Tuble 2.
There sre no significant differences in 9ny.ﬁﬁ§>of the seasons,
nor between the two yesrs 1041 snd 1942, Vere the populstion num-

ber reduced to sn exceedingly low vslue, it might be expected thet
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Table 2¢=~ Seasonal frequency of white females in the San

Gabriel Valley for two years.

Season % white?? N

1941
Spring Ble62 -+ 6477 a7
Aybumn 30405 + 1445 099
Total 2975 + 1442 1,036

1942
Spring 3333 + 727 42
BEarly summer 28415 4+  1Le55 906
Late summer 53687 4+ 1465 812
Auvtumm 28¢75 4+ 182 612
Total 3019 + 094 2,372

Grand total 30«05 4+ 078 3 408




rendom ehanges in gene frequeney would cecur, but no sueh variations
are present. Appsrently the population size is very large, or the
environmental seleetion for the white and orange slleles is rather
elosely regulsted. DBoth are probably true.

In May end June 1642, separate data were obtained on esch side
of phé San Gabriel Hiver (Yable 3) in order to determine if a dif-
fefehee might exist, due to the spstisl isolation. This is a test
of degrce of population movement as well as size sinece s difference
in the results would indieste that the srea is not well mixed or
thet random echanges have teken place in gene frequeney.

In both May and June, the frequeney was lower on the west side
than the east sidé. In neither ense was the difference equal to or
greater than 2X the standard error. With the combined data, the dif-
ference 1is 5.80%3t 4.54% or considersbly less than 24 the standard
error of the difference.

The San Fernando Vallev Popul«ations: The Saen Fernando Valley

populstions are loeated about 30 miles northwest of the San Gabriel
Valley. On the mep (fig.l) the place is denoted by the number 30,
Between these two loealities is loested the eity of los Angeles and
two "mountaiy ranges” (Santa lionies mountains snd part of the "Pu-
ente Hills." Therefore, there are no alfalfa fields %o unite the
two places. The chance of much rene exchenge sceross this 30 miles
under normal eirceumstanees would zeem rather doubtful, However,
the speelesis somewhat migrstory and at times there is probably
considerable exehange. The elimate at the two places is very simi-
lar, being under the same influenee of the prevailing westerly
winds snd ocesn fog. There should be very little differentisl cli-

netic seleetion. |



Table 3= Freguency of white females st two loeslities on the

two sides of the fan Gaebriel Hiver (in the San Gabriel Valley)e 1942.
&,

. V4
The mumbers are & vwhite fanleoge

Weat aslde n faot side bl Total i
Hay 787 + 4e48 99 | 30487 & Oe21 280 20.51 1+ 2.51 528
June 20.40 & 2410 435 | S8410 301 145 [ 2734 + 183 78
Total 2575 & 189 LIZ | JLeBE ¥ Ee40 374 (88415 + 1.50 006
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The trend of the veriations in this region is shown on the
graph (fig.2) as"s. F. Valley." The variations in the populations
of the 8an Fernando Valley are not statistically different. Even
the July and August percentages of 35% white are not different from
the average of 31.48 for this periody (Table 4).

During the period September 23 to November 7, tests were made
to determine 1f there were a differential development rate between
the two types of female. One particular field in the San Fernsndo
Valley had a heavy infestatlon of Colias and was in full eclosion.
Frequencies were obtained in this field at two day intervals of (a)
percentage of white females freshly eclosed on that day and (b)
percentage of white females free-flying in the population. Frequen-
cles were obtained in local fields nearby to serve as a control.

The graph (fig.3) shows the variation in frequencles between
newly emerged females in one alfalfa field (as judged by the faet
that they had wet wings and were in copulation) and the frequency
of free-flying females in the same place. There is also shown by
dotted lines the frequencles in two control fields about one nile
from the former place.

From a high of 36% white females which eclosed on September
23, the frequency dropcved to 29% on each of the two succeeding per-
iods of two days each to a low of 24% on September 29, The differ-
ence between the extremes is 11.87%t 4.2§Zor nearly 3x the stand-
ard error of the difference (Table 5). |

Two days following the semple of 36% of newly emerged females,
samples were made of the frequency of free-flying ihdividuals. On
September 25, the frequency was 45%. This dropped at a rapid rate

at first but was slower later until a low of 25% was presched on
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Fig.:3 «- Frequency of white females in a San Fernando
Valley alfalfa field during an adult eclosion period. The
lower heavy line represents freshly eclosed females with wet
wings. The dotted lines represent controls in other local
fields. The control first used was replaced by a second on
October 14.



Table 4 «- White female frequency during the season at San

Fernando Valley, Calif. 1942.

Date % white?9? N
ey 25 3087 + 3404 229
June 2 2 28443 + 2401 503
July 25 3597 + 4406 139
Auge 1 35496 + 4450 114
Septs 7 17.95 + 6415 39
May=- Septs 7 35037  + 1.43 1,024
Sept«23=N0vVe7 3029 + 0443 11,149

(see Table 5)
Total 3030

1+

0.42 12,173



Table be= The frequency of white females at a given alfelfa
field in the 3an Fernando Valley during the course of en sdult
eclosion period. The copulated females were newly eclosed on the
day of the saégé. The comtrol samﬁles were mads in fields approxi-

mately one mile from the tested field.

Date Free-flying, %w N |Copulated, Jw N | Controls, “w i
Sept. 23 S ~ 35,91 & 2,96 323|29.24 4 1,96 537
Septs 25 |44.58 + 2.04 590 (29,22 + 2.56 373 | 32,282 + 2.58 329
Sept. 27 [ 37.61 + 2.07 5661 {29.20 + 3.06 226 27.81 + 2,31 374
Sept. 29 |32.85 + 1.8 685 [24.04 + 3.01 208 25.12 + 2,17 414
Octe. 1- 29.59 4 1.59 828 - e e 161 29.45 4 2,62 326

- (31,06 ¥ 1.96 554)
Octe 5 [27.75 4 1.76 645 ——————— (28.61 T 2,29 423)
Octe B %25.25 + le46 880 |  memwees (27,40 + 1.99 500)
Octs7 §29.97 +  1.47 971 | P ——— (30.08 4+ 2.40 359)
Oect. 9 !26.90 + 1.78 617 - (29.49 + 2,87 212)
Nove 7 [ 37.76 # 4.88 98 |  =s-ecee 1 eseeees
Total 31.30 4 0.61 58756 [29.76 + 1.35 1146 529.00 + 0.71 4128
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october 5. The difference between these extremes is 19.35% + 2+.50% or
nearly 8x the standard error of the difference. Some of the consecutive
samples are likewise more than 8x the standard error of the differernce.
For exeample, that between Septenber 25 and 27 is 6.97% + 2493% or over
2xs The difference between September 27 and 29 1s 4.76% +) 2.78% or
just under 2x.

On October 7 and 9, the population seems to have leveled off to
e standard range of fluctuation and after the ninth)individuals were
gscarce. As far as adults were concerned, the population size was
greatest between September 25 and 27 when the alfalfa field was literal-
ly covered with theme At this period all individuals were exceedingly
freshe From September 27 to October 9, the population size decresased
roapidlye. Sewples of newly emerged adults could not be obtained alfter
Septemover 29 owing to the very rapid drop in eclosionse. By October 3,
fresh individuals were rare and by tihe ninth nearly all were old and
worn. The alfalfa field was being cut from about four days before
September 23 and was completely cubt on the twenty-seventh. At this
period thousands of pupae were crushede By October 9, the shortest
average new growth in the field was about one foolt high; females rarely
lay eggs in a field higher than this.

The control samples were gotten in two fields about one mile east
of the field being tested. The fluctuations in the control samples are
not statistically different but they follow the experimental curves
to a certain exvent. There is a drop between %eptember 29 and 29 follow-
ing the drops in the other curves; also a fisa p%aeeéﬁa by a rise
between October 1 and 9 following the same in the experimental curve.

The control plots were in fields which did



not have a high percentage of eeclosing individuals. Thelr popula-
tion was at least largely composed of individusls which had flown in
from elsewhere. This was especially true of the field used between
September 23 and 29, The controls are more representative of the
valley populations as a whole than the experimental population. Two
possibilities may account for the very rapid gene frequency change
1ni§ﬁé fields
{(a) the white individuals are fester in development than the

orange so that there are more of them at the earlier stagés of the
adult eclosion, or

| (b) the white gene has somehow gotten a rather high concen-

tration in one place due to chance.

The former possibility seems more likely because 1t fits all the
data better. Oée can account for the higher frequency at first in
both experimental curves by assuming that more white females emerge
at first., As more orange females would emerge late, 1t»would be ex-
pected that the frequency of white females would drop below the av-
erage for the region, provided that there was a general exodus of
edults from the area. The assumption of decrease in adults 1ls cor-
rect because (a) the number of adults visibly declined from Septem-
ber 27 on, (b) edults were seen to be flying away from the field in
large numbers, (¢) the area already had s higher concentration of
adults than any other place in the valley; therefore, more adults
would leave than arrive, and (d) a2 percentage of:éarly emergencges
would have dlied, thus lowering the number of adults there. As ei-

peofed, the frequency of whites dropped below the average frequency

of 30% to a low of 25%. In favor of the first possibilitv also



is the drop in frequency in the newly emerged femeales.

The tendency of the control curves to follow the experimental
ones can also be explained by the first possibility (a). Since
adults were leaving the field and scattering in all directions, it
may be assumed that the higher Qoheentration of whites at the one
place may influence those nearby.

To explain the second possibility, one must assume that a very
rsre chance concentration of white females had laid the eggs from
which the brood arose. The number of females must have been huge
considering the size of the brood. The larger the number, the less
the chance of getting a concentration fluetuating from the normal.
The size of the brood must have been in the millions.

On the basis of the second possibility, there is no way of
explaining the drop iR frequenecy in the newly enmerged insects unless
one assumes that one day a month before the emergence mostly white
females had laid eggs in the field and a few days later a higher
frequency of orange females lsid the eggs. The likelihood of this
being true seems nil.

- The second possibility assumes that the drop in frequeney is
due to a mixing of the adults with the general valley population.
This would entail a great movement of adults into the fieid; On the
coﬁtrary, the movement was visibly away from the field:. The frequen-
ey would not have dropped below the general valley frequeney of 30%
by this method, nor would it have dro@ped so ouieckly.

Therefore, unless the development rate of white females is
faster than that of the orange, it does not seem likely that the

change in gene frequency could have occurred.
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Populations of the Santa Clars River Drainage Basin: Airline

gbout 15 miles north of San Fernando Valley along the central part of
the Santa Clara River Valley, three samples were made during 1942,
This population (Castaic Junction) is loeated on the map (fig.l) by
the number 26, The fluctuation during the season is not significant
but varied from 25% white in May to 27% white in June to 29% white
in September. This gradual rise is illustrated on the graph (fig.2)
as "Castaic Je." It is possible that the frequeney has gradually
risen during the season and it could essily have done so by migra-
tions from the extensive populations in the San Fernando Valley.
There is, however, a range of hills separating the two places (San-
ta Susana Hills). Comparing these two localities for the 1942 to-
tals shows that"Castaic Junction" Has a frequency which is statis-

ticélly lower than that in the San Fernando Valley:

Castaic Junction 27 .44 % ;';_ 1.38% 1,046
San Fernando Valley 30.30% -~ 0.43% 12,478
Difference T 2.8¢% : 1.44%

"Castaic Junction"” is farther north then San Fernando Valley
but hes a mueh hotter and dryer climate owing to its shelbtered lo-
cation within the hills and far from the coast. The populations in
the San Fernando Valley are at the westernmost and coolest portion
of the valley. The inversion of the northe-south "rule” in this case
may be due to the climatie regularity or possibly to chahce alone.

Down the Bsnta Clara River Valley from Castaic Junction toward
the coast is a distance of 40 miles airline. Apparently there are
few alfalfa fields between these two places and not very many even
at the coast, However, a small sample was gotten at the latter place

(Oxnard) with a frequency of 43.75% 1 6.20% white females (see map 1
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gt point marked 44). Climstiecally, the gﬂr is cooler, foggier and
more humid than sny of the other Southern Ualifornia loestions. It
ghould have s higher frequency of whites us 18 indicated. However,
the small number renders the significance of the data doubtful. The
frequency is spparently statistieslly different from the two closest
populations by more than 2x the standard error of the differencet
Difference from Cestaic Jo. 16.31% 4 8e35% and from San Fernando
Valley 13.46% = 6.f0%.

In one of the branches of the Santa Clara River Vallevy known as
Boucuet Canon, 8 sample was gotten in Maey 19042, This place is ebout
10 miles enst of Castaic Junetion and is more or less connected with
it by ocecasional slfelfa fields. The frequoney found here in May
1942 was 39%. The number of individuals agsin was low and the fre-
gueney is, therefore, once sgain doubtfl. Compared with the popu=-
lations at Castaic Junction, the difference is nearly 4x the stand-

ard error of the difference for the month of May and sbout b5x for

the sessonal average ot the l@tter place: N
Bouguet Canon 39.34% T 6.26% 64
Cnataic Je. May 23.64% « 4.05 110
(p1rrerence) 15.70% I 4.55%

Castaic Je. 1942 27.44% - 1.36% 1,046
(birference) 11.90% I 2,45%

The frequency of 39% is very close to the frequencies in the Antelope

Velley to be considered later and msy owe its origin to that sources.

The Antelope Valley Populstiong: The Antelope Valley is lo-

cated about 25 miles east of the Bouquet Csnon population. It is
really the western arm of the Mojave Desert but has considersble ag-

riculture due to the presence of witer for irrigation. The northern
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arm of the San Gabriel Mountains extends between the desert and the
coast here, but the elevation is véry low, owing to the change in ge-
ological structure. OCold winds from the coast blow through the area
éausing it to be climatically quite different from other parts of
_the‘desert. In the summer it may be very hot or may be c;ld and
windy; in the winter it is colder than the Southern Cslifornia cocast.

Samples were obtained in May and June at two places, Palmdale
and Lencaster. Between these localities, a distance of 8 miles,
there is no alfalfa so that the places may be considered as isolated
by dry desert. At Palmdale in May the frequeney was 39.44% . 4.1%
(N=142). In June it was 31.96% ¥ 2.72% (N = 201). Ip June at Lan-
caster the frequency was 38.83% 4 4.81% (N = 103), None of these
differeneeé approach statistieal significance. The total for Ante-
lope Valley for the season, 35.26% T 2.08% (N = 536) is not differ-
ent from the closest population, Bouquet Cation.

At first sight it might seem that the desert should havé a
low frequency of the white gene. However, this part of the desert
is cold in wihter and does not always get hot in summer. In 1941,
eold winmds were almost continuous throughout the summer with only
one or two "warm spells”.

The Antelope Valley populations are the stepping stones to the
San Joaquin Valley populations farther north with frequencigs above
SO%. The more coastal populations of Southern California are sepa-
rated from the San Joaquin Vélley by 70 airline miles of rugged
mountains, while Antelope Valley is separated from it by only 20
miles airline across: the range. The map does not illustrate the dif-
ference as the Lancaséef-falmdale areas are far to the southeast in

the Antelope Valley.



Other Southern California Populations: Samples were obtained

at four other eoas@al localities which are desigéated on the mép
(fig.l) by the white female frequency; namely, Sahta Ana, 29%, San
Pasqual-Escondido, 18%,:San Luis Rey, 25% and San Jacinto Valley,
23%.

The Santa Ana population on the map is 20 miles airline direct-
ly south of the San Gabriel Valley samples. The area in between is
nearly continuously strewn with alfalfa fields in the lowef places.
The climate is probably a little cooler in the summer and warmer in
the winter as it is closer to the coast; however, this is only very
glight. The white female frequency is identiczl with that of the
San Gabriel Valley.

The San Jacinto Valley population is about 50 miles sirline
due east of Santa Ana (number 23 on fig.l). Owing to its inland lo-
cation and higher elevation of 2,000 feet, it has a much warmer and
dryer climate in the summer ard colder in the winter. The white fe-
male frequency is lower here as is expected considering its climate
and location, The significance of the difference between its fre-

quency and adjacent populations follows:

+ N
“gamlesimo ey RIS
(Difference) 6.76% = 2.71% _
San Pasqual-Escondido 18.47% I 2-19%‘ 314
(Difference) : 4,18% - 2,84%
Thermal 12.95% ¥ 2.85% 139

[Difference) 9.70%% 3.78%



The San Jacinto Vallev-Santa Ana difference is just over 2z
the standard error of the difference. The difference with San Pas-
qual=bacondido is nearly 2x while the difference with Thermsl is al-
most 3Xe |

The San Luis Rey frecuency (25%) is so much like others in the
vieinity, and the number in the sample is s0 low that it is hardly
different from any adjacent population. The place is loesated on the
coast sbout 80 miles southesst of Sants Ana., The climate is very
similar to thet place. N

The San PaSQuqlfgggﬁggtion is loested inland sbout 15 miles
southeastward of San Luis Rey. The climate is apt to be warmer
than the laztter place or 3ante Ana end quite simlilar to San Jacinto
Valley. We have seen that the frequency is sbout 2xy the standard
error of the difference in comparison with the latter plsce. It is
clbse to or identieal with the frequencies in the Imperisl-Coachella
Valley and quite different from Sante Ana and San Gabriel Valleys.
On the coastnl side of the mountaing, it is the lowest frequency

knovn and is likewise the most southern knowne.

The Coschells-lmperisl-Golorado River Populations

The Coachells-lmperini-Coloredo Hiver Valley is relatively
isolated from the other populations ccnsidered before by the mounte
ain renges which inelude the San Jacinto rsnge, the Santa Rosa range
‘and the Laguna-Cuymaca mountains. This region is a region of excep=-
tionelly low rainfall, receiving far less then & inches snnually.

It mast have heen ecompletely uninhebited by Colias chrvsotheme bLe-

fore the period of irrigation, due to the lack of sny larval food.



The valley floor was covered only by shrubs typical of the Coachella
and Colorado deserts before irrigation. The area is largely below
sea level and all samples aside from Yuma were obtained below the
level of the sea. At Kane Springs, the elevation is about -200 feet.
A few alfalfa fields exist north of the Salton Sea at which place
the sample at Thermal was obtained. Between Thermal and Kane Springs
the area is almost all barren desert rock or sand and the water surk
face of the Salton Sea; this is a distance of gbout 50 miles. From
Kane Springs to Calexico on the Mexican border the arees is commonly
continuously covered with irrigated alfalfas fields. Climatic con-
ditions are mild in winter so that the populations can be breeding
all year. In summer, the temperstures rise to 1309 F. at times; oce
casionally, for periods of one or two weeks constantly the tempera-
tures day and night will not drop below 100® F, S8Sueh continuous,
temperatures are suificient to sterilize the butterflies of the
coastal population (at least with a high humidity). Possibly there
has been established a physiological race able to withstand sueh
conditions, or perhaps the low humidity of the region allows cool-
ing by evaporation.

‘The white female frequency in this area is the lowest known,
varying from 12.9% to 17.8%. The differences in the populations to
be described are hardly to be correlated with climatie differenceé
though sueh correlations are yet to be made aceurately. 4Yhe valley
is climatically very similar from the Mexiean border at least to In-
dio. Farther north, cooling by winds from the San Gorgonio Pass

tekes plaec.
The frequency at Thermsl, 12.95% - 2.85% is different by

neerly 33X the standard error of the difference from the nescest
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"eoastal" population at the San Jaecinto Valley. They are separated
by a mountainous area sbout 50 miles airline distance and in whiech
there are no alfalfa fields. The butterflies breed in the mountain
meadows in the summer, however. The next nearest population sam-
pled is at Kane Springs which is not significantly different from
1t: 17.80% 2 149% (N = 663); difference = 4.85% I 3.57%.

The Kane Springs frequency of 17.8% is obviously not different
from the next population about 15 miles south, Brawley, 14 .48% I
2.06% (N = 290). Brawley in turn is not different from Calexico |
about 20 miles farther south, 12.99% I 1.57% (N = 462). The ex-
tremes, Kane Springs and Calexico, are different by more than 2X
the standard error of the difference (ﬁ?g% Z2.16%).

It ishould be noted that there are almost continuous alfalfa
fields from one place to the other and that the distance is but 35
miles.

The average for the Coachella-Imperiasl Valley is 15.32% ¥
0.91% (N = 1554) which is obviously very different from the average
for all of coastal Southern California (including Antelope Valley)
of 29.78% L 0.32% (N = 19,050).

Along the portion of th%ﬁower Colorado River just south of
Yume, Arizona, on the east sidé of the river, there is a consider-
able extent of irrigated agricultural area. Alfalfa fields are
strewn throughout the area from Yuma to San Luis on the Mexican
border. The sample of the Colias population here was gottem in
various fields alcng the 15 mile airline distance rather from any
particular field. (fig.l).

The e¢limatic conditions in this area are the same as in the
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Imperial Valley and 1t would be expected that the white female fre-
quency would be either the sasme or lower. This place is sbout 40
miles sirline enst of Calexico but this distance is barren, water-
less desert of moving sand dunes and psrtly ereosote-bush vegeta-
tion, Without flowers for nectar, sdulta could herdly travel this
distance in the dry stmosphere, espeecislly when it is so hot. In
the winter mild weather, however,an exchange of sdults mey take
places. A female adult whieh was well fed as & larva will live for
two or more very active days with no food or water and be esapable of
layving =2 hundred or more eggs even with no more food.

The frequeney of white females in the Yuma-S8an Luis area is
19.54% = 1.91%(& = 481). Compered with the Imperisl Valley at Ca-
lexico, this is 24X the stendard error of the difference (Diff, =
64556 ~ 2.57%)

It was expected to find the frequency in the lower Colorsdo
River area to be lower than the Imperial Valley. However, the ap-
proximate frequencies derived from the museum materisl (Hovanitz
'43) shows that Arizons ss a whole has a frequency of about 39%
white. HNearly =211 these dats sre from the portion of Arizoma at the
higher elevations, Locations closer to the latter region would‘be
expected to hasve a frequency verying towsrd it provided there is
some population interchsnge. Migration ecould easily tske plsce up
snd down the Gils River, for slfslfa filelds tend to follow it. This
river connects the Yuma area with the Phoenix asgricultural area
vhere alfalfs is very commonly grown and vhere the filelds are heavily
infested with Colias (Wildermuth, '14).

- Including the Yums area in the total, the southesstern region

on the map (fig.l) has s frequency of 16.31% % 0.82% white femsles
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(N = 2,035),

The San Joaguin Valley Populations

On the map (fig.l), the San Joaquin Valley lies along the
central strip of the state between the places marked North and
South San Joaquin Valleys. Actually the San Joaquin Valley is the
larger and southern portion of the Great Valley of California which
is cqntinuous from the south at the Tehachapi mountains to the
Trinity-Cascade ranges in the north. The climate in the San Joa-
quin Valley is "mild" the year round. Summer days are normally hot
(sbove 100°C.) but the nighta are cool. Winters are cool but not
cold; frost forms for 2 or 3 months of the year especially to the
north. Rainfall is highest in the north (from 10 to 20 inches) and
lowest in the south (about 5 inches or less). Temperatures are
higher in the south than in the north but the humidity is lower in
the south than in the north. Alfalfa is grown very extensively in
the valley, especially iﬁ the region at the northwest (at the big
triangle on the map), at secattered areas throughout the central
part and very commonly in the southern region near Bakersfield (at
the rectangle on the map).

The white female frequeney throughout this area is over 50%
as compared with about 30% in southern California. The two zones
are separated by a mountain barrier which is, however, not barren of
Colias populatioms. The individuals are merely more scattered as
they nmust havé been over the entire west before 8lfalfa was grown.
The population size must be relatively small; consequently, the gene
frequencies would be controlled primarily by migrations from the

adjacent alfalfa fields. The population size in the alfalfa fields



of California is so huge at the present day that, except in some
very isolated places, the gene frequeney is probably controlled by
them. everywhere.

On the map (fig.l), the general white female frequencies
can he observed, thése rising from the southern part of the San
Joaquin Valley at 58%, to 69% in the north.

The South San Joaguin Valley Area: Samples were made in this

areg at points about 6 to 10 miles apart. These data are too de-
taiied for the large maps and the area represented thereon by a ree-
tangle is shown enlarged (fig.4). The rectahgle represents an area
about 60 miles long in a northwest-souﬁheast direction and about 25
miles wide. Alfalfa fields in this area are located in relation to
the distribution of the sampled populations. ﬁowever, there are
more fields in the north than the samples would indicate. Near the
limits of the rectangle in the southeast and southwest the alfalfa
fields are isolated plots surrounded by unirrigated desert. This

is true to a certain extent in the central and northerm parts, too,
but here also there is irrigation of sugar beet farms, heans, ete.
Just north of Bakersfield and running southwest between Rosedale
and Panama is the Kern River. Its flood basin occupies a wide area
iﬁ whiech there are no alfalfa fields. The river itself is no bar-
rier. The area to the north and west of the rectangle is partly
dry, unirrigated hardpan soils and partly agricultural. There is no
sharp delimitation of the alfalfa-Colias populations in either the

west (north of the Kern River), the north, or the northeast. How-

ever, the zone directly north of Bakersfield and east of Famoso and

Shafter is largely unirrigated lands left in semi-desert state.

Completely around the east side of Bakersfield, Arvin, Weed Patch
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and toward Wheeler Ridge, the area is devoid of alfalfa. Mueh of it
is devoid of irrigation. West of Base and Wheeler Ridge, alfalfa is
oceasionally present, but not too commonly. This spotty distribu-
tion of breeding places for Colias is of signal importance in under-
standing the rapid change in gene frequencies which take place.

The frequencies for the San Joaquin Valley placéd on the map
(fige.4) are those obtained on August 21, 1942. Three localities were

sempled earlier, on June 25, 1942 and two of these later on September

22, 1942.
The three population samples in June are from north to south:
N
4
Wasco 63.19% - 1.08% 1,964
Rosedale 53.33% : 1.B1% 1,440
Base 52.68% - 1.28% 1,528

Waseo is obviously quite different from either Rosedale or
Base. Being in the north, it is expected that it would have a high-
er freQuency than either of the latter two. However, as the distance
1s small, chance variations within sub-units of & populstion could be
expected to alter the significance of the north-south rule. In eli-
mate, Waseo 1s but slightly if any different from Base or Rosedale.
It might have been expected that Rosedale would have had a frequency
exaectly intermediate between Wasco and Base. It is geographically
locéted exactly between the latter two (fig.4). This was not the
case for though it was slightly higher than Base the difference is
not significant even with the large sample.

At the later date (August 21), two months later, these same
localities were again sampled. The frequeney at Base has remained
essentially the same (fig.4); the frequency at Waseo has also re-
mained the same. Rosedale, however, has risen and is now equal to

Waseo rather than Base:



June . Aug. u
Wnsco B3e0% 1,964 . B2.9% 942
Rosedale 5337 1,440 64 42% 812
Base 827% 1,528 5347% 389

The ehange in gene frequency necessary to alter the phenotype
frecuency this much is great. The twe months between the sampling
dates is long enough in the vieinity of Bakerafield at that time of
yeur for two generations, Therefore, sometime sbout the QOdBf July
there was a flight of adults which laid the eggs from which came
the August 21, adult flight. Possibly at this time there wes a
movement of adults southwsrd sufficiently to alter the gene fre-
queneye. The population size itsel is so cnormous that the change
eould not have come through chanee. If selection were the csusal
feetor, it too would have had to be very great. Assuming equual via-
bility of the three possible genotypes, the gene frequency for a
population of 50% white would be 33.5% dominant alleles and for
66.7% would be 44.4% dominent alleles. The selection could have
occurred ageinst or for sny of the three genotypes. Were the homo-
zyote dominant completely lethal, the ehsnge from 50% to 67% could
be sccomplished in one gemeration (see table 1), providing seleetion
against the two remsining gemotypes was equel. The former proba=-
bility of mass movement Or shifting of the esdult populsation is con-
sidered the most likely explanation for the change (fig.2), espee=-
ially considering the spotty distribution of breeding pluces.

The distribution of frequencies in the areas adjscent to
these latter three places is a good key to the verification. Arvin,
Weed Patch and Wheeler Ridge are the western and southeramost lo-
ealities adjacent to Base. They ure 56%,53% and 54% respectively.

North and east of Base are Lamont €61%, Greenfield 66% snd Ponama 57%.
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The latter two are exactly intermediate to Rosedale. The frequency
of Panema 1s closest to Base but the loeelity is closest to Rose-~
‘dale. The reverse is true for Greemfield. It is possible that a
flight of adults from the north came through the area a2 generation
éarlier and laid eggs in the freshly cut alfalfa fields. Coliss
éppareutly migrate more under certain environmental conditions than
under others (Hovanitz, '4@3 Willismsond Bishara, '29) and it is very
feasonable to assume such & mass migration at one time but not an-
other. Females normally migrate to eut fields for egg laying.
S8ince the fields are not all eut at the sasme time in an area, the
infestation will be spotby. Thus, places like Greenfield and Rose~-
dale may get an infestation wﬁieh arose from farther north, and
whieh do not belong to the, area. Lemont may have gotten a smaller
influx.

The localities north of Rosedale all have a frequency above
65%; Shafter is highest at 70%., The latter is statistically dif-
ferent from all the populations other than Greenfield.

The average for all the loealities north of the Kern River
(Rosedale and north) is statistically higher than the area south
of the Kern River:

North of Kern River 64.50%
South of Kern River 57 .6 5%

=+

0¢79% 6,
0.69% 8y .
It seems that the segregation of a small area like that south
of the Kern River could not be maintained at lower gene frequeney
without either a complete isolation with no selection for any allele,
or a seleection rate for am sllele which is at par with the influx of

the other allele. There is no isolation execept distance between

the above two areas. The onlvy reasorably close populations to this
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area are in the north; the gene frequencies there are all high.
The butterflies are known to fly great distances and to move in
great quantities. Therefore, there seems to be no alternative oth-

er than to assume selection against a very high concentration of

dominant white alleles in the southern area. This selection for

the area ﬁust eliminate as many dominant alleles per year as mi-
grate into the region from the north. There is no higher migratiomn
of recessive alleles from any direction into the southern area.

The samples obtained from Rosedale and Base in September were
very small, for cold weather had killed most of the brood indirect-
1y (through action of parasites on the eggs asnd young larvae). The
graph (fig.2) shows that the samples were of nearly the same fre-

queney as in August; the slight incerease was not significant:

- N
Rosedale (September) 67 .65% = 2.88% 272
Base (September) 55.56% = 4.86% 188

Most of the butterfliies were very old and worn at this time
suggesting that these were stragglers from the August emergence.

It is quite likely, for the September cool weather would not have

allowed a8 new generation but would have a2llowed the adults to live
longer. Eggs laid in August were noted dead on the alfalfa leaves
in great quantities.

June and July averages for the South San Joaquin Valley area
are as follows. These are hardly comparasble, owing to the additiom-
al and different populations sampled in August but they are statis-
tically different: .

& : -~
June 57.06% z 0.72% 4,952
August 60.50% ~ 0.46% 8,983



The North San Joaguin Valley Area: OSamples were made in this

area at distances averaging about the ssme as those in the South
San;Joaquin Valley area, namely, 6 to 10 miles. The area is depict-
ed on the large map by a triéngle {fig.1l). The details of eaech sam-
ple are shown on the enlarged map (fig.5). The distenee along the
hypotenuse of the triangle is about 56 miles; éach of the other
sides are about 35 miles. Most of the loealities sampled lie al-
most in a straight line along the hypotenuse; this compares with

the longest length of the South San Joaquin Valley area. One local-
ity lies at the right angle corner and each 0of the other two are a-
way from it toward the scute angles. Separating the line of seven
populations along the hypotenuse from the other three locations is
the meandering San Joaguin River and its flood basin. Owing to this
break in the valley agricultural srea, the distances between the
west San Joaquin River populations and the east San Joaquin Valley
areas are nearly twice normal.

Alfalfa fields in this triangular area are most abundant a-
long the zone between the San Joaquin River and the Coast Range
hills. The hypotenuse of the triangle roughly designates the edge
of the hills. The alfalfa fields are less abundant on the east side
of the San Joaquin Valley and disappear beyond Ripon. There are few
directly along the San Joaguin River. South of Newmsn and north of
"County Léne" the fields are still quite numerous. In the Coast
Range hills, there are none for many miles.

A semple was made at Traecy on June 7, 1942, All the other
samples inecluding snother at Tracy were made in the AT -day period,
August 14 to 18, 1942. One population, Westley, was again sampled

on the 18th. The frequeney in June at this place was not very dif-
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ferent from that in August, the slight increase not being signifi-
cant (fig.2):

Traey 3 N_
June 64.67% = 2.73% 300
August 67.88% % 1,36% 1,180

The August frequencies suggest a concentrstion of white genes
in the region sround Westley. From there to the east aand north
(and also possibly to the sogth) the frequency decreases. These dif-
fergnces are statistically significant. The aveyages for the three
central populations, Westley, Vernalis and Yarmouth, are shown here
for comparison with the two northwestern populations, the three.east-

ern ones and the two southeastern onesy

Central Zwhite N

(Westley, Vernalis, Yarmouth) 72.25% = 00B6% 2,729
Northwest +

(Tracy, County Line) 64.85% ~ 1.01% 2,202
East :

(Manteca, Ripon, Modesto) 66.77% ¥ 1.07% 1,950
Southeast- §

(Patterson, Newman) 66.72% - 1.55% 895

The central area is obviously different from each of the others
except the southeast. The standard error of the difference of these
two is just 2X the difference, e.g., 5.5@2: 1.7%; Neither of the
other three areas are different from one another, though some of the
individual differences are great. "County Line" has a low of 61%,
the lowest in the northern populatiog% it isjégg;g}ent from all the
rest.

Judging from visible approximation, the population abundanece
was also highest in the ceentral area, especlally at Westley. At
Yarmouth and Westley, the population consisted primarily of newly
emerging adults; wet winged individusls were common. At the other

localities, the individuals were apparently not so freshe. In a
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freshly eut alfalfa field, the ratio of males to females is a fair
indication of the new emergence. A cut field with no new adults
eclosing is nearly barren of males. Females im these places are
laying eggs and are quite abundant. On the other hand, a freshly
cut field with adults eclosing has a high frequency of males.
The frequeney of females whieh have wet wings and are in copula-
tion is very high. Yarmouth and Westley were examples of the lat-
ter. The othér fields except Tracy were all examples of the.form~
"er. Tracy was rather intermediate.

At Westley, in view of the correlation between highest fre-
queney of white females and greatest fresh eclosions, a sample
of wet-winged (copulated) females was obtairned. The following

results, whieh did not seem reasonable et the time, was obtained:

Nég

Westley, August 16, 1942
Free-flying 73.92% ; 1.33% 1,112
Wet-winged (copulated)60.84% - 3.31% 166

It is elear that the frequeney is very different. The fre=-

quency of white eclosions is lower than the frequeney of the free-

;
N
e s p1 ¥

flying females. This is true 0T the contamination of
the free-flying population with individuals also eclosed on that
day but alreasdy in flight. The tentative coneclusion was drawn
either that white females did not mate as freely with the orange
ores (negative sexual selection) or that the brood had already
mostly eeclosed,with the whites eclosing first. It was for the
purpose of testing these eonelusions that the San Fernando Velley
population already mentioned was analyzed in September - Oetober,

1942 when it was observed that the conditions were fortunately

excellent at that onme place. Rarlier, attempts had been made at



getting frequencies of copglated females to compare with the general
population frequency, this being an analysis of male sexual seleet-
ion for the different eolored females. Such attempts ‘emnded in fail-
ure because the females don't often mate after the original copula-
tion at eelosion. A-Sfmplé was obtained in a field of o0ld females

near Rosedale, June 25, 1942, with the following results:

N
°  Free-flying 53.33% I 1.31% 1,440 ’
Copulated but not + A
newly emerged 54 ,17% - 7.18% 48

The number is small but quite the same in both eases, It is doubt-
ful if the colored forms have any different sexuszl antipathy.

Two days after the sample described above was tsken at Westley
another sample was obtained. This time copulated females were more
diffieult to find. The suggestion is that the emergence was near-

ing its close. The results were:

Westley, August 18, 1042 N
Free-flyin 71.12% - 1.39% 1,056
Copulated %With +

wet wings) 65.38% - 9.35% 26

The number of newly eclosed females is too low this time to
have mueh signifieance. It is still lower than the general frequen-
ey. The frequency in the free-flying individmals has dropped 3% but
the signifiesnce is doubtful (not quite 2X the stamndard error of the
difference: 2.802t 1.64) .

If the white females had eclosed in a higher frequeney earlier
in the general populatiomn emergence, it would be expeeted that the
white frequeney in the genersl pOpuiation would drop daily just as
it did in the San Fernamdo Valley population. The above 3% drop

may represent this difference.
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Toward the end of the adult emergence it would be expected
that the fregueney of white females in the newly eclosing individ-
uals would be lower than that in the general population. This,too,
is true just as it was in the San Fernaendo Valley populations.

On the same grounds, it would be expected that the ares
where the adult emergence is taking place in grestest guantity would
have the highest white frequeney. This is true. The eentral area
where the white female frequency is highest is also the asrea where
the adults were emerging in the greatest quantity (espeeially ét
Yarmouth end Westley). From this central point of grestest abune-
danee, they were probably flying im all directions. The high fre-
queney at Vernalls where there was no emergence notieceable was due
to the trap effect of the "isolated" alfalfe field where the sample
was;obtained. DBeing between Vernelis and Yermouth, it would at-
tr&ét adults flying sway from those centers.

These data, therefore, suggest that ssmples taken at different
times of the brood emergence may not e quite typical of the genersl
region.

The average frequeney for the North San Joaquin Valley area
is 68.50% T 0.49% (N = ©,024). The percentage will be compered
with others later.:

The Centrel Sen Joaquinm Valley Areas: TFoub freguency samples

were obtained st variously-spaced locations between the North and
the South San Joaguin Valley asreas. The valley is flat the entire
distance but regions where slfalfa is grown are spottye. Therefore,
some of the distance may be said to be a barrier to Colias movement
by reason of space alone. The mep (fig.l) illustrates the locations

of the places. The two southernmost of these localities have the
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lowest frequency but are not greatly difrerent then quld be expect-
ed, nor from what haes been found in the more ﬁetsiled‘zones. The
66457% I 11.20% (N = 891) Allensworth and the 68.42% - 1.,88% (N % 38)
at Corcoran are elose to the 64% sverage for the north“qnd of the
South San Joaguin Valley areams The Hanford 50.48 0 %;%Q% (N=686)
and the Maders 61.,72% . 169 (N = 802) sre the lowest north of Baw
korsfield. The falloﬁing explenation mey be suggested for these
figures:

(a) these may be just chance changes in the génﬁ frequencies
at various places owing to lack of elimstie differences between
the 1oealitiés.

(b) 21falfa fields are not as‘aammon in this area and the pop=~
ulations are more isclsted. Therefore, the population size (sbun~
dence)} may be smaller sllowing chance fluctuations grenter leewav.

(e) the smeller population size mey be suffiecient to elimi-
nate part of the selective advantage the white allele may have.

The Central San Joaguin Valley area as ssmpled by these four
locations has a white female frequeney lower than the north end of
the South San Joaquin Valley, 62.52 versus 64.50 whieh is just over
2X the stsndard error of the difference. However, considering the

South San Joaguin Valley as a whole, it is higher:

X
North San Joaquin Valley 68450% = 0.48% 9,524
Central San Joaguin Valley 62.52% = 04975 2,420
South San Joaguin Valley 50.30% < 0.41% 14,375
PR
TOTAL San Joaquin Valley 62.04% -~ 0.20% 26,119

A rise in white female frequemcy is epparent from south to the
north in the wvalley.
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The San Francisco Bay Areast Alfalfa is apparently grown com-

monly only at the southeastern portion of the Bay Valley. Henece,
the sample was obtained there (fig.l). Aectually, several small a-
reas were investigated but only the total value is of reasonable .
size. The average frequency here of 66.04% I 2.,70% (N = 159) is in
agreement with the 68.50% i 0.48% (N * 9,324) average for the San
Joaguin Valley at the same latitude.

A summary of the frequeneies in four of the five provinces in
California is given in Table 6. The fifth provinece, the Great Ba-

sin, is not comparable and will be discussed below.

The Great Basin Area

The Great Basin Area was sampled in two locations, Mono Leke
Valley, Mono County and Round Valley, Inyo County (map, fig.l).

The Mono Lake area: Mono Lake is situated about 180 miles alr-

line directly east of Sen Franeiseo (fig.l). It is a Basin lake at
an elevation of 6,300 feet above sea level and has no outlet. The
country around it 18 very high. The Sierra Nevada mountain range is
a econtinuous wall on the west with peaks up to 13,000 feet in eleva-
tioé, with no passes lower than 10,000 feet. Mountains 8,000 to
10,000 feet high surround the basin on the other three sides. The
country is very arid due to thé rain-shadow effect of the western
mountain range. Winters are execeedingly cold, going well below COsF.,
and snow falls for several months of the year if there 1s any pre-
cipitation at all. Summers are often excecdingly hot but sometimes
may be cold all year. The air is always dry.

Meadows watered by springs and melting snow in the mountains

oeccur in several nlaces around the western edge of the lake. In



Table 6.~ Summary of the white female frequencies in the orange

race Coliss chrysotheme populations in California west of the S3Sierrs

Jevada but including the southwestern desert areas.

Locality 7 white femsles N
l. BSan Francisco Bay 66,04 + 3.70 159

o

2., San Joaquin Valley

Horth 68.50 + 0.48 9,324

Central 62,52 + 0.97 2,420

South 69,39 + 0.41 14,375
3, Coastal Southern Californis 29.86 ¥ 0.34 18,617
4, Coachella~Imperisl~Colorado River

Valley aresa 16.31 + 0.82 | 2,035

Grand Total 47.77 4+ 0.23 47,010
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these measdows, native clovers of various sorts grow, as well as some
alfalfa mixed with red and white clover planted by the native resi-
dents. The agriculture of the fegion is primitive; the filelds or
meadows are grazed by sheep or esttle rather than being eut for hay
as in the western valleys. In the meadows, one finds the yellow race
Colias at certain times of the year and nearly everywhere one finds
the orange race. In the wet meadows both the yellow and the orange
race seem to concentrate in the largest numbefs and it is in two of
these meadows that the frequencies of the white, yellow and orange
forms were obtained. The yellow form presents an entirely different
problem from the white form and will be dealt with separately
(Hovanitz '4%5. |

The seasonal fluctuations in the white female'frequency were
great. Early in the season for that place the frequeney was high;
in the middle of the summer it was low. Again in the fall, the fre-
quency rose again to nearly its early height. This echange in sea-
sonal frequency is illustrated on the graph (fig.6) for the three
yvears, 1940, 1941 and 1942. The fundamental ehange 18 the same in
all three years. The major portions of the samples making up the
curves are statistically signifieant (Table 7). At times it was
very diffieult to get a reasonable sample and at first (until the
middle of 1941) all samples were obtained by capturing the females
with a net,

By way of summary, the 1941 season started out in May and
early June at 55-65% white females, then dropped through 45% in
late June, 30% the first of July to a low of 15% at the end of July.

This rose gradually through August and September to a high again of



Table 7.~ The frequency of white females throughout the season
at Mono Lake, Calif. %his is the freguency as compared with the

nornel orange females of the oranse raco.

Date dwhite females & il

1940
Auge 11 18.2 4 11.1 11
Dot 20 500 # B8.48 54

19431
¥y 19 56462 + 7445 44
June 8 64496 £ 4456 117
June 84 45,75 ¢ 4,04 163
July § 31,08 4 2.22 415
July 26 13.15 ¢ 3441 99
Auvge 15 38,74 ¢ 4456 111
Sapte 2 £5.40 4
Oote 4 BZ427 & 7445 44
July ¥ 56450 4 3421 238
Augs 7 20423 4+ 2,82 260
Septe 16 62,689 3 3446 194



52% in early October.

In 1942, the season started late at Mono Lske for the orange
race. In early July, the frequency was at about 58% white. By the
first of August this had dropped to at least 29% and rose again in
lste September to a high of 62%. The samples were not made at as
frequent an interval during 1942 as in 1941; hence, the actual low
point might have been missed. The 1940 eolleetions are small but,
nmevertheless, follow the trend perfectly.

This great seasonal change in white female frequeney is not
duplicated in any of the populations econsidered heretofore (fig.2).
It is not an effect of the direet influenee of the environment upon
the phenotype of the adult for the character is completely under ge-
netie control (Hovanitz '4%3. |

A gene frequeney alteration of the proportions needed to
change the percentage of white females from 65% to 13% at Mono Lske
is the same as would be necessary to e¢hange the population in the
North San Joaquin Valley to equal those in the Imperial Valley. This
ehange takes place in as short s period of time as 1} months. For
the Mono iake area, it takes plaece in time equal to the developing
period for one generation.

Several possibilities to aceount for this rapid gene frequeney
change have been considered:

(a) That there is a tremendous environmental seleetion in the
area against the recessive orange sllele in winter due to the very
eold winters and in favor of the recessive aliele in summer due to
the hot, dry weather. The selection during the winter 1s essy enough
to imagine but the summer change 1s so rapid that it does not seem

possible. Even with the 2id of a possible homozygous lethal dominant,



whieh would ehange the frequeney from 66.7% to 50% in one generation,
it is too great a change to expeect. The climstie change is not that
abrupt or extreme.

(b) That the homozygous dominant white female (and male) is
lethal in warmer weather. This would reduce the population very rap-
1dly from 66.7% to 50% to 28.6% to 25%, etc; per generation or in
terms of gene frequencies from 33.3% to 25% to 14.3% ete. (Table 1).
Itvwould take more than 9 generations to get from 65% to 13% at this
rate and only one is possible.

(e) That white females are at a predatory disadvantage and
are,likely to be eliminated in the summer more than at the eolder
parts of the year. The degree of bird attaecks on adult butterflies
of Colias was closely and carefully observed during the sampling of
all the populations in 1941 and 1942. It must be eonsidered that
predatory attacks are negligible, though not completely absent.

(d) That there is an alternation of generations during the
season sueh that spring and autumn individusals represent a really
different population from the midsummer one., In some of 1ts aspeets,
this is the econelusion aceepted. However, it is not believed that
both "populations" live and breed at Mono Leke. If they did there
would have to be almost no intermixing in order to prevent gene in-
terchange. Ho break of this sort is observed at Mono Lake in the or-
ange race. Instead there is a population "high" in midsummer and de-
erease toward spring and fall , rather than diserete broods.

(e) That the individuals at Mono Lake have migrated there from
some other place so that at ecertain times of the year the individ-
uals are representative of some other loeslity. This would really

be an alternation of "generations" at the loeslity. At first, this
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possibility seemed impossible but later evidenee has made it seem
very likely. The reasons are as follows:

I The excéeptionally rapid gene-frequency alteration 1is most
reasonable on these grounds. The presence of individuals from a
high-frequeﬁcy population at one time of the year and from a low-
frequeney population at another time 1s the easiest explanation.

II Populations of high frequeney (60 to 70%) exist just west
of the Sierra Nevada from where migrations ecould have had their or-
igin (San Joaquin Valley). The @reat Basin and Mountain Region
nave a low dominant gene frequency (14%) as judged by:ggﬁgm(ﬂovanitz
'4?5. Nevada and eastern California have frequencies of 19% and 17%
respectively, (N = 43 and 65). Mueh of the latter material is
probably yellow race since there is only 29% orsnge race ecaleculated
in the above figures. Apparently the environmental eonditions in
the dry mountain and basin region are most favorable for the lower
dominant allele frequency. It is not believed that there is any mi-
gration of individuals into the Mono Lake area from low=-fregueney
areas but rather that the low-frequency individuals represent the
resident population.

III When the white frecqueney is nigh, the individuals are in-
Variably old and worn. When low, the individuals are much fresher
andénewly eclosed as if they had been bred in the vieinity.

; IV At the times of high fregueney early and late in the sea-
son the adults flying are of a phenotype development which eould
not have oceurred in the eold weather of the Mono Lake climste.
Were the pupae or larvae exposed to the eold night temperatures of

the vieinity, they would be reduced forms eomparable to "spring

forms" in the low lands. A very few "sorine form" individuals do
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oeeur early in the season and especislly in the autumn. These are
the resident individuals. Most adults at those times are worn
"summer form" and were probebly grown at a lower elevation. Leter,
a8 the resident population inereases in sigze, it ggggggthe high white
frequeney of the immigrant population. This would aeccount for the
gradual rise in the reecessive orange allele frequeney with a laek off
a definite series of broods during the season as is found in the San
Joaquin Valley (Miehelbaecher and Smith, M.S.). It was originally
assumed that the adults found at Mono Lake in May were overwintering
individuals beeause of the "summer" phenotype development they pose-
sessed. Sueh a supposition hed been made as long ago as the nine-
teenth eentury by Mead and Edwards (Edwards, '63-'98)., They found
that adults high in the Colorado Rockies early in the season were
also "summer" individuals. The high improbability that Coliss a-
dults ean overwinter in the true sense is shown by the length of
time they can be kept in a eold room at extremely high humidities
and normal low humidities. At 2°C.,, females will live insective for
S to 4 weeks or possibly a liitle longer at an extremely high hu-
midity. At a normal low humidity they will die in 1 to 2 weeks at
that temperature. The dryness of the Mono Lake stmosphere would
kill the butterflies there quiekly if the cold did not.

That Colias of the orange race esn fly distances as grest as
the 100 miles from the San Joacuin Valley to Mono Lake is illustra-
ted by the many migratory individuals taken in the far northern
parts of North Amerieca (Hudson Bay, Northern Manitobas, Alberta, ete.)
where overwintering populations do not exist. "Summer-form" indi-
viduals of the orange race have been taken in the New England states

very early in the season. They must have flown in from the South.
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The ability to travel is great in the orange race of Colias chryso-
theme (Hovanitz '4%5. Sumﬁer form females have been observed laying
eggs high in the San Jaeinto mountains of Southern California in May
and June where temperatures in the day are eool and at night near
freezing. They eould not have overwintered there but must have come
from the alfalfa fields in the valleys below.

The orange race is fairly abundant in the Hudsonian and Alpine
life-zones of the Sierra Nevada in @Widsummer. It is exceedingly
doubtful that they eould have overwintered in sueh a cold place but
it is more likely that they have been reintroduced into the mount-
ains seasonally. Apparently, a reintroduetion takes plaeé in the
north sueh as in Alberta every few years (Bowman '42). Colias behri
is the resident Colias of the Hudsonian meadows in the Sierra Neva-
da, to whieh place it 1s restrieted.

The question of why the Mono Lske population never reaches e-
quilibrium with the San Joaquin populations probably involves sev-
eral factors. The resident individuals may be better sble to with-
stand the cold winters just as the orange raee in the north-eastern
United Stafes can now better withstand the winters bhere. Or, the
low frequeney of the populations throughout the Basin and Mountain
area may just absdrb the exeess white genes coming from the valley.
Climatie selection in the area may be suffieient to reduce the fre-
quency after a period of time. Or, the low white allele frequency
in the yellow race of the area may absorb and eliminate many of the
genes through interecrossing. The yellow race is apparently better
adapted to resident life in this region judging from its frequency
of 71% for the mountein area in the museum data. Or, the dominant

gene may have a disadvantage in the genom typieal of the Basin reg-
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ion which would render the homozygote-dominent lethal or reduce the
white heterozygote frequency.

The average frequeney of white females at Mono Lake is 43.,16%
I1.18% (N-= 1,724).

The Round Valley areas Round Valley 1s south of Mono Lake

60 miles. It is part of Owens Valley and is 2,000 feet lower than
Mono Lake, or 4,500 feet. The winters are not guite so ecold as
Mono Lake and the summers are very much hotter. The warm season is
sevéral months longer. The general relationship to the Sierra Ne=
vada fange and San Joaquin Valley is the same as Mono Lake. There
are, however, more alfalfa filelds in the vieinity, especlally to
the south in Owens Valley. Round Valley itself is a big meadow
with mixed native elovers, white elover, red clover, alfalfa and
grass fields kept green by irrigation and gprings.

The frequencies of white femalesfg%mgiﬁs 1oeality5ﬁgg purely
ineidental to the study of the orange-yellow relationships. There-
fore, the numbers in the samples are small (Table 8). Apparently,
however, the frequeney may not fluetuate seasonallﬁ as as Mono Lake
sinee in July of 1942 a frequency of 58% was proeured. This may be
accounted for by the more desert environmment around Round Valley
sueh that the orange raece population is eompletely restricted to
alfelfs filelds, Apparently, there is a great migration of Colias
over the Sierra Nevada to Round Valley just as to Mono Lake. With-
out a native population of orange race other than that one in al-
falfa fields, the high white frequenecy is not redueed mueh by
swamping of the genes.

The average of white femsles during 1941 and 1942 was 53.61%

263
T R.04% (N = 5564) . This 18 statistienlly hieher than Nono Lake's



Teble 8.~ The freqgency of white females throughout the season
at Round Valley, Calif. This is the frequency as compared with the
normal orange femsles of the orange race. However, in 1942 667 of

the females other than white at this place were of the yellow race.

Date % white females N
1941, season from lay-Oct. 36,13 + 7.84 a7
1942
April 1 28,6 7
April 25 50.0 4 10.2 24
June 12 53.85 + 9.78 26
July 8 58446 + 4.52 130
Aug. 6 65.22 8
Sept. 16 5l.61 + 8,98 31
tatal 56,64 + 3.42 226
1941~42 total 53.61 % 3.04 263
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434160 t 1.18% (N = 41,734). The north-south rule is reversed snd
the climatie expectancies are 8lso reversed. However, possible
reasons for this gondition have slready been ecovered. (FProbuble
lack of resident population). The frecueney of the total for Mono
Leke and Round Valley is 44.53% % 1.08% (N = 1,987). This total is
mueh higher then the 17% determined from museum materisl for the
eastern Sie;ra Nevada but the latter was based on 70% yéll@w raee
gontamination. White females in the vellow race =t Mono Lake and

Round Valley are either totally sbsent or close to it.

Summary esnd Conelusions

1. The frequeney distribution of white femsles in the orange
rece of Coliss chrysotheme { eurytheme) has been shown to change
from 74% in the North San Joaquin Valley to 13% in the Imperisl
Valley. This ehange in {requency has been shown to be largely cor-
related with the ehsnge in climatie econditions through thg area.

2. The greatest ehange in frequenecy between populations
takes place where there is cecomplete isolation between populations
as well as ¢limatie differences. However, an environmentel se-
lection for the slleles controlling the charscters is shown to be
present even when no isolation exists beﬁween populations (San Joa-
quin Valley).

3. Wild population changes in gene frequeney of verious mage-
nitudes have been illustrated. MHost of these sre shown to be due
to population movement and others to a differentisl development rate

of the genotypes.
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4, The causes of population differences have, shown to lie

in any of the following: (a) possible random deviations, (b) eli-
matie selection, (e) differential population movement and migration,
and (d) difrerent age of the population after eclosion.

5. The faster development rate of white females (heterozygous
plué homozygous dominant) over the orange (homozygous recessive) is
assumed from some of the population anslyses.

6. No differentlial sexual selection by the males for the poly-
morphie females is noted.

7. The calculation of actual gene frequencies from wild pop-
ulation phenotype freguencies in any organism can never be accurate
so long as knowledge of the wviability of the three genotypes
(p*+ 2pg + q2) under known environmental eonditions can not be con-

trolled, only good estimates can be made of the true gene frequency.
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