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AB3T:rtACT OF THE P~ D::A] .Y ?.S3ULTS 

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 betweeb the races though evidence is 

presented to show that the hybrid segregants are less viable than 

the parental types. A wild population where intercrossing occursshcws 

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 interchangeable 

between them. The gene may be either lethal or semi-lethal with 

certain modifiers when homozygous dominant. Within each race 

the gene is most abundant in the northern populations as compared 

with the southern. 

The history of the recent establishment of the orang e race 

in the area east of the Mississippi River is reviewed; the evidence 

shows that the planting of alfalfa in that area has been the 

primary factor which has encouraged the extension of r ange of 

the butt erfly. 

'.:I.1he causes of genetic alterations in • ild pop¼altions has 

been studied by means of the vvhite females. Genetic popul ation 

changes are described which have been caused by migration, 

environmental selection, random fluctuations and differential 

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

Comple,__ in North America (Lepidoptera-Pieridae) 

William Hovanltz 

California Institute of Technology, Pasadena 

Genetic and population studies on the Colias chrysotheme complex 

of North America i ndicate that the group is divisible into two natural 

subgroups or races. One race is visibly differentiated from the other 

most eas ily by the presence of orange pigment on the upper surface of 

t hE:i fore wing; the other completely lacks the pigment in this location. 

Corr•ela ted with t h is char acter are se:veral physiological differences 

relating to growth and diet; t hese phenomena will be considered in de

tail i n oth e:r' publications ( see abstract, Hovani tz, 1942). 

Owing to considerable i nterbreeding , these two major groups ex• 

change s~fficient gene materials in some populations to be identical 

in morphological charac ters. Therefore, it is doubtful t hat the two 

groups should be designated as taxonomic species, but instead will be 

designated 11 orange-race" and "yellow-race" respectively. 

The name chrysotheme refers to a Palearctic species of Golias 

which is apparently identical in morphological characters with the 

North American forms. It may be fou.'l'ld later with additional informa

tion t hat their classification as a unit should be reconsidered. The 

name has been revived for use for the North American forms by Clark 

(1941); it has been i-:n use by many of the early nineteenth century 

entomolu8 i&ts and by Godraan and Salvin {1889) for t he orange-race• 

The author of keewaydin, w. H. Edwards, stated t hat 11 keewaydin =.: 

chrysotheme except that chrysotheme has not the extreme variability 

of keewaydinn. Keewaydin is a seasona l variation of t he orange-race. 

With t he 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 yellov.r-race can be subdivided into five entities correspond• 

ing to five geo graphic 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 geographical zone. The varia

tion in t he butterflies within a zone i s tremendous, due to seasonal 

climatic effects on the phenotype of t h e adult butterfl y as well as 

to genetic variations within the populations . Some populations are 

nov1 in the process of genetic alteration owing to r•ecent and present 

exchange of genes with the orange race. It is doubtful that a new 

narne should be applied to t hese new products of genetic segregation. 

Instead, it is better to re(!ognize t he change which is taking place 

and to withhold Eami:i::g the n ev, race until such time as the alteration 

is apparently compl0t0d-

Variations in t he orange race are plentiful but do not seem to 
0'1'1i ~ 

have g eographical significance~ a genetic basis . The large , heavil y 

orange-pigmented 1uaterial f1·om the Mississippi ValJ.ey may be gene tic 

on an adaptational basis; but, as these forms occur wherever the 

humidity and temperature conditions are high enough, no convenient 

end is ach ieved in applying a Latin na.YJie to them• 

1rhe use of the binomieal or trinomijal name in this group must 

remain a matter of' convenience depending upon t he use to which the 

name is put. The orange-race might more practically be designated 

Golias eur7t:theme by the economic entomolo gist whe~:i studying the 

des t ructive nature of t h is form on alfalfa. Since none of the five 

~ geographical segregations of' the yel101;v race ~ of economic impor-. 

tance, a general name to cover them all is not then immediately 

necessary . The usual taxonomic method would be to take the oldest 

nan1e philodice and to subordinate the others under it. The follow-

ing system has been adopted as being most practical for general us e 

and for showing genetic relationships: 
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Golias chry sotheme philodice Godai-·t, Enc. Meth . 9:100, 1819.~

Synony:ms: notatus Meg., europome Haw., nig Str., nigridice 

Scud., melan ic Sk:in•, ni&rina Stkr., miscidice Scud., 

nigrofasciata Reiff., hybrida Stkr., luteitincta Wolc., 

virida Stkr•, inversata Nak., rothkei Reiff., raritus Gund., 

serr a.ta Chermock, plj.cada ta Nak., albida Cherm., alba 

Cherm., rninor Cherra., ehrma.nni Cherm., alba Stre ck., pal

lidice Scud., albinic Skin•, suff use. Ckll•, n i grofasciata 

Reiff., anthyale Hbn. 

geographical distribution: Georgia to Labrador west through 

t h e eas t ern portion of the Mississippi Valley and north to 

Hudson Bay. 

Type locality: Virginia* 

Golias cb.rysotheme ha~eni Edwards, Papilio 3:163. 1883. 

3'Jnonyms: nigricosta Cherm., laurae Cherin., autumnalis 

Ckll•, eriphyle (various). 

g eographical distribution: Texas, New Mexico, Utah and east

ern California north to Montana, Idaho and Washington. 

Type locality: n Southern Colorado to Montana. and Dakotah", 

r e stricted by Barne s and McDunnough to Pueblo, Colo• No one 

type specimen. 

Golias cbrysotheme eriphyle Edwards, Trans. Amer. Ent. Soc. 5:202. 

1876. 

Synonym: kootenai Cockle. 

geographical distribution: Northe r n Washing ton and Idaho, 

Rocky Mtns. of Alberta, south ern and central British Columbia. 

'11ype locality: Lake Lahache, British Co l umbia.• 
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Golias chrysotheme vitabvnda Hovanitz 

Synonym: kootenai (various but not Cockle). 

geographical distribution: Alaska, Yukon Territory, North

west Territorie s, northern British Columbia .. 

Type locality: 11r1lt• McKinley National Park, Alaska. 11 
• 

Colias chrysotheme guatemalena Rober, in Seitz, Grossch.m.etterling 

der Erde. 5:91. 1907. 

Synonym: philodice {God.man and Salvin) 

g eographical distribution: high elevations in Guatemala. 

Type locality: no types, locaJ.ity clearly Guatemala. 

ORANGE-RACE 

Golias chl"'ysothem.e eurytheme Bdv., Ann. Soc. Ent. Fr. 2: 286. 

1852. 

synonyms: ariadne Edw •, keewaydin EdW•, intermedia Ckll •, 

alba Stkr., .furnosa Stkr., rudkini Gund., runphidusa Bdv., 

califor•nia.....via Men ., flava Stkr•, unicitrina Gund., pallida 

Ckll, 

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 abeI'r ants, to white forms, to melanic 

forms, to seasonal for.ms, and so forth have been placed in the synonyray 

under the subspecific name applying to the geographical region from 

where the material came. Th is does not preclude their use by persons 

who find it convenient to use such names, provided the latter are a

vailable 1.mder the rules of nomenclature .. The author finds no conven

ience in their use but rather a great inconvenience. Variat:i.ons of 

the orange-race are placed under that race; likewise, intermediates 

between the orane;e- and yellow-races a.:r-e placed in that place. 
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The differences between the above races or subspecies with respect 

to combinations of genetic characters po s sessed by each will be covered 

thoroughly in another publication. The present revision of the nomen

clatm•e is essential before the population work can be adequately de

scribed, 

Description of the New Subspecies 

Golias chrysotheme yltabunda Hovanitz, ssp. nov. 

This is the northern representative of the yellow-race of chryso

theme in North America, As such, it is character ized by its slis htly 

smaller size, by its reJ.ati vely narrow mela.'l'lic border, by its rounded 

wings, ,by a heavy deposition of red pigment on the extremities, by a 

relatively light-colored hind-wing cell spot, by a melanic su..ff'usion 

on the under-surface hind wirle?;, by a reduction in size or complete 

disappearan ce of the submarginal row of spots on the vnder-side hind

wing, by a very high frequency of white females in the populations 

(95% in Alaska, 71% in Yukon Territory, Northwest Territories and N• 

w. British 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 entire border on the hind wings and by a high frequency of 

white females with a white rather than orMge or yellow hind.wing cell

spot. 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 is white, as this genetic mutant is 

more abunda...'1t than the yellow. The variation in color of t he hind 

wing cell spot (upper side) in the white females is from bright orange 

to pale yellowish-white. The holotype is of nearly the whitest type. 

By analogy vdth 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 un

derside hind wing s and apex fore wing s is very licht orange-yellow, 

It will be shown later that these t wo characters are genetically cor

related. 

The allotype mal·e differs from eriphyle mainly in its smaller 

siz e and the more complete reduction of the submarginal row of spots 

on t h e under side of the wings• From hageni., in addition to the above, 

it differs in a heavier orange suffusion on the under side of the wings; 

in its rounder wing s and narrower margin&l melanic band. 

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 dd same data as above; 11 d'o same locality but 

July 29, 1931 and 11 collector unknown'''; 4 dd July 15-20, 1931, 0 col

leetor unknown" in Los Angeles Museu.rri. 10 white <; ~ same data as 

Holotype; 4 white 99 July 20-30, 1931, "collector unknown" in Los 

Angeles Museu...rn; l white 9 August 9, 1930 in Los Angeles Museum, 11 col

lector unknownn. 

That portion of the following material which has bee n examined 

is indistinguishable from the above type material, but in order to 

avoid confusion in t yp e loca lity, has not b een de s i gnated as part of 

the paratype series. 

Alaska: "Alaska 11 
... 5 od'; Mt. Dewey, 5000', 3 dd' ; Eagle, Rampart, 

KuskokwL--n River, Circle , Ft• Yukon, 61 oo, l yellow 9• 10 white 99; 

Circle, 5 do ; Ea gle, 14 oo, 6 white 99; Chitine, 1 white 9; Ft• Yukon, 

1 white 9; Skagv..ray, 10 cfd , 5 white 99 ; Alfred Creek Camp, 1 white 9, 

Mt. McKinley National Park 10 white, 3 intermediate and , 2 yellow ¥9. 

Yukon Territor1: White:horse 52 od , 3 white 99, 3 yellow 9¥; 

Dawson, 33 d J , 3 white <, 9, 1 yellow 9; Campbell Creek, Pelly River, 
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1 o; Pelly River near Hoole River, lo; Klotassin River 1 d , 1 yellow 

0 ... . 

Northwest Territories: Great Slave Lake, 3 white 99 . 

British Columbia: 11Northwest B. c. 11
, 2 do; Atlin, 1 yellow 9, 1 

white '¥; Monarch mountain, 1 specir.aen; Pike River, .Atlin, 5 white 9'¥. 

Discussion of the Names Kootenai Cockle and Alberta Bowman 

The name kootenai was applied, without much description, to Golias 

occurring in the vicinity of Kaslo, B. c. early and late in the season 

as compared with eriphyle, which is found in the sumn1er• Barnes and 

McDunnough (1914) have been quite logical, therefore, in restricting 

this name for the spring or autumn form of e1"'iphyle in southern 

British Columbia, even though there are no type specimens• The type 

locality of eriphyle (Lake Lahache) is close enough to Kaslo so that 

the populations at the two places may be considered as of the same 

subspecies. Kootenai Cockle, therefore, must fall as a synonym of 

eriphy le if en:t1ironmenta.l modifications of the phenotype are not to 

have Latin designations. Some authors (Barnes and McDunnough, 1914, 

Gibson, 1920, Clark, 1941) have used kootenai in the sense of a sub

species for the far Northwest populations. Though it is true that 

the spring form from southern British Columbia is quite similar to 

the far northern material of the sum.mer and only generation, they are 

not identical and the name should not be used for this purpose. 

A race Golias eurytheme alberta was described by Bowinan (1942) 

from Alberta, Can.ada. An examination of a pa.ratype in the Los Angeles 

Museu:in indicates that the specimen is of a race of the christina• 

astraea-etc ,. complex with more orange pigment than others of that 

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

from the synonymy above. 
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Genetic~ 2!!_ ~~Races£!. Col1as chrysotheme 

1U North America~ .£!1 ~ white Form occurring !E. ~· 

William Hovanitz 

California Institute of Technology, Pasadena. 

1 

Investigations on the population structure of Colias ohrysotheme 

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 

formulated that the color phases of butterflies are purely expressions 

of a different genetic adaptation to the environment {Hovanitz, '40, 

141). According to this hypothesis, the colors are by-products of 

the adaptation, perhaps 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 is essentially a 

correct one. 

Historical 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 species separate from the orange form. Anotl:er 

geographical part was considered to be merely a seasonal form or al

ternate form of the orange species. Gerould {123) had reported crosses 

made between the former two "species". He has since given more com

plete data on these results ( 1 41, MS). 

Edwards {1 68- 1 93) first bred yellow forms from orange females 

and -0range 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 ( 123) has given the results of his crosses involving 

the inheritance of the white form in the yellow 11 spec1es 11 (ohilodice) 

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 11 phases" of Col1as ohrysotheme 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, 142, 143a). 

The genetic results presented here confirm the essential pos

tulates of Gerould that the white phase is controlled by a dominant 

sex-limited gene which segregates with the normal orange or yellow 

phase. 

The Interracial Crosses 

The essential visible difference between the yellow and orange 
\ /,--

races lies in the orange suffusion whioh 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 physiological differences have 

been found to be present between these races but owing to the diffi

culty of determination in individual cases, mention of these will be 

made later. 

An arbitrary scale of from (1) to (10) was arranged, giving at 

(1) a light yellow oolor with no suffusion of orange and at (10) a 

full orange suffusion tni :~ he fore win~t up·p;~-- ~id-~ ~& The scale 

is useful mainly for comparing butterflies bred at uniform environ

mental conditions or at least those which appear to have had fairly 



optimum conditions. The reason for this is that the amount of orange 

pigment 1s directly changeable according to the environmental con

ditions, (Hovanitz 143b). 

Gerould (MS) has used a tint photometer with which the degree 

of red in the wing pigment was obtained in a standard area near the 

base of the fore wing. His units range from 0.1 for a light yellow 

butterfly to above 5.6 for the orange. Approximate congruence oan be 

obtained with Gerould 1 s values by means of tbe following table. Thie 

1s based upon eome individuals sent him for determination and later · 

compared with the present standard series. For the purposes of this 

paper, when Gerould 1 s data have been mentioned his values have been 

translated into these standards. 

Present grade 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Gerould 1 s grade 

0.1-0.7 

0.7-1.0 

1.0-1.3 

1.3-1.7 

1.7-2.0 

2.9-3.4 

3.4-4.0 

4.0-5.6 --t' 

The aocompany1ng table (table 1) shows the results of crosses 

between the orange and yellow raoee. 

The segregations show that the factors oontroll1ng the orange 

oolorat1on a.re multiple factor onee. The F1 1e normally exactly in 

between the two parentoL typee. The F2 present a wide range of varia

tion nearly covering the range from l to 10. The backorosses cover 

the grades between the parental types and, perhaps due to environmental 
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$hitting, 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 F1 variability {from 3-7 or from 5-8) 

is certainly due to the changeable environmental effect. The shift in 

F1 mean from grade 4 1n two cases to? in other cases is due to sea

sonal climatic effects. The Fz segregations likewise show a seasonal 

shift in the mean from grades 3 or 4 to 5 or 6. The greater vari

ability of the F2 is expeeted. 

The baokcrosses 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 F1 x orange parent and the reciprocal 

a.11 show a shift toward yellow beyond the expected F1 grade. The eolor 

plates of Gerould ' (MS) show that this 1s phenotypic. The segregation 

of the crosses by Hovanitz grown at near optimum does not show this 

shift in phenotype. 
I 

The lack of F3 crosses is apparent ly not so much due to sterility 

in the butterflies as to the fact that stooks 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

cross. The ba.ckcross individuals are therefore fe.rtile. 

Tests of sexual seleetion 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 diet. 

Great· difficulties had been found in getting orange X yellow matings 

and likewise even yellow X yellow. Orange X orange (ineluding the 

white female) took place readily. This will be diseussed under la~val

diet sterility and sexual apathy. In the crosses made at Pasadena, no, 

sterility has been found between yellow race and orange race individuals 
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which cannot be traoed to larval diet difficulties. 

Sterility and Sexual Apathy Induced ,ax Larval Die~ 

The breeding of the yellow and orange races of Colias chrysotheme 

in North America has shown that the two raees differ 1n their food re

quirements. Sterility, sexual apathy, high mortality and phenotyp1o 

alterations are the result of interohang1ng the normal food of the two 

races. 

Owing to the fact that females are often not too particular 

about .th$ leguminous plants upon which they lay their eggs, a long list 

of larval food plants has accumulated 1n the literature. This list is 

not very different for the two races. Caterpillars presumed to be of 

either raoe (they are indistinguishable) have been taken en most plants 

on the 11st. In some oases larvae have been bred on the plant. 

The recorded larval food ple.nts of the orange race in the wild 

are a s follows: alfalfa (ffedioago sat1va, introduced), Trifolium 

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

elovere), Lupines (Lupinue sp.), vetches (V1c1a ep.), loeo-weed (!,!· 

tragalue ep.), sweet white clover (Melilotus alba and other species), 

Lotus (Hoeack.ia) amerioana and other species, various grasses.~ 

The author has observed in the wild the raying of eggs by the 

orange race on alfalfa, on white clover (T. reoens) and native clovers, - -
and on Astragalus sp., but not on red clover(!. 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. 

Observations of ov1pos1t1on were made at Round Valley in a field 

of mixed red clover and alfalfa of about equal proportions and height 

(1½ feet high). More than ten laying ora.nge females were observed at

taching their eggs onto the dorsal surface of alf' alfa lea,,es, wholly 

ignoring for this purpose, the red clover 1n the field. Each of these 
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temalee ~ 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 olover alone is present in a field, the orange females will lay 

upon it. Scudder ( 189) 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 laid 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 attaohed. 

Clark( 1 32) records eggs being laid by this species {eurytheme) 

on red clover and on sweet clover (Mel1lotus). However, according to 

the view point at that time, the large, angular yellow butterflies 

present in the vicinity of Washington, D.C. were classifiable as eury

theme {'or the orange form). It 1s now believed that the yellow phase 

in that locality represents the yellow race altered by repeated inter

orossing 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 alfalfa. The 

former have a bluish color to the blood, absent in the latter. The 

same difference has been noted in the yellow race but is not so striking. 

The effect of this color ohange 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 is also bluish and darker. It quite 

resembles the dried leaves of the red clover itself and 1s apparently 

derived directly from the food plant. 

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

orange race but in addition, the following: Amorpha (i ndigo; this 
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1s the normal food plant of Colias caeson1a-eurydioe), Baot1s1a !!!1£
tpria, Pisum sativa (cultivated pea), Cytisus (Scotch Broom), Cara

aana. The latter three are introduced from Eurasia. 

The yellow form from New England, Colorado, and Kansas has been 

bred te,r~ile on white clover (T. reoens) by Gerould. From California 
• -

{Mono Lake and Round Valley), yellow have been bred by the author . fer

tile on red clover(!. 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 wholly on alfalfa from which young larvae were obtained. They all 

died on alfalfa in the first instar. There is a possibility that had 

these larvae been on clover, they might have survived. Several stocks 

derived from New Hampshire wild yellow females have been bred with dif

ficulty on alfalfa (at Pasadena). Some of these have died in various 

larval stages--othera have nearly always gone through to the imago but 

with phenotypic alterations. Of 4 matings made between suoh individuals, 

one female laid fertile eggs. Larvae from this set died in the first 

instar on alfalfa. The 11 yellow11 individuals bred on alfalfa are usu

ally of a phenotypioally reduced sort. They are muoh smaller and have 

a 11 spring type" of pigmentation (Hovan1tz, 143b). 

Larvae of the yellow races bred on alfalfa through several in

stars generally have a Hsiok11 appearance. They have little vitality, 

their skin is wrinkled and their oolor 1s a lighter-than-normal green. · 

In one case where several of these 0 siok11 larvae 1n the last .1nstar 

were obviously not far from the point of death, they were removed from 

the alfalfa and placed on white clover. Four out of seven apparently 

recovered enough to pupate. One female imago was obtained. She wae 

mated to an ora.nge male bred on alfalfa and laid fertile Fi hybrid eggs • 

Seven yellow males and nine females of the same brood bred wholly on 
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alfalfa would not mate with their kind nor with fertile II 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. Thie female was phenotypioally also 
~'4;,.\ l>-.7" \._} 1 

the most full-grown of all the individuals of ths.t brood. 

The F1 intermedia.tes are apparently fertile on both alfalfa and 

white clover, at least some individuals. Gerould ( 123 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 1 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 Wef"e bred on alfalfa (parents were 
,, 

from alfalfa and red clover). At least two of these F1 were fertile. 

In another Fl cross (from yellow ~ on alfalfa and white clover X 

orange d"f 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 -days in their second larval instar. The 

third portion of eggs have grown to the imago on alfalfa. 

The yellpw female parent of the last F1 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 diet of alfalfa. This one female 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 illustrated by the following: 

(a) Caged 5 wh1 te and 5 orange Garvey orange-race ff ~ with 
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7 yellow-raoe {Round Valley) ~ ~ All were bred on alfalfa. In four 

days with excellent conditions no matings occurred. Orange race copu

lations can be expected to ooour within a 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. 

(o) Caged 3 yellow sisters bred on alfalfa with 4 yellow males 

also bred on alfalfa (brothers of above). No copulations and little 

sex play. 

(d) Caged yellow sister of above (from alfalfa) with Garvey 

(orange race cl', brother of abov.e ~1 ). Some sex play, especially by 
' ' 

the male . . A female was once noticed in typical mating pose w1 th ab-
,· 

domen curved toward male and with wings spread. Contact was made with 

male but no copulation. 

(e} Single pair mating of srune 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), 

~~d -r ~ree copulations occurred in the same day, 2 white females and 

one orange female. 

Similar mating difficulties have been found with F9 and back-,_. 

cross intermediates. The yellow half (grades 1 to 5) of the segregation 

when bred on alfalfa are sterile or impossible to mate. This suggests 

that the diet necessity 1s directly correle.ted 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 fc.? and yellow ?04' from the 

grades 1-4 of an apparently F2 segregation (bred on alfalfa) produced 

a few eggs. The eggs laid did not start development. Crosses made be

tween grades 6-10 and white f ~ of the same brood were fertile (9 crosses 
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_made) and progeny were fertile. 

Sterility was noticed in 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 pair 

mating, half of which were bred on alfalfa and half on red . clover. 

Copulations could not be induced in individuals 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 ?<? (alfalfa) with orange 7
, '.? (alfalfa) 

B. yellow <;?'?- (red clover) with orange c;7c.---~ (alfalfa) 

C. orange ff (alfalfa) with yellow (alfalfa) 

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

(alfalfa). 

Two oopulations were obtained after two to three days: 

yellow ~ (red clover) X orange d1 (alfalfa) 

yellow ~? (alfalfa from D) X orange cl' (alfalfa). 

Eggs from the former were fertile, larvae were obtained and Fi 

bred on alfalfa. Few eggs from the eeoond cross were obtained and 

these failed to start development (that is, remained yellow or white 

and then dried up). 

Possible sexual selection of Fi male hybrids against yellow 

females bred on alfalfa is ~a illustrated by the following: 

5 F1 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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1ellow females and one white o~ange-ra.ce female were kept together tor 

t1ve days more but with no further copulations. After the first day, 

the mated males were re•introduoed with the remaining females but with 

no further eopulationo. Th0 two white females la.id ftJrtile eggs (back-

cross). 

'l'he existence of yellow 'sports• or aberrations within orange

race populations (Hovanitz 1430) indicates that the ora.nge pigment can 

be eliminated in some cases in a way separate from that differentiating 

the raoes. It ha.& been shown that there 1s a. series of genes or allele e 
\ 

oontrolling orange pigraentei.tion in pure orange-race populations (Hovan-

' 1tz, 43c), These are a~rangad in such a way as to give a continuous 

ser1es from very orange butterflies to those complet$ly lacking it. 

The latter a.re exoaed1ngly l"are in wild populations. '!'he progeny of 

a yellow female of thi~ sort bred on alfalfa were found to be fully 

tert1le. So the food plant preference which 1s correlated with the 

color differenee 1n the yellow-race 1s not so correlated in the yellow 

•sports• of the orange-raoe. 

S;qmmar,:: It aeema clear that the yellow raee is sterile and 

sexually inactive when the larvae a.re bred on altalta but not on white 

or red olover. The same is true for the yellow end of the F2 and back

cross see;rega.tions. Much of the steril1 ty and sexual apathy apparently 

obtained in these orosses (such as by Gerould) may be related entirely 

to dlet d1fficult1es. 

The orange ~a~e in one tr1al was sterile on red clover. Since 

!t is not attir8.0ted to it 1n the wild .'.:i s we ll, perhaps red clover 11 

not a sufflo1ent food for this raoe. 

The yellow race 1s fertile and well attracted to both red and 

white clovers. 'the orange race has not been tried in the laboratory 

ontirely en wh1 te clover but as the ore.nge half of F2 and b.ackcrose 
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segregations grown on white clover by Gerould have been at least partly 

fertile, it may be assumed that this · food plant ie satisfactory. Orange 

females lay on white clover in the wild. 

Yellow •sports' in orange populations have the orange-race 

food preference. 

Diapausp 

The Y:3-low raee during the middle of the larval stage is able 

to go into a diapause. 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 a lfalfa} and 

perhaps other things will incite the larvae to stop feeding artd become 

dormant. This 1s true for larvae of New Hampshire yellow as well as 

for those from C~lifornia and Colorado. 

The orange race larva dies when conditions become untena.bla 

rather than beeoming dormant. Cool temperatures which will induce dia

pause in the yellow race (o° C. to 10° C.) will merely slow up the 

development of the orange race. This fact was noticed by Edwards 

( 168- 1 93) but the significance was not apparent then. Gerould (MS) 

has mentioned t~is diapause in his yellow material also. 

Parts of intermediate broods in which grades l 0 B individuals 

are expected will go into diapauee whe_n bred on alfalfa Just as yellow

raoe etooks do. However, there is no knowledge that F1 will do so. 

Ora:ige strains derived from the grades 6-10 of these broods have shown 

no diapause tendencies when bred on alfalfa. Apparently the diapause 

is correlated directly with the yellow color and the food preference. 

These characters do not seem to be interohangeable between the raoes. 

However, the existence of yellow •sports' or aberrations within 

~ ora.nge-...:ra.ce-·pure populations ( see page I I ) 1nd1ca tes that the diapauee 

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 (6° C. night to 

20° c. day) on alfalfa in the cold of autumn. Under the same con

ditions, the eggs and larvae of several yellow females from the yellow

race population at Round Valley were bred. The 2nd inst'iI' 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 ean 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 fillg Populations 

Considerable intermating occurs between the orange and yellow 

raoes where populations of each exist in the same place. The more in

termixed the food plants of each raoe are, the greater the hybridi

zation between the two. In fields where alfalfa, red and white clover 

are commingled, the amount of intercrossing 1s very high. As females 

will generally mate immediately upon eolosion and rarely after the 

first copulation, the males which are present 1n the immediate vicinity 

of the newly eelosed female will be more likely to mate with her than 

males in adjacent fields. This 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 st~uoture of the races. 

Intermediates between the yellow and orange races have been 

found everywhere ~ha% the two races occur more or less together. Usu

ally the habitats occupied by the races are different. An alfalfa 

field is usually a pure alfalfa field and can support only the orange 

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

support only the yellow race. Astragalus, V1e1a, etc. prefer dryer 
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hab1 t a.ts than most of the clovers and m1crohab1 tat differences will 

' then arise between the r a oes. It is p ossible that prior to the grow-

ing of clover and alfalfa together as a hay crop, there may not have 

been a great deal of intercrossing between the races. In the 1880 1 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 tha t 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 "olover", probably white clover, so the 

diet would have been satisfactory for either race. 

Records of copulated pairs of the orange and yellow raoes are 

very rare. Most collectors have seen orange X orange, white X orange, 

yellow X yellow and white X yellow pairs, but faw have seen orange X 

yellow or the reciprocal. Edwards ( 1 69- 1 93) gives the only record 

known in the 11 terature of the 19th century: yellow ~ X orange o ·? 

in copulation in Illinois. At that time this locality was as far east 

as the orange race c..o.U:l d ,,_be found in fair numbers. Clark (MS) notes 

that yellow X orange and reoiprooal crosses were common at the time of 

the first influx of' orange race into the vicinity of Virginia but are 

no longer so. 

Copulated pairs of intermediate and parental types have been 

taken at Mono Lake and Round Valley as follows: 

ff? --, (r"_,-, .., ) ;._,,· 
...... - ( ~' ; "'f' C· 

yellow X orange yellow X yellow 

orgnge X orange yellow X grade 6 

white X orange 

grade 6 X orange 

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

reason to believe that more yellow females.!,!!~ mat1n5 period are 



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

crossing between the orange and yellow races in Colorado. 

Parents yellow oran~e white 

6 yellow 99 97 0 0 

1 yellow 9 0 12 3 

2 yellow 99 25 5 0 

1 orange 9 3 5 0 
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present at these localities than orange females. 

P.ersons well acquainted with populations of this butterfly in 

areas where both races ooour have not failed to note the blending of 

the characters of each. Elrod ( 1 06) finds that in Montana there 1e 

no complete separation of the yellow form from the orange since they 

blend one into the other. Klots ( 130) finds the same true for Wyoming. 

Eaoh 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 areas 

while the orange is everywhere. J.C. Hopfinger (personal communication) 

has noted the same for north-central Washington. Apparently, a similar 

situation is true for Kansas (Field, 139). The results of a complete 

analysis of populations at Mono Lake and Round Valley, California shows 

the same to be true (Hovanitz 143d). 

Intermediates have been obtained in the wild from as far north 

as British Columbia and at least as far south as California, New Mexico 

and Georgia. They probablJ occur in Mexico as well. They are very 

common in eastern California 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 11 is 

by Scudder ( 1 89). This specimen is probably an intermediate between 

t.he . races and was taken in Bangor, Maine. 

Breeding!!:£.!!!~ intermediates: 

The progenies of many wild intermediate females have been bred 

on alfalfa, or at least the attempt has been made to do eo. Many of 

the se did not get far beyond the early larval stages, pos sibly 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 in~erm~_d~~~~~ ?1~? be _F':i_, ____ !g, _1:>9--~kcross, F3, F4, Fn 

1ndiv1du.s.ls, (2) that th~ wild 1ntermed1ate-s -which have la.id any eggs 

at all ha.ve laid mostly fertile ones, (3) that the phenotype of the 

intermediate is true to its genotype, and (4) that the progeny give a 

range of variation as expected had the female mated with a given hypo

thetical male. 

Table three gives the grades of progeny bred from wild inter

mediate females. The uumbers are small due to the fact that inter

mediates between grades 'l- and 6 were usually selected as pa.1 .. ents. As 

only alfalfa was used RS food, the mortality 1s very high. Likewise, 

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 diet. The unknown males were probably of the yellow 

race judging from the segregation in the progeny and the fact that moat 

males at Round Valley are yellow. The white female from Mono Lake was 

probably an Fl intermediate; her me.ts must have been that too in order 

to have given a range of intermedie.tes e.nd parentel types euoh as that 

shown. The skewness of her curve (high on the orange side and low in 

the center) might be e.ooounted for by sperm from several males but the 

13::56 ratio of white: orange-yellow could not be. It is mor>e 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 i·s also 

best answered by high mortality on the yellow side; the latter 1nd1v1d

uals which were present were sterile. 

Genetic Data on the White Form -----------
In the wild, individuals have been found with a.11 yellow and 

orange pigment replaced by white, or various degrees of substitution 

can be found. White individuals exist most commonly in the female sex 

but occasionally malee have also been taken. A clear-cut segregation 
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1nto white versus yellow or orange usually makes a classification of 

these forms quite easy. However, there 1s considerable fluctuation 

within each type and some individua ls exist which bridge the gap. The 

latter individuals have been observed only in the wild. 

That the common white female ve.riety of each of the yellow a.nd 

orange races was a genetic variant was ~ first noted by w.H. Ed

wards ( 1 68- 1 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 give much genetic 

J , ) --- -information ( see table on~~~..om~~ffltf~::} . 

Mr. Thomas E. Bean in 1891 (see Gerould, 1 23) bred the progeny 

of yellow and white wild females of Colias christina from Alberta, 

Canada . Thia species shows a much higher degree of interrnediacy be

tween the colored forms than do the races of Colias £!:!rysotheme. For 

the most part, however, the progeny could be classified as white or 

yellow. Except for the progeny of one female of an intermediate type 

between orange, yellow and white which gave 16 progeny of various grades 

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

sults ,n . the chrysotheme group to be discussed later. 

Frohawk { 1 01) bred progeny in the rat:;.~ of lJ.O 125 or ~ ~ 

from 4 white wild females of Colias crooeus = edusa (European species). 

This is probably a 1:1 ratio. 

Main and Harrison ( 1 05) bred progeny from a wild white female 

of orooea in the ratio 62 white <?1 : 19 orange qq:: (3: 1 r atio). 

Pieezczek ( 1 17) has bred butterflies from white females of 

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

varies from more than 50'fa to close to 0%-
2 white ~~ (Upper Styria): 30 w 

1 white ~ II u • 18 w 

0 or 

: 17 or 

= 1:0 ratio 

• 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 whi te S? :i: Graz = 23 w : 19 red (orange) = 1: 1 ratio 

(White females at Graz are fairly rare. Population count of 33 red; 

7 intermediate; 11 white.) 

Oerculd ('11, 1 23) has studied the inheritance of a genetic 

faotor controlling white wing color in fems.lee of Colle.s _Ehilodice 

(yellow from New Hampshire) and Colias eurytheme (orange from Arizona). 

In the earlier 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 assumed to be 

due to the existence of an ocoasionally linked lethal recessive factor 

for broods were obtained 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 Fischer ('22) on a similar sex-limited gene in Argynnis 

paphia of Europe gave similar results; it was concluded that the domi

nant gene was usually linked with a recessive lethal. The present 

author believes that the evidence needs to be reconsidered and that the 

reason for these aberrant results may lie in the effect of modifying 

factors. 

From ratios obtained from wild females alone, 1t 1s clear that 

the gene controlling white female color is dominant, in both the orange 

and yellow races. This conclusion has been arrived at by Gerould ( 123). 

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 speoiee has yet produced a 100%, white female brood 

which is statistica lly 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 fema les of the European Col1as mxrmidone of Europe pro

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

white frequency. 

It can be a ssumed fairly s a fely that most wild fema les have 

mated but once. However, old females have been found in copulation. 

Old females have been mated more than one~ in the laboratory, but only 
' ' ' when the supply of sperm has been exhausted; the'n the females have ex- -•. 

hausted their supp ly of eggs. 

Males are apparently not affected phenotypioally by the genetic 

oontroller of the white color in these females. However, the existence 

of very r are white males in wild populations suggests that there are 

genes which do control this character or a similar one on a bisexual 

basis. Except for one case which will be brought up later, no white 

males have appeared in any of 'tpe 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 phenotypioally, they ap

parently carry the gene for female whiteness in the same manner a s do 

the female s . The following genotypes should, therefore, appear in wild 

populations in various frequenoiss proviJing that none are lethal, not

withstanding the fact that visibly the males are indistinguishable: 

yellow or orange r' 1' WW 

white 1 ~' Ww, WW 

f e llow or orange 
·, '-; ... 

(;" {': ww, Ww, WW 

Individuals giving genetic results expected of all the· above 

genotypes have been tested in either the yellow or orange races with the 

one possible exception of the homozygous dominant male. The d1ff1oultiee 

in making the desirable tests of individuals have their foundation in the 

laborious work involved in breeding the material. Without tremendous 

facilities, it 1s impossible to carry the larvae of many crosses through 
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at any one time. Ten full grown larvae will consume a t wo foot high 

alfalfa, plant in 1 to 2 days at 25° C. Also, since the genotype of a 

male oannot be told phenotypioally, one must partly rely upon a luoky 

choice for an individual. 

Without a narra tive of minute detail on all the crosses made in 

testing the genotypes of the above forms, it will be impossible to de

scribe the pedigrees of all the crosses made. Of course, this will 

eliminate desirable detail, especially where the small r a tios 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 desirable from the point of view of the genetics of wild popu

lations. For that reason, the r a tios from wild females are compared 

with those from laboratory r a tios. The wild females from which these 

ratios have been derived have come from many geographical sources, 

namely, Hanover, N.H. (yellow-race), Pueblo, Colorado (yellow- and 

orange-races), Centennial, Wyoming (yellow-ra,oe), Tolland, Colore,do 

(yellow- and orange-races), Me,nhattan, Kansa s (yellow-- and ore.nge-races), 

Ke arney, Nebraska (yellow-race), Round Valley, Ca lifornia (yellow• and 

orange-races), Mono Lake, California (ye1.low- and orange- races), Tempe, 

Arizona (orange-race), Rio Hondo (near Los Angeles), California (orange

raoe), Garvey, California (orange-race), Westley, California• (orange

race), Eleah, Illinois (orange-race), San Fernando Valley, California 

(orange raoe), Bouquet Canon, California (orange-race). Some data are 

from Gerould ( 1 23), and Edwa,rde ( '69-' 93); the remainder from eul tures 

of the author. The data ina.ioate that the genetics of the variations 

are comparable in all looali ties. For speoifie deta ils on geogrs,phical 

distributions of the raoes and frequencies of the white forms, maps are 

given in another article (Hovanitz 143e). 



21 

Granting the· dominance of the white allele, the ratios from yel

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

1":!f~~ are evidence of crosses in the wild involving a homozygous 

recessive female and a homozygous recessive male. These total O white: 

005- yellow in 31 broods, 0 white: 248 orange in 18 broods, or an inter

racial total of O white: ?53 yellow-orange in 49 broods. Laboratory 

orossee giving the same ratio tota.l O white: 216 yellow in 10 broods, 

0 white: 698 orange in 18 broods or a grand total of O white: 912 yel

low-orange in 28 broods. 

Ratios of 1:1 from orange or yellow females would suggest the 

cross recessive female X heterozygous •ma.-!~.· Of wild ratios of this 

type there are but two in the yellow-race totaling 8 white: 11 yellow. 

In the orange-race there are several, 28 w: 18 or, 13 w: 1? or, 12 w: 

10 or, 21 w: 18 or, 21 w: 29 or, 20 w: 23 or, 13 w: 15 or 1n a single 

brood ratios and 9 w: 13 or in 4 small broods, a total of 13? white: 

143 orange females. 

The lack of F1 ratios from wild yellow or orange females giving 

much more than a 1:1 ratio may be taken as evidence against the ex

istence of a yellow or orange heterozygote; were the latter 1n exist

ence, 2:1 or 3:1 ratios would occur in the Fi from wild mat~rial more 

frequently. 

There are many small broods close to 1:1 or O:l but in which the 

male is known to have been a heterozygote. These have been included in 

the following totals for 1:1, 13 w: 14 y, ? w: 5 y, 19 w: 19 Y, 28 w: 

28 Y, 59 w: 76 ~' 1 w: 2 y, 10 w: 12 or, 7 w: 14 or, 30 w: 14 or, · 43 

35 or, 241,G: 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 0:1 or 1:1. 

significantly different or not. 

The 30: 14 ratio in o~ case may be 

The history of this is ~given in 

w: 
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table 4 (from Gerould 123, reorganized). 

Males have, in all cultures which are normal, a greater chance of 

survival over the females due to their taster development. When cul

ture conditions are poor, 1 t is the fema,les which suffer most. Thia 

a.lwa.ys g11!'es a higher frequency of males in the cultures. In the · ~" 
' ( , : ' 

• ( +t1 •.'i'., q ; 

brood B3, the males are a.bout half th.at whioh would normally be expect
" 

ed; whereas the other broods are normal. It would appear that either 

an error has been made 1n recording the results or that something has 
' / 

happened to ~h, sex determination so that about half the normally ex-
1 ' 

pected males have become white females. Or possibly the unusual rare 

ratio has appeared as expected on statistical grounds. 

Part of the data given above for the homozygous recessive female 

· is equally applicable as evidence for a homozygous recessive male. All 

the 100% yellow or orange female brooa.s must have had a homozygous re

cessive male parent. 

Ratios obtained from white females which approximate 1:1 suggest 

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

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

22 w: 28 y 28 w: 21 y 

15 w: 13 y 7 w: 16 y 

13 w: 11 y 30 w: 38 y (in? 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 

2? w: 20 or 14 w: 10 or 

13 w: 15 or 16 w: 6 or 

62 w: 53 or 18 w: 21 or 

16 w: 8 or 32 w: 20 or 

6 w: 13 or 4 w: 0 or (in two brood.e) 



Table 4•- Pedigree involved i n the 30: 14 ratio of Gerould. 

whi te99 yellow~<? od Expected 

A• Wild white 9 15 13 30 1 : 1 

Bl• w9 X yo from A 38 22 63 2 : 1 or 3:1 

B2• w9 X srune ya as in Bl , '?. __ .::, 8 23 2 : 1 or 3:1 

B3• y9 X sarae t a as in Bl 30 14 27 1:1 

B4• y9 X yo from A 19 19 46 1:1 

B5• w9 x ya same as in B4 3 3 L. :l: 2:1 or 3:1 



or a total of 257 w: 205 or. This gives a grand total for the two 

races of 381 white: 349 yellow-orange. 

Ratios from laboratory crosses involving a white female ~nd 

where a 1:1 is expected are as follows, 

28 w: 38 y 21 w: l? y 

14 w: 10 y 13 w: 12 y 

65 w: 69 y 14 w: 9 y 

20 w: 13 y 8 w: 8 y 

6 w: 11 y 30 w: 35 y (in 10 broods) 

23 

or a total of 219 w: 222 yin 19 broods. These same r a tios from orange-

race white females are as follows, 

16 w: 11 or 27 w: 22 or 

28 w: 29 or 15 w: 13 or 

9 w: 10 or 43 w: 35 or 

11 w: 11 or 10 w: 12 or 

5 w: 13 or 20 w: 16 or 

1 w: 13 or 21 w: 19 or (in 7 broods) 

or a total of 207 w: 204 orange in 18 broods. The interracial total 

is 426 white: 411 yellow-orange. 

The evidence for the existence of the heterozygous white female 

has been partly covered above under homozygous recessive male X white 

female giving 1:1 ratio. No wild females representing crosses involving 

heterozygous white fems.lea and heterozygous males; giving ratios ap

proximating 2:1 or 3:1 ,have been taken in the wild though such wild .,., 

crosses must occur at a fre quency varying directly with the gene fre

quency in the population. 

Laboratory crosses giving such ratios or where those ratios 

are expected are a s follows, 
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6? w: 36 y 

49 w: 25 y 

4 w: / 0 y 

l? w: 0 y 14 w: 4 or 

28 w: 0 y 9 w: 0 or 

38 w: 22 y 39 w: 21 or 

13 w: 8 y 83 w: 31 or 

95 w: 28 y 34 w: 15 or 

10 w: 2 y 37 w: 22 or 

321 w:121 y 216 w: 83 or 

(2.65 w: 1 y) (2.60 w: 1 or) 

The heterozygote X heterozygote cross is expected to give a 3:1 

ratio where the homozygous dominant is viable but 1nd1st1ngu1shable 

from · the haterozygote. Instead, however, the ratios vary from 3:1 to 

2:1 with an average of 2.65:l in yellow and 2.60:1 in orange. These 

averages, of om.1rse, mean only that neither 2:1 or 3:1 ratios are ex

clusively obtained. The production of 2:1 or 3:1 ratios seemSto run 

in certain families. This was true also in Fischer and Goldschmidt's 

( 1 21) work on Argynnis paphia and its melanio mutant where an average 

ot 2.57:l was obtained. Some families of the latter species gave 3:1, 

others 2:1 leading Goldschmidt to predict that a lethal recessive factor 

was associated with the dominant gene in certain cases and absent in 

others. In the more highly inbred strains, the 3:1 rat1~ was obtained 

whereas 2:1 was obtained in relatively slightly inbred or F1 from wild 

strains. Gerould ( 1 11) first assumed that the homozygous dominant was 

lethal on the basis of 2:1 ratios in three broods. Later ( 123), 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 reoessive 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 seen the.t the tote.1 of the r a tios for all three white sis

ters ma ted to the s ame male is 103:82 though one of these white females 

gave 67:36. Yellow sisters of these white females gave with the s a me 

male a r a tio of Ow: 12 y The probability that the latter ratio 

is 1:1 is .0002 ,or qui te 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 r a tio is 10.5 {considerably less than 

2 X the standard error), the difference need not be taken seriously. 

In the specific cas e of the r a tio 67:36, the standard error is 

5.8 and the deviation from the 1:1 ratio is 15.5 . The actual deviation 

is, therefore, just over 2 X the st~nda rd error. It may be significant. 

However, a linked lethal factor with recessive yellow is not necessary 

here. 

All F1 from ora nge or yellow fema les that give whit e progeny 

in a 1:1 ratio are evidence tha t yellow or orange males are hetero

zygous for the dominant gene. These are listed in the section on homo

zygous recessive females. Other r a tios of 3:1 1 2:1 a nd some 1:0 could 

also be due to a heterozyg ous male but are li s ted elsewhere. 

A homozygous dominant white fema le should give 10~ white female 

progeny with a ny male. There are severa l bro o<1S of small number which 

have a ll white :females; a.ctua lly a re.tio of 18 w: 0 or has a probab111 ty 

of .0056 of being a 3 w: 1 or ratio. De spite thls , some low ratios are 
frr,YJl\--a. wi,, re ntu,k,, 

listed here. Only one~ ratio of many all whlte fema,les" is known. 
- __ .,,-, 

Of course the female might ha.ve been an heterozygote which had. ma ted 

with a homozygous dominant male. The s a me is 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 5•- Pedigree involved in a 2:1 ratio of Gerould• 

white99 yello~'V¥ 9 d'd' expected 

A• wild white 9 3 4 l 1:1, 3:1 

Bl• w9 from A X yo from A 28 38 64 1:1, 3:1 

B2 • w9 from A X yo sam(9 as in Bl 8 8 26 1:1 

B3• we.? from AX yd same as in Bl 67 36 77 1:1, 2:1 

total from 3 white 99 J.03 82 167 1:1 

B4• y9 from A X yd same as in Bl 0 7 13 0:1 

B5 • y 9 from A X yo same as i n Bl 0 5 3 0:1 

total from yellow 99 0 12 16 0:1 
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yellow female (except possibly one); such a ratio would suggest a homo-

1,ygous dominant male was involved. 

19 w: 0 y 

28 w: 0 y 

24 w: 0 y 

15 w: 0 y 

10 w: 0 y 

10 w: 0 y 

21 w: 0 y 9 w: 0 or 

2 w: 0 y 25 w: 0 or 

2 w; 0 y 15 w: 0 or 

4 w: 0 l 12 W! 0 or 

Total= 135 w: 0 y Total = 71 
"" 
.. ' . 0 or 

This gives a grand total of 206 white: 0 yellow-orange. Broods of all

white females from wild females are: (1) from orange female - 11 w: 0 or: 

(2) from white females - 7 w: 0 or, 11 w: 0 or, 28 w: O or or a total of 

46 white: O orange. 

The aooompany1ng pedigree (Table 6, reorganized from Gerould, 1 23) 

1s given to indicate the possible effect of selection of modifying 

taotors upon the lethality of the homozygous dominant. When the material 

is inbred, white females are apparently more abundant 1n the crosses 

than when outbred to wild material (where the white frequency is low). 

So far we have been considering all the white females as pheno- 1/ 

typically identical; but this is not true. Some are whiter than others, 

have the melan1o pigmentation reduced, have the orange cell spot of the 

hind wing reduced to a pale yellowish color 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 is no sharp delimitation between the lightly pigmented individuals 

and the darkly pigmented ones it was not possible to segregate thAm 1n~n 



Table 6-- Pedigree showing the effect of source of the genetic 

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

white 99 yellow 99 d··o expected 

A• Wild white 9 (Hanover, N:.:I-I • ) 1 3 5 

crosses from A• 

Bl• w<.? X yd' 95 28 130 3: ]_ 

B2• y9 X y d (same as Bl) 28 28 77 1:1 

B3• y9 X yd 59 76 146 1:1 

B4• y9 X yd 0 118 127 0:1 

crosses from D3. 

Cl• w9 X yd" 14 10 20 1: 1 

Crosses from Bl (unless noted)• 

Dl• w9 X y () 24 0 17 1:0 

D2• w9 X Y·d 2 0 2 

D3• y9 X y .J from 134 0 13 21 0:1 

D4• w9 X Y,.-1· ,., 10 0 7 1:0 

Crosses from D4• 

El• w9 X yd 21 0 29 1:0 

E2• w9 X yo (same as El) 4 0 5 1:0,3:1 

E3. w9 X yd 2 0 8 1:0,3:1 

Crosses from Dl• 

Fl• w9 X yd 1 0 1 

F2. w9 X yd sa:·ne as in Fl 15 0 2 1:0 

F3. w~ X yd 10 0 14 l:0,3:1 

F4. w9 X y d same as in F3 2 0 4 

(continued) 



( Table 6 continued) 

white 9'¥ yellow 99 d o expected 

cro s ses from F2 {unless noted) 

Gl• w9 X wild cJ 6 11 22 1:1 

G2• w'¥ X wild d 65 69 2r1 1: J. 

G3• w9 X wild d ... 1 1 1 

G4• w 9 X wild cJ 3 4 9 

crosses from G2• 

Hl• w? X yo· 10 2 19 

H2 • W¥ X ycJ 5 6 16 

H3• w9 X yd 49 25 80 2:1 

H4• w<:i! X yJ 20 13 40 

H5• w? X yd 3 3 8 

H6• w9 X yo 14 9 45 

H7• w9 X yi 13 12 26 

H8• w9 X y:J 21 17 36 1:1 

H9 • W¥ X yd 28 0 30 1:0 

total 163 87 300 ~;l 

Crosses from H3. 

Il• w9 X yd 0 2 1 

I2• w9 X yo 19 0 10 1:0 

I3• y9 X wild yo 0 20 2 0:1 

Cross from H5 and H7• 

Jl. y v f rom H5 X yd from ll.7 0 8 7 O:l 



(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 v1here the white frequency is low. B2 shows 

thllt the male used in Bl was heterozygous. The l-iigher number of females 

of yellow color in B3 is hardly significant. B4 as well as B2 and B3 

show that the yellow females are certainly homozysous recessive• The 

rnale i n Cl is s1U'ely a heterozygote. Dl to D4 show that the males of 

Bl as well as the white females are homozygous or heterogygous dominant. 

The yellow female in D3 from Bl is definitely homozygous recessive. 

El to E3 show the existenc e➔ of homozygous and heterozygous domina.nts 

in D4• Fl to F4 shows the sarae less definitely for Dl• In Gl to G4 

tho i ntroduction of wild T11ales which have an 837; chance of being 

hm:1ozygous recessive has eliminated homozygous dominants. The inter

crossing of heterozygotes in 111 to H9 has given at least one 2:1 ratio. 

The 28:0 ration in H9 is an enigma. The I2 ratio suggests that there were 

homozyi;;ous dominants in the 49:25 ratio of H3. 
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heterozygous and homozygous dominant on these characters alone. 

A series of six standards was made of each of two of these 

characters, namely, darkness of orange pigment in {l) the hind wing 

cell spot and {2) the under side pigmentation. These ehaPaote.,.J;1S.--~ 

• a1ire-0t;ty OOPPe~a.tee -~.o.:i,m,,~.~eer!"ei.'a:"tro--~ 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 1n under side 

pigmentation, etc. 

The crosses shown in Table 7 were made 1n order to test the geno

type of different white females of these types. A single male was used 

with several females since the phenotypes of the males are the same. 

The results show decidedly variant ra.tios are obtained from the dif

ferent white 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) was a heterozygote but that the homozygote white females 

dia. not appear in the progeny. However, the probability for a 2: 1 ratio 

is .1131 and for a 3:1 ratio it is .0829, 1.e., either is not unlikely. 

Cross F {5-5) and A (2-2) are the same as E. 

More detailed and complete data are needed on the relation be

tween the degree of coloration of these characters and the genotype of 

the individual. It may be that the whit~r individuals ar.e 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 populations will be given elsewhere. There 

1s no sharp distinction between these minor va.riations but rather a con

tinuous range of variability. 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) 

9 parent 

A• white 9 (2-2) bred from egg from Westley, Calif• 

B• white 9 (1-1) same source as male, all died 

C. white 9 ( 3-3) same soi..i.rce as male 

D• white 9 {5-3) intermediate white-orange, all died 

E• white 9 (5-5) same source as male 

F. white 9 ( 5-5) srune source as male 

G• white 9 (2-1} same source as male 

H• orange 9 {6-6~ same source as male 

I• orange 9 (2- 1) same source as male, all died 

white 99 orange 99 

37 22 

15 

34 

14 

25 

10 

0 

15 

4 

0 

12 
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formulae running from 1-1 to 3-3 than populations where the frequenoy 

of whites is low. It may be that homozygotea are more viable under 

the supplementary action of other genes which, on the side, affect the 

color of the cell_spot and under surface. 
q,,1e.s 

Table 8 S'hoWs a pedigree illustrating the shift of ratios from 

white to orange and the reciprocal depending upon the source of the 

material. 

Parent A or 1ts mate Jl/i{t have been homozygous white or hetero

zygous white. Round Valley had more than 50% females white 1n the 

orange race 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. Its F1 and F2 progeny were full orange, how

ever. An 11:0 ratio obtained from it suggests that it might have mated 

with a homozygous dominant male. The probability that 11:0 could have 
,~, 

been the ratio of a ww "f X Ww r::/1 is .0006, not very likely but still 

possible. Its source (San Fernando Valley) is not the place where 

homozygous males are likely to be very common. 

Culture D5 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 1:1 is .0010). The chances are not great that it 

is 1:1 but since the male was the same as 1n 05 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 

orange depwx1ding upon the strain used for the fem.ale• \1/ 
hi.,_ () () (_? OT t d w ve "" orange . :::.2, exp~c~ 

A• 'Wild white 9 from Round Valley ( 3-~) 

Al• white 9 X or o from A 

B• Wild intermediate white-orange 9 from 

San Pernando Valley 

7 

12 

0 

C• Wild orange <? from San Fernando Valley 11 

All from C unle ss otherwise noted 

Dl• white 9 X or d' 

D2• white 9 X or d 

D3• white¥ X or o 

D4• white 9 X or ,; 

D5• white 9 X or d (same as in Dl) 15 

D6• orange · 9 from BX or o (same as in Dl) 5 

D7• white 9 from Al X or c (same a s in Dl) 29 

ns. white¥ x or d (same as in Dl) 

D9• white 9 X or o (same a s i n Di) 

0 

0 

4 

0 

1 

21 

0 

18 

7 

16 

33 

57 

3:1 

1:1 

1: 0 
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cultures have created a selection for the orange fe males. It may be 

that in a given genie environment where modifiers have been selected 

for action with a particular gene, thi s gene may give one a llele 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 t he genie 

environment as well as lar•ger numbers of progeny brought to maturity and 

tested. It should be noted that thA orange fe male parent of this cul

ture is from a locality where white females are but 30% of the female 

population. 

Culture D7 gtves a ratio which is one hundred percent white. The 

male is the same heterozygote as 1n D5 and 06 but the female is from a 

strain 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 D7 must have been a homozygote unless the orange females expected 

were eliminated in the strong selection. Granting no selection, the 

29:0 ratio has a probability leas 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 cell spot color and 
wu-e 

under side hind wing color of white fema les wa.a · genetic. Though moat 

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 decidedly a stronger orange cell spot and under 

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



Table 9•- The g~ades of colors due to modifying factors or 

different genotypes on virhite females from different colored parents. 

Pedigree of the cros ses is given in table a. 
cross Parental color Hatio Average of grades !iUl:rl.ber Highest Lowest 

graciea graae _1;raae 

D5 . white 15:1 l•65-le75 8 3-3 1-1 

D6 orange 5:21 5.00-5.00 2 5-5 5-5 

D7 white 29:0 1.so-1.55 9 3-3 1-1 
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a very light spot Hnd under side coloration. These da te. are also sug-

gestive ot a eeleot1on of modifiers for the better adaptability of the 

dominant gene in the genom as has just been discussed. 

Ford ( 140) 1n Abra.xas groesularista has found tha.t the yellow 

and white varieties are under unifactorial control and that the hetero

zygotes are intermediate. However, he finds that by plus and minus 

selection, these intermediates can be shifted from a continuous dis

tribution w1 th one parente.1 type to the other. The shift, he indica tee, 

is by altering the genom rather than the gene itself. Similarly, it 

may be that the heterozygote and homozygote dominant white females in 

Oolias are distinguishable by the formula (1-1 being full homozygotes 

and 6-6 or 5-5 being heterozygotes) but tha.t the variability in the 

genom accounts for the continuity between them, the gap between the 

homozygous reoese1ve (orange phenotype) and the heterozygote being too 

great to bridge except in a few populations. 

Conclueions: The preceding data illustrate that in both the 

yellow and orange races the heredity of the white female form 1s similar. 

In both raoes, the expected 3:1 r a tio may be reduced to 2:1 or some in

termediate condition. Also there is a possibility that under a given 

gene environment one or the other of the homozygotes is ate. disad

vantage, thereby being selected out in a. rigorous external environment. 

Apparently, the white gene is at its best in a gene environment such as 

that existing where the white gene is most abundant. The evidence sug

gests that any experiment designed to test the d.1fferential ability of 

the white vs. orange or yellow females to survive must be combined 

with an intensive study of modifier selection. 

From the standpo1nt of' genetics of wild populations, when com

paring the gene frequency in different geographical regions, the dif

ferent ability of one genotype to survive (as for example, homozygous 

dominant) may be different in different plao0a. Since this is probably 
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true in more cases than not, the study of wild gene frequencies must 

necessarily be much more complicated than in present generalized work 

on the subject. 

Effect.£! Interracial Cross~£!! 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 Novitzk1, 141). However, the apparently normal segregation 

of the alleles in the interracial crosses suggests that the dominant 

white gene for female color is enough alike to be interchangeable in 

the r aces. The accompanying data on segregations are partially taken 

from the general tables of Gerould ( 1 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 discussed earlier. 

The important point here is the fact that the white gene is 

transferred easily from one race to the other. Apparently, this is not 

true for all genes which differentiate 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. 

!h! White Male 

White males have been obtained in widely separated geographical 

regions: 

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

Columbia, Missouri (orange or yellow race) 

Alstead, New Hampshire (probably yellow race) 

Finleyville, Pennsylvania (probably yellow race) 

Sarver, Pennsylvania (probably yellow race) 

11 Western Pennsylvania" (probably yellow race) 

"Michigan" (orange or yellow race) 



Table 10•- Ratios involving dominant white for female color in 

1nterracia 1 crosses, illustrating tha t the gene is segregated in-

dependently of the r acial complex. 

cross 

orange race X Yellow race 

,, 

II 

" 

Orange race X F1 intermediate 

" 

F3 inter. 

I! 

" 
II 

II 

!I 

II 

II 

Ywllow race X Orange race 

" 

~ parent color 

white 

white 

white 

3 w9~ total 

orange, yellow 

orange, yellow 

white 

white 

white 

white 

white 

white 

5 w9~ total 

white 

white 

int0rmediate 

inta:c>:mediate 

interraediate 

yellow 

~rellow 

~-eJ.low, 
white 9 inter., od 

orange¥~ 
36 

3 

4 

43 

0 

3 

24 

4 

35 

15 

5 

3 

62 

39 

3 

0 

0 

0 

0 

7 

35 

5 

3 

43 

11 

1 

10 

3 

38 

13 

7 

8 

69 

0 

3 

6 

12 

8 

40 

9 

?2 

25 

11 

108 

1 

1 

20 

5 

108 

36 

8 

30 

267 

33 

13 

6 

22 

14 

122 

45 

---------------------------------
X Yellow race 

Yellow race X. grade 6 inter. 

Grade 4 inter~ X ? a 
Grade 6 inter• X ? d 

X ? 

interrnedia te 

yellow 

intermediate 
intermediate 

white 

0 

0 

0 

0 

13 

36 

4 

G 
13 

53 

24 

4 

9 
8 

80 
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Bouquet Canyon, Calif ornia (ora nge race) 

Mono, Ca lifornia (orange or yellow race) 

2 F2 from orange female, Rio Hondo, California (orange race) 

These are not all phenotypically identical. In addition to the 

white color on the wings in p lace of the normal yellow a.nd orange, these 

males usua lly hs.ve whi te legs, ps.lpi, antennae and body. The male from 

Alstead, N.H. was not of this type. The Pennsylvania specimens were 

not examined nor do I he.ve a record of their description. The living 

males from Rio Hondo, Ca.lifornia as well as a white female slater had 

blue-green eyes, bluish blood, bluish larvae und pupae. 

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

The white 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 q_uarter. Their wings did not hare.en properly 

after emergence from the pupal case and were quite abnormal. It was 

intended to 1ntercross orange brothers and sietere of these white 1n

d1vid.uals (Bl progeny) but fumigation of the greenhouse at this time 

killed all the material. 

It seems clear tha.t 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 surmised that the wild 

orange female (A) or its mate was heterozygous for the recessive' gene. 

Had the male been homozygous for it, (white) broods B2 and B3 would 

have shown homozygotee as well as Bl. Half the individuals of A pr-0-

geny (33 ~ 4? d") should have been heterozygous for the recessive gene. 

One fourth of the broods from these individuals, therefore, should have 

produ'Ced homozygotee. One out of three did; however, considering the 

lethality of the homoz.ygotes it ie possibl6 tha.t B3 might have had 

homozygotee which did not reach the late pupal stage when they could 



Table 11.- Pedigree involving the white male strain. The 

~ riginal female was from Rio Hondo, Calif., Feb. 2, 1941. 

white 99 orange 9c;;! white ,S<J 

A. Wild orange 9 --- 33 --
All crosses fro m A 

Bl. Orange 9 X orange 0 1 6 2 

B2. orange 9 X orange cJ 26 --
B:3. Orange ~ X orange cJ 8 

crosses from B3 

cl. Oi"'ange t X orange 0 21 

orange 00 

47 

19 

27 

14 

18 
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be distinguished. The cross from B3 progeny shows that some individuals 

did not carry the recessive gene for white. 

~Fertility!!! 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 ~1ether or not the 

interracial segregation of genes has led to any lowering of viability, 

or to the elimination of any portion of the resulting segregants at 

this time. The latter were made in order to determine if the expected 

homozygous lethal dominant would show up 1n 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 which could not be oontrolled. 

The classification 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 

made on the day following time of laying - always 20-30 hours later. 

Thie is ample time for the development of all fertile eggs but yet too 

short a time for larval emergence. All eggs received identical treat

ment. They were laid on alfalfa leaves at 26-28° C., 80'/, Relative 

Humidity and remained at these conditions for one day. Therefore, the 

effects of normal desiccation should be the same on all eggs. 

As a basis for comparison of the various egg fertilities, counts 

were made of eggs from normal orange and white females. These are 
2 

shown in Table 1~. 

The results indicate that two percent or less is the normal 

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



Table 12.- The comparative fertility of e ggs f.l:'om wild .females. 

The ratios are given a.s an indication of whether or not homozy0ous dom

inants are expected. The ratio unde.l:' Westley wild eggs is the ratio 

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

Source of the eggs 

Westley, Cal i f.,orange ~ 

Elsah, 

Elsah, 

Elsah, 

Round 

" 
II 

If 

Illinois., 

Illinois, 

Illinois, 

white 9 (2-2) 

white 9 

wild eg6s (random) 

orange -9 

orange 9 

white 9 (5-5) 

Valley, CaLif. white ~ (1-1) 

Ratio, w9: or9 %infertile 

21: 18 

28: 0 

14: 10 

74: 26 

O: 20 

18:21 

6: 0 

2.6 + 0.7 

8.6 + 2.2 

4.4 + 1.5 -
1.1 + 0.4 

2.0 + o.s 
1.0 + 1.9 

1.3 + 0.4 

2.2 + 0.8 

Total wild females and eggs, orange race 1.9 + 0.2 

Round Valley, Calif. y9 X yo 9.5 + -
ff 1.7 + -

Total wild females, yellow race 3.2 + 3.2 -

N 

502 

151 

180 

662 

792 

294 

761 

361 

3,703 

42 

180 

222 
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eggs in which homozygotes might be expected (Westley 28:0) 1s probably 

not significant. Despite the expected high frequency of homozygotes 

in the Westley wild eggs (24%), there 1s no reduction in egg fertility 

(1.1%). The eggs from Illinois females with no homozygotes expected 

give the same results as the California material. 

Within the yellow-race, egg fertility counts were obtained on 

two females only. The results are not essentially different from the 

orange race. 

The crosses made to test the genotype of the variant white fe-
13 

males (see pedigree, Table?) yielded the data in Table ,B. 

There is no essential difference between the results whether 

the female is 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 one half with homozygotes. 

Results from another pedigree (Table 14) are similar. 

The higher infertility of D? eggs compared with the other white 

females may be related to the outcrossing since its orange sister has 

the second highest rate. The difference between the inbred and outbroo. 

crosses is significant but the meaning of this difference is unknown. 

A lowering of viability might be expected in croesds between tre 

two complexes - orange-race and yellow-race. Thc~gh the sterility 

involved between these is most probably caused primarily by deficient 

diet, new and unsatisfactory genie recombinations are anticipated whicil 

would lower the viability of the subsequent generations. The counts 
ic}1t i , I 

in Table 15 were made ~ test~ this hypothesis, even though it is 

expected that mortality will probably occur at later stages as well 

(that is, larvae and pupae). 

These reaul ts a.11 show a significantly higher rate of infertility 

- even as far removed as the backcroes. Sisters of the females used 1n 



lJ'able 13.- Fertility in the e ggs of different whtie females 

mated to the same male. See pedigree in table • 

Source of the eg5s ~enoti;ee o! 
, o inf el:"ti :l.e N 

A. white 9 (2-2) 3 heterozygote ----- ---
B. white 9 {1-1) ? o.o 19 

c. white 9 (3-3) homo zygote 0.9 + 90'7 -
D. white 9 (5-3) I 2.3 + 44 

E . white 9 (5-5) heter-tbzygote 0.6 1,194 

F . white 9 (5-5) heterozygote 1.9 537 

G. white 9 (2-1) homozygote 2.4 330 

H. orange 9 ( 6..,6) homozygous rec.2.4 783 

I. orange 9 {2-1) ? 1.6 386 

'I' otal for all f emales b-y same male 1.4 + 0.2 4,200 -



Table 14.- Egg fertility in crosses giving aberrant ratios of white 

females and a lso showing a possible difference in inbred versus outbred 

crosses. The r.1a. tin13s a re all b;y- a single he terozygous male (pedig:ree 

in table ) • 

D2 . 

D3. 

DI. 

DS . 

D9. 

Total 

D7j 

Source of the e1,gs 

white 9 

white 9 

white 9 

white 9 

white 9 

of the 

orange <;; 

/'L, 
~Jlrige ~ 

inbred females 

Total of the outbred females 

genot-;cee at /0 inf etitile N 

? 0.6 710 

'? 2.0 494 . 
hetet>ozygote 1.9 592 

'l 0.7 451 

? 0.2 419 

o.9 + 0.2 2,666 -
homozygous rec.2.7 866 

ff dom.3.6 837 

3.1 + 0.4 1,703 -



Table 15.- 'l'he frequency of infertility in eggs involving 

1ntermed.iate segregations between the orange and yellow races. 

Source of the eg8s genotype it infertile 

Prom Rcund Valley, Calif.; 

Grade l~X Grade 10 c! F1 hybrid 22.4 

Grade l 9 X Grade 6 c! backcross 2.9 

Grade 4 9 X ? cJ prob. ba.ckcross 9.1 

Grade 6 9 X ? d prob. backcross 7.4 

Grade 6 9 X ? 0 prob. ba.ckcross 3.3 

N 

49 

345 

629 

108 

423 

Total F
1 

and backcrosses (Round Valley stock} 11.5 + 0.9 1154 

Sisters of Dl-D5, D8-D9 9~ (table ) 

in the following: 

White ~ X Grade 5 Fl hyb1:iid 0 backcross 5.7 697 

VJhite ~ X Grade 6 Fl hybrid d backcross 10.1 248 

Total of these two backcrosses 6.8 :t. o.s 935 
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the two backcroe ses 

lowing comparison: 

-to b,o+hers 
to F1 hybrids were crossed 1nt&P -&e with the tol-
6J 1,ro+lt.t t-~ 
~ ~ - - 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 disturbance in red pigmentation 

of the egg. The disturbances are euch as to cause various portions 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, where 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 11 

The yellow female was bred on r.ed clover and the orange male 

on alfalfa. Therefore, diet should have had no influence on the re

sult-; 

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 Summarl ~ Conclusions 

1. The genetic difference between the orange and yellow races 

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

crosses. Hybrid individuals are usually fertile. 

2. The t wo races have a different larval diet nee:es::aiity even 

though females of each have been recorded as laying eggs on nearly the 

same species of food plants. 

3. Sterility, sexual apathy, high mortality and phenotypic al

terations are t he result of interchanging the normal food of the race~ 

4. The yellow race is able to go into diapause during the middle 

of the larval stage; the orange r•ace is not able to do so. 

5. The f..o.o.d~-e-s-s-ttY--> die.pause, and color differences between 

the races are genetically controlled .but are not interexchangeable be

tween the races. -#ewev~r, yellow 11 orange-race 11 butterflies do occur 

rarely in pure orange-race populations. 

6. Intermediates between the races are found in the wild. 

Gen-et1e-- :re-s-ult&-·••:1-nd,.!·e-a.-t ,e----thaJ; ~hese may be F1, F2, Fn or ba.ckcross 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, 123). The homozygous dominant is not distinctly separa.~ 

from the heterozygote phenotypically', though there is a suggestion 

that it might be represented by more extremely white indivi dua ls. All 

thre·e expected genotypes occur in wild populations and have been bred 

in the laboratory. 

8. The homozygous dorninant5seem to be lethal or semi-lethal 
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under certain genie environments (modifiers). There is also a pos

sibility that the homozygous recessive may also be at a disadvantage 

~,& with f certain modifier:;, &ftV±ronmen-t. These modifiers are probabl!\) 
0- ' selected by the physical factors of the environment in the wild. 

9. The dominant gene for white is readily and easily transferred 

from one race to the other (confirmation of Gerould, 1 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 recessive gene. It also has additional phenotypic 

effects. White males are found in both races. 

11. The normal egg fertility of Colias is approximately 97fo-99i .,.. 
// ,' ,. 

t,e-rt·;l,:e. The presence of the homozygous dominant fq.r white females 
· ... ~ 

does not affect this figure. 

12. There is a lowered egg fertility in the interracial crosses 

and in the ensuing crosses between intermediates and backcrosses. This 

is partially accompanied by aberrant egg development. 
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Footnotes 
l Data from Comstock 127, Field 138, Holland 131, Wright 105, 

Scudder 189, Edwards 1 68- 193, Clark 132, MS, Gerould MS, Klots 130, 

Garth 135, Comstock 140, eto. 
2 The point of including this lost or discarded materia l in 

this table is to accurately place it 1n pedigree form. 

was used for egg counts and will be considered on page 

The material 

• 

3 The percentage of fertile eggs from this cross dropped daily 

from 15% to 100% infertile 1n 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 Segregatj_on in 

Two Races of~ Butterfly Occurring in the Sa:me Place 

William Hov-anitz 

California Institute of Technology, Pasadena 

The yellow and orange butterfly, Golias chrysotheme, exists in 

the form of two complexes known as the oran0e-race and the yellow-

rac~ (Hovanitz, '43a, '43b)• These races have dif f erent geographical 

distributions but overlap over a tremendous territory from the Sierra

cascade divide in western North America to the Atlantic ocean in the 

east and from southern Canada in the north through Mexico in the south 

(Hovanitz 143c). Each race usually occupies a different ecologic niche 

so 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 occupied by both races, resulting in con

siderable hybridization between them. 

Two places where the races occupy the same niche fop the most 

part where analyzed in 1941-43 in order to study the behavior of each 

in relation to its environment and to get an indication of the extent 

of hybridization between them. These were at Mono Lake Valley, Mono 

County, California and at Round Valley, (near Bishop), Inyo County, 

California. The positions of these localities are indicated on a n.,ap 

in ru~other paper (Hovanitz, 1 43d); they are just east of the Sierra 

Nevada in the western Great Basin• 

The Seasonal Distribution of Adults 

Orange butterflies are present throughout the entire warm season 

of the year at both Round Valley and Mono Lake. It is easier, however, 

to ge t a good sample in midsummer as compared with early spring or 

autumn . The abundance of orange adults apparently is at a minimum at 

each end of the growing season and at a maximum in midsummer. 
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The yellow butterflies at Mono Lake are more irr egular in seasonal 

distribution than the orange (fig. 1) • The 1941 sarn.ples (Table 1) 

show a high frequency of yellow to orange in May, and then a complete 

drop to none present at all in June• A rise to a second maximurn in 

1ate July is appar·ent with a g1~adual drop again to none at all in 

September. Early in October t here is a third ma.."'\:imura. '11his sue;gests 

three distinct broods per year at Mono Lake with an elapsed egg, larval 

s.nd pupal development time of two months between each. This time com

pares with a development rate of three to four weeks at a constant 

laboratory temperature of 25° c. Mono Lake has a rather low air tem

perature, especially at nigb.t; in the day time, the direct radiation 

from the sun is the primary source of heat. 

The 1942 samples at Mono Lnke show much t he same seasonal dis

tribution• The first adult flie}1.t was apparently not observed; it is 

probably very short in du.ration. The 1942 samples ·were obtained at 

monthly intervals rather than s emi-monthly as in 1941; therofore, the 

chance of missing a short adult flight is increased . The second and 

third broods of 1942 are indicated a few weeks earlie r t han in the 

preceding year. 1942 was a warmer year for Mono Lake than wa s 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 yellov, butterflies 

present at all. Compared with 1942, it would appear that they were 

obtained in a yellow inte1°brood period ( fi i:; • 1). 

The frequency at Rom1.d Valley does not follow this sequence of 

events (fie • 1). Neither the 1941 nor t he 1942 sa..c"llples show any cor

relation with those of Mono Lake (Table 1). This shows the complete 

lack of intermixing between the two places though they are only fifty 

miles apart . The 1941 Hound VaJ.ley curve is high in late June (60~& 

Yellow) and drops to a low in late July (25Ji~ yellow). A rise occurs 



% 

80· 

70· 

60-

50-

40· 

30· 

20· 

O· 

ROUND VALLEY ---

APRIL MAY JUNE JULY AUG. SEPT. OCT. 

Fig. .- Frequency of ye llow to orange butterflies at 
Mono Lake and Round Valley, California throughout the season . 
Note the complete absence of yellovr at certain times at Mono 
Lake . 
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Table.- The fre quency of the yellow-ra ce as compared t::l:l;:e the 

A 

orange-race butterflies at Mono Lake and Round Valley, Calif. 

ROUND VALLEY MONO LAKE 

Date % yellow H if yellow N -
1940 -

Aug. 11 o.o 105 

Oct. 20 --- o.o 46 

.!2il 50.50 ... 2.89 299 5.84 i 0.63 1,387 

May 4 many many ---
May 19 --- 46.27 75 

June 8 --- o.o 91 

June 24 61.19 134 o.o 70 

July 5 50.82 61 0.89 678 

July 26 22.92 48 12.66 237 

Aug. 15 52.63 19 4.21 95 

Sept. 2 33. ~13 15 o.o 20 

Oct. 4 54.55 22 9.01 121 

1942 65.96 "' I. S-0 987 10.68 + 0.88 1,836 -
April 1 40.82 49 ---
April 25 74.55 110 

June 12 7'7 .14 140 o.o many 

July 7,8 63.70 540 16.16 396 

.Aug. 6,7 65.22 69 o.o 434 

Sept. 16 65. 8 2 79 10.67 406 

194~-41-42 62.36 + 1.35 1,286 7.68 + 0.51 2,774 
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in mid-August (535& ) with subsequent drop again the first of September 

(34% ) to a last rise in early October (55%)• If these fluctuations 

represen t succes ~-; ive broods not completely separated one from the other, 

then t h ere are many more generations present per year at Round Valley 

than at Mono Lake• This would be expected considering the warmer cli

mate at the former place (Rou.nd Valley is at an elevation of 4500 feet 

and Mono Lake at 6500 feet)• Latitudinal dif ferences in brood number• 

per year parallel these altitudinal ones. There are three generations 

per year near Washington, D• c., (and Mono Lake), two generations near 

Hanover·, N• H. (and central British Columbia) and one generation in 

Alaska and Yukon Territory~ At Round Valley there are probably fou..r 

or five• 

The 19;,, samples are m.ore extensive at Round Valley than are those 

of 1941 (Table 1) • There is a low of yellow {405i1 ) in early spring , 

rising to a high within t h G month of 75J& and later 79Js , with a rather 

constant frequency of 65% yell0\7 the remainder of the year. This cur•ve 

shows little evidence of a series of bro•ods or generations during the 

year . At the rather hi0 h tompei"'atur•es prevailing in the val l ey during 

the sum:rner ( around 40° C days a:i.ld fluctuations but not very cool nights), 

the succes sion of generations would be at about one month inte1•va1s. 

The sample s were made at this interval of time, so it is quite possible 

that the two were in phase. Were 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 tbe locality have completely elin1inat

ed t he inter-brood population minima. This has been shown to be par

tially true for the second and third broods in the vicird ty of 

Washington, D• c. as well as for New York state. In these places, 

only the break be tween broods one and two ~ clearly defined by the 

abs ence of adults. 
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A higher :frequency of y ellow at Round Valley t han a t iViono Lake, 

a.t all tiJ1;.es, is apparent (fit; • 1). Seve r•aJ. factors co:mbine to create 

this difference: (1) moro larval food is present at Holmd Valley 

(Trifol I UYl'l) !) ( 2) Hound Valley is f arthe r ecologicaJ.ly from the source 

of t he mi grant orange-Pace indi vidua.ls ( San Joaquin Valley), for these 

are more like ly to stop in the mountain meadows than to proce,d.~) 

through the desert to RoDnd Valley. 1rhe frequency of yellow is given 

as corr.p o. red with oranGe• When the orange frequency soes dovr.a, the 

yellow will appear to rise in the curve. (3) The longeP and warmer 

r;rovvins season at Round Valley cives :more time for the I'esident popu

lation size to be built up. Thj.s has been shown elsewhere by the in

creased numbers of individuals in the second and third broods at 

Washington, D. C. and New York r~s compared with the first spring b1•oode 

A highe1• frequency at RolLn.d Valley of yellows in tl10 1942 over 

the 1941 srunples is also indicated. The latter sample s vre1•e obtained 

ln a mixed alfalfa-red clover fj_eld at the periphery of the large 

meadow which constitutes the pr:i.rn.ary ecologic niche for the yellow

race. The 1942 sarnples were r:mde at a different field one mile from 

the latter (containing alfalfa, red-clover, white clover nnd rw.tive 

perennial clovers) in the center of the meadow. This field wo1.J.ld be 

in the midst of the population for the yellow race whereas the former 

field is on the periphery. For the migratory ora..11.ge-race (Hovanitz, 

'43d), no part of the meadow would constitute a popula tion center. 

The hi3her 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 cros s es involving the races and. on pr•ogency from 

wild intermedi.ates b e tween the races indicate that crossing is easily 

pos ::dblo and occurs frequently (Hovanitz, '43b). The indications 

also are that there is no genetic sterility betwee n the races. The 
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Fi is an exact intermediate of a light orange color; F2 and backcrosses 

·give the range of intermediates expected on a multiple factor distri

bution of genes. 

The range of colors from the parental types through the inter

mediates is give n i n a range from yellow to orange of 1 to 10. From 

genetic r e sults, it is knmvJ1 t ha t grades 1 and 2 are pure pa1°ental 

types, breeding true for the yellow race. In t he pure populations of 

orang e race, there is a range of yellov:r to orang e from 1 to 10 but 

fro m about 1 to 7 or 8 these are exceedingly rare (Hovanitz, '43s>). 

Therefo r e, e;rades B-10 in t he males and 7-10 in t h e femal es are con

sidered as "parental types 11 for> the Hound Valley populat ion. It is 

understood t hat grades 7 or 8 may be intermediates or that some lower 

grades may be parental types but that these will be insignificantly 

small• 

On the basis of grades 3 t h rough 7 in t h e mal e s and ~"i thi-•ough 6 

in t he females, the frequency of intermedi a tes in the Round Valley 

populations have been calculated (Table 2). It is seen t lIBt t h ere is 

but lit t le seasonal change i n tr-e Etbundance of intermedia tes ( fig. 2) ~ 

A high of 307'& in August, 1941 is possib ly a result of the small sa.rnple 

size• An average of about 105& intermediates is usual. 

Rang e of Wild Intermediates 

1fi1e ste.tistical consequences of continued interbreeding between 

t he orange and yellow races should be a single rs.ce comb i n ing the 

char acteristics of each parental type. But the two races have main

taine d their pri:mary discreteness after rnoro t han 70 years of such 

interb:r•eeding , and probably many cent1-1ri e s (Hovanitz, '43b, 1 43c). 

':'Vere the interbreeding only of very recent origin, the hybrid range 

would show a very h i gh frequency of F .1 intermediates (Grades 5 or 6) 

and a J.ower range of F2 , F3 and baclrn r oss intermediates (Grades 3-4, 

7-8). The data on wild individuals (fig . 3) do not show this higher 
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Fig . 2 .- Frequency of intermediates between yellow and 
orange in the population at Round Valley , California 1941-42. 



Table 2.- The fre quency of intermediates in the mixed population 

o:f orange and yellow races of _9olias cri....rysotheme_ at Ro .. md Valley, 

Ca.lifo:-cnia. ('the total given in Table 1 does not include intermE-,d_iates; 

+ smaller than that g iven here). bence ;- is 
1941 1942 

Date c~ intermediates N Date r? intermediates H 9o - / '-

May 4 many April 1 10 .91 55 

June 24 14.65 157 April 25 7. 56 119 

July 5 11.59 69 tTune 12 14.15 163 

July 26 9.43 53 July 7,8 6.08 575 

A-pg. 15 32.14 28 Aug. 6,7 6.76 74 

Sept. 2 o.o 15 .Sept. 16 12.22 90 

Oct. 4 o.o 22 1942 8.27 + 0.84 1,076 

1941 13.08 i 1. 82 344 1941-42 9.44 + o.78 1,420 



143 76 10 9 14 5 6 13 l8 103 

2 3 4 5 6 7 8 9 10 

41 ' 21 II , 6 • 4 9 10 21 18 I 

I 2 3 4 5 6 7 8 9 10 

1'71 

Fie; . j . - Range o f variation from. yellow t o orange i n 
10 grade s ( see text ) of vr i l d individuals taken at Round Valley , 
Ca lif ornia 1941-1942 . d on left\ 9 on ri iht . 

f 
I 
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trequency of F1 to any great extent. The i'emale curve may be mru;ked ::, 

.by the normally low oranc.; e fema:Le grade s• The nmlo range shows a 

somewha t higher frequency of Grade 5 than the other intorn.ediates. 

The lacv,: of the F1 inte~".'EH3diates compa red 'ivith F11 intermcd::i.e. tes may 

be due to many factors of which a general lower viability seems to be 

the most likely (Hova.nitz, '43b) • 

Discussion 

The data on the existt::nce of the two races of Colia2 living in 

the same place suggest how ecologic and physiological d:L:f'.-F'Grences can 

be maintained in units which may be called species. The races are 

not here called species .for some genes are easily Qnd often internx-
~ 

changed (Hovanitz, 1 43b). However, other genes are not offectively 

segregated in this way. This sug i._;ests that the significm:t gene com

plex character•izing each re.ce and g iving it individuality is not 

broken down in hybrid CJ:"0S88S• 

I 
Sir.ice the color difference separating the races is n multple fac-

;, 

tor one and these factors are segregated independently of the basic 

complex, it mi.ght still b e expected that a complete inter:r:1.e dlate pop

.ulation would be produced, separated only by the non-visible basic 
( 

Dt 

complex. The reason for this lack/lcomplete blending of characters 

· probHbly lies in a combination of the following conditions: 

(a) ,'3exual selection (Hovanitz, '43b} may prevent suSfic ient in

tercrossing to be effective. 

(b) Eggs genetically dete1.,.mined to be yellow-complex laid on 

allfalfa will later result in ste1~i1e adults or the subsequent larva 

may die; also the reciprocal on red clover (Hovanitz, 1 43b). 

{ c) The interm.ediates of all types are probably less viable than 

the parental types and many of them will be sterile on the food plant 

upon wh:i.ch they feed (Hovanitz, '43b) • 

(d} The diapause as so elated with the one complex {Hovanitz, '43b) 



tends to keep the races ecologically separ~ted. 

(e) The supplementary color genes of each normal type probably 

a.ct better in unison with the basic complex than any intermediate 

segregation of genes. 

7 

(f) The different ecological niche occupied by the food plants 

neces :3ary for each complex aids in preventing hybridization (Hovanitz, 

'43C)• 

Summa.ry 

1. Two populations where the r•aces of Golias chrysotheme occur 

together are described. 

2. The yellow-race has definite broods during the season. 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; n higher elevation .. This com

pares with latitudinal dtfferences of the same type. 

4. The two populations ar<:i separated by a territory of 50 miles, 

• but show no correlation in seasonal generations. 

5 . The yelJ.ow-race generations E:t the higher oleve.ti.on are sepa

rated. by interbrood periods with no adults• At the lower elevationJ 

the generations merge one into the other. 

6. Hyb1'id intermediates a.re present nt one J.ocali ty 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 cu.rve. This is 

probably due to a low viability of the Fi• 

8. Several reasons are r;i ven to accou..'Ylt for the lack of complete 

blending between the races after years of hybric'U.zation. 
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The Ecological Significance of th~ Geograohical 

Distributions .2f. the Golias Chrysotheme 

_!:!aces and Forms in Nortb ~ica 

'wHlliam Hovani tz 

California Institute of Technology, Pasadena 

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

distinguished. These races are not differentiated by morphological 

characters, but primarily by physiological ones (Hovanitz, 1 42, 1 43a). 

Correlated with these physiological traits, there is the presence 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 11 spots 11 or genie recombinations occur within 

the orange-race v.rhich will prevent the appearance of orange pigment 

in the wings. Such individuals are exceedingly rare (Hovanitz, 143b). 

This color difference of the fore wing has been shown by genetic tests 

(Hovanitz, 1 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 occurs in varying frequencies. This gene controls the 

substitution of a white-colored pigment for the normally predominant 

yellow 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. Consequently, no segregation has been made between 

white females of the races in the museum material. 

According to the zoogeographic 1 rule 1 suggested in a previous 

paper (Hovanitz, 1 41), the pterine pigments of the Pierid butterflies 



,(Group III) should foll ow a de finite distributional sequence with re

spect t o correlations with the environment. The or ange-pigmen ted 

'varieties should be found in warmer l ocations as cor;1p ared with the 

yellow or white varieties. The yellow-pigmented varieties should be 

:.:found in warmer locations as compared with the white varieties. 11 Rules" 

such as t hes e are found to be tru e in a general way when otherwise 

~imilar a ni mals a re being considered. That is, when a ye llow physio 

logica l race is compared with an orange race, the yellow one should be 

found in the colder or the more n orthern locations. This is found to 

·be true in the case of Golias chrysothe:·ne . 

However, the white-fe male f or m is a single genetic mut an t occw

ring in ea c h r&ce . Th e coLlpar is on is therefore made wi t h the normal 

~ ellow or orange variety segregating with it in the s am e popul a tion. 

~ hen this comparis on is made , it is found t o be true t hat t he white 

forms a re more abunda nt in the northern or colder areas than the 

~ orma l orange or yellow for ms. 

The ecological r easons for t he different geogr aphi c a l distribu

tions of these color f orms a re c onsidered in this paper . 

The Past a nd Prese nt Distribution of the Orange Rae£ 

The map (Fig. 1) illustrates the geographical distribution ·of the 

orange form. It is noted that the a r ea includes all the territory of 

~ orth America, as f a r n orth as sou thern Ca nada , and as far south as 

~he tr opi c a l life-zones of the Gulf coast, and Central America as 
! 

.far as southern Mexico. From observers in the field in s pecific 

tPlaces, a nd from notes in the litera ture, it is known that the butter-
,1 . • 

fly rei nvade s the northern part of its r ange anew from the south ye&fy 

: (Bowman , 1 42 ). Some times a resident population remains to the next 

season , in other years it does not. Many of the far-northern locali

ties shown on the map may be considered to be captures of migran t in

di vidua. ls or also ndul ts grown during the one season in the locality 
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Fig. 1'1,1.- Th e g eo graphical distribution of t h e orang e 
r a ce of Col i a s chrysot~--ieme i n North Ame r i c a (·.::.:euryth eme ). 
Th e dashecr-l f nes enc los e t he a ppro x i1nate b reeding limits of 
t h e r a ce. The line E- E is t h e e a ster·n - :mo st d i stribution pr ior 
to a bout 1 800 . C- C = exten si on o f r a n g e from a b out 1880 to 
a bout 192 5 ■ B- B = extension to about 1929 . A- A= e x tension 
to about 1 943 or present n orth ern b reeding 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, 142, ). 

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 Mexico in 

• the humid areas and likewise south into Central America. Dr. Tarsicio 

: Escalante has been kind enough to describe the general distribution of 

, this butterfly in Mexico from which I quote: 11 0ccurs at 800 to 1000 

~meters above sea level to 2800 or more. Most frequent in the Central 

States, such as Chihuahua, Coahuila, Durango, Zacatecas, Agua Calientes, 

Guanajuato, San Luis Potosi, Queretaro, Puebla, Tlaxcala and Mexico. 

Occurs also in the states of Tamauli9as and Vera Cruz but far from the 

1 sea and under the same conditions in Sonora, Sinaloa, Jalisco, Nayarit, 

1 Colima and Michoacan. Does not occur between the sea and the Sierra 

Madre nor in the southern calid states of Chiapas, Tabasco, Campeche, 

, Yucatan and Oaxaca. Is very rare in Morelos and Guerrero. 11 This in-

, formation, in addition to that given on the map shows that the butter

fly exists primarily on the Mexican plateau at moderate to high eleva

tions and is absent under the humid tropical conditions. 

The present distribution of the butterfly in the United States 

has been much increased over what it waE but a few decades ago. The 

butterfly was not present east of a line drawn from north to south 

along the eastern edge of the Great Plains prior to a few decades be

fore the turn of the twentieth century·,.~/. The exact times at which 

.the butterfly appeared in breeding proportions in the southern 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 ~igratio~s were necessary in order to establish a 
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population in any given p lace. Forbes (personal communication) notes 

at Ithaca. , New York: "Single scattered s pecimens for many years over 

the wh ole area, then will suddenly occupy a spot and bec ome abundant 

within a few years, the date of this change varying widely in closely 

neighboring places. Ithaca had single specimens in 1927, then abundant 

over a fe w alfalfa fields in 1928; then common everywhere in 1929 and 

later, but most abundant over alfalfa fields. 11 These obeervations are 

corrobora ted by several other witnesses. Similar cases are known for 

other par ts of the northeast. Dr. G.W. Rawson of Detroit, Mich. had 

never seen the orange race in that vicinity about 1923 , whereas it 

' was qu ite commo n a t tha t time at p oints fr om Kentucky south. Th e 

orange became common about 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 erra tic, 

suggesting a difficulty of this f or m in overwintering in the region. 

Th ere are dat a on orange specimens in Buffalo, N.Y. as e a rly as 

1921, Brooklyn, 1918, Staten Island, N.Y., 1921, and an old specimen 

taken before 1900 is l abelled New York. The earliest records for some 

New Englan d states are 1932 in Connecticu t, 1929 in Massachusetts, 

1916 f or ~ew Brunswick, etc., suggesting an erratic occurrence (see 

• Scudder 1 s record s below). An Ottawa , Ontario record is present for 

1900, Pennsylvani a is recorded for 1910, Tennessee f~ 1895, Virginia 

• for 1 916, West Vir ginia for around 1878 . Overwintering populations 

certainly exist throughout all t h e e a st now. 

It is n0t certa in whether Illinois has been a breeding o l a ce for 

these butterflies prior t o white man 1 s entry or not. Occ as ional speci

mens, at any rate, must have been very common. Some old dates are: 

Eva nst on , 1891, 1 900, 1905- 6 , Ch icato , 1907, Quinc y , 1900. Belvidere, 

1897 , 1900, 1892 , Peoria , 1872-5. Th is old ma teria l in f a ir ab unda nce 

suggests p roximity at le a st to breeding populations. The rarity in 
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adj a cent Mich i gan sugge sts that Il l in ois itself was n o t a strong s ource 

of mi grant material. Old materi a l of t h e mi dd le west collected by 

Me ad , Edwards, etc., b ut with ou t s pe cific localities, sugge sts 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 t h ey were certainly here earlier. From Columbia, 

Missouri, there are some 11 before 1900 11 e.nd one 1897. From the Rocky 

Mountains west there is no doubt of its p resence long before European 

culture a rrived in North America; it was originally made known froo 

San Francisco in 1833. 

Scudder ( 189) writes of the distribution at that time: 11 most 

abundant in Mis s issi9pi Valley and west between isotherms 40° and 70°. 

Occurs sp aringly east of Mississippi Valley and entirely absent at 

the Alleganies except for a few places a .. s below\Y. Prevails over 

Ehilodice in the Mississippi Valley. East of Alleganies known on~ 

from Newcastle, Del., Maryland, Georgia, in New England known from 

Norwich, Conn., Wollaston, Belmont, Mass., Montpelier, Vt., Mt. 

Desert, Ivi e. Apparently migrates down the St. Lawrence Valle y as it 

is known from: Michi gan, Bruce Mines, London, Ont. (occasionally), 

St. Ca therines, Ont. (rare), Montreal, P.Q., Quebec, 20 mi. below 

r, b -,·. • • C P " Alb N Y 11 'q;ue ec, 1v11ssiquoi o ., •"<:I•, any, .. 

According to Scudder ( 189) prior to_l889 , it wa s taken as far 

north as Vancouver Island , in the west , Dakot a , Milk Riv er, Montana, 

Lake 6f the Woods, Nepigon north of Lake Superior, Moose, Albany 

• River (on the Hudson Bay ) and Athaba sca region. In the southeast, 

it wa s known at t his early date from southern Texas, Ne w Orleans, La ., 

Oxford, IVliss., and 11 Alab ama 11 but was r c,re in t he· l a tter t hree p l a ces. 

Dury sta t es t ha t it wa s rare in southern Ohio. 

Cla rk (MS) believes that the orange form moved into the state 

of Virginia an6 the vicinity of Washi ng ton, D.C. from the south or 
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southwest. He cit es an observer (Smyth) who never s aw this form in 

Blacksburg, Montgomery Coun ty uo to 1925, a lthough he was a good ob

server. An observer (Re.w son) never saw it till 1 9~~5. An ot he r ob-

~erver (J ones) in 1894 saw no orange north of Salisbury, Rowan County, 

North Ca r olina , on a trip through t he region; the yellow form was fir st 

obserV f-: d at tha t time in Da nvill e , Virg inia. Yellow forms were can mon 

at Danville Bea ch in 1906 but no orange were there. This s am e ob

server first no ted t h e orange form on the Delaware peninsula in l~O 

at Oce a.n City, Maryland. In 1923 , yellow vrnre common around Wilming

ton, Delaware, bu t no orange until south of Berlin, Worcest e r Coun ty, 

Maryland. At Wachapreagul, Acc omac County , Virginia, there were mly 

orange. In 1925, orange was found in Dismal Swamp . In 1925, orange 

was more abundant t h&n yel l ow , a t l eas t as f a r north as Lexi ngton , 

Rockbridg e County ; north, yellow supposedly was more common (A.B,J. 

Clark, fr om Clark , MS.). 

Cla rk find s t hat t he first District of Columbia record for the 

orange form was one by Lugge r in 1896. Other single records are 1904, 

1910, a nd 1923 . In 1925 and 1 926 , it h a d become fairly nume r ous in 

the vicinity. In 1927, it was exceedingl y abundant. In higher l oca l

ities as a t Silv e r Spring s a nd S omer set, Maryland, in 1927, there were 

about one half or equal numbers of ye llow and or a nge f orr:18. These 

early records were nearly a ll from August to the end of the season. 

In 1928 , specimens were noted in JunB; in 1929, on May 19, but in this 

cas e dis appeared again f or a few weeks until June, p resumab ly during 

a n int er brood period. In 1930, it was n oted in April and l a ter wa s 

more abundant t han t he yellow form. 

It was quite common in 1889 a t Columbia , S.C. and was bred on 

clover. Ye llow forms we re ab sent a t tha t time at Charlest on and 

Columb i a , S.C. Brimle y and She r man state that t h e or ange were 
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abundant over the sta te of North Carolina fro□ at lea st 1300 onward. 

w.H. Edwards ( 1 68- 1 93) did not find the orange form in the Ka nawha 

Valley of West Virginia (Coalburg) in the 1880 1 s. Clark (MS) 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 exist. 

Areas outside these lines are considered as of insignificant import

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 br8'eding 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 form. Under culti

vation, the now extensive growing of alfalfa has provided a new so~ce 

of food. This taking-over of an introduced plant by a native species 

·has greatly enlarged the total area occupied by the species, as well 

as 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 a n 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, 1929. The distribution of al

falfa acreage as shown on this map corresponds almost exactly with the 
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a l f a lfa . 



8 

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. AB 

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 probably 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 t he south and east, hot and humid 

su:'.rners serve to reduce the popul2,tion by killing the insects or ster

ilizing them. 

Alfalfa was first grown in North America in effective quantity 

by early settlers of California about 185l \,8f . The later irrigated 

lands of the California valleys provided perfect conditions for its 

growth. From California it was taken to the Great Salt Lake Valley, 

where the Mormons found it satisfactory on the irrigated desert lands. 

In 1868, the first fields were established in Kansas. Likewise, about 

the same time in Colorado and Nebraska.· The crop was very abundant 

in 1890 in Kansas e.nd but little less so in Nebraska. At least by 

1900 it was east of the Missouri River on the alluvial soils of I01t;a 

and Nebraska. A little later it wa E. established in Illinois and Ohio 

(Tysda l and Westover, 1 37). According to Bailey ( 107), alfalfa was 

first established in 1867 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 u9per New York. Bailey ( 1 07) states that in 1891 there 
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were 34,381 acres of alfalfa .. 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, 

,.,37). The orti..nge 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 Mississi 0pi, he removed one of the barriers to the 

distribution of this butterfly east,~ard. The food ola.nts upon which 

the larvae feed generally live in full sunlight, as before mentioned. 

The opening of sore such terrain has opened the possibilities for a 

greater population 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 opening of the forest cover and increased abundance of oth~ 

food olants. Dr. Tarsicio Escalante (personal communication) notes 

tha t in Mexico, t he butterfly distribution is aoparently correla ted 

with t h& t of alf&lfa &nd is incre a sing a s t he gr owing of a lf a lfa is 

inc r e ~sed. The tota l population size ha s, without doubt, been greatly 

inc :ee r sed 'c<.' tr,e introducti.on of this p lant everywhe r e. 

Su7~ar y : The or 2nge r ace ori ginally occupied a r a n~e from 

southern Ca nada to southe r n Mexic o and fr om t he Pacific oce Dn to t he 

central portion of the Mississippi Valley. With the opening of new 

ecolo~ical conditions in the east, the range haE been increased in 

tha t direction as far a s the Atlantic oce an. 

The Distribution of the Yellow-race 

The map (Fig. 3) shows that the distributional area of the yel

l ow~ra ce is more extensive than tha t of the orange. The land area 

enclosed within the dashed lines re9resents the area potentially 
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expected to provide living conditions for the insect. The eco logic 

niche for this butterfly is narr owe r t han for the or a nge within this 

area. A,,.:;:D.rently we t places where clover can grm,1 throughout the sea-

: son a r e essential. There fore, in the dryer parts of the continent it 

is limited to wet meadows where clover grov:s throughout the year, de

pendent up:Jn water run-off from the nearby high mountains. 

Along the river c ourses 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, Southharnp ton Island, B0ot hia Peninsula, Greenland, etc.) . 

failed to show this Golias present, though other species of Golias are 

quite c ommon (naste s, boothi, hecla , etc.). Th is insect is apparently 

widely distributed throughout the who le of southern Cana da. 

In the United Sta tes, the yellow race is absent in two signifi

cant regions: (1) the Pacific Coast strip west of the Cas cade-Sierra 

Nevada divide, southern Nevada, and Arizona and (2) the Gulf Coast, 

Fl orida a nd the southeastern l owlands. The absenc e on the Pacific 

Coas t is be lieved due poss ibly to the dry sunmere prevailing in this 

a.re a making extensive patches of 1,\Tet :neadows for clover propagation 

rare. Or possibly it is due to the warm winters prevalent here, or 

t o t he fact tha t where in the north summer pre cipitation is present, 

the climate is cool and ove rcas t mu ch of the time . On t he Gulf Coast, 

ap 9arently the cornbinati'.:ln of to o warm a temperature and humid an 

~tmosphere of this subtropical climate is the limiting f a ctor. 

In Mexico and Guatemala, the butterfly is limited to very high 

mountain meadows far above the Mexican plate~u and above tha t zone 

occupied by t he orange f or m. Pot ential a re.as of occupation are en

circled wi th a dashed line in Mexico and Costa Rica (Fig. 3). 

Throughout the ea stern 1arts of its range, this butterfly 
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(yellow r a ce) exists ma inly in wild te rritory , areas not under ex

tensive cultiva ti on . Tt e l a tter ~re&s Dre the breeding p l ac es for t he 

oran~e for~. Howev er , se7i-wild red-or-white-clover fields orovide 

excell en t l 2rv2l ~~bi t . ts Fnd no doub t 

tt t • l , • • t t f • t be e :r ne n n orrnr:. t n .. c 1 ,_., s or 1 . 

R ic'..-,, , v,ace ('~.,_ ,) o·i-e" t '~ e l if' ••• -- .. lc.•. c 1,._, <- _ _,_ ,::, V , ,._, .l -- e t.One distributions of t hese two 

r o.ce s in t·:-:e sout hern AiJtA, l s cni::,ns . A) .l) a r en tly , t he yellow f or m oc-

curs &t the hi ghe r elevations, being found in breeding quantities from 

Canadian life-zone to Transition and occasionally in Upper Austral. 

In lower Tra nsition, t he yello~ is c om□ oner. Below Transition, the 

orange is commone s t but a9parentl y it, too, is r are below the Upper 

Austra l. 

Clark (~S) sta tes of the occurrenc& of the yellow forn in Vir

gini a. : 11 Found in open country genera lly , especially in clover fields; 

forme rly abundant throughout, now commoner in the higher mountain pas

ttires and fre quent in t he southwest, elsewhere infrequent or rare, 

having been almost completely replaced by the western eurvtheme. 

Though less common, it is still numerous in the southe ast. Apparent

ly a somewhat hardier butterfly thnn eurytheme and better adapted for 

life in rugged regions, it is still 9redominant in the h i ~h er mountain 

pastures and still fre quent in the valleys among the southwestern 

mountains. 11 

From the Centra l Plains west, that ie, in the part of North 

Americ o with a more arid summer, the yellow form is restricted to 

mountain or valley meadows or to irri ga ted clov~r pastures. The 

oranGe f or i:1 is f ound everywhere, on dry hill or mount a. in slopes 

(Astraga lus, etc. as food), in meadows, mainly as migrants (cl overs 

as food) or in a lfa lfa fields in the va lleys. The ye llo~ for m is n ot 

found in a lfalfa fields in abundance except when white or red clover 
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1s grown along v, i th t h e a l fc, lfa . It is in fields of ~;; ixed clover a.nd 

alfa lfa t ~a t t h e most extensive i n t e rcrossing between t hese f orms 

occurs for here t h e breeding populati ons of each a re in ec olog ically 

the s ame place. Two pop ulations where these conditions are present 

were studied in t he su~me r s of 1941-42 (Hovanitz 1 43). 

Edwa rds ( 1 68- 1 93 ) believed tha t t h e pla nting of red clover as 

e. fora~e crop wes t wa r d int o the m.ississi .~p i Va lle y during t h e nineteenth 

centur y was allowing t h e range of the e a stern yellow-race t o be extend

ed westward. Scudder ( 1 89 ) does not believe this correct, but rather 

tha t t he planting mere l y al lowed the butterfly to become more comnon 

as well as t o occupy more t err it or y . Ac cording t o Scudde r, it was 

very c o~m on in centra l Mi ssouri in 1857 . Th e yellow-ra ce has c erta infy 

had its oo tenti a l range extended by the ~lanting of white an d red clover 

thr oughout the Gre a t Basin in irriga ted pastures. Acc ording to Edwards, 

the yellow-ra ce wo.s su ,; posed to be getting commoner about Lawrence, 

Ka ns 2.s, b ut t hen (about 1880 ) did not yet equel the orange eurytheme. 

This was likewise true of Nebraska. It may be noted t h a t t h is was 

just the time when the growing of re d clover (the food 9 l an t of the 

yellow for m) was beginning to receive como etition from a lf a lfa (later 

the µr i mary food plan t of the orange form). 

Ear l y rec ords f or t h e yellow r a ce i n t h e west a re of ten not 

ava ilable due t o t he ide a tha t it was merely a color phas e of the 

orange and theref or e a lway s occurred with it. This, h owever, is not 

true. Food plant, ecological and distributional da ta in mos t recent 

publica ti on s are not appl icab le to this race for t he mos t part. How

ever, very old ye llow ma terial f r om e a stern Ca lifornia ( middle 19th 

centur y ) s h ows tha t it is no t a recent ~i gr an t into the Gre a t Ba sin. 

CL:i_rk ( 141) se9arn. tes a s a yellow phas e of t h e or an~e for'.'! in 

the vicinity of Washington , D.C. individua ls which have n o 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 1937 11 together 

with the orange form there appeared unusual numbers of the clear yellow 

phase which uo to this time had been rare. We. found several r:1a tea 

pairs in which one individual was yellow and the other orange. Since 

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

dividuals were ohi lodice. With the appears.nee of the yellow phase of 

~rytheme in numbers this assumution 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 eurytheme. At present all over 

Virginia except in the higher altitudes in the mountains and in the 

southwest, most of the yellow individuals prove on capture to be 

eurytheme. 11 

On the basis of the genetic study of similar interbreeding 

populations at Mono Lake and Round Valley, California, (Hovanitz, 143), 

the 11 yellow phase 11 mentioned by Clark is now believed to represent 

yellow race individuals, altered by intercrossing. An exchange of 

adaptive genes probably has taken place between the forms, which, how

ever, have retained their essential physiological characteristics. 

The yellow-race is divisible into five geographic entities which 

have received names (Hovanitz, 1 43). We need not consider these sub

divisions here as this is fully covered elsewhere (Hovanitz, 143) and 

is not essential to the ~resent discussion. 

Sumoe.ry: The yellow-race occupies a m")re extensive range than 

the orange-race, occurring from Alaska to Guatemala and from the At

lantic to the Pacific Oceans. Its peripheral range has orobably been 

little affected by the alterations made by man in the ecological con

ditions of North A~erica. However, genetic alterations in the race 

have taken place through intercrossing with the extended r&nge of the 
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orange r a.ce. Also an increase in a ctua l numbers of individuals of 

this r ac e has t aken p lace by the increas e in larval food provided by 

man's cultivation of clover crops. 

The Rela tive Abundance of the Races - --··-----
in the Different Regions -- - ----- ---

Da ta on 6,072 museum or preserved specimens of Coli~ chrys o

theme wer e obtained from ~Jidely sca ttered geographical l oca tions 

through the_ courtesy of the owners or cura tors of the ma terial. The 

specimens were segre ga ted into orange, yellow and white phases, oartly 

by t he au t ~or and partly by the oersons supplying the in for ma tion. The 

full da t a witn detailed localities a nd da t es are too extensive f or pub 

lica ti on; t herefor e , a c ondensa ti on is given (table 1). Many of the 

loca lities are shown as dots on the map s (figs . 1, 2 ). 

The frequencies of yellow-race individuals to orange-race in

rdividuals in various geogr aphical regions are indica ted on the map 

: (fig. 4). The upper numbers of each fraction indica ted represent t he 

ipercentage of yellow-ra ce butterflies as compared with or ange-ra ce in

dividua ls for tha t area . It is a t once seen that t here is a genera l 

decre a se of yellow fr om north to south. In each of three ways from 

north t o south t his regularity is illus trs.ted: '1/ 
Cordillera Central Lowl a nd Atlantic 

100 

100 

86 

67 

6 

---
100 

100 

60 

41 

The Freouency of t he Wnitf Feoales i n the t wo 

Ra ces e.nd i n Diff er ent Geogr a i)hical Regi~ 

77 

55 

12 

Coast --

Within each of t he races, the white females exist a t a higher 

~requency in the north than in the south. The ~useurn data , however, 



Table 1. The fre quency in percent of the three color phases 

of Golias chrysotheme in North America. ~he yellow is the percentage 

as co~pared 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. 

Geographical region 

Far Norht west 

%yellow N %white n 
yellow 

subspecies 

100 240 88 77 vitabunda 

Alaska 100 

Yukon Terr., N. W.Terrs. 100 
N. W. Brit. Col. 

Ii!iOUNTAIN REGION 

Northern portion 

Brit. Col. (Central and 
southern par ts) 

Al berta 

Idaho 

I1£ontana 

Southern portion 

Wyoming 

Colorado 

Utah 

Nevada 

Washington (eastern) 

Oregon (eastern) 

California (eastern) 

PACIFIC COAST 

Washington (western) 

Oregon (western) 

California (northwest) 

California (southwest) 

74 

86 

89 

88 

92 

70 

67 

57 

62 

78 

52 

78 

27 

71 

0 

0 

0 

0 

0 

142 

98 

1992 

658 

261 

101 

172 

124 

1334 

186 

366 

482 

63 

46 

33 

158 

340 

6 

14 

131 

189 

95 

71 

56 

21 

14 635 eriphyle 

7 201 

10 91 

4 53 

6 35 

9 22 

18 434 

12 43 

12 93 

16 164 

19 43 

14 7 

53 19 

17 65 

43 187 (none) 

67 3 

11 9 

47 60 

43 115 



Geog:ra;ehical region % ·yeliow N ~ ·whi't'e N ·s-U:b.spe.cies 

SOUTHEAST 6 449 43 209 hageni 

Arizona 1 224 39 75 

New Mexico 26 85 61 44 

Mexico 1 140 37 90 

NORTH PLAINS 60 232 25 88 

Haitoba 58 142 19 54 

Sakathewan, l~ orth Dakota, 63 90 37 34 
South Dakota,Minnesota 

CENTRAL PLAINS 44 193 33 96 

Nebraska 44 86 30 36 

Kansas 38 16 67 3 

lH ssouri 38 78 35 49 

(lliewa 62 13 20 8 

GREAT LAICBS Al~D VICINITY 57 307 38 140 philodice 

Ontario 44 63 41 17 

Michigan 37 67 40 42 

Illinois 64 118 30 63 

Ohio, Indiana, I~entucky, 80 59 56 18 
Wisconsin, Tennessee 

SOUTH PLAINS AND MISSISSIPPI 6 164 42 52 
VALL•~Y 

Arkansas, Oklahoma, Texas, 
Lbusiana, J..H ssissippi 

NORTHEAST 77 1061 33 514 philodice 

Quebec, Nova Scotia, New 63 57 10 31 
Brunswick, Maine, Vermont 

IJew Hampshire 100 34 19 16 

M.assachuset ts, R.I. 85 46 37 19 

Connecticut 89 73 30 47 

New York 81 357 33 220 

Pennsylvania 73 430 35 130 

Bew Jersey, Delaware 67 64 43 51 



Geographical region fc ·yellow t~ ·1o ·white N 'ye11·ow sub. 

CENTRAL ATLANTIC 55 359 22 119 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 52 88 14 22 

SOUTHl•~AST 12 77 2 8 36 philodice 

South Carolina, Georgia 14 49 32 19 

Florida, Alabama 7 28 24 17 

GRAND TOTAL NORTH AMERICA 58 .5 5414 30.6 2153 
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Fig. 4.- The comparative frequencies of the yellow 

to orange races in North America (upper fi gure in the fraction) 

and the frequency of white to normal colored females (lower 

fi gure in the fraction). 
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make no clas 2ifica tion as to race of the whi te fem a l es . True fre-

quencies withi n a r a ce ca n be obta ined only where t he ma t er i a l is bred 

or in pure single r a ce populati ons. 

Data of the f ormer t ype have not been ob tained in sufficient 

numbers to ~ive percen t age va l ues . Da t a of t he l a tter t yoe have be en 

obtained in the Fa r Northwes t where the yellow race is found a lone, 

and in :;arts of Ca liforni a s.nd Ariz ona where the or ange-rac e is fo und 

alone. Prior to about 1 825 , such c3.a t a could have been ob t r,.i ned i n t he 

Northeast on the ye llow-ra c e . In s ome loca lities, such as New Hamp

shire, even now the or ange r a c e is sca rce enough t o give ne gli gi b le 

error to the o.a t t, .. . 

The map (Fi g . 4) s hows the fre quency of white females through

out North AmeriCK ■ The numbers shown as the lower figure of the 

fractions a re the pe rcent age s of white fe males compared with the nor-

mal yellow or ora nge f ema l e s in ea ch a r ea . 

detail in table 1. 

The data is gi ven in more 

Alaska has a white f requency of 95 oe r cent. Yukon Territory 

(and vicinit y ) has a whi t e f req~ency of 71 per cent a nd i l l ustra tes 

t he dec re a sed fre quency t o the south. The Northern Mountain Region 

has a wh ite frequency of 7 pe r cent, a tremendous decrease over the 

Yukon Ter r itory. New Hampshire h a. s a fre quency of 14-19 pe r cent 

white fema les as de termi ned both by random collection a nd by means of 

museum me. t eri a l ( t:::,ble 2 ). 



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

Data for specific localities have been reorganized from Gerould 

( I 23, I 41) e 

Local i tl 

Hanover, N.H. 1911 

Hanover, N.H. 1923 

Goffstown, N.H. 1917 

Hanover, N.H. 1940 

Total 

New Hampshire (1,;Iuseum material) 

% white 

16.1 

9.8 

3.8 

17.2 

14.5 

19. 

!4.7 

±4.6 

±::2 .6 

±2.4 

N 

62 

41 

52 

244 

399 

16 
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The da ta for t h ese a reas of pur e or ne a rly pure y e l l ow-ra ce 

; are sufficient to illustra te the higher frequency of wh ite in the 

north a nd the decre a se to the south. 

The orange race is found pure only along the Pacific Coast 

west of t h e Cascade-Sierra Nevade divide, Arizona and the l ovrnr por

tions of the Mexica n p latea u. Samp les of significant size have been 

gotte n in only one porti on of t h e a r e a - in Calif ornia 2nd Ariz ona. 

Museum material indic a tes an avera~e frequency of 47 9er cent in 

Northern California, 43 per cent in Southern California, and 39 oer 

cent in Arizona. 

However, more a ccur e. te da ta are a vailable. These ha ve been ob

tained b y random s a mpling of populati ons f rom central California to 

west ern Arizona. Averages from four sections of this r a n g e g ive 69 per 

cent in the north through 59 and 30 per cent to 16 p er cent in the 

southeas t. These frequencies are shown in their appr oxi mate geo

gr&.p h i c a l l oc a ti on on the map (Fig. 4).~ 

Th e trend of the va ria ti on is t h e s am e in e a ch of the ora nge 

and t he yellow r a ces. However, the yellow-race frequency is higher 

f a rther north than in the orange-race. F or example, where a s a fre

quenc y of 70 per cent wh ite is found in the yellow-ra ce north as far 

as the Yuk on Territor y , in the orange r a ce, 70 per cent is found much 

f a rther s outh in the l a titude of centra l Ca lifornia . 

Where the t wo r a ce s occur in the s a me a rea, the f req uency of 

white would be the comb ined frequenc y in each of the ora n g e and yel

low r a ces. It 1t.'Ould follow that t h is would fluctuate de ~'.) ending upon 

t h e r e l a ti ve a.b un d v.nce of t h e t wo r a ces in the [-1 r ea . Th e more abun

da nt t h e o r a n ge r a c e i n a n are a , the h i ghe r would be the fre q uenc y of 

white. Th is is b est s h own by a di agr a m (Fig. 5). Th e p ercentages t o 

the ri ght of the middle line represent the combined frequencies of 
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Fig.5. Diagram illustrating the results of intermixture of 

the yellow and orange race fre quencies . 
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wr1i te when the t·vrn :::'c1.ces are eauc1.lly abundE,nt; the percenta.ges to the 

left are the co□bined frequency when the yellow race is twice as abun

dant as the orange. 

The resuL ts of this inter',tixture of the racial freouencies will 

be as follows: The white frequency will begin high in the north and 

decrease to the south. As the abundance of the orange race increases, 

the white frequency will stop its decrease southward, reach an equi

librium and then increase. This increase should be proportional to 

the orange race increase ( Fig. 5). TLe r;1ap (Fig. 4) shows this re

lationship in the geographical data. 

Theoretically, the frequency toward th~ south should again de

creaE-e sfter the second II high 11 • Tl':e data are not sufficiently abun

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 

phases of Golias described above are found to be consistent with some 

ada~tive qualities possessed by each color form. These adaptive qua~ 

ities enable the particular form to exist better in the oarticular 

range occupied; apparently, the color difference is incidental to the 

main adaptive traits but directly related to it in growth metabolism. 

For exa.'.1ple, it has been shown elsewhere (Hovanitz, 142, 1 43) 

that the yellow and orcnge rD_ces differ in a series of r>hysiologicel 

characteristics. These are related in the following ways to the 

characteristics of the environnent in which the·races are found. 

A genetic diapause in the yellow race taking effect upon the 

larvae will enable this race to overwinter in a dormant state e sier 

in cold territory than the orange race. The latter does not possess 

a eiapause; hence, it is more likely to be killed by freezing. The 
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range of the yellow race into the parts of North America with cold 

winters is consistent with t~is genetic trait (such as the far north, 

the high mountains and the east). 

Likewise, the sterility and high mortality of the yellow-race 

larvae when bred on alfalfa and similar legumes would nnt 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 conditims 

for the growth of perennial Trifoliums, the food plants of the yellow

.race. 

Data on the better ability to survive under various conditions 

of the physical environmental factors are more difficult to obtain. 

However, breeding data (Hovanitz, 1 43) suggest that the orange-race 

is better able to withstand high temperatures than the yellow-race. 

This also follows from the lower life-zone distribution of the orange

race throughout the southeast and in its much greater abundance in the 

southern &reas in general. 

The northern distribution of the white female in the two races 

suggests th&t it has an advantage over the normal orange or yellow in 

those B.res_s. The experi:·Jental evidence here is co:mlicated and will 

be considered elsewhere (Hovanitz 1 43). 

1. The North American distributions of two physiological races 

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

ecological and genetical point of view. 

2. Jhe orange-race has extended its range everywhere with the 

growing of alfr lfa, but most especially in the eastern United States. 

The range in the western parts of North America has been altered only 
. ·~ • 

by the shifting of population abundance from wild areas to the alfalfa 
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fields in the valleys. The present area now extends from southern 

Canada to southern Llexico and from the Atlantic to the Pacific. Be

fore about 1850, the eastward distribution ended in the Llississippi 

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 genetic acclimatization in the race caused either 

by environmental selection or by intercrossing with the yellow-race. 

3. The yellow-race has essentially the same range now as it 

had before the presence of European man in North America. However, its 

abundance has been increased within those parts of the range where 

white and red clover are grown. The recently migrant but now resident 

orange-race has apparently changed the genetic adaptability of the 

yellow-race in a once µure II yellow 11 territory. 

4. The range of the yellow~race is greater than that of the 

orange, existing farther north and farther south. Museum material 

indicates that the yellows are commoner than the oranges in the north. 

5. The variation in frequency of a white genetic mutant existing 

within each race has been described. In each'race, the frequency is 

highest toward the north. At a given latitude or ecological equivale~ 

of it, whites are ucre frequent in the yellow race than in the orange. 

6. The differences in the ecological distribution of the orange 

and yellow &re shown to be due to the genetic physiological differences 

between the r&ces; na~ely, a potentiality diapause for winter hiber

nation in the yellow ~ace, a different food plant distribution in the 

two races 2.nd diLf'erent phys1cal environr1entol ,)references. 
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F oo tnotes 

\!/ Cla rk (LS) has sug~;ested t hc1.t the orange-race may be in

di genous to the Ca rolina s. However, beca use of the sca rcity of this 

form in e a rly e a stern material as well as the fact that it was unknown 

until described fr om Ca lif ornia, it is n o t believed to have been there 

in any breeding quantit y till af t e r t h e middle nineteenth century . 

'o/ According to Cla rk (MS), Scudde r was in er,· or here as Smy t h 

has f ound t h e m very c ommon a r ound Cha rleston , South Caroline, as e a rly 

as 1874 an d 1876. Th e records collected for this paper indicate the 

accura cy of Clark's notation since ora n ge forms were probab l y common 

ne a r Chao el Hill, North Ca rolina in 1886 , three years befor e Scudde r's 

note wa s published. 

\3/ Alf a lfa or lucerne see ms to have had its orig i n i n t h e steppes 

of Centra l Asia from when ce it moved in t o the se7i-arid Asi a Minor a nd 

southern Europe. It was introduced into Ame rica by the Spanish ex

plorers in Peru and Chile ( possibly a lso Mexico). In t h e 18th century, 

there were some fields in pr oducti on a long t h e Atlantic seaboard under 

t he name lucerne but t h e se did n ~t t hrive, owing probab l y t o t he l a ck 

of in ocu lation for nitrogen-fixing bacteria. The first thriving popu

lati ons were in Cal ifornia a nd thence t hese moved eastward to the At

l a ntic as described in t he text. Other s p ecies of Golias are now pests 

on a lfa lf a in other r e g i ons. Golias lesbia fli es in droves over a lfalfa ---
. field s in Ar gentina just as eurythe me does in Calif ornia . (Q. lesb i a 

may r ep r e sent an is ol 8 ted populati on of t he orange-race.) 

W Error in obtaining these fi gures is largely minimized by the 

v-iid.e d ist1' ib u tion of t h e f'la t e rial in va rious coll ecti ons t h roughout 

North AL1erica . Neverth ele ss , it is expected tha t collectors may have 

select ed t h e rarer c o l or phases in any locality . Th is would tend to 

mini mize t he differences be tween t h e fi gur e s rather t han t o increas e 

the m. Al so, any tendenc y on the part of collectors to have a n equal 
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representa ti on of the col ored t y~ es f or puro oses of uniformi t y in 

c ollecti ons woul d decre a se r a ther t h a n increa se t he differences ob

s erved . 

\3/ Deta ils of thj_s work will be published sepa rately. 



!h2, .i)istribution 2£. Q.2n! .frequencies!!!~ Fopulotion~ 

2!_ Golias. 

Ylilliam Hovani tz 

Ga11forn:ta. Institute of 'l1echnology, Pasadenn . 

Nearly all butterflies of tho genus Golias hnve dirno:rphic :fo!"11ale 

fornis ... the nor:mnl ;re·llow or ore.nr;e and the 11 ~lbi11io 11 or vrhi te form. 

• The white form in both 3'.'aoes of .22.lJRE. ~h111:vsoth?~ in North Arnor1.ca 

, 1s controllNi by a dominant nutosornal gene which hos effoct only on 
Ci.. 

the f'ema.lo sex (Gerould 1 23 , Uovanitz 143.). This StH~n"..S to be t1~ue 

also for Golie.a my1":l'li92nQ and ~~:US!\ :: croc.ea. of Europe nnd the 

oh:ristinn complex of North Anericn ( Gerould '23, r o1"d '41 and Hovan-
a,. 

1tz '4~) • The genero.1 distribution and e.bundance of the white r e-

ima.le form of ohr:vsotheme in North America has been described in de-
--~,.,.,·---

' tail (Eovanitz, '4~~~ • 
Owing to tho oaoe of segregation of tho normul m1d whJ.te f<n•ms, 

this mn. terio.l is excellent f or tho study of gene f requency Vfn•in-

; tions and its biological ca.uses in wild populations,. For this pur

'pose, snmples o:f the populations o:f the or~mge rnce WPl"e obtaine d 

seasonelly and googra.phicnlly in 1941-42 .. 

Method 

Counts of normel Hnd white femnles were r.iw.do throughout the r,1-

ifalfa growing districts of central end southern California, south-
1 ,, 

!western Arizona and the woster:n Great Bnsin. rrhe earliest smnples ob-
l 

~t.ained ·wero by nctually capturing individuals; later, hmvever, counts 
I 
;alone of f ree-flying individuals were found to p.; ive lar·ger numbers nncl 
r 
;more s ir:nifict=mt result~. 



ed in tho population8 in all locntions is necessary before p0rtinent 

gone frequenc:r dnta cn.n be calcula.ti~d ncciording to tho Hts.ndard !'or ... 
•) <'\ 

,111ula: i,;' · .f2pg+({ (Hardy '08). As the E<:tperimonV,.1 dntn suggf:!at thP,t 

the vi~bility of the dominnnt hor11oz:rr:ote ((?) may be ze1,.o under CE:•r-

te.in conditions nnd equal to or bettf•1~ than thut <>f' the other geno-

;types under othHr conditions, the npplicntion o.f' this forr:aule under 

'known conditions of viobilit:r is not porrniblo. The d(,tH. Hro there

fore diseu:rnecl not as gene frequencies but as phenotype frequencies 
; 

.only. 

With no difference in viabili t:,r betw00:n the genotypes, the gene 

[frequency in e population will remain constnnt, with rRndom fluctun

Wtth complotc lethelitJ· of the domi

'ne.nt homozygot~-1 which :ls p1•obably true in hot envi:r.•onrnEmts and in 

:southe:Pn reCTions., the, white :c1llele will be eliminated nt n. rnte r,s 

:given in the accornpnnyinr; table ( Teble l). 

•:Pho white allele hns n seloctive vulue under certnin environ

fllentr:l conditions which is greator than thnt of' the :normnl yellow or 
r 

~~range Hllele (Hovnnitz '43). According to the conclusions derived 

from museum dntn n1one., the white all~le should bent nn advantage 

,;Over tho :norrnr 1 i,lle.1.t1 ;...u ijhe north BS co:mpHl"ed with thr: south. 7.'he.t•t•
i 

Jtore, in t~-,1~ d~~tailed lHlHlyais of popuhitions, n. sir:1ilnr :north-south 

t'Ule sh:mld be :round. The nllolic frequency- should vary directly with 

the chnnge in climnte between regions if the two ore thus inter

l'elated. In a previous paper (Hovnnitz •4~:,), it wns stnted thflt only 

by a_ polygenic or multiple allelic hered:t tn ry mechHn:tsra can H gra

dient of moI•phological, ndn.ptive vnrin.tion coincide with a gradient or 



Table / Table showing 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 

females in adult 

population 

Ww 

66.7% 
50.0% 
33.3% 
28.6% 
25.0% 
22.2% 
20.ofc, 
18.2% 
16.5% 
15.4% 

9.1% 
1.96% 

.199% 

.000199% 

dominant allele 

frequency 

w 

33.3 
25.0 
16.7 
14.3 
12.5 
11.1 
10.0 

9.1 
8.3 
7.7 
4.6 
0.98 
0.099 

.000099 

generation 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
20 

100 
1000 

1,000,000 



ehi:mging enviro:nmentel conditions. When this kind o f hlH"edit~n•y 

systern is not avnilnble, simila.1,. results con be achieved by varying 

r1Jt ios of t·vm nllnles v;ri th extr•emes of 100:0 and 0:100. 

The datn presented here illustrate tho correlation between the 

grt.ad i~:nt f ormoe.i by the fr~quency o f tho two whi to Blloles, f:lnd the 

gradient .formed by the olimntie conditions of the territory. They 

also show the effects of inigration nnd re.ndom population change upon 

the gone frequency in various enviro:n.ments. A dift:eren.tis.1 develop

ment rate of' (iiffer~mt genotypes snd its e ffect upon population dif

ferences is noted 1n two populations. 

The Frequencies 2.f. ~ Vf.hite Female in Gnlif'ornia 

Ponul2tions 

Th<-? frequencies of white .fenu.lles in CH1iforn1a populations of 

the ora.nge rnce are sho,m o:n the nw.p (fit; . 1). The general trend 

of highest frequencies in the North (69% white) Hnd lowest fre

quonoies in the ~outh (13% white) :ts appa rent. 

'1.~he region tHu11pled is divided. into f ive district provlncMi by 

the loc nl topor;ra.phy of the l o.nd. 'l'hHre nre !'ror:i north to south: 

l. ~Phe ~>an :;_, rn:?1c isco Bay e.rea in t he northwest. 

2 . 'I'he San ,Jot'=l quin Va J.ley area Hl()ng the c ent1•a l portion of 

the stHtc. 

~>. Tho Grei:..~-; Ba.sin,. representflci on the ntHp hy Mona La.kB f;..nd 

Round Vnllt=ry. 

4. Gc~astnl Southern Galifornia, represented by sc1:1tterNl n.1-

fal f a .f iolds throughout the conntnl valley. 

b. Goachella.-Irn.perial-Golorado Hiv0r Vnlle;r area of the south-
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The genetic nr➔ ture of wild popula tions are only studied or 

visualized with the a id of mF1ps, cliraatolog1crnl inf ormation o.nd a 

kr.io,!Vledge of the local topog raphy. 

To neglect this data would b~ to elirn in!t te the co.mrn.l fnctors 

in the population diff erentiP.tion; thP- CR.use of the d i f r erentiation 

is the point of this study . 

The population di f ferences (sensonal and geographieRl) a re 

described below, starting with a c entrAl point, the coastal Southern 

~a li .t'ornin populn tions. 

The Coastal SoutheJ:"n California Pgpulati~ 

'I'he eoaatal Southern Cali f ornia populRtions srm1pled a.re shown 

on the :map ( fig. l) by nun:ibers derived f'rom the white frequency at 

e e ch place. 

The 2!11! Gabriel ~lley ~: The loeHlit:tes knovm collective

ly ea the San Gnbriel Vulley P- rea are situnted P.t the lower ond of 

the va.lley in the vicinity of El Monte, Garvey and Puente. The lo

e&lity is marked on the mnp {fig .l) by the number 36. The popultJ:'"". 

tioms are split into two parts, sepnrnted by the Sen Gabriel River, 

the centers of whieh are ebout five :miles a.part. Unless speci f ied, 

samples were obtained genernlly over the area. 

The generol trend o:f the frequency v aria tions during the 1942 

season is given on the gr9.ph (fig. 2 ) ~ans. G. Vnlley.n It is seen 

tha t there is little fluctuatio:m during the season . A sumne.ry o.f 

the dntM !~O<rnrding to the seBS i.>n for 1941-42 is g iven in '1'8ble 2. 

There a re no signif'icent differences in Rny ~ of the seasons, 

nor between the two ye1:.rs 1941 nnd 1942. Were the popuhi tion :num

ber redueod to an exceedingly low v s lue, it might be expected tha t 
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Table 2.- Seasonal frequency of white females i n the San 

Ge.briel Valley for two years. 

Season % white99 N 

1941 

Spring 21-62 + 6.77 37 -
A'µtumn 30.03 + 1.45 999 -
Total 29.73 + 1.42 1,036 -

1942 

Spring 33.33 + 7.27 42 -
Early smmner 28-15 + 1.55 906 -
Late summer 33.37 _ + 1-65 812 -
Autumn 28.75 -I· 1-82 612 -
Total 30-19 -1· 0.94 2,372 -

Grand total 30.05 + 0.7s 3,408 -- -



random ehanges 1n gene froqueney would oeeur, but no sueh variations 

are present . Appnrently the population size is very large, Ol" the 

environmental selection for the ,vh1 te s nd orange all oles is rather 

closely regulated . Both a re probably truo. 

In May en<lJuno 1942, s eparate data were obtained on eaoh side 

of t:t:i.e SRn Gabriel River ffinble 3) in order to determine if fl dif• 

ference migh t exist, due to the spntinl isolation. This 1s a te:Jt 

of deg r rie of population movement as well o.s size .s ince a difference 

in tha results vmuld 1ndi@fl.te thnt the e.rea is not w~ll mixed or 

tho t random changes have te.ken ple.ee in gene frequeney . 

In both May, and .June, the frequeney was low@r on the west side 

than the east side . In neither case was the dl f'ferenee equt<l.l to or 

greater than 2X t;le strmdnrd error . With the combined d ata, the dif~ ·, 

ferenoe is 5 . 80% .. :~ 4 . 54% or oonsidero.bly less than 2X the s tnnda.rd 

error of the di f fer P.nee. 

The ~ Fernando Valley P;);eulr,,tions: The San F'errnmdo Vm.lley 

. populations are loeated nbout 30 mile ci northw,rnt of. the San Gabriel 

Valley. On the m~p {fi.g .1 ) the pltHrn is d r.' noted. by the numbel.' 30. 
Between these two localities is located the oity of Los Angele s And 

two "mounta11)1 ranges" (Santa Monies mountains nnd part or the "Pu

ente Hills.« Therefore, there are no al f al f a fields t o unite tho 

two placrns. The chance o f mueh g ene exohnnge a.c ross this 30 mil~s 

under normal cireur.astnneos would s e em rather doubt f ul . m.1wHv0r ,. 

the speeies is somewhat migratory and nt times there is pr0bBbly 

considerable exchange. The cliE1ate a t tho 1;\'10 nln.ees is very sim1-
~ " 

lar, being under the same inf luence of the prevailing westerly 

winds a.nd oeennfog. There should be v ery little differential eli

mstio selection . 



Ta'ble 3•• F~eqa.ency of white te:mnles at ·two ::toealit!es on the 

two aid.ea ct the 51.tn G-ab:riel Hive~ (in the San (lalJrie'l Valley) • l.942• 
~ 

the number a a~@ % Whi ta .femleih 

F.s.at s;\de 
:I: . _ • ' ti J l . WU ~ 1414ir. 

N -
30.57 --1• 3.21 229 29•61 + 2 . i-1· •D·· ... , -

J1.;me ~3-•lO .-(,> ~.91 145 27•34 ❖ l1t83 - -
• 25.7~-- + -:~~:~G2 ·11·::~5 ~ 

~ .. 
! 

328 

5"18 
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The trend of the variations in this region is shown on the 

graph (fig.2) as»s. F. Valley." The v ariations in the populations 

of the San 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 perio<;,( (Table 4). 

During the period September 23 to November 7, tests were made 

to determine :ilf there were __ a diff erential development rate between 

the two types of female. One particular field in the San Fernt\.ndo 

Valley h~d a heavy infestation of Golias and was in full eelosion. 

Frequencies were obtained in this field at two day intervals of (a) 

percentage of white fema.lee freshly eclosed on that day and (b) 

percentage of white females free-flying in the population. Frequen

cies were obtained in local fields nearby to serve as a control. 

The graph (fig.3) shows the variation in frequencies between 

newly emerged feraales 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 sa.rae place. There is also shown by 

dotted lines the frequencies in two control fields about one mile 

from the former place. 

From a high of 361& white fe:nrn.les which eclosed o'n September 

23, the frequency dropped 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 ll .87%t 4 .23% or nearly 3x the stand

ard error of the difference {Table 5). 

Two days following the sample of 36% of newly emerged females, 

samples were made of the frequency of free-flying individuals. On 

September 25, the frequency was 45%. This dropped at a. rapid rate 

at first but wq_s s] owe:r later until a low of 25% was ff~§t!h@~ on 
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Table 4 •- White female frequency during the season at San 

Fernando Valley, Calif. 1942. 

Date ~ white\i/9 N 

1Vi.ay 25 30-57 + - 3.04 229 

Jnne 2 2 28.43 + 2.01 503 -
July 25 35.97 + 4-06 139 -
Aug. 1 35.95 + 4.50 114 -
Sept. 7 17.95 + 6•15 39 -
May- Sept• 7 30,.3'1 · + 1,43 1,024 -
Sept.23-Nov.7 30.29 + - 0.43 11,149 

{see Table 5) 

Total 30.30 + 0.42 12,173 -



'£able 5 .- The fr,:3quency of whi tc females at a given a.1 fal fa 

field in the '.3an I!'ernando Valley during the course of an adult 

eclosion period. 'l'he copu.late cl. females were newly eclosed on the 

day of the The comtrol samples were ma.d,9 in fields approxi-

mately one mile from the tested field. 

Date 

Sept. 23 

Sept. 25 

Sept. 27 

•• Sept. 29 

Oot. 1 

Oot. 3 

Oot. 5 

Oct.7 

Oct. 9 

Nov. 7 

Free-flying, ?~w ..JL Copulated, %w ..11.... Controls, c~w 

35.91 + 2.96 323 29.24 4 1.96 537 

44.58 + 2.04 590 29.22 + 2.36 373 32.22 + 2.58 329 
l 

37.61 + 2.07 561 . 29.20 + 3.06 226 j 27.81 4- 2.31 374 
( 
I 

32.B5 ± 1.a6 686 24.04 + 3.01 2os J.:25.12 + 2.17 414 

16 1 29.45 + 2.52 326 
1(31.05 'i' 1.96 554) 

127.75 + 1.76 645 ------- !(28.61 + 2.29 423) 
, I I 25. 23 + 1.46 880 ------- iC 27 .40 · .f. 1. 99 500) 
! t 

\ 29.97 + 1.47 971 ------- l<3o.oe + 2.40 359) 
i I 

12&.90 ~ 1.1a s11 ------- k 29.49 .,. 2.57 312, 

29.59 1.59 828 

i ' t l ! :37. 76 ± 4. ea 98 , ------- l -------
-------+-i -·----- ·-·"·· •••• ••·• •·•·•·•••····••--•··"-•·~·•t-·· •• • ~ .· , = n~·"·"·" • •·•tw .~.- ,·- '" •••~"~'"• . •-• ·· .. ,--Y. . . • ·•· · ·· • • • ••· ., 

i l \ 
131.30 + 0.61 5875 129.76 + 1.35 1146 I 29.00 + 0.11 4128 
~ i t 
! ' 

Total 
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october 5. The difference between t hese extremes is 19.357& .!. 2•50Jb or 

nearly 8x the s tandard error of the difference. ~.ome of the consecutive 

samples are likewise more than ~x the standard error of the difference. 

For exar~1ple, that between September 25 and 2'7 is 6.97Jb .:!:: 2.93Jb or over 

2x• The difference between September 27 and 29 is 4.76% + "> 2.78Jl or 
' -

just u.,.-.1der 2x• 

On October 7 and 9, the population seems to have leveled off to 

a standard range of fluctuation and after the ninthJindividuals were 

scarce. As far as adults were concerned, the population size was 

greatest between September 23 and 2'7 when the alfalfa field was literal

ly covered with them. At this period all individuals were exceedingly 

fresh. From .September 27 to October 9, the population size decreased 

rapidly• Se.:rn.ples of newly emerged adults could not be obtidned af t er 

September 29 owing to the very rapid drop in ecloslons. By October 3, 

fresh individuals were rare and by t!1.e ninth nearly alJ. were old and 

worn. The alfalfa field was being cut from about four days bef ore 

September 23 and was completely cut on the twenty-seventh. At this 

period thousands of pupae vrnre crushed• By October 9, the shortest 

aver•ag e new growth in the field was about one foot high; females rarely 

lay eggs in a field higher than this. 

The con·la"ol samples were gotten in two fields about one mile east 

of t h e field being tested. '11he fluctuations in the cont1 .. ol samples are 

not statistically different but they follow the experimental cur•ves 

to a certain extent. There is a drop between September 25 and 29 follow-
drcr) {''c !(tGctc1 

ing the drops in the other curves; also a~ !)l';B.&ede<i by a rise 

between October 1 and 9 following the sarae in the experimental cv~ve. 

r.rhe control plots were in fields which did 
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not hav~ a high pere~ntage of eeloaing individuals. Their popula

tion was at lea.st largely composed of individuals which had flown in 

from elsewhere. This was especially true of the field used between 

September 23 and 29. The coRtrols are more representative of the 

valley populations as a whole than the experimental population. Two 

possibilities may aeeount for the very rapid gene frequency change 
-rl,t., 

1n; one field: 

(a) the white individuals are fester in development than the 

orange so that there are more of them at the earlier stages of the 

adult eelosion, or 

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

tration in one place due to cha.nee. 

The former possibility seems more likely because it fits all the 

data better. OJe can aeeount f9r the higher frequency at first in 

both experimental curves by ass'Wtling that more white females emerge 

at first. As more orange females would em.erge late, it 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 

adults from the area. The assumption of decrease in adults is cor

rect because (a) the number of adults visibly declined from Septem

ber 27 on, (b) adults were seen to be flyi~ away from the field in 

large numbers, (c) the area already had a higher concentration of 

adults than any other place in the valley; therefore, more adults 
d tC ¥ 

would leave than arrive, and (d) a percentage ofAearly emergenc~es 

wouid have died, thus lowering the number of adults there. Ase~-
·-

pected, the frequency of whites dropped below the average frequency 

of 30% to a low of 25%. In favor of the first possibility also 
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is the drop in frequency in the newly emerged females. 

The tendency of the eontrol 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 Qonoentration of whites at the one 

plaee may influence those nearby. 

To explain the second possibility, one must assume that a very 

r a.re chance eoncentration 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 ehanee of getting a concentration fluctuating from the normal. 

The size of the brood must have been in the millions. 

On t he basis of the s econd possibility, there is no way of 

explaining the drop 1n frequency in the newly emerged insects unless 

one assUntes that one day a month before the emergence mostly white 

fema les had l a id eggs in the field and a few days later a higher 

frequenoy of orange females laid the eggs. The likelihood of this 

being true seems 1111. 

The second possibility assumes that the drop in. frequency is 

due to a mixing of the adults with the general valley population~ 

This would entail a great movement of adults into the f ield~ On the 

eontra.ry; t he moventent was visibly a.way from the field~ The fre-quen

cy would not have dropped below the general valley frequency of 30% 

by this method, nor would it have dropped so quiekly. 

Therefore. um.less the development rate of white females is 

faster than that of the orange, it does not seem likely that the 

change 1,n gene frequency could have occurred. 
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Populations of the Santa Cla~L ~~r_D,!!iinage Basin: Airline 

a.bout 15 miles north of San .F'ern.ando Valley along the central part of 

the Santa Clara River Valley, three samples were made during 1942. • 

Thi s population (Oast aic Junction) 1s loeated on the map (fig.l) by 

the number 26. The fluctuation during the season is not significant 

but varied f rom 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 itcastaic Jc. 11 It is possible that the frequency has gradually 

risen during the season and it eould easily have done so by migra

tions f rom the extens:ive populations in the San Ferna ndo Valley. 

There is, however, a range of hills separating the two places (San-

ta Susana Hills). Comparing these two looalities for the 1942 to

tals shows that 11 0aste.1e Junet1on" Jflas a frequency which is statis

tioall~ lower than that in the San Fernando Valley: 
-t 

Cas t aio Junction 27.44%; 1.38% 1,646 
Saa Fernando Valley 30.30.% - 0.43% 12,19~ 

+ -
Difference • 2.ftC% - L,44% 

"Castaic Junction" 1s farther north than San Fernando Valley 

but has a much hotter and dryer climate owing to its sheltered lo

cation wit~in 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 north-south "rule" j_n this case 

nta.y be d ue to the climatic regularity or possibly to chance alone. 

Down the Santa Clara River Valley from Cas~:a:i ~ Junction t0ward 

the coast is a distance of 40 miles airline. Appa rent l y there are 

few alfalfa fields between these two places and not very many even 

at the coast. However, a small sample was gotten a t the latter plaee 

(Oxnard) with a frequency of 43.75% ± 6.20% white females (see map 1 
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&t point marked 44) . 
area, 

ClimRtically, the~ 1s ooolor, foggier and 

more humid than nny of tho other Southern Cnlifornit1. looS1 tions. It 

should have o. highe1:- freque:t10:r of whites as is indicated. H'owever, 

the smell number renders the significance or the data doubtful. The 

frequency is apparently · stP..tistioally d1f'r'erent from the two closest 

populations by more than 2x the standard error of the di .ffereneez 
't 

Difference from Cnstaie Jo. 16.31% - 6.35% and from San Ferrumdo 

Valley 13.~ ! 6 .'f/J'I,. 

In one of the brenehes of tho Santa Clera River Valley known as 

.Bouquet Canon, a, sample was gotten in !Jiay 1942. This place is nbout 

10 miles east of Cnstaic Junotion and is more or less oormeoted with 

it by oeca.sione.l alfalfa fields. 'l1he f'requoncy .found here 1n May 

1942 was 39%. The number of individuals again was low and the fi:te

queney is, there f ore, once ~go,in doubtful. OotnpH.red with the popu

lations at Casitaia Junotion, the di!'ference is :pearly 4.x the stnncl• 

ard error of the diff erence f or the month of May a.ncl about 5x for 

the seasonal average At the )Attter plaee: N -Bouquet Csnon 39.34% 
.,. 

6.26% 64 :; 
Cnste.10 Jo. May 23.64% -4.06 110 

(Di ff'erenoe) 15.70% • 4.55% .;.. 

Gastaic Jo. 1942 "7 44t1f 1' 1.38% 1,046 % • '/!J .. 

(p1 ff erenee) 11.90% • 2.45% ' -
The frequency of 39'"fo is very oloso to the frequeneies 1n the Antelope 

Valley to 1,e considered later and mt1 y owe its origin to thfl.t souree .. 

~ .Antelone Vrtlley Popu,~at1ons: The Ante-lope Valley is lo

cated about 25 miles east of the Bouquet Canon population. It is 

really the western arm of the Mo j ave Desort but has cons1dernble ag

riculture due to the presence of wat ,er for irrigation. The northern 
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arm of the San Gabriel Mountains extends between the desert and the 

coa st here, but the elevation is very low, owing to the change in ge

ologica l structure. Cold winds from the coast blow through the area 

eausing it to be climatically quite diff erent from other parts of 
• 

. the desert. In the sum.mer it may be very hot or may be cold and 

windy; in the winter it is colder than the Southern Califo~nia coast . 

Samples _were obtained in May and June at two places, Palmdale 

and Laneaster., Between these localities, a distnnee of 8 miles• 

there is no alfalfa so that the places may be considered as isolated 

by ~ry desert. At Palmdale in May the frequency was 39.44% ! 4.1% 

{N=l42). In June it was 31.96% ! 2.72% (N: 291). In June at Lan

caster the frequency was 38.83% t 4.81% (N: 103). None of these 

differences approach statistieal signifies.nee. The total for Ante

lope Valley for the season, 35.26% ± 2.08% (N = 536) is not differ

ent f rom the closest population, Bouquet Canon. 

At first sight i t might seem that the desert should have a 
.... . 

low frequency of the white gene. However, this part of the ~esert 

is cold in winter and does not always get hot in summer. In 1941, 

cold wimds 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 frequenci~s above 

50%. The more coastal populations of Southern California are sepa

rated f rom the San Joaquin Valley by 70 airline miles of rugged 

mountains, while Antelope Valley is separated from it by only 20 

ndles airline across , the range. The- map does not illustrate the dif

ferenee as the Laneaster-Palmdale areas are far to the southeast in 

the Antel~pe Valley. 
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Other Southern California Populations: Samples were obtained 

at four other coastal loca.11 ties whieh are des ig~ated on. the map 

~fig.l) by the white female frequency; namely, Santa Ana, 29%, San 

Pasqual-Escondido, 18%, <.$an Luis Rey., 25% and San Jacinto Valley., 

The Santa Ana popul-s.tion on the map is 20 miles a irline direct;,:. 

ly south of the San Gabriel Valley s a~ples. The area in between 1s 

nearly continuously strewn. with alfalfa fields in the lower places. 

The climate is probably a little eooler in the summer and warm.er in 

the winter as it is closer to the coast; however, this is only very 

slight. The white female frequency is identical with that of the 

San Gabriel Va lley. 

The San Jacinto Va lley population is about 50 miles a irline 

due - east of Santa Ana (:mm.ber 23 on fig.1). Owing to its inla.nd lo"' 

cation and higher elevation of 2 1 000 feet, it has a much warmer and 

dryer climate in the summer and eolder in the winter. The white fn

male frequeney is lower here as is expected aonsidering its climate 

and location. The signifieanee of the diff ereRee between its fre

quency and adjacent populations follows: 

L San J a cinto Va lley 
Santa Ana 

(Difference) 

San Pa squal-Escondido 

(Dif ference ) 

Thermal 

(Difference ) 

22.65% ! 1.s2% 
29.41% ! 2.02% 

6.'76% '.: 2.'71% 

1s.4'7% + 2.19% 

4.18% 
+ 

2.84% 

12.95% .!' 2.85'/4 

9. '70% ;: 3. '78% 

N 
521 
510 

314 

139 
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'l'he San Jacinto Valley-Santa Ana difference is just OVP.r 2:x 

the standard error of the difi'erenee . The difference with San Pas ... 

qua1-Escond1do is nearly 2x while tha difference with Thernml is al• 

most 3x. 

The San Luis Rey frequency (25%) is so much like others in the 

vicinity, and the number in the SruJPle 1s so low that it is hardly 

different f rom any a.djAcent population. The place is locti.\ted .on the 

coast Hbout 50 miles southeast of St>!nt a Ana. 'l'he climate is very 

similar to that place. 
Escon J,do 

The San Pasqu~l~ populnt1o:n is loceted inland about 15 miles 

southeastward of San Luis Rey ,, The climate is iiipt to be warmer 

then the l &tter plaee or Santti Ana e.nd quite eimila.r to San Jacinto 

Valley. We hav9 seen that the frequtmoy 1s about 2X)~ the standard 

error of the d1ff erenoe in comparison with the latter place. It 1s 

elose to or identical with the frequencies in the Imper1ol-Ooaehe11a 

Vnlley and quite different f rom San.ta Ana e.nd San GabrieJ. V(,1lleys. 

On the eouatnl side of the mountains, it is tho lowest frequency 

known e.ncl 1a likewise tho most aouthorn knoffll. 

The Coaehell a-lmperisl-Colorado tt1ver VallHy is relatively 

isola ted f rom the other populations ccnsidered before by tht~ r:aount

a.in r anges wh:tch include the Son Jacinto ronge, the S~nta Rosa x•e.nge 

• a:ad the Lt'tg.w1a.-Ouymaca mountains. 'J:his reg ion. is a region of exoep

t1onally low ra.inf'all, receiving far less thiin 5 inches a.nnuiilly. 

It must have been eor!pletol:r uninha.b:t ted by golia.s ~P.!I!o.thenae be

f ore the period of irrigation, due to the laok of' anJr larvnl f'ood. 
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The valley floor was eovered only by shrubs typieal 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 s ample at Thermal wa.s obtained. Between Thermal and Kane Springs 

the area is almost all barren desert rock or sand and the water sur~ 

face of the Salton Sea; this is a distance of about 50 miles. From 

Kane Springs to Calexico on the Mexiean border the area is oommomly 

continuously covered with irrigated alfalfa fields. Climatic con

ditions are mild in winter so that the popula tions c an be breeding 

a.11 year. In sum.mer, the temperatures rise to 130 1l F. s.t times; oe

easiona.lly, for periods of one or two weeks constantly the tempera

tures day and night will not drop below 100 ° F. Such continuou~ 

temperatures are suf ficient to sterilize the butterfli es of the 

coasta l population (at least with a high humidity). Possibly there 

has been established a physiological race able to withstand such 

oonditio:ns, or perhaps the low hUillidity of the region Hllows eool

ing by evaporation. 

The white female frequency in this area is the lowest known, 

varying from 1 2 .9% to 17.8%. The differenoes _. i n t he populations to 

be described are hardly to be oorrela ted with climatic diff erences 

though such correlations are yet to be made a.ceurately. j 1he valley 

1s climatically very sirailar from the . Mexiean border at least to In

dio. Farther north, _ cooling by winds from the ,~•i JJo,r.,gon i 9 .Pass 

t akes plac e . · 
+ The frequency at Thermal, 12.95% - 2.85% is different by 

ne ?s rly 3X the standard error of the d"1iff erenee f'rom the net1L'est 
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"eo~sta.l" population a t the San Jacinto Valley. They are separated 

by a mountainous area about 50 miles airline distance and in whieh 

there are no alfalfa fields. The butterflies breed in the mountain 
... 

meadows iri the summer, however. The next nearest population Sant-

plea is at Kane Springs which is not significantly different from 
... 

149% 4 . 85% ! 3.57%. it: 17.80% - (N-= 663); difference : 

The Kane Springs frequency of 17.8% is obviously not different 

f:'rom the next population about 15 miles south, Brawley, 14 .48% ! 

2.06% (N = 290). Brawley in turn 1s not different from Calexico 

about 20 miles farther south, 12.99% ! 1.57% (N: 462). The ex

tremes, Kane Springs and Calexico, are different by more than 2X 

"· 'i'/ . • the standard error of the difference(~.~ - 2.16%). 

It ~hould 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-Imperial Vallay is 15.32% ± 
0.91% (N: 1554) which is obviously very different :from the avera ge 

for all of eoastal Southern Ca li f ornia (including Antelope Va lley) 

of 29.78% - 0.32% (N = 19,050). 

Along the portion of thef ower Colorado River just south of 

Yui~a , Arizona, on the east side of the river, there is a eonsider

able extent of irriga ted 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 along the 15 mile airline <l1stanee rather from any 

partieula r field . (fig.I). 

The climatic conditions in this area a re the same as in the 



-17-

Imperial Valley And it would b@ expected thnt the white fert11.ale fre

quency would be either the s ru:-ae or lower. This place is tibout 40 

miles airline er.mt of Calexico but this distruiee is barren, water

less desert of moving sand dunes and pArtly creosote-bush vegeta~ 

t ion. Without flowe1•s f or neetnr, f\dUl tn eould hfl:>dly trnvel this 

distnnee in the dry !1tmosphere; espeoially when it is so hot. In 

the winter mild woa. ther, however,am exehnnge of adults may take 

place. A f'ema.le adult which ms well fed As a larva will live for 

two or more very act ive days with RO f ood or w.ater fl.nd be oapable of 

laying o. hundred or more eggs even with no more food . 

'rhe frequency of white f'~1nales in. the Yuma-San Luis area 1s 

19.54% 1 1.91%(,N = 481). Oompnred with the Imperial Vnlley at Cn

lex1oo, this 1s 2½X the standard error or the differenee (Diff. : 
, 't" cl_ 

6. 55% - 2. 37,w) • 

It was expected to f ind. the frequency in the lower Colorf\do 

River area. to be lower thon the L"!!.per1al VAlley. However, the ap

proximate :frequencies derived from the museum materhil {Hovani tz 

'43) shows thAt Arizona as a whole hR.e a frequency o f about 39% 

white . Nearly all these date. are f rom the portion of Arizona a.t the 

higher elevatio!!ls. Locations closer to t he l Atter region would be 

oxpeeted to have a i'requem.ey varying towHrd it provided there is 

some popule.tion interchange. Mi gration could easily t Hke plnee up 

a.Tid down the Gila River, f or alfalfa fields tond to follow it . This 

river eonneets the Yuma area with the Pho€;11.ix ngrioultural area. 

wh ero alfalfn is very cormonlJ groma and where the fields nre heavily 

inf ested with Golias (Wildermuth, '14). 

l!ndluding the Yuma H.rea in the total, the southeHStern reg iom 

o:m the rnap ( fig .l) hns a frequency of 16.31% f 0.82% white fenmles 
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(N - 2, 035). 

The San Joaquin Valley Popuiations 

9n the map (fig.l), the San Joa quin Valley lies a.lo:ng the 

central strip of the state between the plaees marked North and 

South San Joaquin Valleys. Actually the San Joaquin Valley is the 

larger and southern portion of the Grea t Valley of California which 

is continuous from the south at the Tehachapi mountains to the 

Trinity -Caseade ranges in the north. The climate in the San Joa

quill Valley is "mild11 the year round. Summer days are normally hot 

(above 100°0.) but the nights are cool. Winters are cool but not 

eold; frost forms f or 2 or 3 months of the year especially to the 

north. ·Rainfall is highest in the north {from 10 to 20 inches) amd 

lowest in the south (about 5 i nches or less). Temperatures are 

higher in the south than i n the north but the humidity is lower in 

the south than in the north. Alfalfa is grown. very extensively in 

the valley, especially in the region at the northwest (at the big 

triangle on the map), at seattered areas throughout the central 

part and very commonly in the southern region near Bakersfield (at 

the rectangle on the map). 

The white female frequeRey throughout this area is over 50% 

a s compared with about 30% in southern California. The two zones 

are separated by a mountain barrier which is, however, not barren of 

Colias -populatio:ms. +'h,.e individuals are merely more scattered as 
_., 

they must have been over the entire west before alfalfa was groffll. 

The population size must be relatively small; consequently, the gene 

freque11cies would .. be controlled primarily by migrations fr0m the 

adjaee?;tt alfalfa fields. The popula tion size in the alfalfa fields 
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of California is so huge at the present day that, except in some 

very isolated places, the geme frequency is probably eontrolled by 

them . everywhere. 

On the map (fig.l}, the general white female frequencies 

can be observed, th@se rising from the southern part of the Saia 

Joaquin Valley at 58%, to 69% in the north. 

Th~ South~ ~~aguin Valley Area: Samples were made in this 

area at points about 6 to 10 miles a.part. These de.ta are too de-
f ., 

tailed for the harge maps and the area represented thereon by a ree-

tangle is shown er-ila.rged { fig.4) • The reetabgle represents an area 
·,. •', 

about 60 miles long in a northwest-southeast direction and about 25 

miles wide. Alfalfa fields in this area are loeqted in relation to 

the distribution of the sampled populations. However, there are 

more fields in the north thaa the samples would indi~ate. Near the 

limits of the reetangle 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 northern parts, too, 

but here also there is irrigation of sugar beet farms, bea~s, ete. 

Just north of Bakersfield and running southwest between Rosedale 

and Palllama is the Kern River. Its flood ba.sin occupies a wide area 

in which 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-Golias 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 un1rrigated 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 

oc0asionally present, but 111ot too comrno:r.J.y. This spot-;ty distribu

tio~ of breedi11g places for Colias is of signal importance in under

standing the rapid change in gene frequencies whieh take place. 

The frequencies for the Sara Joaquin Valley plaeed on the map 

(fig.4) are those obtained on August 21, 1942. Three localities were 

sampled earlier, o:n June 25, 1942 and two of these later on September 

22, 1942. 

The three population samples 

Wasco 
Rosedale 
Base 

.. 
63.19% T 

53.33% ~ 
52.68% -

in June are from north 
?1 

1,964 
1,440 
1,528 

to south: 

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 

is small, ehanee variations withi:n sub-units of a population could be 

expected to alter the significaRce of the north-south rule. In eli

mate, Waseo is but slightly if a1ty different from Base or Rosedale. 

It might have been expeeted that Rosedale would have had a frequency 

exo.etly intermediate between Wasco a:nd Base. It is geographieally 
-loeated exactly between the latter two (fig.4). This was not the 

0ase for though it was slightly higher t~an Base the difference is 

not signifieant even with the large sample. 

At the later date (August 21), twe months later, these same 

localities were again sampled. The frequeney at Base has remained 

essentially the same (fig.4); the frequeney at Wasco has also re

mained the same. Rosedale, however, has risen and is now equal to 

Waseo rather than Base: 
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June u Aug. N 
Wasco 63.2% 1;§e4 62.9% 942 
Rosedale 53.3% 1,440 64 . 2% 812 
BRse 52.7% 1,528 53.7% 389 

Th{)} change i n gene frequency necessary to alter the phenotype 

frequency this muoh is great. The two months between the ssmp11ng 

dates i s 10111g enough 1n the vieinity of Bakersfield a t that time of 
- :+J., 

year f or two genor Rtions. Therefore, soraetirae ,Dbout the 20 of July 

there was a f light of adults which l nid the eggs f rom whieh crone 

the Augus t 21, adult flight. Possibly a t this time thore wa s a 

movement o f Hdults southward su.f fioiently to alter the gene fre• 

queney . The populn tion. size itself is 30 o:normous ttmt the change 

could no t have come through aha.nee. If selection were the causal 

fector, it too would hnve had to be very great . As suw.ing equal via

bility of the three potrniblo genotypes, the gene f requency f or a 

popula tio11 of 50% white would be 33.£>% dominnnt alleles and for 

66.7% would be 44.4% dominant alleles. The seleotion could have 

oceurred against or for any o f the three genotypes. Were the homo .. 

zyote dominant conapletel:r lethal, the ehonge from 50% to 67% could 

be accomplished in one generRtion (see tabl e 1 ) , prov:ldli:ng seleetion 

agalmst the two renmiuing genotypes was equal. The former proba

b1li ty of mass movement or shi f'ting of the Rdult populntion is con

sidered the most likely explnnation f or the change ( fig .2), espee

ially considering the spotty distribution o f breedi ng pl f, oes. 

The distribution of f requeiac1es im the tL reas adj acent to 

these l a tter three places 1s a good key to the ver1 .fica tion . Arvin, 

~•eed Pe.teh and Wheeler Ridge t:i re the westorn and southern:most lo

c al i ties Hd,ja.eent to Base. They ur e 56%,53% and 54% respe otively . 

North Hnd eant of Base n.re Lamont 61%, Greenfield 66% a.nd Pnnf!UllJ.B. 5'7% . 
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The latter two are exactly intermediate to Rosedale. The frequeney 

of Panama is closest to Base but the loce.lity is elosest to Rose

dale. 1rhe reverse is true fer Greem.field. It is possible that a 

flight of adults from. the :north ea111e through the area a generatiom. 
" 

earlier and,;- laid eggs in the freshly cut alfalfa fields. Golias 

a pp~ren:tly migrate more under certai11 environmental conditio11s than 

under othe,rs (Hovan.itz, '4~1 Williams ar:J Bishara, '29) and it is very 

rea~o:nable to assume suoh a mass migration at one time but not an .. 

oth~r-. F'em.a.les 1'1ornmlly migrate to cut fields for egg laying. 

Sinoe the fields are not all eut at the same ti~e i n an area, the 

infestatio:n will be spotyy. Thus, places like Greenfield and Rose

dale may get an 1n.festation. whioh arose trom farther north.and 

whieh do not belong to the, _area.. Le.mom.t may have gotten. a smaller 

influx. 

The loealities north of Rosedale all have a_ frequency above 

63%; Shafter is highest at 70%. The la.tter is statistieally dif'

ferent from all the populations other than Greenfield. 

The average for all the localities.north of the Kerm River 

(Rosedale and north) is statistically higher than the area south 

of the Kern. River: 

N 
North of Kern River 64.50% ! o.79% 6,450 
South of Kern River 57 .65% ! 0.69% 5,23'7 

It seems that the segregation of a small area like that south 

of the Ker~ River could not be maintained at lower gene frequen.ey 

without either a complete isolation with no selection for any allele , 

or a seleetiom. rate for an allele which is at pa.r with the influx of 

the other allele. There is no isolation except distaiace between 

the above two areas. The o~1l reaso:n.ably elose populations to th19B 
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area are in the north; the gene frequencies theTe are a.11 high. 

The butterflies are kno\m. to fly great distanees and to move in 

great quantities. Therefore, there seems to be no alternative oth

er than to assume selection against~ very high eoncentration £f 
dominant _!hite alleles in the southern~~- This selectioR for 

the area must eliminate as many dominant alleles per yenr as mi

geate into the region from the north. There is no higher migration 

of re~essive alleles f'ron1 any direetion i:nto 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

ly (through actiom of parasites on the eggs and young larvae). The 

graph { fig.2) shows that the samples \Vere of nearly the same fre

quemey as im August; the slight increase was not significant: 

Rosedale (September) 
Base (September) 

N 
2'72 
188 

Most of the but;,terf'l:il es were very old and worn at this time 

suggesting that these were stragglers from the August emergence. 

It is quite lik~ly-, for the September eool weather would not have 

allowed a new generation but would have allowed the adults to live 

longer. Eggs laid in August were noted deed on the alfalfa leaves 

1m great quantities. 

Ju:me and July averages f'or the South San Joaquin Valley area 

are as follows. These are hardly eomparable, owing to the addition

al and diff erent populations sampled in August but they are statis

tically different: 

Ju!i.l.e 
August 

N 
4,932 
8,983 
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The North~ Joaquin Valley Area: Samples were made i n this 

area at distanees averaging about the same as those in the South 

Sa11 Joaquin Valley area, :namel y , 6 to 10 miles. The area is depie t-
"· 

ed ollll. the large :map b-y a triangle {fig.l). The details of each sam

ple are shoffl! on the eHlarged map (fig.5). The distance along th& 

hypotenuse of the triangle is about 56 miles; each 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 a.t the right angle corner aRd each of the other two are a.

way from it toward the aeute angle~. Separating the line of seven 

populations along the hypotenuse from the other three loeations is 

the meandering San Joaquin River and its flood basin. Owing to this 

break in the valley agricultural area, the distan.ees betweem the 

west San Joaquin River populations and the east San Joaqu;n Valley 

areas are nearly twice normal. 

Alfalfa fields in this triangular area are most abundaJl.t a

long the zo~e 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 o:m the east sme 

of the San Joaquin Valley and disappear beyond Ripon. There are few 

directly along the San Joaquin River. South of Newm.H:m and north of 

"County L!hne" the fields are still quite numerous. In the Coast 

Ramge hills, there are none for many miles. 

A seJRple was made at Traey on June 7, 1942. All the other 

samples ineluding another at Tracy were made in theJ::.r-day period, 

August 14 to 18, 1942. One population, Westley, was again sampled 

on the 18th. The frequeney i~ June at this place was not very dif-
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ferent f rom that in August, the slight increase not being signifi

cant ( fig.2) : 

Tracy 
June 
August 

N 
300 

1,180 

The August frequencies suggest a concentration of white genes 

in the region around Westley. From there to the east and north 

(ang also possibly to the south) the frequency decrea ses. These d i.:f'-

fer.meas are statistically signifie~nt. The av~rages for the tr..ree 
\ ~ 

central populations, Westley, VerN.alis and. Yarmouth, . are shown he~ 

for comparison with the two northwestern populations)/ the three .,,t~ast

ern ones and the two southeastern ones: . 

Central 
(Westley, Vernalis, Yarmouth} 

Northwest 
(Tracy, County Line) 

East 
(Manteea, Ripon, Modesto) 

Southeast 
(Patterson, Newman) 

~whi~e 
72 . 2v% - oc.i86Jb 

+ 
64 .85% - 1.01% 

66. 77% ! 1.07~; 

+ 66.72% - 1.55% 

N 
2,?29 

2,202 

1,950 

895 

The central area is obviously different from each of the other.s 

exeept the southeast. The sta.ndard error of the difference of these 

two is just 2X the differe:n.ee, e.g., 3.53/4 : l.'78/4 Neither of the 

other three areas are different from ORe aNother, though some oft~ 

imdividual diff erences are great. "County Line" has a low of 61%, 

the lowest i:m the mortherm population1 
11 

rest. 

I i • j • , I' 

it is:
1
di~~i ent from all the 

Judging from vieip.1-e approximation , the population abundanee 

was also highest in the eentral area, especially at Westley. At 

Ya.rmouth and Westley, the population consisted primarily of newly 

emergiNg adults; wet winged individuals were oomrion . At the other 

loeali ties, the i:mdividu:al s were apparently not so fre ,sh. In a 



freshly cut alfalfa field, the ratio of males to females is a fair 

i:ndication of the 1'lew ern.ergenee. A cut field with no mew adults 

eclosilllg is 11.early barre:n of males. Females h a these places are 

layi~g eggs and are quite abunda~t. On the other hand, a freshly 

cut field with adults eelosing hBs s. high freque:ncy of males. 

The freque:rac:r of females whieh have wet wings and are in eopula.

tion is very high. Yarmouth and Westley were ex~ples of the lat

ter. The other fields except Traey were all examples of the form

er. Tracy was ra.ther imtermedia te. 

At Westley, i~ view of the eorrelation between highest fre

que»cy of white females and greatest fresh eclosioll'ls, a sample 

of ·wet-winged (copulated) females was obtained. The following 

results, which did not seem reasoRable at the time, was obtained: 

Westley, August 16, 1942 t 
Free-flying 73.92% t 1.33% 
Wet-winged {@opulated)60.84% 3.31% 

1,112 
166 

It is 0lear tha.t the frequelll.ey is very differ·ent. The fre

quency of white eelosions is lower than the frequeney of the free-
• cir 5 P.' ·lr . 

flyi:rag females. This is true i -n-:::sp;t..t:@:.:-~i' the eontarni:raat1.on of 

the free-flying population with individuals also eelosed on that 

day but already in flight. The tentative conelusion was drawn 

either that white females did not mate as freely with the orange 

ones {:negative sexual selectioia) or that the brood had already 

mostly eelosed,with the whites eelosing first. It was for the 

purpose of testing these eonelusions that the San Fernando Valley 

population already mentioned was alaa.lyzed in September - O@tober, 

1942 when it was observed that the conditions were fortunately 

exeelle:at at that one pla.ce. Earlier, attempts had been made at 
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getting frequencies of copulated females to compare with the general 
I 

population frequeney, this being an analjsis of male sexual seleet

iom. for the different colored females. Sueh attempts "ended in .fe.il

ure beeause the females dom't often mate after the origil'lal copula

tion at eelosiol"l. A s r..m.ple was obtaiRed in a field of old females 

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

!Ii 

Free-flying 
Copulated but not 

newly emerged 

53.33% ! 1.31% 

54.17% ! 7.18% 

N 

1,440 

48 

The number is small but quite the same i:n both cases. It is doubt

ful if the colored f orms have an.y different sexual antipathy. 

Two days after the sample described above was taken a t Westley 

another s ample was. obtained. This time copulated females were more 
·, 

diffieult to fi1ad. The suggestion. is that the emergenee was near-

ing its close. The results were: 

Westley, August 18, 1942 

Free-flying 
Copulated (with 

- wet wings} 

71.12% ~ 1.39% 
t 65.38% - 9.35% 

N -
1,056 

26 

The number of Newly eclosed females is too low this time to 

have rauoh signif1eanee. It is still lower than the gener,~l frequeR

ey. The freque ncy in the f ree-flying individ~als has dropped 3% but 

the significance is doubtful (not quite 2X the sta:adard error of the 

diffe re:n@e: 2.so7a: l.619 . 

If the white females had eelosed in a higher frequency earlier 

in the general population emergenee, it would be expected that the 

white frequeney in the general population would drop daily just as 

it did in the Sa:n Fern~do Valley population. The above 3% drop 

may represent this differenee. 
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Toward- the e:rad of the adult emergence it would be expeated 

that the freque~cy of white fera8les i n the newly eelosing individ

uals ,,,.ould be lower than that in the general population. This., too, 

is true ,just as it \Vas in. the San F'er~ando Valley populations. 

Oia the srur1e grounds, it would be expected that the area. 

where the adult emerge:nee is taking place i .11.t grea.test quantity weuld 

have the highest white frequeney. This is true. The central area 

where the whi-te female frequene-y is highest is also the area whene 

the adults were emerging in the greatest quantity (espeeially at 

Yarmouth amd Westley). F1ro1n thi s eemtral point of greatest abun~ 

danee, they were probably flying iTu all directions. The high fre

queney at Vernalis where there wa.s 110 eraerge:nee notieeable was due 

to the trap effe~t of the "isolated" alfalfa field where the sample 

was . .: obtai:ned. Being between Vern2li s and Yarmouth, it would at-
.JJ 

t rE:ct adults flying away fro:m those centers. 

These data, therefore, suggest that sHmp.les taken at different 

tinies of the brood em.ergenee rn.ay :not be quite typ5.@al of the genera:n. 

regioia. 

The average frequency for the North Saltl Joaquin Va lley a :r•ea 

is 68.50% ! 0.49% (N: 9,024). The pereentage will be ~o:mpared 

with others later.-

The Central Se.:n Joaquin Valley~: Foun . frequeney samples 

were obtained o.t variously-spaced loeatioms between the N0rth and 

the South San Joaquin Valley i:=1.reas" The · ve.lley is flat the entire 

distalllee but regions where alfalfa is grown are spotty. Therefore., 

some of the distance may be said to be a barrier to Golias movement 

by reason of spaee alone. The me.p (fig.l) illustrates the loeatiom.s 

of the places. The two southernmost of these locali t ies have the 



lowest frequency but aro not greatly -different ths.n would be expect-., 

ed, nor from what has be~ll f ound in the more detf11led zones. The 

65.3?% f 11.29% (N : 891) AlcJ.ensworth and the 68.42% ! 1.oe,t (N: 38) 

at Corcoraa are oloae to the 64% average for the north end of the 
)? ,~O 

S0uth San Joaquin Valley a.r eiu The Hanf ord 5i3.48 ! ~ ; ( N:..686) 

and the Mader8 61.'72% !. 1.69 (N: 802) are the lowest north of ia

kors f ield. The f ollowing e.xpl!~nation may be suggested f or theae 

f igures: 

( a) these :may be just chmiee eha:nges in the gene frequeneie-s 

s t various places owing to l a.ck of el1mat1o differences between 

the localities. 

(b) o.lfnlfa f ields are not as eommon in this area, a.1t d the pop• 

ulatioms are 1»ore isolated. Therefore. the p~pulat1on s1ze (abun~. 

dance) mny be smaller a.llowing ohanee fluctua t1o:ns greater leewaJ . 

(e) the smaller population size may bo suff.1ci~nt to elimi

nate part of the selective advantage the wl11te Rllele may hnve. 

The Central San .Joaquin Vnlley area t½S S€1.mplod by these fc,,ur 

loeAt1ons has a white femna.e frequeney lowor than the north end of 

the South Ban Joe.qu1a Valley, 62.62 versus 64.50 wh1eh 1s just e>ver 

2X the ate.ndard error of the di:fferenee, However, considering th.e 

South San Joaquin Vitlley- as a whole., it 1s higher; 

North San Joaquin Valley 
Central San Joaquin Valley 
South San Joaquin Valley 

TOTAL San Joaquin Valley 

68.50% ! 0 .48% 
62.,,52%. : 0 , 97Jk 
59.39~ ! 0,41% 

62.94% ! 0.29% 

9,324 
.8,420 

l4,3''t5 

26,119 

A rise in white f.enmle froquenoy ta appar,eat .f'N>m s'.outh to the 

north 1n the valley. 
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The Sa:m franeisco Ba1"'Area: Alfalfa is appare:ntly groffl'i com

monly omly at the southeas tern portion of the Bay Valley. Henee, 

the sample was obtained there (fig.l). Aetually, several small a

reas were investigated but only the total value is of reasonable 

size. The average frequency here of 66.04% ! 3.70% (N: 159) is in 

agreement with the 68.50% ± o.48% (N ± 9,324) average for the San 

Joaquin Valley at the same latitude. 

A sUI!Ul!l.ary of the frequeneies in four of the five provinces in 

California is given in Table 6. The fifth province, the Great Ba

sin, is not comparable and will be discussed below. 

The Great Basin Area 

The Great Basin Area was sampled in two loeations, Mono Lake 

Valley, Mono County and Round Valley, Inyo County (map, fig.1). 

The~~~: :Mono Lake is situated about 180 miles air

line direetly east of San Francisco ( fig. l). It is a BasiR le.ke at 

an elevation of 6,300 feet above sea level and has no outlet. The 

country around it _ts very high. The Sierra Nevada mountain ral'lge is 

a eontinuous wall . o~ the west with peaks up to 13,000 feet in eleva-
- · ' 

tio~, with no passes lower than 10,000 feet. Mounta ins 8,000 to 

10, 000 f eet high surround the basin on the other 'three sides. The 

country is very arid due to the rain-shadow effect of the western 

:mountain range. Winters a.re exceedingly cold, going well below Qlol!F., 

and snow falls for several months of the year if there is any pre

eipitation at all. Summers are often exceedingly hot but sometimes 

may be cold all year. The air is always dry. 

Meadows watered by springs and melting snow in the mountains 

oeeur in several places around the western ed~e of the lake. In 
I 



Table 6.- Summary of the white female freqltencies in the orange 

race Colias chrysotheme populations in California west of the Sierra 

1~ evada but includ.ing the southwestern desert areas. 

Locality 

1. San Francisco Bay 

2. San Joaquin Valley 

North 

Central 

South 

3. Coastal Southern California 

4. Coachella-Imper ial-Colorad.o River 

Valley area 

Grand Total 

% white fern.ales r5 

66.04 + 3.70 

N 

159 

68.50 + 0.4B 9,324 

62.52 + 0.97 2,420 

59.39 + 0.41 14,375 

29.86 f,: 0. ?,!f 18 • (; 1,7 

16.31 + o.s2 2,035 
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these meadows, native clovers of various sorts grow, as well as some 

alfalfa mixed with red and white clover plRnted by the native resi

dents. The agriculture of the region is primitive; the fields o~ 

meadows are grazed by sheep or eettle rather than being eut for hay 

as in the western valleys. In the meadows, one finds the yellow raee 

Golias at certain times of the year and nearly everywhere one finds 
" the orange raae. In the wet meadows both the yellow and the orange 

r9ee seem to concentra.te in the largest numbers and it is in two of 

these meRdows 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 separa tely 
C 

( Hovani tz '43A) , 

The seasonal fluctuations in the white female frequency were 

great. Early in the season for that plaee the frequency 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 ehange in sea

sonal frequency is illustrated on the graph (fig.6) for the three 

y,ears, 1940, 1941 and 1942. The fundamental change is the same in 

all three years. The major portions of the samples making up the 

curves are statistically significant (Table 7). At times it was 

very difficult to get a reasonable sample and at first (until the 

middle of 1941) all samples were obtained by eapturing 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 



:11&.ble 7.,.. :i1be frequency of whi ta females throughout the soasGn 

at Mono Lako. Calif. This i.a the frequenoy as c.ompa.red with the 

1940 -
Attg • ll 

Oot. 20 

1941 
~ 

May 19 

June 8 

JtUJ(!) 24 

July 26 

Aug . 15 

Sept. 2 

Oot . 4 

1942 -
. July 7 

Aug. 7 

stwnite teme,.les --·---- . , .. ,. 

1Ht2 + 11.1 -
50 ,0 + - 8. 4B 

13.U5 i 3 .41 

38~74 + 4 . 56 -

56 . 30 • 3. 21 -
2i . 23 + - ~h82 

62 . 89 ♦ !h46 -

rt -
11 

54 

44 

11'1 

1 63 

415 

99 

111 

4 

44 

258 

260 

1 94 
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52% in early October. 

In 1942, the season started late at Mono Lake for the orange 

race. In early July, the frequeney was at about 58% white. By the 

first of August this had dropped to at least 29% and rose again in 

late September to a high of 62%. The samples were not made at as 

frequent an interval during 1942 as in 1941; henoe, the actual low 

poi~t might have beeh missed. The 1940 colleetions are small but, 

mev~rtheless, follow the trend perfeetly. 

This great seasonal change in white female frequenoy is not 

duplieated in any of the populations eonsidered heretofore {fig.2). 

It is not an effect of the direct influenee of the environment upon 

the phenotype of the adult for the character is completely under ge-
Q; 

netie eontrol (Hovanitz '43)• 

A gene frequeney alteration of the proportions needed to 

change the percentage of white females from 65% to 13% at Mono Lake 

is the same as would be necessary to ehange the population in the 

North San Joaquin Valley to equal those in the Imperial Valley. This 

ehange takes place in as short a period of time as l½ months. For 

the Mono Lake area, it takes plaee in time equal to the developing 

period for one generation. 

Several possibilities to aecount for this rapid gene frequeney 

ehange have been considered: 

(a) That there is a tremendous environmental seleetion in the 

area against the recessive orange allele in winter due to .t:Pe very 

eold winters and in favor of the reeessive allele in summer due to 

the hot, dry weather. The selection during the winter 1s e.r..sy €~ough 

to imagine but the summer change is so rapid that it does not seem 

possible. Even with the aid of a possible homozygous lethal dominant, 
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which would ehange the frequency from 66.7% to 50% in one generation, 

it is too great a ehange to expect. The climatic change is not that 

abrupt or extreme. 

(b) That the homozygous dominant white female (and male) is 

letoal in warmAr weather. This would reduee the population very rap

idly from 66.7% to 50% to 28.6% to 25%, ete. per generation or in 

terms of gene frequeneies from 33.3% to 25% to 14.3% ete. (Table 1). 

It would take more than 9 generations to get from 65% to 13% at this 

rat~ and only one is possible. 

(e) T#at white females are at a predator., disadvantage and 

are{ likely to be eliminated in the summer more than at the e0lder 

parts of the year. The degree of bird. attacks on adult butterflies 

of Golias was closely and carefully observed durinp.; the sampl:!.ng of 

all the populations in 1941 and 1942. It must be eonsidered that 

predatory attaaks are negligible, thoug~ not completely absent. 

(d) That there is an alternation of generations during the 

season sueh that spring and autumn individuals represent a really 

diff erent population from the midsummer one. In some of its aspects, 

this is the eonelusion aceepted. However, it is not believed that 
.... 

both "populations" live and breed at Mono L(:ll(e. If they did there 

would have to be almost no intermixing in order to P:revent gene in~ 

ter0hange. No· break of thi8 sort is observed at Mono Lake in the or-
.1 

ange raee. Instead there 1s a population "high11 in midsummer and de-

erease towa.rd spring and fall , rather than diserete broods. 

(e) T11-at the individuals at Mono Lake have migrated there from 

some other place so that at eertain times of the year the individ

uals are representative of some other lo~e.lity. This would really 

be an alternation of "generations!' at the loeality. 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 ex(feptionally rapid gene-frequency alteration is most 

reasonable on these grounds. The presence of individuals from a 

high-frequency population at one time of' the year and from a low

frequency population at another time is the easiest explanation. 

II Populations of high frequency (60 to 70%) exist just west 

of the Sierra Nevada from where migrations aould have had their or

igin (San Joaquin Valley). The ~eat Basin and Mountain Region 

hav~ a 
b 

'43~ . 

y'l'IA,{,Sl Wfl1' 

low dominant gene frequency (14%) as judged byAdata (Rovanitz 

Nevada. and eastern California have frequencies of 19% and 17% 

respectively, (N = 43 and 65). Mueh of the latter material is 

probably yellow race sinee there is only 29% orenge ra~e ealeulated 

in the above figures. Apparently the environmental eonditions in 

the dry mountain and basin region are most favorable for the lower 

dominant allele frequeney. It is not believed that there is any mi

gration of individuals into the Mono Lake area from low-frequeney 

areas but rather that tge low-frequenay individuals represent the 

resident population. 

III When the white fre quency is high, the individuals are in-
:I' 

var+ably old and worn. When low, the individuals are mueh fresher 
';~ 

and 1newly eclosed as if they had been bred in the vicinity. ,., 

~ IV At the times of high frequeney early and late in the sea-

son the adults flying are of a phenotype development which eould 

not have oGeurred in the cold weather of the Mono Lake climate. 

Were the pupae or larvae exposed to the eold night temperatures 0f 

the vi~inity, they would be reduced forms eomparable to "spring 

forms 0 in the low lands. A very few "snrimi: form" individuals do 
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eeeur early in the season and espeeially in the autumn. These are 

the resident individuals. Most adults at these times are worn 

"summer form 0 and were probably grown at a lower elevation. Leter, 
Y1'l Ci. 5 k.s 

as the resident population inereases in size, it nm:lueis the high whi~e 

frequeney of the immigrant population. This would aceount for the 

gradual rise in the recessive orange allele frequeney with a laek off 

a definite series of broods during the season as is found in the San 

Joaquin Valley (Miehelbaeher and Smith, M.S.). It was originally 

assumed that the adults found at Mono Lake in May were overwintering 

individuals beGause of the "summer 11 phenotype development they pos

sessed. Such a supposition hi:t4 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 Roekies early in the season were 

also "summern individuals. The high improbability that Colias a

dults ean overwinter in the true sense is shown by the length of' 

tim~ they can be kept in a eold room at extr emely high humidities 

and normal low humidities. At 2=0., females will live inaetive f'or 

3 to 4 weeks or possibly a li:ttle longer e.t an extremely high hu

midity. At a normal low humidity they will die in l to 2 weeks at 

that temperature. The dryness of the Mono La.l~e atmosphere would 

kill the butterflies there quie-kly if the cold did not. 

That Golias of the orange raee ean fly distances as great as 

the 100 miles from the San Joaquin Ve.lley to Mono Lake is illustra

ted by ·the many migratory individuals taken in the far northern 

parts of North America {Hudson Bay, Northern Manitoba., Alberta, ete .. ) 

where overwintering populations do not exist. "Summer-form" indi

viduals of the orange raee _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 1n the orange raee of Colias e~o

~e (Hovanitz '43) . Summer 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 aool and at night near 

freezing. They could not have overwintered there but must have eome 
' 

from the alfalfa fields in the valleys below. 

The orange raee is fairly abundant in the Hudsonian and Alpine 

life-zones of the Sierra Nevada in 'Midsummer. It is exeeedingly 

doubtful that they eould have overwintered in sueh a eold place but 

it ts more likely that they have been reintrodueed into the mount

ains seasonally. Apparently, a reintroduction takes plaee in the 

north sueh as in Alberta every few years { Bowman ''-12) • C.Q.liB.s behri -
is the resident Golias of the Hudsonian meadows in the Sierra Neva

da, to whieh place it is restricted. 

The question of why the Mono Lake population never reaehes e

quilibrium with the San Joaquin populations probably involves sev

eral factors. The resident individuals may be better able to with

stand the cold winters just a s the orange raee in the north-eastern 

United States Gan now better withstand the winters there. Or, the 

low frequeney of the populations throughout the Basin and Mountain 

area may just absorb the ex@wss white genes coming f rom the valley. 

Climatie selection in the area me.y be suff'ieient to reduee the fre

quency after a period of time. Or, the low white allele frequen0y 

in the yellow raee of the area may absorb and eliminate many of the 

genes t hrough intererossing. The yellow rac e is apparently better 

adapted to resident life in t h is region judging from its frequency 

of 71% for the mountain area in the museum data. Or, the dominant 

gene may have a dis advantage in the genom typical of the Basin reg-
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ion whieh would render the h0m0zygote-dominant lethal or reduee the 

white heterozygote .frequency. 

The average .frequeney of white females at Mono Lake is 43.16% 

! 1.18% (N - • 1,724). 

The Round Vallex ~' Round Valley is seuth of Mone Lake 

60 miles. It is part of Owens Valley and is 2,000 feet lower than 

Mono Lake, or 4 1 500 feet. The winters are not quite so aold as 

Mono Lake and the summers are very mueh hotter. The warm seas0n is 

sev~ral months longer. 'I'he general relationship to the Sierra Ne-

vada range and San Joaquin Valley is the same as Mono Lake. There 

are, however, more alfalfa fields in the vieinity, especially to 

the south in Owens Valley. Round Valley itself is a big meadow 

with mixed native clovers, white clover, red elover, alfalfa and 

grass fields kept green by irrigation and s~rings. 
ob4et.1 vi'~ .· w eAR 

The frequencies of white females,_ at thfus locality~ 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 seasonally as as Mone Lake 

sin~e in July of 1942 a frequency of 58% was proeured. This may be 

aeeounted for by the more desert environment around Round Valley 

su~h that the orange raee population is completely restricted to 

alfalfa fields, Apparently, there is a great migration of Colias 

over the Sierra Nevada to Round Valley just as to Mono Lake. With-

0ut a native population of orange raee other than that one in al

falfa fields, the high white frequency is not redueed mueh by 

swamping of the genes. 

The average of white females during 1941 and 1942 was 53.61% 
2 c:;,3 

:!'" ~~04% (JW = ..$.@4), ~:iR ia ~t~M_eti~nlly hi~h@'Y' th~n Mono Li=ikA 1s 



Table 8.- The freqgency of white females throughout the season 

at Round Valley• Calif. This is the :erequency as compared with the 

normal orange females of the orange race. However, in 1942 66% of 

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

Date % vJhi te females ef N 

1941, season from May-Oct. 35.13 ± 7.84 37 

1942 

April 1 

April 25 

June 12 

July 8 

Aug. 6 

Sept. 16 

tatal 

1941-42 total 

28.6 

50.0 1 10.2 

53.85 i 9.78 

58.46 + 4.32 

65.22 

51.61 ,f, B.98 

56 • 64 + ;3 • 42 

53.61 .t 3.04 

7 

24 

26 

130 

8 

31 

226 

263 



43.16% ± 1.18% ( N : /1,7J34). The north-south rule 1s reversed and 

the clime.tie expeetanoies are also reversed. However, possible 

rea sons f or this condition have already b9en eofllered. (Probable 

laak of resident p opulation). The frequency of the total f'or Mon0-

Lake and Round Valley 1s 44 .53i ± 1.06% (N ~ 1 1 987). This total 1.!S 

mueb higher than the 1'7% determined from museum material for the 

eastern Sierra Nevada but the latte:r wns based on '70% yellow ra.ee 

eontaminat1on. White females in tho yellow race a t Mono Lake and 

Round Valley are either totally e.bsent or close to it. 

S~rz ~ Conoluaions 

l. The frequency distribution of white females 1n the orange 

race of Golias ehrysotheme {= eurytheme) has been shown to ehonge 

f'rom 74% in the North San Joaquin Volley to Us% in the Imperial 

Valley. This Chango in f requency ha s been shown to be largely cor

rela ted with the change in climatie conditions through the area. 

2. The greatest ehange in frequency batw,:►Em popu,lations 

takes plnoe where there is eomplete 1solnt1on between pepulstion~ 

as well as climatic di f f erences. However . an environmental se

leetion f'or the alleles eontrolline; t he chara etol"'S is shown to be 

present even when no isolation exists between populations (San Joa

quin Valley). 

3. Wild population changes in gene frequency of various mag

nitudos have been illustrated. 1./iost of these are shown to be due 

to population movement and others to a differential development rate 

of the geno:typos . 
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- ht?t!-w 
4. The eauses of population differences haveAshown to lie 

in any of the following: (a) possible random deviations, (b) eli

matia sele~tion, (o) differential population movement and migration, 

and (dJ di fferent age of the population efter eelosion. 

5. The faster development rate of white females (heterozygous 

plus homozygous ~ominan~) over the orange (homozygous reeessive) is 

assumed f rom some of the population analyses. 

G. No di f ferential se:xual selection by the males for the poly

morphi0 females is noted. 

7. The calculation of actual gene fre quencies from wild pop

ulation phenotype frequencies in any organism ean never be aceurate 

so long as knowledge of the viability of the three genotypes 

(p~f 2pg t qZ) un~er known environmental eonditions can not be con

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