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Abstract

The Papilio machaon group has a broad ecological range

and occurs, throughout most of the Holarctlc reglon._It

e . :
LR 1 ---':"‘

contains eight spec1es, of which the three most w1dely
dlstflbuted live in wé&tern Canq@o. Most specimens of these
throeﬁégecﬁgs (P. machaon, P. zelicaon and P. polyxenes) can
befﬁiétingdished_&n the basis of ﬁorphological,

-electrophoretic oL ecological characters. However, they
hybridize frequéotly alono zooes of parapatry, as well as in
restricted areas witﬁir regions of sympatry. |

Taxonomic aspects"of this study include the,piacement
of all the Artemisia dracunculus-feeding populations of the
species group as subspecies of P. machaon. Also P. machaon
pikei is described as a new subspecies from the Peace River

region of northern‘Alberta and British Columbia, with the

"
type locality at Dunvegan. P: m. av;nofff and/P\\kahIJ are
considered different expressions of hybrldlzatlon between P,
machaon and P. polyxenes,.whlle P. n;toa—1s treated ds a
genétioally integrated morph within P. zelicaon. |

£ Numerical analysis of characters was performed
primarily wlth principal components analys;s {PCA). Two PCAs
were done Separately on 10 electrophoret1clloc1, and 11 wing
and body color characters, d%ing the scores for the some 728
individuals., These two PéAs gave very similgf relative
distributions of individuals and populations, and a third
"PCA on the combined data set gave an enhanced separation of
the major populations. Hybrid populations had intermediate

’
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" swarms had formed. Discriminant function analyses on

-
(- ‘- . a

Y — -
~ mean character‘vdlues,‘but-much broader ranges of variation

than the parental Epeties. :

Other andiyses'cofroboratedﬁﬁhis pattern. Enzyme
genotypes were tested for conformance to Hardy-Weinberg
proportidns, and the same loci showed major 5pterrupt10nsran

gene flow.in some reglons, but not in areas where hybrid

i

'ébecimens collected as larvae in the wild on.different

foodplants support the conclusions based on PCAs and gave
better species separations in some regions. Distributions of
larval spot color,and'adult flight times suggest partial

isolation between P, machaon X zeficaon hybrid swarms and

L

the parental species near Calgary,_Alberta Populat1on5 of

the P. machaon groupsin western Canada_ show é substantial

h

degree of local adaptation to changing foodplant climate
and hab1tat condztlons, and their interactions with these
factors are described in detail in this study.

The ecological versatility and potential for rapid race
formation in the P. machaon group can[}ead either to -
localized genetic merging or to ecological divérgepée éﬁd,'

- Tim

even sympatry, probably depending on the degree of

ecological similarity between populations when they contact

each other, Hybrid‘swarm formation predated habitat -

alteration by European seftlers in central Alberta, But'may‘
have been a more recent and agriculturally related. ;
phenomenon in central Manitoba. In general, allopatric

differentiation and peripheral .rate formation appear to :
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account for most of the systematic structure of the P,

T

machaon group. The presence of a widespreadlbuﬁ uneven

pattern of gene flow among the speciesiof the P. machaon
group necessitates a loose application of current specieg

s

A ’ s . ! L= . ot
conceptsy, and causes considerablel uncertainty in g
phylogenetic reconstructions,
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1. INTRODUCTION .

1.1 .The Papilfo machaon Species Group

.The Papilio machaon group is a species comp%;x of
'papilionid butterflies. Adults of the group_have a
predominantly black and yellow co}oration, and are /
relatively large butterflies (forewing length: 3.5 to 5.0
" centimeters). The species group is ghnerally defined by
larval zharacters, especially a color pattern eof black
segmental bands and by the abili}y to feed on plants of t;;
families Umbelliferae o; Compositae. _
- The P.imachaon group is one of 30 to 40 specie; groups
traditionalix included within the genus Papilio. However,
_recent taxqﬁoﬁic opinion (Hancock, 1983) has reduced the =

N
e

geﬁu§7£0‘just the P. machaon group. Since Papilio machaon

_' L1nneus is the type of the genus, there is 11ttle danger

that'the species dealt with in thlS thesis will ever be

placed in anything other than the genus Papi¥io.

e P\ machaon. species complex has a holarctic

It occurs throughout North America and in

¥

distribution?
higher elevations asufar south as Peru and Venezuelaw~ It

~t
also ranges across Eurasia and is found south to South China

and North Africa. The P. machaon group can be found in
virtuélly any vegetation zone in this extensive region,
though its habitat range is somewhat narrower in any

particular*area. Different ecological races have adapted to

habitats as varied as arctic tundra, hzﬁh altitude steppe,

]
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Saharan desert oases, temperate coastal forest, vegetable

-

éardens and citrus orchards.
14
Although characterized by a great deal of ecological

flexibility, the Papilio machaon group includes only‘a sma1{-d//,z’
number of species. Opiniohs about the ﬁtmber of species

inciuded within the group range from four (Eller? 1939) to

between 10 and 20 species (nuggrous authors). Eight species

are recognized in Egis étudy, and three of thém are dealt

M

with in detail. -
There is much less difference of opinion about the

limits of the group itself, with most recent authors

following Monroe (1961). Most of the uncertainty about the

number'éf species which should be recognized within the P.

machaon group is caused”by the considerable evolutionary

plasLicity of the group. However, differenceg in male

_genitalia, which_are taxonomically valuable in many groups

in the Papilionidae, are very minor in the P. machaon group.

In North America only one species, Papllio indra Reakirt, {

can be consistently separated on this basis from the other

taxa., As well, studies of populations in sympatry are .

dncommon, and most work has been based on samples from

geograbhically distant localitigs; Comparisons among many

samples often show either large phenetic or e;ological

differences or a confusing inte;play of discordant character

variation. Clearly, there is a ﬁeed for intensive surveys of

“population varlatlon 1n regions of sympatry or parapatry
N

——

between major spec1e5.of the Papilio machaon group.

\
( :



, The primary objective of the present'study'is to survey
+he P. maéhaon group in western Canada, and to understand
its evolution. I havesconcentrated on determining how many
species and subspecies occuf in western Canada, and
describing the morphological, gené;ical and ecological

distinctions among them.

1.2 HistoriEal Perspective

Scientific work on the P.” machaon group" presents a-
surprizingly representative series o; examples of important
'stages in the development of systematics as a separate
discipline. The recognized starting peint for modern .
taxonomy, Linneaus' Systema Naturae, Tenth Edition, (1758),
contained the description of P. machaon itself. New names
such as P. polyxenes (Fabricius,-1775). and asterius (Stoll,
1782) were also published in that early period of endeavor
to provide a full descrfﬁﬁgon of nature and what was
perceived as God's works,

As western societies g;g_eeded in their economic

conguest and biological'éiplorati of the remaining parts

T

of North America and Eurasia, there followed. a steady st;;am
of taXonomic descriptions. These prov;ded a sense of the
primacy of order, and the seéﬁrity and power of knowledge,
for the people who received the spoils. In addition, the
practice of fiquring the name of the author prominently

. . & .
behind the name of a taxon ensured that considerable effort

and money was expended i the race to acquire this form of
&
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immortality. Papilio zel icaan vas described by Lucas in 1852"'
under such circumstances, edging out Boisduyal's P. zolicaon
by a matter of a few months (Dos Passos, 1962}, Obv;ousiy'

ney species were exhausted relatively quickly, while the
plethora of geographic races‘in the species of the P.

machaon group provided an excuse for new names that has not®
bheen exhausted to this day. Subspecies“ﬁames became

fashionable around the turn of ‘the last century and many of

the older names were subsumed under the very oldest ones.

The most recent treatment of Papilio machaon throughout
Eurasia (Seyer; 1974,19763,1976p,1977) recognizes 36 K
subspecies in that region alone and synonomizes many more
names.

The.opening up of western North America in the latter
part og the 1800's was integrally associated with Eény new
names. P. machaon al iaska was contributed by Scudder in
1869, based on material collected by an American lieutenant
in a "Russo-American Telegraph Expedition” to Alaska. W.H.
Edwards added a number of other names in the same sort of
environment. He became wealthy through investments in the
expanding failwaycindustry of this period, and his financial
security allowed him to play anhimportant role in North
American butterfly taxonomy. To the Paptlio machaon group he
contributed the names P. bairdii (1866), P. oregonius (1876)
and P. nitra (1884), among others, The precise placement of
many of these taxé remains uncertain to this day, and some

of them will be dealt with in this study.



The discovery and classification of new tak%a saw a

L limax of sorts in the Victorian era. The plethora of

-

specimens.léd to a new understanding of the basis for their °
inexhaustiblé variation and yet also to a philosopical rift
among taxonomists. Darwin's publication of The Origin of
Spec?es (1859) provided a starting point fOf this process:
By 1883 E.H} Edwards was arguing that criticism of his -
species designations in.the P. machaon group was tantamount
to a refusal of the teachings of Darwis, which was in turn
equivalent to failing to admit the truths of Copernicus. Yet
in his zeal to defend his taxonomy, he failed té see the
imporﬁgnce of the forms intermediate between F, oregonius
and P.”zeifcaon which Hagen (1882) found in the Pacifig
Northwest. Instead he chdse to concentrate on the regions he
was familiar with, where Papilio zelicaon did not appear to
hybridize with any other populatgbns. i

Edwards' case for specific distinction between these

taxa was greatly strengthened when Davis Bruce found that

larvae of P. bairdii fed on Artemisia dracunculus Linneaus

4n the larval stage (Edwards 1893 and 1895). This foodplant

is a member of the Compositae, rather than the Umbelliferae

- j_‘
or Rutaceae which larvae of P, zelicaon feed on. Also Bruce

found that, in Colorado, P. bairdii adults were polymofphic

for a yellow wing form which was much more like that of P.

.oregonius and P. zel icaon than tﬁe mostly black form it had

previously been known for. However, Edwards' (1895)

taxonomic response was to describe the yellow:form from

H- o
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Colorado as yét another newrspecies, Papilio brucei. This -
conflict between an increasing understanding of evolutionary
phenomena such as polymorﬁhism and the need for
éomprehensible, consistent classifications has continued to.
provide friction a éentury latef.

*~ One of the men who was in many ways the epitome of
acquisitiveness in the dying days of Victorian thought, Lord
Walter Rothschild, also played a role in the systematics of
the P. machaon group. His curator, Karl Jordan, contributed
substantially to putting téxonomic(pradtice ;n better )
accordance with evolutionary principles such as geographiq
differentiation (Mayr, 1955). They worked together on the
Papilionidae, where they consistently and accurately applied
the concept of geographic races to their formal recognition
of subspecies. Interestingly enough, they saw some specimens
from west of Calgary from the same P. machaon X zelicaon
hybria‘populations which pigued my own interest in the
group. They continued to use relatively traditional
assignments, but remarked on the.close resemblance of the
black indiv%dugls from this area to the black forms of P.
bairdii (Rothschild and Jordan, 1906).

The 1936'5 saw a fresh burst of new nahes proposed for -
taxa within the P. machapn,group.'Severa} of these were
described from western Canada and Alaska. A.H. Clark (1932)
contributed P. machaon hudsonianus from the boreal zone of ﬁ
northern Manitoba and Ontario, and P. machaon petersi from

-,

Alaska. Chermock and Chermock (1937} described P. machaon
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race avinoff| and P. nftr'é?o'r}ﬁ"igami, both from the Riding
Mountains of central Manitoba. McDunnough (193%a) described
Papi]lo machaon dodi from the prairies of southern Alberta
and Saskatchewan.'A‘number of new taxa were also described
for the ;eé%‘of quth America during this period, while
Eller (1936).prod§bed a_maﬂor monograph on the races of*
Papilio méchéoalin Eurasia. Eller (7939) fallowed this with
a sho;ter treatment of the P. machaon group worldwide, in
which he” proposed classifying all North American taxa except
P.- indra ;s subspeéie; Bf Papilio machaon.

| The names P. machaon-avinoffi and P. m. petersi are n;w
gene}all; éccepted as synonyms of P. m. hudsonianus and P.
m. allaska, respectively. P, m. dodi is accepted as a valid
taxon, but is variously placed as a subspecies of P.
machaon, P. bairdil, or P. oqegonius. P. nitra form kahli
was elevaééd without explanaLion to species status b; Wilson
(1961) and has generally continued to be used in that
manner. Eller's work found no acceptance in North America,
and instead was cited as an example of poorly informed
taxonomy (Remingtonm’, 196B8a). In general Epe work of the
1930's served as an extension of ‘the eﬁﬁloratory trend of
earlier periods.

During the lateée 1950's, an understanding of the Papilio
machaon group was placed on a rather different footing. The
technique of mating Papilio by hand was described in detqil
by Clarke (1952), and Clarke collaborated in obtaining

e

numerous hybrids in the following years, many of them within



the P. machaon group (Clarke and Knudsen, 1953; Clarke and
Sheppard, 1953, 1955a, 1955b, 1956a; Clarke et al, 1977), »
Hand pairing became a commonly used technique in hybridizing
even distantly related species within the genus Papilio. The
papers which Clarke qo—ahthored with Sheppard have been the .
best studies to date on the genetics of the adult and larvai
color pattgrné of various taxa within the species group.
They extenaed their hybridizing experiments to other species
of Papilio and proéﬁced a num of classic works, including
studies on the African mimetic complex’ of Papilio dardanus.
_ (The understanding of the interactions of genEs which was
gained from these hybridizing experiments waS‘applied to the
prevention of rhesus haemolytic disease in newborn humans,
and Clarke was eventually knighted for his work.)

In the United States, Remington also conducted numerous
hybridization and rearing experiments on the Papi?idﬁ chaon
group. His first report (1956) on this work was concerned
with a ;ollecting trip made to the_R{ding Mountains to
obtain P. kahli, but he did not fully publish any of this
research, His last report (1968) included a description of a
new species closely allied‘éo P. zelicaon. The separation of
Remington's P, gothica (1968) was based on the hybrids it
produced, as well as slight color pattern and ecological
differenceg from P. zelicaon. Sibling species were in
fashion in the evolut}onary biology and systematics of the

time, since they provided a kind of confirmation of the

primacy of genetic considerations in species definitions.



_However, Remington's P. gothica was soon criticized for a
rﬁériety of reaégpg (Clarke and Sheppard, 1870; Shapéroj
975; Emmel ané Shields, 1980) and the only remnant of.his
"fc\oqgept survived in the form of a subspecific division of
Papilio zelicaon. The name of that division was later
changed to P. zelicaon nitra, on the basis of rearing
studies by Fisher (1977) which showed that the taxon -
aescribed by Edwards was just a dark form of P.'zeifcaon.
Fisher}pheorized that the.black form had arisen through the
introgéession of genes from P. polyxenes, a suggestion in
correspendence with Remington's (1956, 1958) eafligr
thoughts on the origin of P. nitra form kahli through
‘hfbridization between P, machaon and P. polyxenes.

Oné of Remington's students, S$. Ae, carried out
numerous hybridiza;ions of Papilio species, using the hand
pairing technigue of Clarke (1952). He continued this work -
for moré Ehan two decades in Japan, publishing numerous
progress reports and culminating in a ‘major paper on Papilio
phylséeny (Ae, 1979). He showed that,evénzfelatively distant
interspecific crosses could produce sdults, and many crosses
between species within the Pébiji; machaon aroup had a
reasonable degree’of F1 viability. Ae's.wdrk,is the tip of a
veritable iceberé-of Papillo hybridization studies, carried % -
on by numerous’ enthu51asts, usually amateur, who rarely if e
ever pub11sh Slm11a£ 51tuat10ns can be found in saturnlld

and killifish c1rcles,,where the con51derable effort to do

such work seems to be_malntalned by a joy derived from the‘,

»
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creation of new kinds.

During the last 15 years a substantial number of
publications have appeared on the ecology of various members
of the Papilio machaon group. These include studies on
oviposition behavior (eg. Wiklund, 1981), larval growth (eg.
Scriber and Feeny, 1979) and diapause dynamics (eg. Sims,
1980), among others. Althougﬂ-addressed pr!marily to a_
mainstream ecological audience, they demonstrate a divérsiQy
of mechanisms allowing different populations within species
of the P. machaon group to adapt to local ecoclogical
selection regimes. A conseguence of these studies to those
that are more systematically oriented is that they show how
numerous ecological races could have arisen, some within the
laét century-(sﬁapiro and Masuda, 1980), and yet may still
be little more than variations derived from a single basic
gene pool. |

Considering the ecological and genetic complexity of
the Papilio machaon group, it may well be futile to expect
sytematic research on it to have simple taiBndhiﬁ
'~ conseguences. As well, the history of human research on the -
group can bias a clear understanding of its systematic
é£r&éture. In this study, my primary focus will be on
deécribing_and explaining the pattern of phenetic variation
within and between ébpulations of the P. machaon group. My
aseignment of'nameé to parts of this genetic system is
guided‘hainly by how much those names enhance our ability to

efficiently communicate information about it~ .



2. MATERIALS AND METHODS

\

2.1 Acquisition of-Specimens

2.1.1 Collections examined

’

I borrowed specimens from and examined the collections

of several individuals and institutions. These are listed inp

Table 1, below. The curators of institutional collections

are listed at the ends of entries. I examined about 2000

specimens from collections other than my own, and 1200 from
: :

my own,

.’. -

S The majority of the material collected by myself during

this study, including the holotype and a series of paratypes

of P. machaon pikei, will be deposited at the Canadian

National Collection, Ottawa. Voucher specimens have been

deposited at the University of Alberta Strickland Museum, as

well as locality listings for all specimens examined in the

course of this study.

AME

APME

ACORN

BIRD

BCPM .

BMNH

Table 1. Collections examined,-.

Allyn Museum of Entomology, Sarasota, Florida,
326111 U,.S.A. (L.D, Miller)

Alberta Provincial Museum, Natural History Dept.,
12845-102 Ave,, Edmonton, Alberta, T5N OM6& Canada
(A.T. Finnemore)

J.H. Acorn, Dept. of Entomology, University of
Alberta, .Edmonton, Alberta, T6G 2E3 Canada

C.D. Bird, Box 165, Mirror, Alberta TOB 3C0 Canada
British Columbia Provincial Museum, Parliament
Building., Victoria, British Columbia, V8V 1X4
Canada (R.A. Cannings)

British Museum (Natural History), Cromwell Road,
London, SW7 5BD, England (R.I., Vane-Wright)

11



CIBAROWS

CNC

FAHS

GIBBON
GUPPY
HILCHIE

HOOPER.D
HOOPER.R

KIMMICH
KLASSEN
KOHLER

"

KONDLA
KRIVDA
L1PPESCH
PIKE
REIST

ROM

SHAW
SHEPARD
SHIGEMAT

i

SPMR
THORMIN

TROUBR.

UASM

12

J.H. Cibarowski, Department of Biology, University
of Windsor, Windsor, Ontario, N9B 3P4 Canada
Canadian National Collections of Insects,
Arachnids and Nematodes, Biosystematics Research
Institute, Research Branch, Ottawa, Ontario,

KtA 0C6 Canada (J.D. Lafontaine)

F.A.H. Sperling, Department of Entomology,
University of Alberta, Edmonton, Alberta, T6G 2E3
Canada

Department of Entomology, University of Manitoba,
Winnipeg, Manitoba, R3T 2N2 Canada {(R.E. Roughley)
C.S. Guppy, 4120 St. Georges Ave., North
Vancouver, British Columbia, V7N 1W8 Canada

G.J. Hilchie, Department of Entomology, University
of Alberta, Edmonton, Alberta, T6G 2E3 Canada

D.F. Hocoper, Scmme, Saskatchewan, SOE 1NO Canada
R.R. Hooper, Box 205, Fort Qu'Appelle,
Saskatchewan, S0G 150 Canada

H.P. Kimmich, 3372 Mahon Av., North Vancouver,
British Columbia, V7N 3T6 <Canada

P. Klassen, Box 212, Elm Creek, Manitoba, ROG ONO
Canada

.. %.J. Kohler, Forest Insect dnd Disease Section,
"Montana Department of Natural Resources and

Conservation, 2275 Spurgin Road, Missoula,
Montana, 5980S U.S.A.

N.G., Kondla, 22 Brock Place, Lethbridge, Alberta,
T1K 4C7 Canada

W. Krivda, 319 Crossley Ave., The Pas, Manitoba
RSA 1B7 Canada

Lippesches Landesmuseum, Ameide 4, D-4930 Detmold
1, Federal Republic of Germany, (R. Springhorn)
E.M. Pike, Box 1231, Fairview, Alberta, TOH 1L0O
Canada

J.D. Reist, Freshwater Institute, 501 University
Crescent, Winnipeg, Manitoba, R3T 2N6 Canada
Department of Entomclogy, Royal Ontario Museum,
100 Queens Park, Toronto, Ontario, M558 2Cé Canada
(R. Jaagumagi)

K.A. Shaw, 7816 148 St., Edmonton Alberta,

TSR 022 Canada

J.H. Sheppard, Sproule Creek Road, RR#2, Nelson,
British Columbia, V1L 5P5 Canada

S. Shigematsu, 2314-22nd St. S., ‘Lethbridge, -
Alberta, T1K 2K2 Canada

Saskatchewan Museum of Natural History, Wascana
Park, Regina, Saskatchewan, S4P 3V7 Canada

{R.R. Hooper) e

T.W. Thormin, Alberta Previncial Museum, Natural
History Department, 12845-102 Ave. Edmonton

TSN OMé6 Canada

J. Troubridge, RR#1 Cayuga, Ontario, NOA 1E0
Canada

Department of Entomology, University of Alberta,

-
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Edmontom, Alberta, T6G 2E3 Canada (G.E. Ball &
. D. Shpeley) a
UBC Spencer Entomological Museum, Department of
Zoology, University of British Columbia, Vancouver
- British Columbias V6T 2A9 Canada (S. Cannings)
UCalgary Biology Department, University of Calgary,
Calgary, T2N 1N4 Canada (G. Pritchard)

“"UMan Department of Entomology, University of Manitoba,
. Winnipeg, Manitoba, R3T 2N2 Canada (R.E. Roughley)’
Wat .NP Waterton National Park, Interpretation

Administration, Waterton, Alberta, TOK 2M0O Canada

2.1.2 Colle;ting adults

During the summers of 1980 through 1984 I collected
about 650 adults of the Papilio machaon group, mostly 1in
Alberta and northefn British Columbia. These were caught
with a net with a 35 cm hoop diameter and placed into
glacine envelopes. A few were killed immediately, by
pinching their thorax. Most were kept alive on ice for
tranéport back to Edmonton, where they were frozen at -20 C
and eventually {ised for electrophoresis. AduiL specimens
lived for 7-10 days on ice, and so there was little

difficulty in bringing back material from collecting trips
of‘%‘¥ew thousand kilometers. Eventually all specimens were
pinned and dried with their wings spread in the manner
standard for Lepiaoptera curation.

Species of the Papilio machaon group were relatively
uncommon in western Canada, and most specimens collected in
the wild were males taken on hilltops and prominent river
bank edges. Few females were taken on hilltops, and most

were in copula or be%hg pursued by ‘males when they were

found there.ﬂfhey formed a much higher proportion of the
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total catch in valley bottoms and along roadsides, where the

£

larval foodplants usually occurred, but still remained very
hard to find. .

The best collecting on hilltops'occurred at 12:00 to (//
17:00 hours, though I occasionally took individudls perching
6E‘5asking after:19:00 hours in northern Alberta. Usualily
between one ana five P. machaon butterflies were at any one
particular hilltop, and these could be collected in less
than an hour. Many individuals thét hadlbeen scared off
returned within a half hour, and a number of butterflies
could be collected again on the hilltop even if no
individuals had been seen to escape. For this reason it was
found to be most efficient to visit several hilltops in an
areé in succession, and to return once or twice to each. The
best hilltops were prominences which could be sighted froﬁ?a
distance of 10-20 “km and had bare patches and nectaring
sources on top. I found forestry lookouts and radioc tower
hills fo be especially eaﬁg to collect on, since‘most were
accessible by vehicle.

For my study, I tried to obtain as many specimens as
pbssible from each of a number of localities located in a
rough grid pattern with iqtérvals of 150-200 km across
Alberta and northern British Columbia. I was able to collect
20 or more adults from most of these localities, %hough 1
had to return to se#éral of them a number of times in

different yea}s to do so. These localities comprise much of

the geographic survey portion of my study, and are compared
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to more widely spaced localities in the remainder of western
Canada and adjacent United States. I was able to sample most
\of the Alberta and northern British Columbia localities
sé@eral times throughout the summer, and made a point of
collecting larvae b;iow the hilltops where aaults had'béen
taken earlier in the summer. Some population samples include
adults obtained from larvae collected within about five km
of a hilltop locality, as well as specimens from the hilltop

itself. They have been distinguished from the wild-collected

Where ever possible, material taken by otherfﬂ{llectors at
. .

or near a major locality was included in the morphometric
pertion of my study.

In total I drove more than 120,000 km to collect adults
and larvae for this study, and about half of this distance

4

waé travelled in Alberta.

2.1.3 Larvae v

R I collected about 1800 larvae during 1980-1984, and

‘attempted to rear most of these to the adult stage. All of
these larval records are listed in Table 20. About 450
reared adults were obtained. These allowed me to relate
adult siructura} and électrophoretic characters to larval
foodplant and habitat. Most of the females I.collected were

obtained by rearing wild-collected larvae, which generally

.’ .
gave close to an even ratio of males and females.

o«
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For some samples, I obtained pupae through the mail
from other collectors (also listéd in Table 208). Thege
included all the samples used in electrophoregic anqu;is
tor P. polyxenes, as well as most of the P, polyxenes X
machaon hybrid zone material and all the P. zel fcaon
specimens from Abbottsford, British Columbia.

During the study period, I made an effort to'regularly
check potential host plants for larvae, both d }ing trips
.made to collect adults as well as trips made solely )or
collectindllarvae. I tried to check as wide a variety of w
umbellifers and Artemisia species as possible, and found
that most larvae were on isolated plén;s at the edge, rather
than the middle, of large foodplant patches. Most of the
potential foodplants are colchizers that grow well in
disturbed habitats, and so roadside ditcheé and old fields

were the ‘best sites for collecting larva®, Larvae were

usually found by scanning foodplants for feeding damage to

- the leaves, though on Zizia plants it was necessary to

a
(2

inspect the underside of each umbel.
'Suggestions of other field collectofs were followed in
seeking out localities which ;ere a reliable source of
larvae. Also, published rfecords for other regions and my
increasing awareness of the pattern of variation in local
foodplant use were of help in finding larvae. However, such
matters also influence which foodplants are checked most

frequently, and so in my interpretations I have concentrated

on those patterns that are well supported by a numbér of

A



17

separate observations. .
_ Identification of instars was based generally on the
preseﬁce of spines, the presence of mature banding pattern
and relative head capsule size. The criteria of Perkins et

al (1968) were generally employed; but were only partially

reliable, especially for distinguishing first and second

instars. Color pattern and spine length of fourth instar
3,

larvae was particularly variable, even in local populations.
‘ Samples of ail new foodplant records were pressed and

submitted for identification by Dr. G.J. Packer, Department
of Botany, Unversity of Alberta. Vouclier specimens were not

kept for most of my own records, since the plant species

M
. .f"
involved were close to unmistakable after an initial

familiarity had been gained. Rec;rds attributed to people
other than myself were identified by those people. I have
included them in Table 19 becausé they had been published
and required discussion, or because they seemed reasonable,‘
based on my own experience.

Many larvae were reared on the foodplaﬁt they were
found on. Batches of larvae from different localities were
kept separately in Frig-O-Seales plastic containers and fresh
foodplant clippings were added about every two days, or more
often if stale. Refrigerated foodplants served for about two
weeks before larval mortality started to increase
noticeably, Larval mortality due to disease was sometimes
high, especially when the foodplant was replaced by another

species or even taken from another locality. Also jostling
o 4
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and temperature changes during trips on back rocads, as well
as stale foodplant, contributed to mortality during
collectingstrips. For these reasons the number of adults
obtained from different batches of tarvae (Table 20) is not
a reliable indicator of relative suitability of foodplants.
- After collection, most larvae were reared at room
temperatures of 20-25 C with only minor fluctuations in
daily cycles. Light periods were usually abou; 17 hours,
Fresh pupae were left under these conditions for 2 to 4
weeks before being placped in a dark refrigerator at 0-4 C.
Pupae under refrigeration were misted with water every few
weeks and removed in 2-4 months for)Fmergence. Pupae were
then placed in glass jq;s, misted every 2-3 days and kept at
20-25 C with light periods of 14.5-20 hours. Pupae which did
not emerge under these conditions after about 3 months, and
which were not cbviously dead, were put through another cool
cycle.of:4—6 months duration. Most of these emerged during
the next emergence period, though a few went through 3 cool
cycles before emergipg. I assumed that pupae reared by other
people had been thréugh a cool period already. These were

allowed to emerge immediately upon receipt through the mail.

2.2 Characters examined

2.2.1 Morphometric characters
Eleven morphometric characters were used in this study.

These are defined in Table 2, and illustrated in Figures 1

i
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te 6. Only specimens‘fof which-each of Ehese chagacters
'could be scored were used in the multivariate analyses.,
‘Whereveé possible, the right side qf the specimen was used,.
The choice of characters for analysis was madg.for a
number of réasons, of which the following were the mast
important:
1. Tﬁe characters had been used previously by other wor?ers
for distinguishing between species. Those listed by
Remington (1968a), were,espgcially useful in this regard,
because of the clear manner in which they were defined. This
allowed me to relate populations in western Canada to

particular species concepts déveloped elsewhere in North
America, and also to test diagnostic characters against o
variation in electrophoretic characters. |

2. The characters had to be fast and easy to score by eye,
and hence alldw ac¢curate processing of numbers of specimens
in a relatively short time.

3. There had to be a large amount of variation in character
states expressed in the major study area, western Cenada.

The purpose of this criterion was to maximize the likelihood
that usefdl information would be recorded when a character
was scored.

4. Characters were chosen which appeared to vary fairly
independently of each other within populations, to maximize
the likelihood of sampling the effes;s of several different

L

genes, and hence of obtaining information of significance to

>

gene flow between population?('I tried to minimize the
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Figures 1 to 4.

Figure 1. Anal eyespot of dorsal hind wing.

a. P. m. aliaska; Mi. 391, Alcan Hwy., British
Columbia.

b. P. m. dodi. Nacmine, Alberta.

c. P. zelicaon X machaon. Nacmine, Alberta.

d. P. zelicaon. Wintering Hills, Alberta.

Figure 2. Yellow scaling of dorsal hindwing anai
parfin, P. m. oregonius, Brewster, WA, Character
states for yellow anal scales_abe numbered beside
figure.

Figure 3, Ventral hindwing, with location of orange
scales. P. p. asterius, Kaklsrhhe, North Dakota.

Arrow shows postmedian band, which contains

orange scales.
re 4, Dorsal view of thorax, showing tegula,.
a. P. zelicaon yellow morph. Wintering Hills,
Alberta. |
b. P. zelicaon X machaon black morph. Bragg
Creek, Alberta.
c. P. p. asterius. Karlsruhe, North Dakota.

d. P. p. asterius. Karlsruhe, North Dakota.
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‘Figure 5. Yellow scdﬁeé on ‘disc and apex of ventral
rférewing.-ﬂrroﬁs on Fiéureléb show. location of
ldisc and apicéi.éell; | -

a., P. m. a?kaska. Pink Mountain, British

" ‘Columbia.

b. P, m. dodi yellow morph. Nacmine, Alberta.

c. P. zelicaon X machaon black/mo ph. Brag&‘\\

Creelk, Albe:ta;
-~ . .
d. P. zelicaon X machaon black morph. Bragg
Creek, Alberta.

e. P. p. asterius. Karlsruhe, North deqta;
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Figure 6. Lateral view of thorax + abdomen. Wings dnd head
have been removed.

RV a. P. m. aliaska..Pink Mountain, British - ~

ac vy T

Columbia. o
b. P. m. dodi yellow morph. Nacmine, Alberta.
c. P. zelicaon yellow morph. Wintering Hills,
Alberta. o
-

d. P. zelicaon X machaon yellow morph. Bragg

-Creek, Alberta.

EXY

e. P. zelicaon X machaon black morphi Bragg
Creek, Albe:taf

f. P. p. asterius. Karlsruhe, North Dakota.

Y
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number of times I scbred the presence of the black

supergene, which is known to affect a number of adult cdlor
pattefn characters.

4 - Character states-were defined on the basis of .
examination of a number of specimens from several different
bopulations, to form natural transformation series of
character states. For most characters, the éiate expressed

in P. m. a}iaska wés arbitrarily assigned to the beginnifig-
of the series. Indiviaﬁals were scored against both the
wrif%en descriptions of character states apd a_number of ’
standard specimens. Standard and illustrated specimens were .
labéiled as such and have been deposited in the Strickland

Muéeum; University of Alberta.

e

2.2.2 Electrophoretic characters

A total of B60 adult Papilio machaon group.specimens
were used in electrophoretié analyses. These were frozen
live and maintained at -20 C, and most were homogenized
within a few weeks of beiﬂg'frozen. However, bands were
still readable if whole specimens were kept frozen for more
than two years. For these specimensl 50% more homogenate
than usual was used.

Tissue for electrophoresis was obtained by dissecting
thoracic and abdominal contents from spécimens which had
been allowed to thaw on ice just before use. The specimen

was grasped between thumb and forefinger and cut yjth small

scissors along the length of the dorsum of the thorax and
T

ak

N
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most of the abdomen, Abdominél cdntents, including most of
the gut and anterior part of the reproductive system, were
removed with tweezers and placed in a small glass mortar on
ice. In females an effort was made to obtain the gut and
only asfew eggs in early development. The corpus bursa was
not used. The specimen was then placed'on a piéce of balsa -~
wood and the incision in the thorax braced open with'pins.
The thoracic contents, comprised almost eﬁtirely of flight
muscle, were removed after-they were cut away ffom the
cuticle with fine pointed scissors. Freshly eciosed‘
specimens:yere the most difficult to obtain .thoracic tisgue .
from, since the tissLe usually still had a high fluid 3
content., -

After tissue had been removed for electrophoresis,
specimens were piﬁned through one side of the thorax and
mounted as regular taxonomic specimens. Since, they were -
dried yith the dorsal incision closed, close inspection is
needed to see if a specimen was used for electrophoresis,
although some specimens required gluing to prevent them from
spinning on their pins. All specimegﬁ were given a unigue
number and labelled to allow the morphometric and
electrophoretic character states to be associated for each
individual. \\

-

Thoracic and abdominal. tissue samples were homogenized
separately, each in 0.2 ml homogenizing 'solution. Tissue was
ground in two successive aliguotes of 0.1 ml, with a glass

mortar and pestle. It was centrifuged at 7000 RPM for 5

-
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minutes, and the amounts used for each type of stain are

indicated in Table 3. Homogenate which wés not used
immediately in electrophoresis was frozen and stored at -20
C in the centrifuge tubes (culture tubes), and covered with
Parafilme. Most samples gave interpretable bands from frozen
homogenate? though esterases and IDH deteriorated the most
rapidly when subjected to successive freeze-éﬁaw;cycles. If
cafg w;s taken not to disturb the precipitate on the dﬂttom
of the tubes, samples remained ¢lear enough to use without

being re-centrifuged. s v

+ The electrophoretic apparatué'hsed was the same that

described by Rolseth and Gooding (1978), in whose.laboralpry

Y -

and under whose directien I did the preliminary work for
this study. Some changes have been made in their met
since publication. These include: 1) making the "B" solution
with 25.6 ml of 1M H3P0O4, 5.7 gm Tris and 0.46 ml TEMED,
brought up to 100 ml with distillg@ water; 2) making the
homogenizing buffer with 7.0 ml H20, 1.0 ml B, .300 gm
polyvinylpyrolidine and 40 mg DL-dithiothreitol; 3) forming
stacking gels with 20 slots; and 4) sealiné the edges of the
apparatus with parafilm rather than a plug gel. Also gels
were run at pH 8.9 and pH 8:2, ﬁéing 24 ml and 60 ml of 1M
HCl, respectively, in the stock "A" solution. Tissu; was
electrophoresed at 40 miliamp/gel for 2.0 hours in pH 5.9
gels, and 3.5 hours in pH 8.2 gels.

After removal from the electrophoretic apparatus, gels

were placed in a Bx17 c¢m plastic dish for staining. Gels

[ J
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were covered by 30 ml staining solutidn and incubated at 30
C, except for the general protein stain aéd the iniéial
buffer equilibration for egterases, which were performed at
room temperature, Stainiﬁg methodsmére summarized ip Taﬁie
3, and except for the use of MgCl2 rather than MnCl2 as a

cofactor for IDH, they are fairly standard applications of

v

recipes available in Shaw and Prasad (1970) or Brewer

(1970).

For esterase staining, gels were first placed in buffet

i

for 10 minutes to reduce bagkground stainin@}‘Thg)substrate,
which w;s dissolved in 3 ml acétone, washkheﬁ added, gnd the
gel incubated er 14 minutes before fresh substrate with
stain was added.‘Ihe two esterase loci used in this study
showed much greatér activity with alpha-naphthyl-acetate
than with be%ﬁfﬁéphtpyl-acetate or AS-D-acetate, and were
not significantly inhibited by eserine.

APK was generally stained with Coomassie blue, since it
seémed to be the most common protein that could be'resclved
by this method in thoraces. The identity of the APK bands
was ascertained in several homozygous individuals and the
single individual (a male) with an allelic variant, using
the staining technigque of Gooding and Rolseth (1979). The
general protein staining involved first fixing the gel in 7%

acetic acid for 8 minutes, then placing the gel for 24 hours

-

in 3% perchloric acid with Coomassie blue predissolved in

it. Destaining, in 7% acetic acid, required about 24 hours.



_ : 33
‘ . K ‘
e -

When staining was complete, gels were fixed in 7%
acetic acid overnight before being wrapped in Sarane wrap
and stored. Most gels were read immediately after staining,
and were still readable for at least two years if stored
wnder cool, dark conditions. e ”

An attempt was made to stain for a variety of other
enzymes, using recipes of Brewer (1970), Shaw and Prasad
{1970) and Menken (1980). These included ADH (with etﬁanol,
i%opropanol and sorbitol), Aéz(wi;h benzaldehyde and
heptaldehyde), GLUO, GDH GA-3-FD, GlyDH, LDH, GGPDH SDH,
TO and XDH. In these ebtempts, bands were eitker very faint
or d?d not ;ppear. For estera;es there were at least 3 foci
higher than Est-4 on the gels, of wh1c2ﬁEst-1 {a monomer)
appeared very faintly and there were at‘least two or more
loci between Est-1 and _.Est-4 which overlapped each other and
couL? not be consistently distinguished. Gels treated with
the‘general protein stain showed a number of bands with at
least some variation, but exégpt for the loci used in this‘
study, these did not appear in clear, consistent patterns,

"My interpretations of the genetic basis for variation
in a particular'locus were dependent on satisfying a few
.simple conditions, Homoéenate from an Shdivid?al had to
always produge bands after electrophoresis, and these bands
had to conform to a limited number of discrete patterns s~
within a population., Also it had to be possible to recheck -

band positidbns by re-running homogenate from two individuals

beside each other. L
-

»

Fode
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E .
Hypotheses of subunit composition of the protein
molecules were Sased on the maximum number of bands produced
by any one individual for a particular locus. If there were

L 9
either one dark or two lighter bands for any one individual

X

at a pargicplar locus, then these-~vere interprgged aé,
respectiQely, homozygous or heterozygous expressions of a
monomeric protein. Most of the proteins stained were
considered dimer¥, as evidenced by two light outer bands and
a single darker inner bandﬁfor heterdzygotes. One enzyme

(ME)} produced 5 discrete bands in heterozygotes of two
rg}atively distant alleles, and:so may have been a tetramer.w
None of the loci included in this sgady, except possibly

APK, were sex linked. Heterozygotes were present in both

- sexes for all other loci, including G-6-PD, which is

freQUently sex linked in other taxa. '

The genetic inheritance of alleles was not checked
through breeding experiments. However, énvironmental
induction of particular alleles seems unlikely. Most of the
local populations surveyéd had allelic distributiéﬁg that
werg'at Hardy-Weinberg equilibfium proportions. Also it was
quite possible for larvae obtained from different foodplants

to have eéuivalent banding patterns. On the other hand,

larvae and pupae which were kept. under the same temﬁG%ﬁture

and light regimes did not produce equivalent  bands. When
considered on a broader scale, the general distribution of
allelles showed an excellent correspondence with

morphometric, and ultimately taxonomic, characters. —- -

PR
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. In any event, my taxonomic conclusions are not strictly
dependent on the correctness of my genetic interpretations
of protein banding patterns. The bands are treated as
equivalent to any other taxonomic character and are more
discrete Eﬁgn the chéractef states in my morphometric
anﬁlysis. An additional adﬁgntage of the electrophoretic‘
characters I used is that they probably represent a
relatively unbiased selection of loci.” The choice of loci
fgr staining was inf ueﬁced by my ability to consistently

obtain bands and my gbility to interpret variation in a

consistent.manner,

joth of which factors are indepepdent of

“the morpﬁometric characters measured.
/ :
2.2.3 Larval spots N
In the course of Eie collection and rearing of Pap}lio
machaon group larvae, I recorded the color of the spots on
each individual. Spot color was determined by eye and by
‘comparing larvae against each:other. Though I did not.
Qonsistently use a standard for comparison, I would estimate
that there is at most one or two percent error in my
assignment.of larvae to either a §ellow or an orange group.
Yellow spotted larvae had a relatively uniform color,
whereas orange spotted larvae varied somewhat more, I
considered all the orange larvae as a single group, because
I did not feel confident offﬁ} aBility t0“cohsistently
separate pale orange from bright orange larvae, as did

Clarke and Sheppard (1955b), with the aid of a #®andard

N
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color atlas.

For almost all individuals, spot color was determined
from fifth instar larvae. The except}ons were larvae which
were late inbthe fourth instar and obviously belonged to one
of the two groups. Questionable specimens were notlécored
" until they were late in the fifth instar. Larvae from a
par;iculag locality were generally collected over an area of
af least several heﬁtaﬁgs'and'were represénted'by several
instars which were scored as they reached the fifth instar.
Nonetheless some of the smalier samples probably co@tained a
" significant proportion of siblings, which would preclude
much confidence in statistical fests for differences between
.small populations. All larvae reared from wild-collected
females were considered separately from individuals
collected in the larval stage.’ ‘ ‘ oo

I contacted sgveral lepidopterists who had‘réaréd 7
larvae ip westérn Canada, and examined published records of
spot color for the whole P. machaon group. Records and
sources for the'P. machaon droup in North Americé are,

. included in Table 19.
2.3 Numerical analyses

2.3.1 Principal components analysis
Principal compdnents analysis (PCA} visualization of
x*mglusté:s in multivariate data, is relatively

assumption-free, and provides a basis for internally

o
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cénsistent, simple comparisons of both individuals, and
populati;ns. PCA seems to give fairly accurate
representation of distahcés between data points, and has &
been used successfully in studles of hybrid swarms (Neff and
Smlth, 1979; leentel 1981)f Relatively few charactersr
appear to be required to eiUcidate patterns of'raéial
variation. Thorpe (1985) showed that patterns with 90%
confidence could be obtained from as few as 8B- 10 characters
in grass dJ“kes in Europe. Also, it is easy to relate
samples not,used in the ;n1t1al analysis to those that were,
by applying factor loadingé;

Three'majér_QCAs were performed on an initial group of
728‘specimens, almost all of ﬁhicﬂ were from western Canada
and particularly Alberta. These ?28 were all the specimens I
had available, in early 19§4$;f6r which I had complete
scores for all the mofphomEtric and electrophoretic
characters considered in this study..An effort had been made
prior to this to obtain a reasonably broad sampllng of the
different geographlc populations and morph?types known from
the region, including those described by cther authors. One
PCA was performed on only the morphometric characteré, one
on only the electrophoretic characters and one on the
combined morphometric and electrophoretic characters
together. The same individuals were used 'in all three PCAs,
to give a mﬁre meaningful basis for the comparison of '
character variation patterns. Then the factor loadlngs vere

applied to individuals which could only be completely scored
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for one of the two maip character suites.

A1l work fdr this section of the_stdéy was carried out
with the Midas sﬂ&tistiigl_package on the mainf%éhe Amdahl
computer system at the Univérsity of Alberta. The priﬁcipal
component function was used'ogly with the‘\"unscaled" option
in this package, to allow easier épplication gf loadings to
o#her specimens, and also to maintain a more direct é?
relationship between raw data and resultant scores on the
principallcbmponents axes. However, the 11 morphometric
characters weré scaled before use in the PCA, to make the
rénge of variation equivalent for each of these charaters.
Scaling factors and PCA loadings are indicated on Tables 1é
-and 17. Elettrgphoretic character scores were not scaled,
since these were already recorded in a manner that gave
edui#alent weights to each chara&teff//

Electrophoretic characters were scored'one allele at a ~
time. Bach allele known from my work on the P. machaon group
was conside;ed a character with three character states and
scored: 1, if the alléle was absent; 2, if it was present in
combination with another allele for that locus; and 3, if it
was present in the homozygous state. By this method, there
were 42 electrophoretic characters, though only a shail
proportion of thesg were of signiff&ance to the scores on
the first few principal component axes. If only 2 alleles
were known_for a locus, as in Est-4, thege had a perfect

negative corvelation with each other, and in a sense were

redundant. However, both character were retained to maintain



- 39

consistent;sboring of raw data. The A?K Tocus was not used
in-the PCA, sirice with o;1y one v%fiant in 728 individuals,
(it wgyia have been mean%qgless. . a
”:An alternative method for sgoffng electrophoretic
characters is uéed in some numerical analyses (Micﬁeﬁitch
and Mitter, 198t%1; Buth, 1984). 'In this methoa, each locus is
considered a character, and each allele is coded on the ~
basis of its relative mob{i}ty. This method was rejeéted
because it does not allow d{stinction between an individual
homozygous for a particular ‘all ie, and an individual
heterozygous for two alleles ygiated an equal distance on

-

either side of the homozygous allele.

2.3.2 Other statistics

Electrophoretlc data werg also analysed u51ngvthe .
Biosys-1 package of Swofford a;§\§slander (1981). Allele
frequenciés, heterozygosity indices and tests for . 2?
Hardy-Welnberg proportlons were calculated. All individuals
with partlal electrophoretlc %nformatzon were used, giving a
total samp{p size of 860.

*Hardy-Weinberg equilibrium measures provided tests of
gene{pool“homogeneity, and complemented the multi?ariate
clustering technigues. First, the entire sample for i region
was tested as a whole befgre be1ng-dlv1déé 1nt§ major groups
which might be different species. If the\EHb'ets were much e

closer to equilibrium after the subdivisiop;, this’ was

considered evidence of a significant gree of gene flow
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witbin but not between the subgroups.

Discriminant function analysis (DFA) was applied to

j;s&ﬁgroups where PCAs did not give clear indications of the
g [ N 1

:’E'- -
number -of species in a region or the nature o§ distinctions

petween them. DFA was appliéd to reared adults obteine% from
southern and south-céntral Alserta, where adulté from
different major populations showed only slight separation
into the major groups distinguished in other regions.
Discriminations were based on the different foodplants, on
which larvae were collected. DFA was alsc applied tio the
geograpﬂically separated subspecies of P. machaon, to give

an assessment &f the accuracy of identification off

specimens.

2.4 Interpretation

[
H
2.4.1 Species concepts

The term species has been used by biclogists in a
Variety of different ways. This lack of consistency of usage

of the térm has resulted inrconsiderable confusipn in its

7application to biological phenomena, and is responsible for

serious breakdowns in communication among Biologists.
Because of this difficuliy, I explain my species concept,
and discuss the functional relationships of other species
concepts. I apply it to sexuall&-reproducing animals with no

r

known fossil record.
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The lack of total consistency of usage of the term
species has not pfevented systematists fr;m sorting out
species as they bg&iege they see them in nature. in facg
some, for example Blackwelder“§1967)} seéfkhis part of
taxonomy as a sort of learned traéé which cannot be |
precisely charactérized or defined. The arrangemenf'éf
‘specimens into convenient groups or kinds, called species,
is dépendgnt on ‘a certain amount.of practice, subject to
correction by other taxonomistéf"ln that sense there is a
significant elemenf of tacit community knowledge which .
reguiates the acgions of.systematists. This is probably the

basis for theloft—repeated aphorism that species are Wsﬁb.

whatever a good taxonomist says they are. W

Bes

The perpetuation of a tacit concept such as species
involves modelling the interpretation of data from one

4

series of organisms onto the interpretation thét has been
ey ) _

" achieved by another person for another set of organisms. The
neophyte systematist begins to aqguire a sense of what
comprises a species only after the completion of several
such exercises. A species concept is thus a kind of primary
concept. Understanding how to interpret certain kinds of
information becomes a matter of developing a sense of
similarity relations and applying it in a manner sanctioned
by expgrienced peers. This part of taxonomic training thus
involves the transfer between people of a conceptual

paradigm, in.;he sense of Kuhg (-1970).
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These Eonsiderations do not mean that I view the

application of species concepts as a predominantly

-suﬁjective endeavor. For most- species concepts several basic
- . PN . ..

=N

rules seem widely accepted. For example different

1

individuals from one egg batch or litter are not diagnosed

as belong}ng to different specieé: Aiso, ;ny phenotype known
to be dié to unusual environmental or developmental
conditions does not warrant placement in_another species.
And finally, if geographic variation in appearance or
ecological characteristics js relatively continuous, then
only a single species is indicated. Even if the ériteria for
species are not explicit, there is little doubt that most
species names refer to meaningful divisions of the
biological universe. The relatively gdod correspondence of
folk classifications to scientific classifications (egq.
Irving, 1953; Berlin, 1973; Hunn, 1875; Posey,'1983)
constitutes some of the strongest support for the objective
reality of species.

Since the uses of systematics are primarily scientific,
there is a need to make its operations repeatable,
guantifiable and testable. Since most .systematists have
acknowledged the fact that species tend to be clusters of
like individuals, many of them have focussed on this a;pect
of species. Even workers whose main research objectives.lie
in the elucidaéibn of evolutionary mechanisms may begin

their discussion of species by referring to them as

"discontinuous arrays" (Dobzhansky et al 1577:166). However,



some systematists predominantly view species as phenetic
covariance clusters, and de-emphasize any reference to

-

reasons for the existence of these clusters Examples
1;Elude Ehrllch (1961), -who 1dent1f1es spec1es as relatlvely
arbitrary groups of organisms delineated by overall .
character s1m11ar1ty, or Nelson and Pla;nlck (1981:12), who
see species. as "the smallestldetected samples of
sglf-perpetuating organisms that have unigue sets of
qharactersf. This view appears strongly influenced by the
desire to make the process of distinguishing speqies as
tractable as pdssible, particularly in terms of its
mechanicél sfmpiicity.

‘Other systematists may choose to emphasize the property
which is percelved to maintain distinctions between species
and unity within species. Interfecundlby is seen as the
character that makes such‘a group of organlsms"a
biologicgally coherent entity, with an evolutiénary integrity
that is reflected by interspecific differences at a number
of levels. A presently popular'definition of this-type is
that of Mayr\(196§), who defines species as "groups of
intefbreeding.natural organisms that are reproductively
isoclated from other such groups”

Mayr's so-called biological species definition is an
attractiwe formulation bhecause Hypothesized specific
. distinctions may be tested by the conceptually simple
" process of checking fpr hybrid sferility. Howéver, it is

often very difficult, if not impossible, to determine

™=
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" whether organisms may hybridize in nature. As well, spdcies
descriptions based on hyb;id'gterility are in some ways as
‘arbitrary.as species desctip;ions based on phenotypic
ciu;ters, since the degree of hybrid :erfi}ity which i;
accepted before a specific distinction is recognized is
itself an arbitrary procedure. One way of dealing with fhe '
latter objection has been to charapter?ze different
populations as species only if they_exhibit 100% hybrid
sterility (eg. Key 1982). Unfortunately this definition is
so restrictive that many organisms presently recognized as
belonging to different species would have to be lumped
together if the definition wefé rigdrously applied.

The wish to make the process of sorting Sﬁt species
more objective thus seems to have led in two major
directions (Table 4). Groupiné on the basis of phenetic
covariance appears to be a pattern-oriented épproacﬁ”which
emphasizes tractability, while a greater reliance on
intérbreeding data implies a process-orientated approach
which emphasizes hypothesis testingl Both of these
directions can lead to the absurd extreme of operationalism,
in which a definition is conceived as no moreﬁfhan a -
corresponding set of operations (Hull 1968);‘

The history of the sytematics of the P. macha9n group
provides examples of both kinds of operationalism. W.H.
Edwards' names are an example of far greater emphasis on

morphotypes than hybridization information. This %s-

particularly noticeable in his treatment of the P.. machaon
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populations.in the western United States, upon which he
bestoﬁed four specific epithets despite knowing that the
forms the names referred to were pfobably all part of the
same extended gene pool. Part of the pr&blem is that the
species concept Edgards claimed to folloé seemed to
Encorporate both genetic continuity and phenefic
homgéeneity,‘while the way in whicg.he actually applied his
species names almost exclusiveiy refleé?ed phenetic
homogeneity and covariance. !

Hagen's (1882} review of the western United States Vo
members of the P, ﬁachaon group was published duribg the
same period as Edwards' work, but showed the opposite
tendency to that of Edwards. He looked for and found
specimens with character states and combinations that were &
intermediate between those attributed to all the previously
described forms. He concluded that all the North American
species of the machaon group (excluding P. indra) shoulﬁ be
be considered-és local or climatic §érieties of\P. machaon.
Hagen may well have found a number of specimen; ich were
hybrids betv;'een P. machaon and P, ze?lcaon, but did not
concern himself with the proportion of the total population
which his phenetically intermediate specimens represented.
His taxonomic conclusions were made less meaningful by his
overly strict adhe;ence to the interbreeding criterion of

his species concept, and hence he fell into the same trap of

operationalism that reduced the value of Edwards' work. T
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The main fault of operationalism is that it emphasizes
practicability in the application of a definition, but

restricts the flexibility and generality of thg defifition
in a way tha: reduces its meaningfulness, This is begdause
defi'hit"i;ns functior}‘as convignient p?rases“"whose pu
. t&gremind ohé of the basic elements-;f a concept. Concepts,

on the other hand, implj'a reference to‘sométhing which
happens insides one's head. The definitiqns“ﬁé use to -
explain or,épply a concept are not a complete exﬁression of
that‘concept.

Species concepts can be viewed as a balance between
practicability and meaninéfulneés. Definitions may be
applied stfictly, but théy may not distinguish groups of
particular relevance. Alteénatively, if a2 species concept is

particularly vague or difficult to apply in practical

situgtions, then its potential meadhingfulness is of little

ae

use. Both pracFicability and mean{ngfulness should be
assessed in terms of the reason for naﬁing species, which is
the identification of organisms in a way that allows the
user of the name to efficiently communicate information
about their relationships with other organisms.

In some taxa, sdch as the P. machaon group, species
concepts can be applied only relatively -locosely. As in most

taxonomic work, there is a need to distinguish variation at

<

the level of local populations, geographic races and
species. Numerical methods were used in a predominantly

descriptive manner. Geographic patterns of variation wére
) :

. ! b

R
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first examined within major character suites, such 3s

structural and electrophoretic characters, and then compared
. = \
L]

among suites. Finally, these patterns of variation were:
interpreted in terms of species concepts, especially throtgh
inferences of gene flow and .the maintainance of iaentity in

gt

time. and space.

2.4.2 Subspecies concepts

Lo -

The recoénition of subspecies is a relatively arbitrary
aspect of taxonomy. Subspecies limits are far more difficult
to set than are épecies-limits, which are generally =
determined by interbreeding criteria, or even higher taxa,
for which monophyly has become the most important criterion.
In some taxa subspecies names do serve a useful function,
but such names afe greatly/overused and abused in butterfly

tgxohomy. Nonetheless, I believe“that consistently applied

subspecies names have a place in zoological nomenclature.

“

This opinion seems to be shared by most systematists who

. Y 4
: |, o™ : : . .
work on relatively well known groups (such as birds -Wiens,

j982). ¥ - | : .
My main critefion-for formally recogniﬁing a .
differentiated series of populations or an ecological race
as a subspecies is that three quarters or more of the -
specimens (cf Mayr 1969) can b%ﬁdistinguished without the
aid of locality labels. However, for some taxonomically

borderline populations, I retain the use of long established

names ‘to communicate more effectively and also to compare
s
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the results of my-study with those of other'ﬁbrk. If this

& . . -
study were concernzﬁ with more obscure organisms, rather

than with a group of high-profile and perennially popular

2

butterflies, I would have little compunction in abandoning

use of some of the subspecies names which I employ.

Subspecies are preeminently geographic divisions of

_species. Situations for which subspecies names are%?ost

appropriate -involve major allopatric and easily identified
sections of a species, Subspecies should be at least

parapatrié, with intermediates occurring along only a

‘Felatively narrow zone. Phenetic homqgeneity‘within'a

subspecies should be quife high compared to that Qithin'a
zones of iﬁtetgradétion. Examples of disjunct and relatively
diétinct popu;ations can be found in P. indra (eg. Emmel and
Emmel, 1967).

; Although most subspecies have been.degcribed on the

basis of structural characters, ecologic characters may

also be important. In particular, sharp clines or

‘disjunctions in use of larval fo?dplant suggest that genetic

distinctions may be involved and a subspecies designation

maS be appropriate, if the populations are geographically

. sepgarate. For example, the geographically abrupt shift in -

larval foodplants between Papllio glaucus glaucus Linneaus

and P. glaucus canadensis Rothschild and Jordan has now been

~ shown to be related to differences in abilities to use these

foodplants and in diapause characteristics, as wekl as adult

size ard colgl pattern (scriber, 1982 and 1984). Hence

(o
!

= RN



\ describing the patterns of variation within P. machaon group

.. 80
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ecological distictions between populations can be important

* to taxonomists as indicators of major genetic distinctions. -

Loéal popui%tions often show close adap@ation to local
ecological conditions (egq. Endler 198?); Comparisons Setween
such populations may alSo‘shqushifts in the mean:yélues of
a variefy éf morphometrié characters. Unfortunately many

2 - .
subspecies are named on the basis of population samples from

accessible areas even tﬁough it is highly likely that theSe
populations are relativelf continuous in less accessible/
intervening regions. Such a practice gives the impression of-
relatively discréte subspecific variationi when ip_rgality-

the few characters that the subspecific names are based on

are much more clinal. In'my study I concentrate on A

\
i

species. The main reason for using subspecies names at all

F

is to relate my own findings to previous work, much of -which ~

hag been c¢ouched in terms of description of new specific amﬂ~

" b

subspecific taxa.

2.4.3 Taxonomic conventions

; - It is no easy task to fit .patterns of variation in the

Paplito machaon group to a standard system of nomenclature.
8.

The main dlfthUltY in class1fy1nglpopulat10ns and
individuals of the P. machaorm group from western Canada is
that in some regions groups of 1nd1v1duals seem like

o

genetically distinct entltzes in 5Ymp§try, while 1n'othef

SN

areas .extensive hybridization is indicated.
- ) . ' 1)
~ . .
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In zoological tanonomy, hybrids are usually dealt with
either by simply noting ‘them es rare occurrences, or using-
them to as evidence of genetic cont1nu1ty between two
popﬁlat1ons. E Zended populatlonq( which interbreed in some
regions but nﬁz others, are generally described as aggzngle-
_ TN ;. Qe
species with a circle of races, or subspecies. More complex
situations, such‘as those identified in the P. machaon
group, appear to be rare in animals (but see Ehrlich 1961,
onabutterflies). .

~ The International Code of Zoologlcal Nomenclature does
not prev1de rules for hybrid names. Hybrid popuLatlons»seem
to be more commonly encountered in botanical work, where
they‘ma§ be referred Eé as hybrid swarms. For this reason, I
follow the practice eg‘the International Code of Botanical
Nomenclature (-1883), and more general guides in texonomy
such as Schenkrand McMasters (1956), in constructing hybfid
names. Unfortunately, the conventlon of ordering the
parental names by the sexes which contributed to the hybrid
- swarms is not useful Ee-naming'hybrid populations of the P,
machaon group<, I place {heégpecific epithets of the parental-’
species, with an "X" between ;hem, in order of dominance in
the meeﬁihybrid phenétype.

h\\__,/—
I preferQ;o use form names as 11tt1e as p0551b1e in .:

-

‘taxonomic treatments mainly because I feel they have a very

limited communication value. As well, form names are no

recognized in the International Code of Zoological.

. - Al
- ¥ . N - a .
Nomenclature, and this has led to a considerable uneveness

/WV

-’ 4
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of usage (eg., Scott; 1981). A better alternative:for many
taxa would be to name the determining genes and allelee}

rather than phenotypes of uncertain con51stency and
|‘?-éu

derivation, Thls practice is commonly followed by.workers on
well known taxa such as Drosophila and Peromyscus,-spec1es

. of which have been the .subject of a great deal of basic
™ . . . f
genetic research. The P. machaon group is not as well

- understood genetically, thouéh important steps have 'been
made by Cfarke and Sheppard in the 1950's.. Gene names would

allow the application of the same term to characteristics in

different species. A good candidate for.guch treatment is
the adult morph with black wings, whose features are almost
certainly determined by homologous alleles in different

populations of P. poiyxenes,fp.'zelibaon and P. machaon. 1n
P. zelicaon the effects of this gene have been referred to

by some authors as the form njtra, while the gene
’
».contributes to much of the typical form of P. p. asterius

and P, m. balndil. The black w1ng allele is closely linked

Y

with but not the same as the allele for yellow abdominal’
-f

spots, This is indicated‘by the rare Qpcu;}enqe of the form
hollandf, which has bIack morph wings but a yellow lateral

* stripe on the abdomen. This situation is analogous to that

*_
descr1§ed by Clarke, et al (1968) in Papilio memnon, whose

-
genes controlling wing pattern, body color and tail length

-

are closely linked. ' | )

1 feel that a genetically oriented view of_ﬁblymorphism

and hybridization will greatly help to further understanding
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- of the qféen complex population interactions within the P,
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machaoR ‘group. For this reason, I tend t@frefer to alleles

and ipdividuals™in the following sections, rather than to

»

forms and types. _ i

LY

—-

\



3. CLASSIFICATION AND RE}&NITION OF TAXA |,
In a scientific publication, the presentation of '
.- conclusicns normaily succeeds éhe presentation of r;sulgﬂf\\'
However, the tax%ﬁomic conclusions of the present study will
be presented before the supporting data. This is because 1
am proposing several changes to the_syﬁtems of names which
have previously been applied to the Papilio machaon group.

I

In?order to simplify ¢£e preéentatidn of data in succeeding
se&tions, my systeﬁf;s summarized in the present sqctién.
Detailed reviews ijholomorphological and Ecologiéal
features of the” included taxa foll6w. Theseare discussed in

the final. sections, which deal with evolutionary hypotheses.:

3.1 Summary of Taxonomic Assignments

The following liig_is based on Miller and Brown (1981),
and @Bmmarizes-the diaégsitiqn of all the taxonomic names
applying to the P. machaon group in western Canada and
Alaska. It inciydes all hamés with type localities in tﬁe
study area, as well as names applying to populatidns which
are found, or have at some time been considered.to have been

found, in the study area.

’Pl machaon Linneaus, 175§:462.‘Type locality(TL)-Swedeﬁ.' . i
a. P. m. aliaska S.H. Scudder, 1869:407; TL-Nulato, Alaska.

= joannisi ﬁ. Verity, 1907:pl.10, fig.17. TL—Nulatd,  ;>
Alaska. |

- =petersii A.H. Clatk, ¥932:8-9. TL-Kuyukok River,



~b."P. m. bairdl{ W.H. Edwards, 1869:200. TL—“Arizéna;,
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0.“ .

Alaska-,n,- i . ’ T
*

restricted to.Fort Whipple, Arizona, by Brown(1875).
=brucef W.H. Edwards, 1895:239. TL-"Colorado",
restricte@.to Glenwood Springs, Colorado, by Brown
(1975).

c. P. m. oregonius W.H. Edwards, 1876:208. fL-near The’
Dalles, Oregon (neotype locality is at Hepner, Oregon
fBrown, 19;AT*.

d. P. m. hudsonianus A.H. Clark, 1932:6—7L TL-Kettle.

Rapids, Manitoba.

e. P. m. dodi 3. McDunnough, 1939:216-217, TL-Red Deer
River, Sb'miles N. E. of Gleichen, Alberta (probably
near Dorothy [Kondla, 1981]).

£. P. m. pikei FJ#QH. Sperling; 1986;'ﬁéw SUBSPECIES.

| TL-Dunvegan, Alberta.

P. Zelicaon‘ﬂucas, 1852:136. TL-"California™.
=nitra W.H. Edwards, 1883:162-163. TL-Judith Mts.,

. Montana. |
=gofhica C.L. Remingtén, 1968:2-5. TL-Gothic, Colorado,
=ab. mcdunnouéhi J.D. Gunder, 192B:162, TL-Waterton
Lakes, Alberta. |

P. zelicaon X machaon NEW HYBRID MORPH

P. polyxenes Fabricius, 1775:%44. TL-"America", restricted
to Cuba by Rothschild and Jordan (1906).

a. P. p. asterius Stoll, 1782:194. TL-New York, Virginia

and Carolina.



’P. mabhaon X polyxenes NEW HYBRID MORPH ‘
=avinoffi F.H. and R.L. Chermock, 1937:11-12.,
TL-Whirlpool River, Riding Mts., Maﬁitoba. |

P. poiyxenes X machaon NEW HYBRID MORPH
;kahif?F.H. and R.L. Chermock, 1937:12-13, TL-Riding
Mts., Manitoba,

. | {q$; .
3.2 Descri?tion of Papilio machaon pikei -
Of the five major sections of P. machaon known from

western Canada, fou?'were described many years ago. The
fifth occurs exclusively within the Peaée River region, and
appears to have been collected once (Llewellyn Jones, 1951)
before béing rediscovered by E.M. Pike and me in 1980. The
Peace River race of P. machaon is ecoloéically very diglinct
from P. m. aiiéska and P. m. hudsonianus, and is
‘geographically disjunct from P. m. dodi and P. m. oregonius.
Although it is very similar in holomorphological features to
the other subspecies of P. machaon in western Canada, it is
as different from each of these as they are from eqch other,
In order to facilitate discussion about the evoiution of
this race, it is described below. All measurements are based
on the speciﬁens'used in the ﬁrincipal components analyses,

listed in Table 16.

Papilio machaon pikei, new subspecies
Adult (not figured). Male. Mean forewing length 40.8 mm

(range 36.5—45.0). Dorsal hindwing with yellow scales

U
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covering proximal portion of wing almost to base, excepf in
! o n

w

~ cell Cu2, in which vyellow scales are confined tp. o

‘ median
regioh; Black pupil ,of dorsal hindﬁing eyespot ai;hl %
edge of red.scalés and connected to margin of wing. Pupil |
'club—shaped or a narrow line. ﬁlue and red séales of eyespot -
separated by few or no black scales. Basal half of ventral

L

forewing disc covered by yellqy scales. Postmedian area of

- -~

ventral hindwing of most specimens with distinct patch of
orange scéles.in-two or fewer cells. Thorax covered by long
yellow haird‘ventral to wings. Ventral side of abdomen with
yellow hairs on all segments, Broad yellow lateral band on
abdomen; covering claspers. Subdorsal spots above lateral
abdominal'band.very rare. Female. Like male, but larger
(mean forewing length = 42,6 mm, range = 39.5-45.5), aﬁa
Qith more rounded wing.

immatures. Eggs, larvae and pupae very similar in all
stagés to those of P. m. oregonius (see Perkins et al, 1968
. for photographs) and to P. m. dod!. Fifth instar larvae with
segmental spots orange or yellow, but most individuals with
orange spoﬁs. Background color of mature larvae from flat
blue-green to bright emerald green. Pupae either mottled
brown or green, but not a mixture of brown and green as in
some specimg}s of P. m. aTiasKa;.Larval'foodplant Artemisia
dracunculus, on warm, dry, eroding exposures.

Type series. Holotype: male. Canada, Alberta; Dunvegan
(s. Fairview); June 14, 1981; F.A.H. Sperling; [on dry,

grassy, south-facing slopes above Peace River] (CNC).

H
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Allotype: ﬁgmalg. same data as for holotype. (CNC).
Paratypes. Abbreviations: E4# = F.A.H. Sperling
electrophoresis number, Ad = Artemisia dracunculus, £ =
female, m = malg. All reared specimens havé pupal shell and
some have fifth instar larval skin attached to card below
gpecimen. Pupation and emergénce dates are omitted in the
following list. There wili be 78 paragypes deposited i;
public institutions, and 20 remain in. the personal
collection of E.M. Pike. -

2f, 6m: Canada, B.C.;-Attachie; larva”coll. Aug 9''81; F,.
Sperling; on Ad; e4# 521-526,528,529 [all emg. 1983], (CNC).
2f, 1m: Attachie, British Columbia; 35 km W. Ft. St. Jehn;
hlaruaﬂéoll.‘Aug. 9, 198t1; dn Ad;l[all'emg..JQBZ]; F.
Sperling (CNC). im: Attachie, British Columbig; 35 km W. Ft.
St. John; larva coll. July 9, 1981; on Ad; F. Sperling
(CNC{. im: Taylor, B.C.; July 3 '80; F. Sperling (CNC) . £
larva on Ad at Taylor,.B.C.-qn Aug, 18,.1980; [emg. 1981];
F.A.H. Sperling; e4# 627, (CNC). 1f: Canada,-B.C.; Taylor;
larva coll. July 8 '82; F. Sperling; on Ad; e4# 439 {CNC) .
3;, ém: Canada, B.C.; Taylor; Jun? 21, 1982; %. Sperling;
including ed# 6,7,55,56,59,124,128,395; (BCPM: ed#
59[£],124[m]. AMNH: e4# 6[m],55[£]. USNM: e4# 56[m], 128[£].
remainder to CNC). 1f, 2m: Canada, B.C.; Taylor; July 8,
1982 F. Sperling; e;# 10,31,140; (CNC: ed4# 31[m]. BM: edf
10[m],14b[f]). 2f: Clayhurst Ferry, B.C.; larva on Ad; Aug.
17 '80; emg. 1981; F.A.H, Sperling;'including edf 117; (CNC:

ed# 117[£]. AME: 1f). 3m: Clayhurst Ferry, British Columbia;

L5
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larva coll. Aug. 9, 198f; on Ad; emg. 1982[2] & 1983[11j4
F:ﬂ,H. Sperling; including e4# 519, (CNC). iﬁ; Tm: Caﬁ;aa,
B.C.; Clayhurst Eérry; larva coll., Aug. 16 '82; F. Sperling;
on Ad; emg. 1983; e4# 504,507,508,511-513,515-518,520,. (AME:
ed# 507[m]. remainder tb CNC). 5m: Alberta, S km NW Highland
Park; June 14, 1981; F. Sperling; e4# 115,116,676,678,679,

. (CNC). Sm: Canada, Alberta; ﬁighland Park: 35 km w Pairview;

June 9, 1982; F.A.H. Sperling; eé4# 41,42,43,44,45, (APME:

ed# 41,43. CNC: edf 42,44,45). Sm: Canada, Alberta; Highland
Park; 20 mi, W, Fairview; June 12, 1982; Ted Pike, (CNC).
5m: Canada,-Alberta; Highlan@ Park; 20 mi. W. Fairview; June
13, 1982; Ted Pike, {Pike). im: Dunvegan, Alberta; larva on’
Ad: Aug. 16, 1980; emg. 1981; F.A.H. Sperling, (CNC). 1f,
2m: Alberta,:Dunvegan: June 14,'1981; T. Pike, (Pike). 1£:
Canada, Alberta; Dunvegan; larva coll. Aug. 15, 1982; F.A.H.
Sperling; on Ad; emg. 1983; e4# 438, (CNC) . 1f£, 3m: Canada,
.Alberta; Dunvegan; June 22, 1982; F,A.H. Sperling; ed#
-142;150,546,547, (CNC: e4# 142[m], 547[m]. UASM: 84;
150[m]),546[£)). 1f: Dunvegan, Alta.; 30 VI 85; coll. by E.M.
Pike; (Pike). 1m: EX OVA; Dunvggan, Al£a.; 18 VI B85; coll.
by E.M. Pike; (Pikei. 4m:; 10 mi. S.E. F§irview; Alberta; 17
June 1981; coll. by E.M. Pike; (Pike). 2m: 10 mi. S.E. |
Fairview; Alberta; 20 & 22 June 1981; coll. by E.M. Pike;
(pike). 1f, 2m: Canada, Alberta; 10 mi. S.E. Fairview; June
?2,‘1982: Ted Pike;‘(PiEe). 1£: 10 mi. S.E. Fairview; Alta.,
20 V1 85; coll. by E.M. Pike, (Pike). im: Canada, Alberta;

Peace R. area, Camp Island; 22 mi. E. Dunvegan; F.A.H.

-

e



-'Sperling; larva on Ad on Aug. 15, 1980; [emg.F1981], (CNC

Y
1

1f: larva on ﬁa; at,Peece R. (town), Alberta; on Aug, 15,
1980; emg. 1981; F.A.H. Sperling: e4§ 625, (CNC). 4m:
Alberta, Peace River {(town); June 10, 1981; F.' Sperling
(CNE). 2m: Canada, Alberta; Peace River (town); June 13,
1981; F.A.H. S;;rling; edp 114,681,l(éﬁc). im: Canada,
Albe;ta; Kleskun Hills; 25 km n.e. Grande Prairie; June 19,
1982: F.A.H. Sperlin@; edf 394, (CNC).rlf: Canada, Alberta;
Kleskun Hills; e. Grande Prairie; 1ar;a coll. Aug. 12 181:
F.A.H.ISperling; on Ad} emg. 1983; edf 437, (cnNC) .,
Derivation of specific epithet. It is a pleasure to

name thié‘subspeciee after E.M.{(Ted) Pike, who has resided
in the Peace River regiOn’frOm 1979 to 1985, and has given
me much help over the last 15 years. |

. Distinguishing features. Adults of P. m. pikel resemble
those of P. m. oregonius in general macﬁlation and size, but
can usually be distinguished by the more rounded forewings :
and more narrow,xconnected eyespot. P. m. allaska adults
resemble those ék P. m. pikei strongly in maculation, but
are separated by larval foodplant, preference for alpine
habitat, and smaller size (mean forewing length = éﬁ.s mm
for maies, 40.3 mm for fema%es). Though the range of P, m.
pikei extendszin isolated populations to with®nm 25 km of P.
“m. aliaska, at Hudson Hope, there‘fs no evidence of eny‘
increased similafity_of these two.eubspecies in the area. P.

m. hudsonianus -adults are separa ed by preference for boreal

fores{_habitats and a much higher frequency of subdorsal
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abdominal spots. P. m. dodi is easily distinguished from P.. .
m. pikef’by.the greater aﬁount of black scales and hairs, -
especially on the ventral forewing disc.and ventral side.of
the thorax. Approximately 75% of inéigiduars of P. m. pikei
can_be correctly distinguished from those of other '
subspecies of P. machaon.‘Featurgs which distinguish this e
subspecies within p. machaon are discussed at greater. length
in the followiﬁg chapters. ‘

P. m. pikei has the same larval foodplant as the
southern suBspecies of P.. machaon, but shares several
morphometric and electrophoretic similarities with the
northern subspecies. For these reasons, as well as its
geographic range, P. m. plkei is important-in illustrating
the.previously unrécognized link between these.taxa.

Range. P. m. pikei is comppsed of a series of
populations along approximately 500 km df the Peace River,
in northeastern British Columbia and northwestern Alberta.
It also occurs a; the Kleskun Hills badlands, northeast of
Grande Prairie, Alberta., The range of P. m. pikei may have
once exten farther wéstwa;dzé}ong the Peace River. A
épecimeq aty the Uﬁiversityfaf‘Britigh Columbia collection,
vhich is"Jabelled "Findlay,B.CMjtmay be from Findlay
Forks, ivb'km west of Hudson Hope. However. there is little.
likelihood that any populations have continued to sué%ive
along ghis part of the Peacé River, since it was flooded to

form Williston Lake in the late 1960's.

X A
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3.3 Key to Adults of P. machaon Group in Western Canada

R v

The following key was deviseo assist in the

identification of museum specfmens.,sor this reason, no

3l [

electrophoretic characters were used. However, since some

taxonomic distinctions depend on habitat information,~this

has been used also. The key is a guide, and not a substitute

for extensive field experience or long comparative series.

1.

2.(1")

L

Black scales on disc of DHW restricted to basal

half (Fig.2); side of abdomen with a broad, yellow,

'longitudinél'band and in some specimens with

rounded spots above it (Figs.ég-d)...............2}
Black scales extended over more than half of DHW
disc (Fig.3); qigﬁ'of abdomen with only a series of
sguare or ropnded segmental yellow s5pots ’
(Figs.Ge—f).l{i....................:.............9.
A1l of the following character states: Black pupil
in anal region of DHW congééted to margin
(Figs.la-b,2,3): yellow scéles covering most of- VFW

1

disc (Fig.5a); yellow hairs extended, around ventral
part of metathorax (Fig.Ga);—yellow-5cales exéénded
over more than 80% of male ¢lasﬁg;s(Fig.6a);

Or no mor'e" than one of the f-'ol-lowi?g;: Anal pupil
unconnected to margin but fléftpned and at bottom

of red area (Fig.lc); yellow scales in VFW disc

restricted to thick yellow streaks or general flush

extended over more. than quarter of disc .(Fig.4b);

£

"y

o
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yellow scales extended oveér only 50-80% of male
claspers (Fig.6b) ...,..... v« .P.machaon Linneaus &.
Not as above ...........;.._ ..... Q.....%,....;....B.

All of the following: Anal pupil round and centereg
>

in red area (Fig.1d); red and biyé aréas of anal -

" eyespot more than 3/4 separated by black scales

(Figs. 1b,14,2,3); disc of VFW with at most few
thin streaks or light sérinkling of yellow scales

(Figs.5c-e); metathorax with yellow hairs from both

sides not in contact ventrally (Figs.6b-d); without

PR

distinct yellow spots above lateral abdominal band’
(Figs.6b-c); less than 50% of male claspers covered
by yellow scales (Fligs.6c-d)-

Or no more than one

.the following: Anal pupil
large, round and centered if connected to margin
(Fig.2) or small and oval at bottom of red area if

unconnected (Fig.tc); red and blue areas of anal

. i . .
eifeyesth separated between 1/4 and 3/4 of full width

3.

by black scales (Fig.l1c); disc of VFW with thick

streaks of yellow or a genersal fiush over less than
»

1/4 of the disc (Fig.5b); some distinct yelloﬁ

\ N
 spots above lateral abdomingl band (Fig.6c); yellow

scales over 50-80% of male claspers (Fig.6b).......
ttesesasnaens ST -3 zel fcaon Lucas
Not as above:‘most specimens with.club-shaped pupil
connected to margin; also most specimens with tyo.

or more of character states intermediate between

.
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+ extremes of P. machaon and P. zelicaon as defined
- above, rather than gombiﬁation of extreme states...
- - 3 ] .

..l..'!ﬂ‘...Oll‘l.ﬂdol......l.l.......l.l..l!!'..ll?.

& ¢ .
. 4.(2} 'Fou4;x;§ar dry grassldnds or eroded clay banks in

hoffﬁéﬁifafs;'large (FW length ﬁsualiy 40 mm or
more): erewing apicesfpointgd.or not,- with distal
margin convex or concave; most specimens_with
yellow sca&ﬁﬁgiof DHWhgnal cell Cu2 extended close
to or béyond’di&eﬁg%pge of veiné Cul and Cu2
(Fig.Zi character sthfés‘é—Q):'few Specimens with
abdomen with spots'above'later%l band......e.en. 54
4. Found in‘forested‘boreal regions or'onualpine
tundrﬁ in cool habitats; smaller (Fﬁ length usuallyﬁ
less than 40 mm in males); forewing'apices of most
specimens rounded, with convex outer;mérgin
(Fig.5a); yellow scaling of DHW anal-cell Cu2 in
. most spg;imens restricted to distal 1/4 (Fig.2:
character state 1); abdomen with or without yellbh
spots above lateral band .f?:........;...........6.-
Found in the southern and central Bié. Interior,’
durind April to Sgptemba;; ané%.pupil:of ;géspﬁfl,
connected to margin in m6st‘speciméns, bdt_ o
- club-shaped rather than a'flat 1ine;‘separation
‘between blue and red areas of anal eyespot

-

> - - . )
variable; with 4 substantial amount of orange in 2-

~

or more cells of the VHW Postmedian band; most

[

specimens with forewings pointed, with a’concave
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distal margin; (Note: a few summer generat}qn-P. m.
< dod/ from the southern Alberta and Saskatchégén\

prairies will key out here) .......cceveieinenanain
vesersasersssssanassoP. machaon oregonius (Edward/;>\\\
5. Found in Peace River reglon of northeastern’B.C.
and northwestern Alberta, during June and early
July; énal pupil of many specimens flat rather than
clpb shaped; most specimens with very little blaék
sépatation bétween aed and blue in ana;.eyespot?
,most.spécimens with substantia; amounts of orange’

in -only one or no cell of the VHW postmedian band;

forewings pointed or rounded ...eeveveivececenanenas
" ' '

. 4 .
sieessseeniiaraaenseaase..Pu machaon pikei Sperling

—

6.(4') Found in Alaska, Yukon western Northwest

Territories, and northern Brltlsh Columbla, most
speciﬁensAon alplne tundra; DHW anal_pup;l in shapé
of thin line;-at bo?tom of red areaF é5d‘connected
tdwmargin (Fig.la); red and blue areas of anal
éyes?ot yith‘ﬁo or very little black -separation

' (éig.1a); no spots_or'in‘few specimens one or two

épots on abdomen above lateral band ....iv.v.eienn.

N .l.I..;.l......'..li..'.\. .'l IPI méchaon a} iaska SC,udder

'6'. * .. Found in boreal forest from Alberta to northern

e \Quebec:'DHw anal pupil "in most’ specimens club

'shapgd; red;anQ'blue'areés ©f anal eyespot
-separated or not.by black scales; at least. one

yellow spot above lateral abdominal band in most
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.
specimensi;...u...;....P. machaon hudsonianus Clark
Found near dry ‘grassland or eroding cia& banks in~
hot prairie habitafs of southern A}perta or
Saskatchewan; anal pupil of DHW élub-shaped and

connected to margin; forewing apex of many specmens

o™ Lo
pointed, with concave distal margin; hindwing tails

often long,”slightly narrowed in middle and curved

(Fig.2); yellow scales in DHW anal cell Cu2 may

-

N extend beyond divergence of veins Cut and Cu2

-

(Fig.2: character states 3-4); no d15t1nct1v

‘ separated yellow spots above lateral abdomlnal band

heae cesaas ... «+.....P. machaon dodi McDunnough

Found in broad range of habitats, but most in

southern zones of boreal forest; anal pupil of DHW

varied; forewing apex of most specimens rounded,
and distal margin sgraight or rounded; hindwing
tails of medium or short length, stfaightxand not
constricted in miadle (Fig.3); yellow scaléa‘of

distal hindwing cell Cu2 in most.specimens

.restricted to disEaI quarter; less than five yellow

spots above lateral abdominal band ........ﬂ:......
..............;.............yellow morph hybrlds 8.

Found in Manitoba or eastern Saskatchewan and one

or more of the’ follow1ng charcter states present:.

Jl

anal pUp11 on DHW round and centered;‘dlsc of VEW

with at most light sprinkling or thin atreaks.of

'yefloh scales; thorax with yellow hair not meeting

.//" | -

-~
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ventrally and no yellow hairs on ventral midline of

first two abdominal segments; male claspers tovered

.

over less -than 50% of-Sufface'by yellow scales...:.

A machaqn X polyxenes

’

Found in western Saskatchewan and westward, with

any of the following combinations:

v

A. Found in predominantly forested habitéts-and
with club shapéd, connecgéd.pupil.

or B, Specimen with.ﬁetween two and five. of the
fgliowing'six character states: T,ﬁ%ﬁtanal pupil
connected to margin or unconnected, flattened and

at bottom of red area; 2, Blue and red areas of

anal eyespot not separated by black along at least

1/4 of boundary; 3, disc of VFW with yellow scales.

or thick streaks over at least' 1/4 of a:ea;;4,~
metathora;_with yellow hair'meeting yentréily::s,
one to five diétinct sbotg above la%eral}ébﬂbhiﬁal
band; 6, yellow scales over more than 50% of male .

CLASPELS vvvveeesnnsennsnnsssP. zelicaon X machaon

" - Found in southern and central Manitoba or

géutheastern Saskatchewan; postmiedian band of VHW

“with substantial amounts of orange in at least t%g‘

~
and, in most specimens all , cells; distinct yeirow
spots in two subdorsal rows on at least 5 and

usually all segments of abdomen...,....cco..... .10.
Found;in southwestern Saskatchewan and south or
central Alberta; poétmedian band of VHW with

T

ot
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substantial amgunts of 6ranga inklessgthan six
cells (only tﬁo or three in most specimens);
distinct yeilbynspots in subdorsal'position on
abdomen usually absent on at leaéz 2 segments...f..
........”...;.......;.........;.................11.
Anal pupil of DHﬁ unconnected to margin or club
shaped if connected; blue-and red areas af anal
eyespot fully separated‘by a band of .black acales;
less than half of hairs on tegulg,yellow: yellow
scales in apical cell af bostmedian band of QFW
variable; postmedian band of VHW rikh orange in all
eight cells; lower half qﬁ side of abdomen.with
rounded yellow spot-~op each‘abdéminal segment ;
yellow spots in subdorsal pdsition on_abdomen

b

absent on no more than two segments; less than 10%
| 7

..of male claspers covered by yellow scales; females

with greatly reduced postmedian band on DHW,

compared to males ....viieriendiondmanans

......................E polyxenes asterius (Stoll)
All three of the following character states: anal
pupil club-shaped and conneéted to margin; more

than 50% of hairs on tegula yellow- apical cell of

' VFW postmedLan band with dlstlnct patch of yellow,.

A va

but occupyzng less than half of cell area; .
or one or more of the Following character States:
anal pupil a thin line at lower edgé of red area,

connected to margin; blue and red. areas of anal
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eyespot partly ;; céﬁpleteli unseparated by black
scales: apical cell of VFW postmedlan band more
than 50% covered by”yellow scales- postmedlan band
of VHW with no orange in at least ong cell; large
square spots or broad band gijyelloﬁ'élong l;wéri
half of abdomen; yellow spots in subdorsql position
on abdomen absent on at least three ségmenté} more
than 10% 6f'male.claspers ébvered by yellow scales;

. s, .
females with postmedian band on' DHW the same width

o ’
[¥e A4

as on maleS........ rewessen..P. polyxenes X machamtk_

Anal pupil of DHW round “and centered in red area;
blue and red areas of anal é;espot fully separated
by black scales; male claspers with less than 10%
ygllow SCAleS L.iviiersrnvsecnnns teesnees theeseseses

...... sesessssssssseanss.black morph of P. zel icaon

~One or more of the following character states: anal

. «Pupil of DHW connected to margin or low and oval if

;‘i',.

12.(11")

r

unconnected; blue and red areas bfranal eyespot of
DHW not segiFaQed by blégk_scales aloﬁg_at least
1/4-of'boundary; male claspers-with{mo:e than 10%
yellow scales........;.4......;....;..Lﬂ........l12
Found near dry grassland or erodingiglay banks in

hot prairie habitafslcoioolll.oill.loooolo.tro.-o.li

{............;r;.....black morph of P. machéon dod f

127, /ﬁffound in predominantly forested habitats ........u.‘

veseveees....-black morph 6f P. zelicadn X machaon
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4, MORPHOMETRIC AND ELECTROPHORETIC CHARACTERS
4.1 Characters of Adults

4.1.1 Introduct1on

Only a few spec1es within the Papil!o machaon group are

easy to distinguish on the basis of morphometric characters.
The hpst divergent of these is P. alexanor Esper, which has
a striped wing pattern unlike the other species of the

group, but shares with them an apotypic larval color pattern

* L3

and_slarval foodplant. _ . .

The remaining species in the P. machaon group are much

more similar to each other with respect to adult

holomorphology. Only P. indra, whose males have an unusually

W

long tooth row on the'valvae of the genitalia, and P.
hospiton Géné whose males have an unusually short tooth row,

have diagnostic interspecific distinctions in genitalia.

There is appreciable intraspecific genitalic variation in

the remaining five of the eight species in the group, but

this occurs even within local populations {unpublished
data). Female genitalia have not been investigated in the

same’ detail as those of males, probably because these seem

»

to show even less diagnostic utility. Structural
differences, other than those in genitalia or wing shape,
havg not been reported for the P. machaon group.

Chromosomal varlatzon has not shown much taxonomlc

e

utility. Maeki and Remington (1960) reported that P, S

- .
»
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polyxenes specimens had an-extra "m" chromoscme. However, P,
machaon populations‘exhib%cad considerable variation in the .
numbec of supernumery chromosomes {(Maeki 1976). For example,
P. machéon in Japan had from one to four supernumery b
chromosomaa, which were for the most part indistfﬁguishablé
from the cemaining chromosomes. Clarke et all?1977) showed
some difference in the form of the Y chromosome between P.
polyxenes from the eastern United States and P. machaon from
Finland. They also'reported phe heteropyknotic body of males
to be useful markers in hybridization studies.‘éhromosomal
characters have not been used in-ta;'present study, largely
because of the substantial difficulty involved in obtaining
good preparations. -
| To my knowledge, there have been no reports about
enzyme allele vafiation in the P. machaon éroup. The
technigue of gel electrophoresis has p;oven to have
considerable utility in elucidating sytematic relationships
in man;\cther taxa, including butterflies {Berlocher 1984,
Buth 1984). These methods hava been modified in the present

-study for use witggthe P. ﬁachaon groug

1 Wing and body color pattern, and wing shape, have been
the main morphometr1c characters used to distinguish among
P. machaon group spec1es. For identifications of P. machaon,
"P. zelicabn and P. polyxenes, no one character is completely
dependabie, and most d1agnoses list several characters.

However, there has been no effort to rigorously quantify.

these differences usinqrmultivariate techniques.
-
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For ‘the sepération of'b. zel icaon from ﬁ? machaon
(including P. m. balrdii, P. m. oregonius and P. m. dod!),
the characters noted by Edwards (1853) are used the most. He
cited, in particular, the"shaﬁe of‘the pupil of the anal
eyespot, the amount of yellow scaling in the cell of the
ventral forewing, and the amqunt of yellow hair on the
thorax and abdomen. P. zelicaon adults are distinguisﬁed on
the basis of the rounded and centered pupil, .and the 1esser
amount of yellow on the body and wings. Additional taxonomic
characters include the forewing apical angle, which is
considered to be more pointed in P. machaon in many regions.
Ever since Edwards (1853), the foodplant and habitat -
differences between these two species have been a major
factor cited to support speciés status for these taxa where
they overlap. Although some of the southern sdbspecies of P.
machaon have at various times been considered as separate
species, the unity‘of all the A. dﬁacunculus-feediﬁg
populations has recently been recognized by Fisher (1980).

The main source of confusion between P. machaon and P.

)

. zelicaon has been the yellow morph populations in Colorado

and east of the Rocky Mountains into Canada. In these
regiéls,‘P machaon adults-are darker and the two species
are much more easily confused (F:sher, 1980). This isw
partlcularly true of the sprlng broo& of P. machaon dodf
which Hooper (1973) mistakenly l1sted as "P. machaen ssp.”
separately from hls entry for the summer brood %P. machaon

brucei” (R.R. Hooper, ig 1itt. 1980). As well, there is a

3 o
-k
.
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possibility of gene introgression from P. machaon into P.
zel icaon. M;niio; the cﬁaracter states cited by Remington
(1968a) to separate his P. gothica from Californian P,
zel lcaon tended toward those in "P. brucei" (P. m. bairdii)
from Colorado. ‘ \

Separation:of P. machaon adults from those of P,

polyxenes ‘has ‘also proved problématical. In the southwestern

United States P. m. bairdii has a high proportion of

1nd1v1duals with a black color morph very similar to that of
P p. asten:us. The two taxa have foodplant and habitat
differences simi}ar;to those which distinguish P. machaon
and bﬁ zel icaon. Color-pattern diffgrences between black
morph'P.'ﬁachaon and P. polyxenes a gpalogous to~those
between yellow morph P. machaon and P. zelicaon, in that P.
polyxenes individuals tend to have less-yellow scaling and a
more centered anal pupil (Fisher, 1980). Also, P. polyxenes
tends to have more orange scaling on the ventral hindwing.
Thé black morph of-P. machaon is reported to be very
uncommon north of Colorado (Emmel 1975), and has not been
reported previously from Canada. . %: b
In'western-Arizona énd:southeastern California, theQ
differences between P. machaon and P. polyxenes are reversed

gelative to the differences between P. p. asterias and P. m.

dodi or P. i..hudsonianus. In this region P. p. coloro is

- predominantly, 'represented by yellow morph adults which are =

very similar to P. zelicaon. P. m. bairdii, on the other

‘hand, is almost fixed fbr-éhe.black morph gene.
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) P..m. hudsonianus and -P. p. asterius have caused ,-
taxonomitc difficulties in Manitoba, where two local forms
have received names. P. m. avinoffi is a yellow form which
was distingushed from P. m. hudsonianus partly‘on the basis
of a darker wing pattern, a;a the names were considered
synonomous soon. after the former taxon was described, The
black morph P. kahli referred to _black morph adults, and
proved to be more taxonomically durable, probably because
the form appeared to Qe distinguished by more dlfferences in
wing pattern. Most ia::;Tﬂuals vere separated on the basis
of more yelloﬁ on the wings and fegulae, as well as a less
centered anal pupil (Hooper, 1973). In this way the;form was

similar'to the dark morph gj P. m. bairdii. However, it

showed much more 51m11ar foqdplant habits to those of P. p.

asterius and did not have the same degree of reductlon of

hindwing orange. An add1t10na1 feature used to d15t1ngu1sh
P. kahli was the greater similarity of the.female and male
color pattern than in P, p. asterias.

The black adult form of P. Zzel icaon, which is
relatively cpmmon east of the ﬁockies, has been considered
by some authors to be a_separafe species, named Papflio .
nitra. Fisher (1977)‘showed that in Colo;ado the black fora
is a simple genetié variant of the more common yqllgy P.

- f - . i
zZelicaon. 1ts genetic control is basically the samepas that

o

e

of-ﬁhe color pattern of hybrids between P. polyxenes anQ_P.

" machaon (Clarke and Sheppard, 1955b). ¢lthough most P.

- zelicaon and P. polyxenes adults are easily distinguiahed_

-
-9 N
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i{\Jntrogressed some distance into P. zelicaon in the western
P

consi@sred fully reliable, and Fisher (1980, p. 184)

information about enzyme alleles.
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from each other. on the ba51s of the yellow versus black

[

adult color morph, the gene for the black color morph has

art of its range. Most black morphs of P. zelicaon are

d1st1ngu1shed from adults of P. p. 'aster us in Colorado on :

_the basis of less orange on the ventral h'ndwzngs, slightly:

more yeylow on the forgwings, and fewer yellow spots on the
abdomen-(Fisher 1977, 1980). Thése differences are not .

. . . ST
described the forms as "confusingly 'similar™. Only
relativeiy subtle ecoloaical distinctions sepérate the
§peciés.

Tﬁe character states traditionally used by systematists
to distinguish émong P. machaon, P. Zé]icaon and P.
polyxenes are especially difficult to employ, because the
varigtion in color pattern in any one species is~baralleled
by the other specié; in other‘greas. Also;, virtually no
character states s;and on their own, w1thout consideration
in a probablllstlc sense or in comblnatlon with other
characters.‘For thls reason, 1 use mult1var1ate statistical
methods to prov:de more reliability in clustering groups of
similar individuals, both at- the légel of populations and
species. As well, two character sgités were sgj'vev_épd
compared with each other., Qﬁe of thése was the tfadit%gna}f}

employed color pattern data, and the second was the new
. 3 '
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4.1.2 Cluster resolution with principal components analysis

i

Principal components analyses (PCAs) were pe}formed

three timeg on the .same gpiginal 728 individuals. One
analysis was on morphometric data alone, a seé;nd.onw
electrophoretic data alone, and the third on both combined.
The PCAs of both electrophoretic and morphometric _
characters, ‘whether separately or togg;her, gave'generally
similar orientations of locality sample; (éigures 7-8).
These samples were then compared with samples from or
near the type localities of named populations, which were _

scored with the factor loadings derived from the analysis on

, _
morphometric data alone (Figure 9). From this comparison, it

- was clear that in all three principal components‘analyses‘

! . o
the first axis separated most yellow morph populations of.

Papilio machaon (No. 1,2;3;5,12,13,15) from PaprIO'zeIfcaoH
(No. 8,9,10,16,17a,18,19), the secopd axis separated Papillio
polyxenes (No.‘11,17b,20) from the previous two groups and
the third axis provided a partial separation of the P.
machaon cluéE?r,'Figures 7‘t6 8 are a représentapion of

selected populations on the first three principal component -

- axes of PCAs on either morphometric or electrophoretic -data

alone. Factor loadings for all éhree PCAs are included on
Tables 17 and 18. A list of the specimens used to derivé_the
origjan‘P@'loadiﬁgs are included in'faﬂlesjéa
Electrophoretic characters showed a close association
between P. m. dodi (Figure 7, No. 15) and other P. machaon
'suhspeciés, while morphometrigrcharactefS‘(Figure 8 and.9)

2
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Figures 7 to.9. Representative populations plotted on first

thfee principal component.axes. See Table 5 for key

S

to locations. Black circles indicate black morph

~adults, and empty circles indicate yellow mor

adults. PC 1, PC 2 and PC 3 refer to the first,

sécond and third prihcipal componeht axes, -

Figure 7. 3ﬁ.PCA on elé&trophoretic data alone. Populations

4 <

. “iﬁilude.only individuals wsed in the original
hanalyéis.
;//) Figure 8. 3D.PCA on morphometfic géta alohe, Populations
) include only individuals used in the original
Y analysisy:- ‘
Figure 9. Additjonal samples scored with morphdmetfic
( 7 loading;l Populations are partly or completely
comﬁosed éf ihdividualﬁqnot included in original
- analysis, but ‘'scored with factor loadings’from
PCA on morpzometric data alone. Most populations
are either-kopotypic gr’from close to type

- localities.
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indicated a more intermediate position for P. m. dodi -

between P. zeljcaon and other P. machaon subspecies:

' Populatlons from the Alberta ;Qothllls, such as from Bragg

Creek, were 1ntermedlate in’ both slectrophoretic and
s = bl

'morphometr1c chanacters. P om. oregon!us populatlons, which

s

are not assoc1ated WIth P. machaon in most EUrrent
publications, showed a close association with P. machaon on
the b851s of both chateeter sultes. '
Although the second axis of each of the three PCAs
served to sgpatate P. pofyxenés from both P. machaon and P.

zel icaon, the black morphs associated with populations of

predominantly ye¥low individuals were placed in an

.intermediate position’between them in those analyses which

included morphometric data. Electrophoretic characters
showed a much .closer association between the black and

yellow morphs of most popuiations. The sample size from

central Manitoba (No. 14) was relatively small, but
nonetheless the single yellow morph specimen showed a close

.

association with P.“machaon for both character types. The
L B
black samples from central Manitoba showed a somewhat closer

association with P. machaon than with- P po?yxenes on the

1
basis of electrophoretic characters, and grouped closely

with P. polyxenes in morphometric characters.-
Although plotting entire population samples on the

principal component axes served to grbup most of these with

F -

either P, machqon, P. zelicaon or P. polyxenes, the

4
assoc1atﬂons of\a number of intermediate samples were

b

L

S -
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‘uncertain. In paf%icular, this exercise did not distingdish

between samples.which ﬁepe intermediate_pecause the whole ,,;
population was inteqmediate, and samgfeg whigh‘%pntaigéaﬂa

mixture of individuals of mg@%ﬁéhan-ong%gf 5;: above o
spécies. To facilitate such a distinction, the sco;es-of all |
the individuals within a region or at a locality were

ﬁfgéted as freguency histog;&ﬁ% on principal component axes{g?f

Since there seemed to be regional trends with respect to Ehe

‘frequency of intermediate individuals, the total sample used \

o

in the original PCAs was divided into five major redions, as
shown by Figure 10. The frequency histograms on the first . -

angrsecond principal component axes of all three PCAs are
v - Ller - ‘571' -

D - BN kX

shown on Figures 12 and 13. -
Both morpﬁometric and electrophoretic characters
provideﬁﬂ% good ééparation of P. machaori from P. zelicaon in
southern and central British Colgmbia, as well as in the
Peace River region. The few specimens which were
intermediate on the basis of either character type grouped
with P. zelicaon when both character types wefe considered
.tqgéther. The sample from séuthern Alberta and Saskatchewan
sh;§1d a rs onable degree of clustering on the basis of
electrophgrétic but not morphometric charactergi and the low
frequency §ection between these two clusters was shifted
toward P. ée]icaon when both character suites were -
_considered simultaneously.

When samples from the southern Alberta and Saskatchewan

region were considered separately, it was clear that the
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Figures 10

. Figure 10.
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tO 1 1 - Ed __'.' h?.
Western Canada, showing 5 major regions,

1. southern and central British Columbia
( :

2., Peace River region
3. central Alberta

4. .southern Alberta and Saskatchewan

0

5. Manitoba and eastward 1

»oe

Dots show localities from which specimens

were used in theéfinitial PCAs
W

X
) "

- ]

Central and southern Alberta, with major
localities. Localities refer to those used in

3

figures 14 and 15.
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each of five major geographic Tegidns (Figure 10):

3.

1= s + cent. BC,

indicate bhlac

3= cent. AB,,

orphs.“Dashed lines indicate

X g

A

s AB

ns used 1in original

divisions between taxa, as referred to in text and.

Figure 22..Mo. =

electrophoretid characters,,

N

morphometic characters."E4 =,

At
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-
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Figure 12. First compenent axes,\byfmajg;\region.

Figure 13." Second component axes, by major region:
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Figures 14 to 15. Locality samples plotted on . first, .
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text and Figure 22.‘Mo. = ﬁorphqmetcic characters.
E4 = electrophoretic characters.

Figure 14. Central Alberta samples plotted on PC.H,

Figure 15. Southern Albérta and Saskatchewan samples on

pC. 1,
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frequéﬁries of P. machaon and Pq-zeficaon differed greatly

“ ‘iby.localit:y (see Figure 15). Speclmens collected along high

rivew: banks were’llkely to be more szmllar to P. machaon
from other regions, especiq}ly in electrophorgtic
characters. Specimens from prairie hilltops were more likely
to belong to P. zelicaon. This situation was well
illustrated by the locality samples from the Drumheller *
regionf{for locations see Figure 11) The sample from the
river:bank just above the town ;f Drumheller contained only
P. m. dodi and a few intermediate specimens. There were
mosrly just P. zelicaon in the samples from the He;d Hills
and the western part of the Wintering Hillg, which are about
15 and 12 km, respectively, from the#nearest deg¢ply cut

e

river valleys or ravines. There was a ﬁixtﬁre of both
SpECleS at a hllltop on the eastern part of the Wintering
Hllls, which is about 4 km from the nearest deep'ravine and
6 km from the banks of the Red Deer River.

This pattern was basical%y the same as tﬁat found in
southern British Columbia,\where:P. m. oregonius is found in
the dry grassland habitats of the central Interior, while P.
zel Icaon ig far more common in forestedfand.wetter habitats.
In.the Peace River reg1on P. m. p!kei also tended to be.
found ‘on the dry r1ver banks and P. zel:caon on the hills
farther away from the river. However, an added complication
here is that anotherﬂsubspec1es P. m. aliaska, frequents

the boreal and especially the alplne regions of northern

British Columbia, nortH of the Peace River.



’ Alberta, there seemed to be a d1fferent sort of relati nshlp

;?»In the predomlnantly forested regions of central
i

-

betweenkP.;maChaon andP. zelicaon}fF1gure 14). At the
port%ern localities (Marten.MtJ to Adamsinkt.) there was a
predominance of‘electrophoretic and morptometric character
combihatians which tended to resemb}e P. zelicaon, as well
as a Slgnlflcant proportlon of more intermediate

1nd1v1duals. There wasg, however, a ‘relatively small number
@

of individuals 1nd15t1ngu1shab1e from northern P. machaon,

even when the two character types were considered together,

-

‘and it was unclear whether these formed a distinctive group

from .he others. In the more 50utheriy localities (Buck Lk.
to Bragg Cr.), the different phenotypes evident in the north
tended to merge even more. Populations from single

localities were composed of -a few individuals mhy

. L
v : . .

indistinguishable from either P. machaon or P. zel icaon, but
the majority were intermediate. There was a single peak near
the midpoint betwgen the two extremes, which tapered off
smoothly to either side. The differént phenotypes all
occurred within the same ﬁabitat as well.

The most P. machaon—liké individuals from the southern
foothills of Alberta had morphometric char;cter combipations
more similar to P. m. hudsonianus than to P. m. dodi. In
fact, no specimens were collected on the sSouthern prairies
which were as P. m. hudsonianus or P. m. ‘éliaska—l‘ike as a

few individuals which were taken at Bragg Creek and buck

Lake, at localities which are geographically close to P. m.

~ % T . | | | -
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" dodi populations. This suggests that the-hybrid populations "ﬂffr

':g are at; least pértly.a product of hyhridizatipn_betwqgn P.:
. zéfjéaon and the more northé;ly P. machaonlraces, rather
tha;Xwith P, m, dbdi. On the other hand, most aof the
— specimens: from these twoélpcélities tended to be Qery
similar to P. m. dodi in morphometric characéers, while most
were more intermediate between P. zelicaon and P. maéhaon in
electrophoreti;,Eharacters. ngs suggests that the very
similar wing and.bodf-coloé pattern cémbinations which occur
in. both P. m. dodi and thé:hybrid swarms may have arisen in
different:wéys. B - _ ) o
In Albefta,_the Black'wing color morph occurged
together with the moré’common,yellbw members of bééh P.

machaon and P, zelicaon. These specimens had a range of

electrophoretic character combinations matching the e

3 A

. 1 i : et - - * ‘ o
remainder of the population they occurred>with. This applied,

'u

to individuéls cpllected with other P. ze icaon specimens on,
prairie hilltops, the intermediate hfbridhpopﬁlations of the
Alberta foothills, and the P. m. dodi collected along dry
_griver banks. On this basis it appears as though thié morph

has become a regular part of -all of these populations.

Although the black morph in many respects resembles P. p. .5W-,

asterius, there was no good electrophoretic evidence of

hybridization with P. polyxenes in these populations.

The situdtion in Manitoba was far less clear {Figure
16), though thére probably are hybrid swarm popqlatiohs in

3

this region as well. These hybrid populations appear to be
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,ngﬁéas 16 to 17, Dashed lihes indicatg divisions between

=» taxa, as referred to in text and Figure.zg. =

A o ' LA
morphometric characters. E4 = electrophoretjc ‘\k

characters,.
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Figure 16’ Area samples from Manitoba and eﬁgéwafd. N
. . i .

Samples adre plotted on second component axes, and

some include individuals not included in original

PCAs. Black morph individuals are indicated by

. gt 25
darkened portions of histograms. Geog;aphic
AN -

areas: 1. nMB + SK¥= pé;thern Manitoba and
northern Saskatchewan, g. Duck Mouﬂ;ain and
Riding Mountain Parks, 3, sMB + nND = southern
Manit5£a=and ﬁbrthern North Dakota, 4. ON + WN =
Ontario and Wisconsin.

-

Figure 17i Adults reared from wild-collected larQae.
H{stogrém key: darkened = larvae on Artemisia
dracunculus, cross-hatched = on Artemisia
arctica, clear = on umbellifé{gis laggalj

lo

hostplants. Individuals are plotted on first

component axis of PCA on combined character set
) :
and include only those used in original PCA.

Regions refer to those indicated in Figure 10.
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the result of interactions between P. machaon and P.
polyxenes, rather than between P. machaor and P. Zelicaon as
in central Alberta. The dramatic effect of the gene for the
black'wing morph made it more diff'cult to demonstrate

-\
phenotypic intermediacy in morphometr

characters and 1 was
able to eléctrophorese only a small nu ber of individuals

from central Manitoba. However, popula scored on the

second PC axis did tend to be intermediate i

-

roportien of

tend to take on

electrophoretic characters. Also.a sizable
blaék morph individuals in central Manito
character states found in P. machaon. For example, most havé
a club—éﬂaped anal pupfl and many have more yellow on the

{

tegulae and apical forewing cell s®an in P, p. asterifus from

southern Ontario or the United States.

4:1.3 Adult charaéters versus larval foodplants

) _The separation of P. machaon from P. zelicaon and P.
pblyxeneé‘on the basis of electrophoretic and morphometric _
characters was supported by a comparison between'individuals
coilqcted as larvae on different foodplants. The scores of
addiﬁs reared from Artemisia were blotted against those of
iﬁd{;ﬁduals reared on various species of Umbélfiﬁgrae, on
the first PC axis derived from both the electrophbretic and
',“kke morphometric characters combined., This showed a fairly

‘good separation between the foodplant groups in most regions

(Figure 17). In the Peace River region the individuals

reared on Artemisia arctica from alpine habitats grouped



»

r

.morphometric characters result in a somewhat closer

94

v

With those reared on Artemisia dracunculus from dry, grassy
river banks. The P. machaon from southern Alberta and
Saskatchewan, reared on A. dracunculus, were also separated
fggm Py zelicaon on this basis, althougﬁ'their'more similar
grouping. The single P. machaon-like-individual reared from
central Manitoba was obtained on umbellifers.

The specimens reared on A. dracunculus from central
Alberta were colleéteq at Nevis 3unction, on a northward
extension of prairie habitat along the Red beer River. These
adults resembled the P. m., dodi from further SSGE% aldng the
river-and were uqdoubtedly just an outlying population of
this raée. They also, however, resembled some speéimens
collected on umbellifers further to the west. Larvae of the
hybrid poﬁuiations from central Alberta feed on umbellifers,

and in this respect are similar to P. zelicaon. Reared

-~

‘-“
material showed the same wide range of phenotypes as the

-
“ o

wild collected adults.

Since PCAs on the total sample from westernfcﬁaada did
not provide a very good separati?n between P. machaon ;Hé P.
zel icaon from central and southern Alberta on the basis of
morphdmetric characters, an attempt was made té do this by
discriminant factor analysis (DFA) of foodplant groups.
Three foodplant groups wére defined. The first included all
the specimens reared from 4. dracunéulus in either southern
or central Alberta. The second included all the material

from umbellifers in the southern Alberta region, all of

V-
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Figures 18 to 19. Reared adults plotted on discriminant

axes, including only those used En original
dispriminant analyses. Numbers indicate more than
one-daba point with the same coordingtes..circle§

. indicate maximum diameters of the three_ériginal

groups. Dashed lines indicate locations of
populations from opposite figure.

Figure 18. 2D.DF£ plot of reared samples: southern
Alberta. On A. dracunculus (+) N=119; on
umbellifers (triangles) N=22

Figure 19. 2D.DFA plot of reared samples: central
Alberta. Only umbellifer-reared individuals
shown, N=45

]
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Figufes_éb'to 21, All adults from central and southern
Alberta (AB), and southern Saskatchewan (SK},
plétted on first discriminant axis. Reared
individuals are indicated'ag subsets.

Figure 20. All sou;hern AB and SK specimens, plotted on
DFA.1. N=497, including N=119 reared from A4.
dracunculus and N=22 reared frgy umbellifers"

Figure 21.- All central AB specimens,uﬁlotted on DFA.1.
N=481, f;cluding N=7 reared from A. dracunculus

and N=45‘reared from umbellifers.
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which were from Ange_? ica, Lomatium or Heracleum in the
Waterton Park and Cro@snest Pass area. The :third group
included all the adults reared from ellifers in the -
central Alberta region., The morpho;;:TTE“Eh racters’used in
.
this analysis were the same as those used ii\the PCAs,
except that only 10‘characters were used due to the fact‘
that one character (tequla color) showed.no v&riation in the
groups defined above. The discriminant axis loadings are
included in Table 17. .,

A% with the PCAs on electrophoretic characters, the DFA
gave a fairly good separation of P. machaon and P. zelicaon
in southern Alberta (Figures 18-19). However, the umbellifer
feeders from central Alberta did not separate very well from
either of the other two groups. When all.the wild collected
adults from these regions were scored on the first
discriminant axis (Figures 20-21), }hey showed a
distribution of character combinations similar to that
obtained from reared material. This indicated that the
rea;ed material probably included'% representative sample of
the foodplants which larvae of‘theségpopglations feed on in

-4 n *

nature. v

4.1.4 Tests for-Hardy-Weinberg equilibrium

" Chi-sguared tests for deviation from Hardy-ﬁ%inberg
(HW} pfobortions of enzyme genotypes can be ﬁsed as an
indication of whether or not gene flow occurs relatively

freely within a population. A sample showing a significant
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excess of homozygous genotypes at a particular locus
suggests some sort of genetic incompatibility between the
different allelles. In the context of this study, I assume
that homozygous excesses indicate the likelihood of

assortative mating or bigher heterozygote moxtalities, which e
iq turn suggest the presence of more than one species. I
also assume that the different enzyme banding patterns are
inherited, and for that reason I refer to "genes” rather
than "electrophoretic characters” in this secfion.

Figure 22 includes all loci which showed a difference
from HW proportions at the 10% level in at least one of the
five major geographic regions. Six loci are included. éince
numerous tests for HW egulibrium were performed, at.least
some of these are likely to show\gignif?cant differences,
due to sampling errors, when this really is not so for
natural populations.

HW tests on the six loci showed that all five of the
major :egioqs had at least one locus with proportions of
genotypes different frog equilibrium at the 1%- level. This
suggested that ﬁore than one species might be present in .
each of the regions, However, the pattern of deviationikrom
equilibrium, and the loci which deviated, were different in
each of the regions.

In southern and central British Columbia, there were
highly signifieant excesses;of homozygous genotypes at the

Est-4 and G-6-PD loci. These excesses disappeared when the

total regional sample was divided into two groups on the

-
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Figure 22, Hardy-Weinberqg equilibrium tests on
subpopulations. Six loci are éhown as squares
within bar for each population. Significance
levels (key at center left) refer to de&iation
from equilibrium. Names for some populations \

'refer to population divisions based on artificial
criteria, such as arbitrary points on

discriminant axes.
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basis of the clusters formed on the first BC axis of the
analysis on bath electrophoretic and morphometric

characters, and the tests wére rerun. This corroborates the
hypothesis that there are two species in that region. The P.
m. oregoniua_subs;mple showed an excess of heterozygotes of ©
the Prot-2 locus whieh was significant at the 3.3 % level.

No biological explanation is offered for this. .

The total sample from the Peace River region shéwed
large deviations from equilibrium in five of the six loci,
ali of which were due to homoiygoée excesses. When it was
subdivided in the same way as for southern British Columbia,
most of these excesses were eliminated in the P. machaon and
P. zelicaon subsamples. A further subdivision of P. machaon,
on the basis of the habitat the individual was collected in,
eliminated the slight excesses in the Est-5 and IDH loci,
and supported the division of P. machaon in this region into
two ecological races, P. m. aliaska and P. m. pikei.
However,'a small homozygote excess showed up in P. m.
aliaska in the Prot-1 locus. The biological significance of -
this, if any, is unknown, though a reasonablyﬁlarge allelle
frequency,giffe;eﬁce at this locus between the two races
should be noted. . A

The central Alberta regional sample was very different
from the previous two, despite the fact that the total
sample had fairly high frequencies of both of the pairs of
alleles at the Est-4 and G-6-PD loci which normally |

distinguish P. machaon and P. zelicaon. The total sample
»

(_J
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contained genotypes which were not much different from
equilibrium at any of’th .loci, except Est-5. When P,
machaon was.separated from P. zelicaon in the same way as_
for theJPeace River and southern B.C. regions, the highly
significant homozygote excess was retained ih the P,
zelfcaon subsample. A division of the total samble at 4.0,
raﬁﬁerythaﬁ 3.0; on the—same PCA axis showed a slightly
significant excess of heterozygotes at the IDH locus.
Clearly, the second division furnished subsamples more
consistent with the hypothesis that there are two species in
that region. However, Et div;ded the total centr;l Alberta
sample down the middle of a somewhat bell-shaped curve of
character combinations (Figure 12), and may simply reflect
the large contribution of the Est-4 locus to the scores on
that axis. : -

When the sample from the central Alberta regfgn was

divided into three subregions (a northern, middle and

southern one), both the northern and southern subregions

LY
(]

appeargg not to be significantly different from equilibrium
at the Est-4 locus either, despite the higher proportion of
alleles characteristic of P. zelicaon in the northern
subregion (ref. Table 8). This was especially interesting in
the sample for the southern subregion, since it WAS composed

of spEtimens from only a single }ocality at Bragg Creek. The

.deviation from equilibrium in the Bragg Creek sample at the

IDH locus was caused by an excess of heterozygotes. The

sample from the middle subregion continued to show an excess
: ).
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0) of homozygotes at Est-4. When the specimens reared on
differgnt foodplants were considered separately,. it wa;
clear that a slightly less signifiEant excess remained at
that locus. These adulﬁs were obgained from larvae collected
on uﬁbellifers, and *all were on Heracleum plants.

The highly significant homozygote excess was retaied.
even when the largest sarilrple from a.si‘ngle locﬁy in that
subregfén, Buck Lake, was considered_separately {not shown
én F{g. 22).'This iocality is, to the best:of mfjknowledge,
about 80 km from the'nearest stand of Artemisia dracunculus.

These results suggest that P. machaon and P. zelicaon have

merged their_gene pools-in a large part of the central

Alberta region, although not-all loci are at equilibrium in

the middle part of that region. .
" The regional sample from southern Alberta ‘and

Saskatchewan showed significant homozygote excesses at three
“loci. A division~of the sample on the basis of scores on the
firstqggﬁﬂsgislof the analysis on both morphoﬁetric and
electrophoretic characters eliminated the excess at the

Est-4 locus, but only reduced it at the IDH and G-6-PD 1oci:

When the sample was divided on the basis of scores on thej-

first axis of the discriminant analysis of reared specimens,

the homozygote excesses were retained at the Est-4 and IDH
loci. The division ;f-the sample from this region into two
species is supported by the fact that the homozygote

1
excesses were partially reduced even when the sample was

subdivided on the basis of just morphometric, characters.
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Hoeever, this sﬁbdivision is far from being as good as that'
effected in the southern Btitish Coumbia and Peace River
regions, One teason may se a higher probability of incorrect
species assignment, dde.to the greater morphometric
tsimilarity between P. machaon and P. zelicaon from this
, region..’ : 59" : l

A second expfénation is that, even though the species
retain a eeparate genetic identity, there is a biologically
signifitaﬁt amount of gene introgression between the
species.  The rate of introgression may differ between loci,
as for example between Est~4 and G-6-PD. ThlS suggestion is
supported by the fact that these two loci have very 51m11ar
allele frequency differences between P: machaon and P.
Zel fgaon in the southern British Columbia and Peace River
regions, and yet G-6-PD seems to have reached equilibruim
before Est-4 in the miééle part of the hybrid zone in
central Alberta. T

In the region which included samples from Manitoba,
Wisconsin and Ontario,_ there was also e@idence for two
species, with some hybridization between them., Here the mein
allelles distinguishing between P. polyxenes and P. machaon
‘were G-6-PD and Prot-2, rather than G-6-PD and Est- 4, as- |
between P. zelicaon and P. machaon. The total regl'bnal
sample had several szgnlflcant dev1at10n5 from equ1l1br1um
When it was d1v1ded on the ba515 of scores on the second PCA
axis of the run on both’ morphometrlc and electrophoretlc_

characters, which essentlally separated black morph from

-

=
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yelléw morph individuals, then a highly significéﬁt

deviation reméined at the G—S-PD'!ocus in the sample

comprised of black morph specimens. These deviations were
eliminated when the region was divided geographically into

three subregioné. The main difference from the previous
subdivision was that one yellow morph and nine black morph
specimens were placed in a group by themselves. Under both a o
schemes there was a significant excess of homozygotes in the C::),
Est-4 locus of the northern Manitoba sample. This was due to

the presence at Thompson of 2 individuals homozygous for the -
"B" allele (most common in P. zeljcaon), compared with 6n1y;.

4 heterozygous individuals and 33 indi;iduals homozygous for-

‘the "A" allele (most commom in P machaon and P. polyxenes).

I can offer no conv1nc1ng blologlcal explanatlon for thlS
situation, since Thompson is many hundreds of km fromighe

nearest localities where P. zelicaon specimenslhave been

foqnd. Instead I suspect ?t may be due to sampling error.

Cléarly there is more work needed to ascertain species

relationships in Manitoba.

4.2 Diagnosis of Adults and Ranking of Tax#

For the purpose of quantltatzvely tabulating characte:
variation, 13 major populatlons were defined. The
arrangement of these groups was based on both ¢
electrophoretic and morphometric characters, and the groups
resemble thoée describéd in the previous sectionswinﬁolviﬁg‘

multivariate analyses and Hardy-Weinberg equilibria. The
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table about .electrophoretic characters (Table 7) inqlﬁdes S

’
N

some specimens for which not all loci were scored, But for i
““which it was possible to be certain of their identification /i/

-

'55y reference to their morphometric characters. The table for
: \

morphometric characters {Table 6) includes data for;équ'

.

those specimené used in the PCAs. N AN

4.2.1 Papilio machaon

In general, P. machaon adults from_western Canada were 1
distinguished by yellow hair on the ventral part of the
thorax and abdomen, yellow scales covering most of the 7.
forewing disc on the ventral side, and the anal pupil
connected to the wing margin, whether club shaped or a thin
line. This result verifies the utility of the adult color
pattern characteé¥s used by others to identify this species.
In electrophor@tic characters, P. machaon individuals were
distinguished by the A allele at Est-4, the C allele at
G-6-PD and a relatively high proportion of D alleles at IDH.

P. m. dodi specimens were more difficult to identify in
the absence 0of electrophoretic information, but could best
be distinguished from the P. zel icdaon populations symﬁatgic
with them by the club shaped, connected anal pupil. I have
examined thé types of P. m. dodi in the Canadian National
Collection, and they definitely belong to the race of P.
machaon whose larvae feed on Artemisia dracunculus on the

prairies of southern Alberta and Saskatchewan.
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Subspecies of P. machaon in western Canada were best
separated from each other by locality and habitat, though
there were major changé; in the frequency of particular
states of several characters, including IDH, ODH, Est-4,
Prot-1 and Prot-2. Though almost all specimens of P, m.
oregonius and P. m. dodi from weste; anada can be
distinguished by both adult and-}é{fzzccolor pattern, these
two subspecies grade into each other in western Montana and
southern Idaho. Since the zone of intergradation is narrow,
relative to the pheneticafly more homogeneous rang;s of the
subspecies, I recognize thespopulations on either side of
the continental divide in Montana and northward as separate
subspecies. o~ - - 5

I am unéertain of the extent and location of the oo
intergradation between these subspecies south of Montana In
Utah and Colorado, the black adult wing morph becomes more
common (Bmmel, 1975) and/the name P, machaon bairdil should
be applied. The name P, brucei has been-applied to yellow
morph adults in polymorphic’®populations within the range of
P. m. bairdii, .Its type locality is from the northern part
of the major clinal shift to yellow forms, and its use in a
subspecific sense is probably not of much value. I follow
the practice of Fisher (1980) and Miller and Brown (1981) in
treating the name as a junior synomym of P. m. bairdil.

The previous subdivision of the southern subspecies of

P. machaon as separate species is probably a consequence of
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‘W.H. Edwards' rglatiyely typological.species concept, and

‘%me natural tendency of many workers to view the black morph
adults as,fundamentally different from th?‘yellow morph
adults, However, black monPh adults of P, méchaon occur, in
lgy frequencies as far nofth as Drumheller, Alberté, where
théy are electrophoretically identical to the yellow morph
adults. Hence, I feel that the inclusion of P. bairdii in P.
machaon is an inescapable consequence of the application ;f

the biological species concept to gegéraphic clines.

4.2.2 Papilio zelicaon and hybrids

P. zelicaon individuals from western Canada could
generally be recognized by the black hair on the ventral
part of the thorax and abdomen, black or almost black
ventral forewing disc and the rounded, centered anal pupil.
As in P. machaon, these characters match those previously
used in traditional taxonomic treatments. Important
diagnostic electrophoretic characters included the B allele
in both the Est-4 and G-6-PD loci.

I do not believe that any formal subépecific divisioné
should be recognized in P. zelicaon. The species is composed
of innumerable slightly differentiated populations, all of
whose adultvfegtures appear to grade into each other. Local
foodplant andxclimatic adaptations of most populations are
usually far moré-prbnounced than are the relatively minor
differences in mofbhometric characteristics. I believe that

the recent practice, of referring-to the populations which
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Remington (1968a) named P. gothica as P. zelicaon nitra, is
unwarranted. Yellow morph adults are more common than the
black form even at the type locality of P, nitra, and I find
the eastern and western yelioﬁ morphs of P. zelicaon to be
impossible to separate with any degree of consistency.

The pfesumed type of P. zelicaon Lucas was examined for
me in considerable detail by G.E. Ball in 1980, on a trip he
made to the Paris Museum. Using Ball's description and
comparative material, as well as photographs which were
taken of the specimen, features of the type of P. zelicaon
were checked against Remington's (1968a) diagnosis of P,
gothica. The specimen.qs closer to Remington's conception of
P. gothica than his conceﬁfion of P. zelicaon. This is not
surprising, since as Shapiro (1975) and Emmel and Shields
(1980) pointed out, P, zelicaon from the type locality in
central California has undergone basic ecological changes
since its description in 1852, while the remaining
populations at higher altitudes in central California are
still very similar in appearance to topotypic P. gothica.

In some regions, particularly central Alberta, there
was a high proportion of individuals with intermediate
character states, or character combinations which .placed
them in an intermediate position between P. zelicaon and P.
machaon. These were considered to be hybrids, and such
individuals formed the majority of some populations. Since

these populations included individuals with phenotypes

occupying the complete range between the typical parental
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forms, many individuals were difficult to identif; as
hybrids. Hybrid populations were also highly variabie in
composition, and were onl& identified as such when they
showed a a unimodal distribution of phenotypes, of which the
peak was clearly intermediate between the parental species.
. The P. zellicaon X machaon hybrid swarms in the Cypress
Hills have been much less completely documented -than those
in central Alberta. I designate‘éhese populations as hybrid
swarms mainly because most individuals look very similar to

-

the hybrid material collected in the sodthern part of
Jgéntral Alberta. As well, they are intermediate in wing and
body pattern between the P. machaon and P. zelicaon
specimens collected in the prairie habitats surrounding the
Cypress Hills.

In regions where hybridization between P. zelicaon and
P. machaoﬁ is rare, it is possible that there are structural
isolating mechanisms between the species, in addition to
behavioral ones. This wés suggested by the only natural
interspecific mating which-I have observed in such regions
of sympatry. The mating took place aé Taylor, at a site
where P. m. pikei adﬁf%s are common, and involved a fresh P,
zelicaon female and slightly worn P. machaon male. They
remained in copula for at least 11 hours before they
separated. Such an abnotmally long mating (Clarke énd
Sheppard, 1956b) may be an effect due to the the disturbance

of being netted, but seems more likely to be due tb some

sort of prezygotic mating disfunction.
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4.2.3 Papilio polyxenes ;ﬁd hybrids

Most specimens of P. ppolyxenes were easily
distinguished from those of P. zelicaon, P. machaon epd -
theff hybrids by the mudﬁ’ﬁreater aﬁount of black scaf;s 6n
"the hindwing, covering more than half of the hindwing disc, J
and yellow spots rather than a broad yellow band on the
sides of the abdomen. Segaration was also'based_on.ihe K
allele of G-6-PD and the A allele of Proﬁrz.

A small proportion of P. polyxenes-like individuals
were noted in P, éelfcaon, P. machaon and their hybrids in
western Canada. These, however, had £§e same electrophoretic

e C s }
alleles as the yellow morph individuals they were found _
£

with, ahd could also be distinguished {Fom#P. polyxenes_by
the greater amount of yellow on the tegula and apex of the
forewing, as well as the lesser ;mount of orange on the
postmedian band of ‘the ventral hindwing. Since the black
mérph'specimens of P._zeficaoﬁlfrom Alberta prairies were
identicai in appearance to a series whiéh I have seen from
the type locality of P. nitra in the Judith Mountains, there
is ng_feason to expecf these individuals to comprise a
separate species in Montana, either.lAlthough the
morphometric differences between P. zel icaon and P.
polyxenes in western Canada‘suggest a greater ease of
species identification than Fisher (1980) reported in
Colorado, I'expecﬁ that I would have found similar- ~
difficulties if I had been able to obtain a larger sample

from localities where these two species are in closer

«“
+*-
>
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contact in southern Saskatchewan.

Since the interactions of P. po]yxenes with P. machaon
" and P. zelicaon in western Canada are not well understood I
rely on the opinions of authors who are familiar with the
three species. in the weste;n United States (eg. Ferris and
Emmel, 1982; Fisher, 1977 and.1980). These authors have
consisteatlylreported that P. polyxenes maintains a distinct
genetic identity from both ‘P. zel icaon and P. machaon
throughout most of their .region of potential interaction. As
well, althdugh electrophoretic characters indicate some
intermediacy in central Manitoba, it should be noted that
samples of P. polyxenes from Ontario and Wisconsin are as
different from P. zelicaon and P. machaon as these two
specie;?are from each other. - ‘

Most of (the épecimens of P. polyxenes from southern
Maaitoba are indistinguishable in appearaace from P, p.
asterius from Ontario and the eastern United States. The
remainder show aigns of introgression with P, machaon.
Spacimens eahibiting substaatial introgression are
designated as P. polyxenes X machaon hybrids., The
-identification of such natural hybrid specimens is supported
by.compafisons with those obtained by artificial
hybridization. In particular, many of the. ad*lts collected
in central Manitoba appear very similar or 1dent4cal to the
“hybrids obtalned‘by other workers_ (see partlcularly Cla;ke

and Sheppard, 1953, 1955a; Ae, 1961, 1964; Remington, 1958,

196Ba). The same applies to hybrid specimens of P. zelicaon
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and P. machaon from central Alberta. These studies clearly

indicate the genetic basis of these characters, and for this™

reason I have used several of these characters in the -

morphometric portion of this study. I ¢onsider the

similarity between the expefimentally produced and

wild-collected specimens to Be'strong evidence for the

hybrid origin of the collected material: -

Two taxonomic descripfions refer to adult forms which J

_are due to hybrigization between P. polyxenes and P.

ﬁrac:haon. These are P. kahli and P. m. avinoffi, both of -
which are referred to in this study either as black or
yﬁglow wing morph adults of P. polyxenes X machaon, ér as b.
polyxenes X machaon and P:. machaon X polyxenes,:

respectively. My use oflthese names is based on photographs

-1 have seen of the holotypes. I have also seen several
paratypes, 'ﬁhese differ slightly from one another, as

well as fr the hdblotype. At least one of the female

paratypes o i in the Canadian National Collection
seems to me to be identical to typical P. p. asterius
specimeﬁs. My opinion was apparently shared byIJ.D.
McDunnough, who indicated his opinion on a folded slip of
paper attached to the specimen pin.

ﬂ Specimens which fit the description of P. m. avinoffli
were obtained by ﬁemington'(1958, 1968a), when hé crossed
two comparatively yellowish black adult morph individuals
from central Manitoba, and got somé yellow morph as well as

black mo}ph offspring. The avinoffi form tends to grade into

-
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more t}ﬁ%cél P. m. hudsonianus and .so iQentificatdén of
'specimenS'ié arbitrary. )«\' |

.The systematlc relationship of P. po]yxenes and P.
machaon in central Manltoba clearly needs more 1nvest1gat10n
than I have provided in the present study, The recognition
of central @anitobé pépulétions as iﬁée;spepific hybrid
popula;ions; faﬁher than_as intefme&iates.bétween
:Subépeéies,‘éilows:the retention'offegtabliSHed taxonomit”
‘ipractlce, pendlng a.more thorough study of these tﬁé taxa in
’thls reglon, as well as elsewhere 1n th31r ranges.
S . . :
4.2.4 Ranking and- accuracy of identification

The distribution of morphometric and -electrophoretic
character states showed, in several ways, that more than oﬁe
species of the P. machaon group was present in western
Canada. First, multivariate analysis of either of these two
character suites indicated‘three major clusters of
individuals in ;Estern Canada, and two major clusters in
each of four of the five regions in western Canada. Second,
enzyme allele genofypes'suggested interruptions to gene flow
which corresponded to the breaks between clusters in most of
western Canada. Third, the morphometric and elec£rophoretic
character distributions showed good correspondence with each
other, as well as with ecoloéical features such as preferred
habitat and larval foodplant. This character concordance

applied to areas where there appeared to be a large amount )

of inEerspeciﬁic hybridization, as well as those in which
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species appeared to‘ihterbteed very little. The characters
of wing‘and body color pat;ern,’which had been used by
taxenomlsts in the past to distinguish between spec1es,
1argely held up under cr1t1ca1 examlnatlon. A few 'ﬂftx”
electrophoretlc loc1 were also dlagnostlc for Spec1ee, and
S0 gave addltlonal 1nformat1on about 1nter and
. 1ntrapopu1at10n relat1onsh1ps
However, since there was ev1dence of hybrldlzatlon
-betwe;n each of the three spec1es the ranklng of some
-populatlons as spec1es, and others as 1nterspec1f1c hybr;é
- SWdrms or subspec1es, was partlally arbitrary. ThlS was
“resolved by an arrangement_that'reflected the fact that
epeeies hybridize onlf rarely ngr most of their sympatric
range, and‘wﬁich also involved a minimum_of change in
existiné taxonomic arrangements. SinqalprevidUs taxonomic
arrangements were not based on electrophdretic characters,
. consideration of this character suite allowed an independent
confirmation of the bioclogical significance of these
.arrangements. |

The electrophoretic characters also allowed_a more
direct comparison with the degree of genetic similarity
between species of other, unrelated, taxe. This comparison
was obtalned by calculat1ng Nei's (1972) Genetic Identity
(I) for all comblnatlons of each of the 13 geographically
separated populations of the P. machaon group which showed

little or no internal interruption in gene flow. Nei's

Genetic Identity is the most commonly used of several

~
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standardized genetic similarity coefficients, and I has bee
. .
‘determined for a wide variety of taxa.

Of the 13 major® populations distinguished in this
'ﬂﬂ'igfudy, all pairs listed as separate species had I salues
less than or close to 0.85 (Table 8). These pairs included
* those populations from the threes regions in which P._machaon
aﬂd P. zelicaon occur sympatrically. Thorpe (1982) showed
that when two populations have an I value of less than 0.85,
VF%e probability is very high that they are distinct species.™

.

‘. 'Thus, despite difficulties in separating i

ividuals of some
LIS -

populations on the basis of morphometrig’ characters, as well
as the presence of several hybrid swatms, genetic similarity
coefficients based on elctrophoretic characters suggest that
at least the main clusters'were.different enough to rank as
separate species. o e

I values can alsb be used to make intraspecific

pairwise comparisons. About 80% of conspecific I values are

above 0.95 (Thorpe, 1982). In the present study, all the .
f

combérisons of popglaﬁions within P.. machaon and Fﬁ ze)icébn
‘were close to or above 0.95. . |

+ The interval between 0.85 and 0.95 is occupied by a few
values from interspecific pairs and a much laf%ef proportion
of intraspecific pairs. In the P. machaon group, those
comparisons which involve hgbrid swafms and one of the
parental species generally show I values between 0.85 and
0.95. Several of these, however, resemble one parental

épecies more-than the other and show I values above 0.95
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“when compared with the more similar species. For example,

the northern part of the P. machaonfk zZel icaon swarm 1is
closer to #, Zel icaon, while the southern part (Bragg Creek)
is more similar to P. machaon. This result could have been
expected on the basis of morpﬁometric character
similarities. Hoqg?ér, the central Ménitopa population is

much more like P. machaon than P. polyxenes, a result 4n

contrast to that which might be expected on the basis of ,

;‘ﬂorpﬁbmét¢ic similarities fforwrough comparisons see 3D PCA

scores in Figures 7-9).

Without information about locality, habitat or
eleétrophoretic alleles, I estimate that I am able to
correctly identify 95% of all specimens from western CSHada
as members of one of the groups listed in the key in the
pfevious chapter. My accuracy ig,.probably higher for
distinguishing P. machaon from P, zelicaon in the absence of
a large h;;kid swarm. P. zelibapn X machaon and P. polyxenes
X macﬁaon hybrids,'as well as P. m. dodi, are more difficult
to distinguish from each other and I estimate that I can
correctly identify about three quarters of all such
spécimens with only morphometric information,

Diagnosis of specimens en the basis of morphometric
characters in the key was found ‘to be fairly reliable when
compared to scores obtained from PCA factor loadings.

Several characters used in the keys were not used in the

original multivariate character analyses, generally because
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they were difficult to score consistently. Both the key and

PCA factors produce arbitrary divisions which are not ‘
. . Ly IR : T

particularl£4;eaningful in hybrid populations.

Since the five subspecies Of P machaon are allopatric,
or parapatric and separated by habitat in western Canada |
{see next chépter), it is possible to qbtain a‘more precise
estimate of acéuracy of.{déntification. Us{ng habitat and‘hf
geographic range to define groups, I performed a |

discriminant function analysis on the five subspecies, using "

— .

" tHe mofphometrid-and.electrophoretic chatacters which wete

-

employed in the multivariate analyses in previous sections.
Since sample sizes were small, only the 27 variables which
showéd more than 10% variation in frequency between groups
were used. The results are EQntained in Table 9.

This analysis indicateé that a high frequency of
correct identificat?on can be achieved for these taxa if
both major character suites are used. The lowest accuracy,
76% for P. m. hddsonianus, is still fairly high. If only the
11 morphometric characters listed in Table 2 are used in a
new DFA, rather than the 27 morphometric and eléctrophoretic
characters used to obtain the results in Table 9, then the
lowest accuracy is 62%, again for P. m. hudsonlanus.
However, if forewing_length and tail length are added to
these 11 characters, .and a third DFA is performed, then the
accuracy of correct identification of P. m. hudsonianus
rises to 70%, and the lowest is 68%, for P. m. pikei. 1

estimate that my personal lowest accuracy of identification
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Table 9., Frequency of correct identification of

subspecies of Papilioc machaon.

Y

-

Values based on discriminant function analysis (DFA) of 27 -*
morphometric and electrophoretic characters. Classificati@h;'

percent shows freqguency of correct identification.'(eg. 82.9%

fof P. m. aliaska) and incorrect. identification.{eg. 9.8

and 7.2 % of P. m. aliaska were misclassified as

‘P. m. hudsonianus and P. m. pikei, respectively).

| % Classification with DFA

Defined Groups N [ 1. 2. 3. 4. 5.
Lo

1. P. m. allaska '/4”1’”] 82.9 9.8 7.3

2. P. m. hudsonianus f&37 | 16.2 75.7 8.1.

3. P. m. plkei ] 7.6 1.3188.6 2.5

4. P. m. oregonius 55 | 1.8 1.8 96.4

5. P. m. dodi 147 |- 1.4 7.5 91.2

1y
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Lbf these five P. machaon subspecies is 75% if characters
such as wing shape and color are cons}dered, which are
difficult to quantify for computer work.

It-is difficult to obtain a precise assessment of the
relative systematic utility of morphometric and h N
electrophoretic chéraéters in the context of the present

study. The morphometric characters were chosen on the basis

* .
of their variability within western Canada, and also as a .-

-

b -

:jpeans,qﬁ compirison to systematic deéefiptiéns and ;.;2
-diagnoses. Electropﬁoretic characters we;; selected muéh 
more randomly, since any protein that showed consistent,'
simple banding patterns was useé. As well, only gh}ee loci
showed'more than 50% allele frequency differences betyeen
populations, and there was a reasonable possibility tﬁat
results would be affected by sampling error. Furthermore’,
the coding scheme for morphometric' characters was somewhat
different from that used for electrophoretic. characters in
the principal components analyses. A more strictly analogous
scheme would have reduced the number of eleétgophoretic
characters from 42 to 10, a number more comparaéle to the 1
morphometric characters used. Desﬁite these factors,'it is
clear tﬁ;t electrophoretic analysis is of considerable
systematic utility (cf Wake, 1981). The large degree of
correspondence  of the two types of characters in the context
of the present study is a demonspration of thg poéential

usefulness of electrophoretic analysis in systematic

research on species complexes.

oo
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4.3 Larval Color Pattern

4.3.1 General pattern CT

Larvae of P. machaon, P. zelicaon and P. polyxenes‘do
not show consistent interspecific differences in color
pattérn, though there is a fair degree of intraspecific
variability. The iarvae of P. alexanor have a color pattern

which is very similar to that of the above three species,

despite -& very different adult wing paffern: P. indra amd P, -

hospiton each have a iarval color pattern which is divergent
from that of the other species in the P, machaon group, but
which is more similar to that of other P. machaon group
members than to other Péﬁf?io.

Larval color pattern ié-relatively uniform in the first
three instars, while the pattern on fourth and fifth instar
larvae 1is much-more variable. The color pattern of fourth
instar larvae variés from a banded pattern very séhilar to
that of fifth instar larvae, to a pattern more like that of
the first three instars, where the larva is predominantly
black with a white dorsal patch and very small colored spots
at the basea(5¥fzze tubercl?s. I have_found the more darkly
patterned fourths‘most freq&ently in hybrid populations in
the Alberta foothills, as weli as in' P, h, al faska from Pink
Mountain, British Columbia. Tubercle size of larvae varies-.~
as well, wiph‘P. m. aliaska fourth instar larvae g;nerally

having the smallest tubercles and P, zelicaon larvae having

the largest, These tubercles are absent from fifth instar

"
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larvae. i _3 ':.w

Most fifth instar P. machaon group larvae are
predomlnantly green, with a promlnent'black band extending
around each segment, and si; colored spots on most segmeﬁts.
wi£hin populations, the background green color varies from
pale bluish-green to bright emefald green, and fﬂe black
bands vary considerably in width. In P. indra, the black
bands are especially bréga, anélinlssmé%larﬁgé,fhe ground
colgn is pink or whiﬁe,7raﬁher'than green (Emmel, 1975). In
”P hosprton and some North African subspecies of P. machaon,
the black segmental bands are longltudlnally oriented —
reticulations. The color of the segmental spots varies from
lemon yellow to orange-red within the P. machaon group, and
'will be dealt with in detail below.

Variation in ;ﬁe extent of Lhe dark markings of the
fourth and fifth instar larvae may be affected by
environmental conditions. Tyler (1375, p.51) reports that
séme P. zelicaon larvae reared under a cool temperature
regime (20 C) were almost black. My own observations are
generally in agreement with this, though average
temperatures must be considerably cooler than 20 C before
the same effect becomes noticeable in populations from
Canada. It is likely that variation in the shade of the
green portions on mature larvae is infiuenced by light
intensity as well as by temperature.

¥ )
The color of the segmental spots on mature larvae is

consistent on individuals, but many larval populations are
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.comgg§ed of discrete color glasses with‘ﬁew:intéfy?diates.
Cihkkéiénd Knudsen (1953) were éhe firséjﬁo study Eﬁe
genetic mechanism controlling spot color,’By crdséing
yellow-spotted P. polyxenes larvae with orange-spotted P.
maph?on larvae, to produce orange-spotted hybrids. Clarke
andﬁsheppard (1955b, 19562} later showed that the hybriaa
larvae had spots which were a ﬁaler orange than, those of P.
machaon, and although yellow is recessive to orange, the

- degree of dominance of thﬁiéfange allelomorph vdries with
the subspecieé of P. machaon. They suggested that |
inheritance was controlled by more than ane allele which
could produce orange spots, or through modifiers on another
locus. Clarke et al (1977) established that the main locus
controlling larval spot color was not linked to the locus
controlling black and yellow wing morphs in adults.

P. machaon, P. zelicaon, P polyxenes and P. indra are
to some extent all polymorphic for larval spot cclor. Thus,
this polymorphism probably predates the mostﬁfecent common
ancestor of these species. Nonetheless, differences in spot
color have beeﬁ used to support some taxonomic distinctions.

For example, Remington {1968a) considered the fact that he

had'fo%ﬁa\anﬁ reared only yellow-spotted larvae of P.

F e
.

gothica as evidence contrgbuting to his decision to name it
as a Separate species. Unfértunately, his sample was
comprised of only about tenh independent observations and
provided little support for his decision when it was

considered that most populations of P. zelicaon were known
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to p;oduce‘both yelrbw and orange spotted larvae {Clarke and
Sheppard, 1970). My observation of 35 larvae with only <
yellow spots at Gékhic (Table 19) provides’confirmation of
‘Remlngton s observatlon of apparent allelic homogenelty at
the locality. It would be interesting to determ1ne if thls
is generally true of P. zellcaon from this region and. 1f the
proportion of yellow alleles decreases in popuIatlons
farther away from P. polyxenes.
4.3.2 Spot color in wester; Canada

Many samples from single localities containgd a mixture
of both yellow-spotted and orange-spotted larvae, but there
were also a numben‘of interesting frequency shifts.between
different taxa and between different redian (Figures 23-24,

Table 19).

The largest differen;es in freguency of spot color
occurrgd within P. machaon.‘Aﬁ} of the larvae_cqllgcted on
Artemisia dracunculus in southern and central British
Columbia had yellow spots, while in soufhern Alberta and -
Saskatchewan they almost all had orange spoté. Thus P. m.
dodi and P. m. oregonius have undergone a complete allele
substitution over much of their range in western Canada. It
is not known what the predominght spot color ié‘wheré these
races contact each other in the wgstern United States.

In the Peace River region about one guarter of the

larvae of P. m. pikei had yellow spots. If spot color is

controlled by a single gene with the orange allele dominant

ke
i



Figures 23 to 24. Freguencies of spot colbr in larvae of the
P. machaon group in western Canada. Dark areas of
histoérams indicate orénge or red spots, and light

- .
areas indicate yellow spots.
Figure 23. Spot colors of-larvae collected on
‘ ﬁqomposites. Histograms with broken bordefs
Findicate sméll sample sizes.

Figure 24. Spot colors of larvae collected on

—~umbellifers.

—

.3
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over yellow, then the Peace River 4. dﬁacuncufus—feedlng

populatlons actually have a 50: 50 ratlo of these two

alleles, making them exactly 1ntermedlate between P. m. dodi

and P m. oregonius. e,

There were far more yellow- spotted larvae in P. m.

| iT1aska than in P. m. plkei, since more than 90% of the

. larvae collected on A. afcflca had yellow spots, The single
1arva\?f P. m. hudaonlanu; Which was scored (from a
photograph by G. Anweller) 2lso had yellow spots. Thus P.
machaon is clearly polymorphic for spot color in North
America, but different ecologlcal and geographic races have
major frequency dlfferences in spot color,

Almost all the locality samples of larvae collected on
umbellifers in Alberta and British Columbia were polymorphic
for spot color.,ﬁence geographically separate'populations of
P. zelicaon and ito hyhrids may have quite different
freguencies of spot‘oolor, as in P. machaon. However, the
frequency shifts ‘seem to be somewhat more clinal, Also, P.
zel icaon larvae‘consisténtly had different spot.color |
frequencies from P. machaon where these species have low
hybridization rates. In Interior British Colu@bia and the
Peace River region, P. zelicaon larvae had more orange
spots, while in southern Alberta they had mote‘yellow spots.
This trend was maintained oven when the larvae.were

collected within easy adult flying distance of each other,

-as at Pink Mountain and Hudson Hope (Table 19). 1
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Hybrid populations did not'sﬁSw much ‘difference - from
parent species. In central ﬁanigoba, most of the larvae had
yellow spots, while P, pofy;éhés‘larvae geng;ally have
-yellow spoﬁs fartherhfo the southeast, and thghbnly known

-

larval R.‘m. hudsonianus also had ygllgw spots. In central
Alberta the northern populations have mostly orange'spofsl
and in this respect‘merge into the P, zelicaon populations
farther to the north and Qest. This trend is mirrored in the
adult morphometric and electrophoretic characters of these
populations. ) . - "

The shift toward predominantly yellow spots in the P,
zelicaon X machaon hybrid swarm west of Calgary ié'more
abrupt, however. Also, it is interesting to noté that the
pﬁly larva found on Heracleum at Bragg Creek had orange
spots, while two of 44 on Zizia had yellow spots. Her*acieum
is a much more cdmmoﬁ 1a£§al foodplaﬁt for P, zefibaon
populations immediately to,the west, and so:the larva on
this fbodplanf may have been oviposited by a typical P. -
zelicaon that strayed in from the west. The fact that P. m.
dodi larvae almost alwafs have orange spots, even at the
ouéer edges of the range of this subspecies, qi;tinguishes
the latter from the southern hybrid populations. ;;is
supports the contention that the hybrid populations arg' the
result of hybridization of- P, zelicaon with races similar to

P. m. husonianus, rather than with P. m. dodi.

J
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5. ECOLOGICAL CHARACTERISTICS

5.1 Taxonomic Distinctions - N

L

Ayl

L4

5.1.1 Geographic distribution and habitat

The Papilio machaon group has a generally ﬁol§rctic
distribution. Of the eight é?ecies recognized, two occ¥r
only in western Eurasia and four are sestricted to North
‘kmerica (Table 10). Of t%g two.Eurasian endemic species, P;f
éiexénon is the most primitive member of the species group,
while P. hospiton shows clear phylogenetic affinities with
P. machaon Aref. later chapter on phylogeny).‘

The *é'stern United States and Canada are the only part
of the }ange of the P. machaon group in M%ich thergris
extensive sympatry between species, Albl other r;gE;ns -
support only .a single species, or a contact zone between two
species which is maintained in part by habitat segregation.
For example, P. polyxenes is Séparated by habitat from other
species in several parts of its range.)ln areas in Atlantic
Canada where the two species are parapatric, P. polyxenes 1is
generally found inland iﬁ agricultd}al areas, while P.
brevicauda is found close to the ocean (Ferguson, 1954). In
Coloradd, P. polyxenes occurs at lower altitudes than P.

Y
zelicaon, though these two species meet and occasioally

hybridjie.along a broad zone of contact (Remington f?968b;

Fisher, 1580; Scott, 1981}. In Misso&gj, P. polyxenes

.completely surrounds ;he range of P. joanae,-end japparently
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these two species are reproductlvely isolated, in bart by
hablt;£ }m&ferences (Heitzman, 1973) However, P, po{yxenes
and P. joanae are d13t1ngu1shed by very few morphological.
,characteristics, and though P. joanae4ﬁéfrecbbni£ed‘as a
distinct species in ﬁ;pular works such as Opler and Krizek
(1984), the cpntentién of ;solption is clearly in need of
conflrmatlon. )
The spec1es of the P. machaon group which have broad
N ranges also show a considerable diversity of habitat
. preferencgs. For example, different populations of P.
machaon have adapted to habitats varying from.cool temberage
. wetlands to hot deserts (Table .10). The ecological
- flex4bility of P. machaon is illustrated by the races in
(:::;;:“ZEEEZZ, of which one‘~i's ada;;ed to drylandﬁuabpve the
‘ ¢ontinuous cloud belt, and is distinct frg; a wet
monsoon-forest adapted racg below the cloud belt (Dierl »
1576). Such lability of habitat association may occur with
relatively little evidence of regional morphological
differentiation, as in mountaip versus prairie-adapted
populations of P. zelicaon. ' .
Three species of the P. machaoh'group occur in western
Canada: -P. machaon,.P. zelicaon and P. polyxenes. These
species interact in aAcompiex pat/tern of éeographic overlap,
replacement along.contact zonesg, and varying freﬁqencies of
‘hybridization (Table 11). s

P. machaon has five subspecies in western Canada, and

is the only species in this area which is represented by

.t‘



more than one subépecies. The subspecies of P, machaon are
all either ailopaérictwitﬁ each other, or paratric but with
very limited opportunities for gene flow (Figure 26}. P. m.
hudsonianus is rare in northern Alberta and northwestern
Saskatchewan (eg. Bird et al, 1982), and there is little
opportunity for contact with either P. m. aiiaskéﬂsi)P. m.
.plkei (Figures 25 émd 26Y. P. m. dodi and P. m. oregonius
‘ are sepafated from the nofthern supspecies and, in Canada,'
from each other. |
| Papilio machaon has adaptedltolmost of the available
major vegetation zones in western Canada (Table 10, Figure
30 amgy 31). This can be shown by relating long £erm records
for temperature and precipitation'(Canadian élimate Normals,
1951-1980., [1982a and 1982b]) for weather stations close to P
1$calities at which specipens have been collected. These
show a clear pattern of habi;at segregation among the
subspecies of P..machéon,nas well as between'P. machaob and
the other two speciés (Figure 32 and 33).

P. m. dodi, P. m..or*egbnius'and P. m. pikei are most
cémmdn in patchy populations in dry valley bottoms and
slopes of river banks dr badlands. They are replaﬁed by P.
zelicaon at higher altitudes and in moister habitats (eg..
McDunnough, 1927), though males of the two species are
occasfionally éollecféd tOgéQEEr on hilltops immediately
surrounding dry valleys. P. m.—aliaska is replaced by P.
Zelicaon in forested areas south of the Peace_R@vg}, <

kY

although P, zelicaon is not a tesident in alpiﬁe habitats

.3 .
> Pal
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Figures 25 to 26. Empty symbols indicate unverified
¢- published records.
Figure 25. Distribution of P. m. aliaska.
Figure 26, Distribution of P, machaon in western

Canada.

LS



142

.,
»
Y 02 P & .-'/ ' o .
. o 00 { H ¢, "
e N T AR R O 5y
o .. = .'"“'--..___._ -- \ r -----. ----- e = 5
Q * .. = fl , >
. o] - o) i L8 o,
& . o o
o® ° L1e A .
oF Ce I “ .
N Ry o <, s
l . o\ ’T,
. I % 0 =
=) O L ] o I Q0 [ ] —_ -
“ =" G ~ e - Tee 0 \
2 A M s \
~ o (-“%)\ !
e e \ M

- -

® aliaska

L ® dodi ~yellow @ nr. hudsonicnusf
4 pikel &% dodi -black .M hudsonianus B
& oregonfus -

26



:‘,.\,'
=
. ¥ T

H
h
“

e
-

Figures 27 to 28.

Figure 27. Distribution of P..zeljcaon and P. p.
asterius in western Canaéé:;Empty symbols —
indicate unverified published records.

Figure 28. Distribution of interspecifiic hybrids in

western Canada.
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Figures 30 to 31. v oo

Figure 30. Major vegetation zones in wéstern Canada.'
Al

- \ ' - + .\ = +
Figure 31, Mean annual temperature'and pfec1p1tat10n of
major vegetatlon zones. Canadian Cllmate Normals,

’1951-1980 982a and 1982b).

o
~

1. Grassland in southern British Cblumbia;(BC).

2. ‘Grassland in southern Alberta arf Saskatchewan
3. Aspen parkland of Alberta to Manitoba

L 4a. Boreal forest of northern BC to Quebec
o

®  4b. Forest of sout?/ana—EEEE?éi BC

Sa. Arctlc tundra of Northwest T\r{\\to Quebec

s

_5b. Alpine‘tundra of Alberta, BC and Yukqn
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Figures 32 to 33. - "

Figure 32, Occurrence of P. machaon sﬁbspecies vs. mgbn

4
[}

annual temperature and precipitatibn.
1. P. m. oregonius in soUtHbr? British Columbia 4
. 2., P. m. dodi in southern Alberta and Sask. J

3. P. m. pikei
4a.P. m. hudsonianus in Alberta to Manitoba
4b.P. m. hudsonianus in Ontario and Quebec
5. P. m.‘ al iaska .

-Figﬁge 33. Occurrence of P..zelibaoﬁ and P. polyxenes

vs. mean annual temperature and precipitation.

8. P. zelicaon in Alberta and Britiéh Columbia

7. P. geicadn X machaon in central Alberta

8. P. polyxenes X machaon in central Manitoba

9. P. p. asterius in southern Manitoba

16. P. p. asferius in eastern Canada
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and only a few individuals fly to the tops of the lower
mountains. Freeman's {(1972) report that northerp, populations
of P. machaon are not found in areas with acidic granitic
formations seems unlikely, since P. m. hudsonianus is most
common in habitats dominated by blaék spruce, which are
-often acidic, and northern Manitoba,-which has few.
sedimentary formations. ) .

In contrast to the situation within P. machaon,
populations of P. zelicaon are relatively continuous, with
no gvidence of any major disjunctionf within théwspecies
(Figure 27). P. zei;baon occurs in broad sympatry with P.
machaon o;er-most of western Canada, with a'frequency of
less than 5% of naéural hybrids (Figure 29). .t

Although P. ze):caon hybrldlzes with  P. m. dodi only
rarely over most of 1ts range,-these two species have formed
" a hybrid populat1o§§1n the Cypress Hills of southeastern }\\Q_
Rlbefta and southwestern Saskatchewan (Figure 28 and 29). P. o
' ze?féaon is found on the partiall§ wooded and prairie hills
-~ surrounding the plateau, sometimes togéﬁher with P. m. dodi,
but both species merge into a hybrid population in the more
heavily wooded central areas. Distinguishing .the forms in(
the Cypress Hills ;s difficult, sipee electrophdretlc ‘data
are not available. However, a number of females’ have been
collected in the more central parts of the Cypgéss H{lls,
and none were from habitats likely to contain any Arfemis!a

dnacunculus suitable for oviposition by P. m. dodi. Since

females in the P. machaon group are usually found élose'to
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habitats in which larval foodplant grows, these individgals
ére‘unl%kély to be P. m. dodf. On the other hand, they all
havé connected anal pupils andimost have thick streaks of
yellow scaling in the disc of the VFW, an?/éb they differ’

from the P, zelicaon adults found on the prairie hills.

~

surround;ng the Cypress Hills. The "Cypress Hzlls Oldcmofld
Swallowtail™ (misidentified as P. m. dodi) of Hooper (1973\
most likely refers to this hybrld swarm material. \'
There_is a much larger series of hybrid populationé‘in
central Alberta, which are probably the result of genetic
swampiné of a P. m. hudsonianus-like population which once
existed in this regfo& (Figure 43 and 45). P; égl}caon
abrﬁptly tepiaces the hybrid swarm popuiationé west of the
easternmost slopeﬁji the Rockies in'AIbeféa, as well as
south of the Crowsrést Pass. Near Lesser Slave Lake, at the
northern qgge of the central Alberta ﬁybrid swarm, hybrid
- specimens ngﬁ/20-40% of the total population at any one
locality. TQis frequency increases‘toward the south and
reaches a maximum west of Calgary, where specimens assigned
as hybrids compriseﬁmore than 90% of the total populations
~ (Figure 29). I have noticed no difference in habitat between
individuals which are the most P. ze?iqaon—like, ana those
which are the most P. machaon-like ("nr, hudsonlaﬁus" in
Figure 26), and there is in facfrhot much habitat variation
in this predominantly bofeal and montane forest region which

would allow the two species to occupy different niches,

Almost all the localities at which hybrid populations can be

;.
[N
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hﬁound occur between 1000 arfd 2000 m elevation in central -
. hAlberta, while localities recorded fer P. m. dodi are below

1100 m (Fiéﬁre 11). Hybrid forms are less common %értﬁer
sou;h and east of Calgary, probably because the foothills"
and mixed fofeet habitat they occupy is greatly reduceé in
extent. South of the Cpoﬁsnest'Pass‘inlsoﬁ%hern Alberta, .
'graéeiand extends to the base of_fhe Rocky Mounéains and
hybrids appea&\to be absent. There are a few hybrid
specimens from\ﬁragg Creek and Buck Lake, ﬁhich'seem likely
"to have beep/éerived in part from P, m. dodi. These adults
have the lgng/tails and pointed forewings which usually
distinguish P. m. dodi from P. m. hudsonianus.

P. polyxenes occurs in only the southeastern pertion of
wesdﬂkn’éggéda (Figure 27), where theé species fills part of
the gas between boreal P. m. hudsonianus and prairie P. m.
dod i a?d P. zehcaon (Figure 29). P. polyxenes X machaon
populatlons'from central Manitoba occupy+a habitat Qery
similaf\gijthat of P. zelicaoh X machaon populations from
central Albe}ta (Figure 33)}. Becaus;\some P. polyxenes X
machaon 1nd1V1duals are very dlfflcult to dlStlﬂgUlSh froe
typical P. p. asterius individuals, Figure 27 probablye
represents an overestimation of the extent of the rangenef
P. p. asterius in central Man1toba, and the same for hybr1ds
in southern Manitoba (Figure 28). P. p. asterfus is very
uncommon in southern Saskatchewan, and so there is little

contact with P. zel fcaon.



154

The hybrid populations in central Manitoba gfe forhthe
most part isolated. from the main range of P. m. hudsonianus
and may be in the procéss of being swamped by. P. polyxenes
in the area, along with the remnants of P. m. hudsonianus.
Most typical P. m. hqgsonianus adults were collected in
Riding Mountain Park in the 1930's and51940';,_at which time
‘they appeared to form about half of the ﬁatch of local
cbllectofs. By 1955 P, m. hudsonianuslwas'already quite
uncommon (Remington, 1956i, and in the mid 1970's it was
certainly very rare (Heron and Robinson, 1976). Intefmediate
black morph adults also may Ee becoming less common, since
they were at least as common as more typical p. polyxenes in
the 1930's to 1950's, but: have formed a lower p;oéortion of
the Eotal catch in the last two decades. As well, specimens
closer Eo the typical appearance of P. p. asterius are moreé
common in the'farmlénd around the central plateaus, whiéh
surroun@é Rid{ng Mt. Park completely and Duck Mt. Park on
three sides. The changiqg status of the hybrid;populations
in central Manitoba is a méjor reason forlretaining the
established,taxonomié practice of recognizing these taxa as

separate species,

5.1.2 Phenology

Variation in flight period and voltinism in the PapiI}O
machaon group is comprised primariiy of geographic variation
within spet_*:ies. P. machaon, P. zel icaon, and P, polyxenes

each include a variety of different populations which range

3
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from strict univoltinism fo multivoltinism, and hav; a
flight period for adults which ranges from a few weeks per
year to an almost or completely continuous emergepce (Blau,
1981a, 1981c; Dornfeld, 1980% Emme 1 and Emmel, 1973; Fisher,
1980; Wiklund, 1973; Wiltshire; 1958). The remaining_gpecies
in the P. machaon group alsd.have'fairly flexible phenologic
characteristics. Some populations. of P. indra and P.
hospiton are partially bivolt;ne (Fisher, 1980; Kettlewell,
1955). These two species and P. alexanor may have a very
extended emergence period, depgnding on climatic conditions,
and some pupae of P, jpdra énd P. alexanor can remain in
diapause‘for séveral years (Fisher, 1980; Nakamura and Ae,
1973). Since most species in the P. machaon group exhibit
labile phenologic réébonses to different habitats, the
genetic potential to adqut in these ways is probably
plesiotypic within the spé;ies grouB, ;nd so does not
indicate any monophyletic iineages.

Phenologic variation in P. machaon group spécies is .
less pronounced in western Canadaj(Tébleiiz), due to a more
limited range 'of habitats. P. machaon and P. zel icaon are

strictly uniyolﬁine in the northern regions of western

. Canada, and have a large second generation in the Wwarmer

"southern regions (Figure 34). BiVoltinism is more widespread

in southern P. machaon than in P. zel icaon, probably because
the P. machaon populations occupy warmer habitats. P.
polyxenes is at least partly bivoltine through most of its

range in western Canada, but also shows a marked decrease in

-
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Figure 34. Relatiopship between voltinism and degree
'~ days. Bars éhow range of degree days {(above +10
= C) to which P. machaon group taxa are exposed in
westernyéénéaa. Data are taken from weather
stations near collection localities (Canaéiah
Climate Normafs, 1951-1980. [1982c]). Dashed line

indicates approximate number of degree days above

which populations have a partial second brood.

3
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the siz# of the second generation toward the north, even

' : : : o - N

though it occupies thg)relatzvely warm agricultural areas.

The main flight period tends to occur slightly ldter in the

year at higher altitudes and latitudes for.all thrge |

. e

species.
Although P. zelicaon adults tend to emerge slightly

earlier in the season than those of P. machaon where these

species are sympatric, the_amoupt of overlap in flight

period is still very large and cannoé account for any .
interruption in gene flow between the species. The samé
applies to the flight pefiods of P. machaeg and P. polyxenes
in Manitoba. ‘ . , e

Voltinism of P. machaon group populations is related to
gfowing temperatures in western Canada. Figure 34 shows the
approximaté range of.degree‘days above 10 C (Canadi?n$
Climate Normals, 1951-1980. [1982c]} to which these-
différent poéulations are exposed.'Popﬁlations which have’
some adults emerging in a second brood occur in areas
receiving approximately 900 or more degree days per year.
"This Lontrasts with:the situation in P. glaucus, in which
thi potential for multivoltinism .appears in populaﬁions from
areas receiving more than 1200 degree days per year
(Scriber, 1982). .
| Despite simjlarities among related species with respect
to voltinism and adult emergence, many artificial hybrids

show unusual characteristics of pupal diapause which are not

present in parental species, Such uéd%ual characteristics o

P

o | -
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can bé\re;atively pronounced when both species are within
the same species group (as}are Papilio glaucus L. and P;
rutulus Lucas [Clarke_et al, .1972}), as well as when t@;y
are more diétan%, as are Papil.io machaon and P. xuthus
(Shimada, 1879). Withinthe P.;machaon group, Oliver (1969)
showed that hybrids of P. polyxenes and P. zel icaon have no
pupal di;pause under the long day conditions that cause at
least some prdt:rtion of the parental species to undergo

dlapause. Howeker, under short day conditions, all the

'a

hybrid pupae undervent diapause, just as did almost all the
pupaé of the parental species, . _

Adult hybrids of'P. machaon and P. zeiicéon from areas
where natural hybrids @are rare usually fly at the same time
as the main flight of the species with which they are found
There are 1nteresﬂing exceptlons to this in the grasslands
of both the Peace Rlveﬁpreglon and southern Alberta, wpere
the latest record for any P. machaoﬁ group individual is for
.a hyb??Q-spécimen. Hence, it is likely that the natur;l
mixingcof two different gene pools occasionaliy produces
individuals ?ith characteristics different from either
pareﬁt, much as in artificial hybrids. S~

As in. the situvation where hybrid individuals are rare,
most hybrid populations‘doﬁﬁot-show any unexpected
phenological characteristics, probably becaus; any genetic
incompatibility that existed between the parental species

when the hybrid pdpulations were being formed has since been

eliminated by selection. For example, in central Albefta the
- !

— \

v
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cmos\\P machaon-like and the most P. zeifcaon 11ke -

rnd/nlduals generally fly in akbout the same proportlons-
through most of the flight perlod

-

An interesting exceptlon to this occurs at”Bragg Creek,

where P. zeiicaon-like individuals occur at low frequency
.,/,.T

throughout the flight perlod but 1nc1ude the only two

N

spec1mens collected as late as migd August {Table 12). The

most llkely explanation for the occurrence of these -
. ' »

indiyiduals is that they have dispersed in from the more

typicai P. zel'icaon popuhitfons in the mountainous
Kananaskis area immediate to the west. As well, most of
the P. zelicaon adults/:;i:~of Braég Creek fly at least a‘
month later than;pybrid populations, though they seem to‘
stray eastward occasronarlx 1ate-in‘the summer., The partial
isolation .of these hybrid populatiofis is a further reason
for treating them separately from the parental spec%gs.

¢ . A :
Another exception occurs in central Manitoba, where

- some black morph individuals of P. polyxenes X machaon have

been collected during Hhe second brood flidht period, but
yellow morph hybrid individuals arevonly known from the
: » 1

“first brood.'No setond brood}indfviduals are known for

-

typical P. m. hudéonianus either“

s

The P. zelicaon X machaon herld populat1ons in the
Cypress Hills of southeastern Alberta and southwestern )
Saskatchewan appear ‘to have a fl1ght period which is more
con51stently dlstzﬁct from that of the parental species in

L

_thé’ surroundlng areas_ (Tablellz) The difference in flight

Al

-
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périod may jn'part.oe due to a lower mean temperathre durlng
the grow1ng season on the Cypress Hills. Adults may f£ly much

eaLller and later in the year on the partially forested

*

_outskirts of the hills, and it is concievable that there‘is

a continuous low rate of hybridization of the parental

.

species alongathe edge of the forested areas, both in the

" first and second generations, However, some genetic
o .

- , - D-

differentiation and adaptation has-

probably also occurred in

tHcentral hybrid populations, since these populations tend
: .

-to fly even_later than do the P. machaon grcup populations '

at similar-altitudes in the foothills of the Rocky Mountains
[ ) . . . r

immediately to the west and northwest.

The considerable variation within P. machaon, P. e

zel fcaon and P. polyxenes in phenologic'characteristicsf

contribites to the formationlof~a variety ofhecological_
races-in.these spegies. This variation orades clinally from
one negion to another and is generally not useful for making
taxonomic distinotions, even at the subspecies 1evel

ﬂ"b m. plkei is an exceptlon to thlS. It-is . . o
d1st1ngu1shed from southern A. dracunculus-feeding P.

machaon subspec:es by that some proportion of these southern

’,

-populatlons emerges as a second generatlon both in the wild

“aﬁﬂ when reared in the laboratory, while P. m. pikel 157

strxctly unlvoltlne. Also, adults of P m. p:kel emerge a
relatlvely long time after the onset of warm temperatures,

compared to P. m. dod{, P. m. oregon:us and P. m. aliaska.

‘Diapause términation in P. nn pikei is unusual among the

-
*

s
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subspecies:of P. ﬁaphaon; because it reéﬁires both a long
photoperiod and a period of coolltemperature. Of 128 reared:
édults, none emerged-without a cool period of at leagt.SO‘
.days, and a high proportion Eid'not emerge unless the pupae
were-exposed to af'least 17 hgurs,bf light per day. All
other‘samples_of P. %échaoﬁ Ghigh 1 have reared emerged at
hiéh frequencies at shorter ligbt pqriods, probably because
they tend to emerge.much'earlier iﬂ the growing season in

thejr natural habitats. These differences probably are to

some ektent due to genetic differences, since they remain

even nd late instar larvae of the different

subspeches afé subjected to the same rearing conditions,

Some forms in wing pattern are probably the result of
aﬁ interaction betwee unusual temperature conditions-and a
genetic predispositio toAa partiéular aberratfbn in wing
pattern. The form mcdunnoughi Gunder (1928), was described
in P, zelicaon from Waterton, Alberta, and.individuals

/‘I—-
similar to the type specimen arg still occasionally

collecé;d in the area. The form is characterized bw

i _ .
unusually broad submarginal black bands on the fore and hind

w1ngs. I have obta1ned a numhgr of such spec1mens from

reared stock of P. zelicaon coﬁlected in Waterton Park 1n +

1981, 1 also have reared dne spec1men of PL m. dodf from

Drumheller whlch approaches the form It seems llkely to me

that the express1on of the form 1s”dependent on ‘the larvae .

being exposed to unUSUal Lemperature condxtlons late 1ngthe

.flfth instar. ‘'The Waterton larvae were accidentally exposed
. . - ot

.
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to temperatures high above 35 C, while the Drumheller ~
LW b
specimen pupated at about 5-C.

K -

5.1.3 Larval foodplants

»
L]

Larvae of the P. machaon group feed on a.wide'variety
of species of Umbelliferae, Rutacéae and Comptsitae.
Umbellifers :are the most commonly recorded fooaplants,
though'most species can feed oppbrtunisticaliy on rutacéous -
plants,'and some populat1ons of-P.- machaon have switched to '

comp051tes Within a restricted area, however, most larvae

4
9 -

of a species are only found on ond\,or a few species of
foodplaﬁt;i . ‘/;&

The ability to feed on rutaceous plants is widespyead
in the Papilioninae, and particularlf in the genus Papr}o
(Ehtlich and- Raven, 1964; Richard and Guedes, 1Q83). |
Umbellifer—feeding species are réétricted to Pap}iio, and
are concentrated in the P. machaon group Umbellifer-feeding
habits outside the P machaon group are found in larvae of
Papilio demodocus Esper and.a few species of the Papilio
thoas L. group (Monrbe,.1961){ though none of these species
have umbelliﬁefs as majoF hostplants. On the other hand, the
composite-feeding habits of P. machaon lﬁrvée are‘unique

I * «

__w1th1n the Pap1110n1dae. Thus the composite- feedlng habit is
]

clearly the most derived tra1t while the rutaceéous-feeding

hablt 1s the most ancestral one.
,t-:"‘

of the species in the P. machaon group, P. machaon

\

- larvae feed on the greatest range of ipodplqnts. Records for

Lo : S

T
°
*
iy
L]
/
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‘Eerasian larvae of P. machaon are maiply from umbellifers;
less cemmonly on rutateous plants, enQKQﬁly acci&entall& en
planrs of other famrzzeel'hn importadi_e1ceptiep occurs in
Afghanistan, where Miiting (1972) found mature larvae of P.
machaon on “Wermutetrauchern* (Artemisia absinthium.L.:
Comp051tae) in northeastern Afghanlstan. Larvae of P. _
machaen subspeé§es from North, America appear to feed almostm _
exclusively on composites, and partxcularly on plants of
Artemisia (Figure 35 and 3%) This contrasts with P. méchaon .
populations from northeastern Slberla, which often occur 1n'
similar habltats but for which Kurentzov " (1970) mentions . |
only a variety of umbellifers as Herval foodplants.

The only two records for wild-collegred larvae of P, m.°
a]iéska from. North Americd are from composires (Table I ).
Ohé larval record for P. m. aliaska is from Arfemfsfa -
‘anctzca (this study) and the other is from Petasites o N

~ N

paimatus var. frigidus (Leussler andtﬁryanr 1935) Other

foodplant records for P. m. aliaska refer to ov1p051t10ns ~

.

observed on A. aFctrciyplants. P. m. aliaska females

‘frequently investigate A. arctica in the wild and ov1posit

e A
HEad I

freely on. these plants in cages. Females appear to oviposit :

only onjplants from moist'eites, eith relatively glabrous,J
bright green leaves, rather thae.greyer, non-puge$Eeﬁt‘
plants from dry Sites, even though samples of both have’ﬁeee
identified aé A. arctica (by/U G. Packer -1981-'and Ag Rose

-1982). o | ' S '
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Figures 35 to 36. Locations of larvae colléééed on
composites.

A = Artemisia arctica Less.

* °  dots= Artemigia dracunculus L.
P = Petasites palmatus (Ait.)Gray
Figure 35. P. machaon larval records - Alaska and
‘ Yukon., - g ' <
' « - Y
Figure 36. P. machaon larval records - Western Canada.
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Figures 37 to 38, Locations of larvae collected on

umbellifers,

Figure 37. Larvae collected on plants of Heracleum

lanatum Michx..

Figure 38
Aa
ad
Ag
Al

Co

e

Larvae collected on other umbellifers.
-Angel ica arguta Nutt.

Ange?{ca‘dawsoni S.ﬁats.

Angel ica genuflexa Nutt.

Angel ica Iudida L. |

Cicuta occidenta?is.Greene

Lomat ium dissectum (Nutt,)Mathias &

Constance
Ln = Lomat fum nudicale (Pursh) Coulﬁ. & Rose
i Lt = Lomatium .triternatum (Pursh) Coult. & Rose
- Oc = OsmorhiZa chilensis Hook. & Arn,
Os = Oenanthe sqpmentasa Presl.
S = Sium suave Walt.
zZ = Zizia aptera (A.Gray)Fern
. gc = garden carrot (Qébcusfbanota) L.
(/‘ . gd = garden dill (Ane¥hum gﬁaveoiensi L.
ge = garden celery (Ap?uﬁ gﬁéveoens)'L.
gn = garden parsnip (Pastinaca sativa)-L.
’ gp = gaéden parslgy'(betroéefinumﬂgrispum)

(Mill,)Mansf. .

A )

£
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A few larvae of P, m. aliaska may feed on umbe}lifers in
ﬁéture,'but no definite_obsefvapions have as yet been made.
Kimmich (31979), reported a female investigating plants of
Osmorhiza Iohgisryiis {Torr.)DC at étewért Crossing, Yukon
Territory. He obtained oviposition on this and other speéies
of umbellifers when the female was confined to thgse plants,
and rearéd larvae to maturity on the plants. Kimmich (Tn’
lTitt. 1982) has also transferred small larvae of P. m.

" al jaska (which stérted feeding' on Artemisia arctica)/ to

Heracleum lanatum plants, and reared most of themt ough to

maturity. As well, I have collected larvae of the P. machaon

* -

group on H. lanatum plants below Pink Mt., British Columbia.

2 .

However, all died before emefging, and .the larvae may not

have been P. machaon, since P. zelicaon is .found at Pink Mt.

és well.

A single‘record cf a wild collected larva is known for
P. m. hudsbnianus (Table 20). This is from northern
Saskatchewan, wheré G. Anweiier {(in 7Titt. 1981} found al
fre;ﬁly moltéd fifth instar larva. Anweiler photographed the
larva resting on the upperside of the leaf, with the fourtﬁ |
.instar skin behind it, and feeding signs on the far side of
the leaf. The plant species was Petasites palmatus
(Coﬁpositae), a different variety of the same species on
which Bryant (Leussler and Bryant, 1935), found P. m. W%
aliaska larvae at Aklavik. Anweiler also observed
oviposition by a female P. m. hudsonianus, which was

reported by Hooper (1973)-as being on black snakeroot
_ o
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Sanicula maﬁfiegfifa L. (Umbelliferee)f Hooper's report was

based on Anweiler's verbal descripti®n of the planﬁ?/and

could just as well refer to Petasites palmatus. //f _

Many larvae of the P.'machapn group have been#ﬁound on
plants of Zizia aptera (Umbelliferae) in central yéﬁitobe.
Thoughr most of these develop into black morph~adults (P. p.
asterfus or P. polyxenes X machaon hybrids), about 2% of
them produce yellow adults similar to P. m. hudsonianus (in
Iftt J. Troubr1dge).,H9wever, they all dlffer from typical
P. m. hudsonianuslin that they show a basally darkened,
avinoffi-like wing pattern that suggests they are hybrids
with P, polyxenes. .Thus P. m. husonianus probably has a-
different larval foodplant from both P. p. asterius and
hybrid swarms in areas vwhere these'come in contact. I have
also reared adults very similar to P m. hudsontanus from P.
zelicdbn X machaon hybrid Dopulatlons at several localltles
on the east slope of the Rockies in Alberta. The foodplants
included Z aptera at Bragg Creek ﬂand H lanatum at Buck
.Lake and Nondegg

AlthoUgh tHe southern subspecies of P. machaonlhave

previouslj been considered to be specifically distinct from -

P.. m. allaska and P. m. hudsonianus, it is clear that the

dlfferences in larval foodplant between these taxa are

=

. relatively small..Larvae of P. m. pikei, P. m;'onegonius,_P;'E‘“F '

" m. dodi, and P. m. bairdii are all restricted to a single
species of Compositae, Aﬁtemjsia'dhacunculus (Table 11 and

. 20): Many larvae of P. machaon collected on. A.  dracunculus?

!
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feed qﬁ umbellifers if they af? transferred to them
(Edwards, 1893, 1898; Emmel and Emmel, 1963: .J. Troubrldge,
fn 1itt. 1981; personal observation, 1982; but contrast

Newcomer, 1964). However, mortality of these larvae is high

on most umbellifer species. Larvae of P. zelicaon and P.

polyxenes, for their part, refuse to feed.,on A. dracunculus.

P. zelicaon larvae feed on rutaceous plants as well as
on a wide variety of umbell&fers in the United States, and -
Angel ica species seem to be especféllyffa§ored {eg. Emmel "
and Shields,‘1980). In contrast,'P. indra larvae are found
on narrower range of umbellifers, particularly Lomatium
species (Emmel, 1975). Although largely separated by
habitat, some P. zelicaon larvae fggé on the éamg-sp?cies of
foodplants as those usé‘rwy P. indra larvae.

In California, P. zelicaon larvae feed frequently on
the introduced weedy umbelllfer Foenlcu]um vulgare M111.,_3
and in.éome localities feed on CLtPus (Rutaceae) orchards
{Shapiro and Masuda, 1980). The foodplént shift to
introduced umbelliferous and rutaceous piants has ;llowed P, ; .
Zzel icaon to produce several broods a yeér on theée
hostplants, rather Eh%n the siﬁgle brood that is ﬁbrmally
p0551b1e on,native umbe%gx?ers (Emmel and Shields, 1980;
S1ms, 1980) Remington (1968) .considered larval foodplant
prefg;éntes as eviden;e éor the sbecffic diéfinctness of ‘his

P. gbtﬁica..HoweVer, the foodplant preferences he listed .
" . \.ﬂ

<3 have been disputed“by Emmel and ‘S;l;nields_ (1980), -and I have

confirmed their findingé (Table 20)..

L
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_ common- foodplant of P. Zéficaon;
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In western Canada, oniy umbelliferous foodplants are
known for larvae of P. zelicaon (Table 20, Figure 37 and
38). Heracleum plants are used commonly, though Angeflca
plants tend to be used mose frequentlY'at localities where
these '‘plants are more numerous, Although plantshof Artemisia
arctica and Heracleum lanatum grow together naar';reeline at
ﬁany sites in the Peace River region, I have seen pa'

evidence to indicate that this leads to significant amounts

— . Py

of ‘hybridization between P, zelicaon and P. m. aliaska.
Larvae of P. zelicdon X machaon populations ‘in central
Albertg also feed on umbellifers. At Bragg-Creek, these
popuiations,show some segregatiqn.from P. zelicaon
populations to tha west and south, and the larvae feed =
mainly on plants of Zizja. In the northern part of central
Albgfﬁa, the hybrid populations merge into typical P. |
zel icaon, an?’the larvae feed on Heracleum plants, a more -

— : el
s

I have obtained black morph adults from two species of

" Umbelliferae. One specimen was obtained.together with

typlcal P. zelfcaon on _Angelica arguta at Waterton Park,

'Alberta. The other specimens WeEre on Zizla, and were part of

the hybr1d population at Bragg Creek, Alberta. In both

Y ' .
groups-the black and yellow -morph specimens were produced ‘in
similar proportions to those of wild eollected adults.

Hooper (1973) also reported both black and yellow morphs .

"being produced from the same umbelllferous foodplant: garden

dill (Anat!wm graveolens) at Eston, Saskatchewan. i}‘s wbll, 1

—
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{McDunnough, 193éb; Ferguson, 1954; Heitzman, 1973).
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-+ """
have reared one black morph adult“froﬁ larvae of P. m. dodi,

-

collected oq\f;temhsia dracuncu?us at Taber, Alberta;‘These

indicates that the hlack adult morph is an 1ntegrated part

>

of several taxonomically dszerent P. machaon group

‘populat1ons in western Canada.-

Larvae ofoP. P astenlus are found onh a broad range. of
Umbelliferae and even a few rutaoeous spec1es (Berenbaum,
1981). Many .of these are’ elther 1ntroduced ‘or common 1n
cultlvatg% mreas, and 50 the fact that P. p.. asterius is a
common butterfly in much of' eastern North' America may be. a
recent phenomenon, aided by human agricultuial Eatterns in

the last'two hundred years or so kFeeny'et al, 1985) The

pattern of dependence on-weedy or,pultlvated foodplants
'seems to extend within the range of P. poiyxenes at least to

‘ jCosta Rlca (Blau, 1980). Most,lagvae of P.,p. asterius feed,

on foodplants different from those of P.'QQevicauda: nd P.

joanae -in areas where the two species contact each o

Howeber, P op. asterius’may occ si/nally be found on‘the

same’ species which support P. jognae and P. brevicauda, .and

. 50 these 8001091cal dlstznctlons between the two spec1es are

» -

not major (Berenbaum, 1978) .

Not all pOpulatlons of-P. polyxenes arerependent on

umbellifers for larval foodplants, since P. p. coloro larvae

feed .mainly on plants of Thémnosa‘gﬁeeies (Rutadeae)_in the

desert areas of the southwestern United States. In this .

. y

. observations sWypport the electrophoret1c evldence, whlch

‘¢
v
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.region P. polyxenes is in part sympatric with P, m. " Bairdii O
(larvae of which feed on Artemisia dracuncuwlus), and P,
:ndra (larvae 6? whlch feed on umbelilfers) Emmel-and ﬁmmel“
(1969) described a populatlon expansion of P. indra and P.
p.. coloro during which some larvae of elther species had not
only consumed their own foodplant but had also moved to a.
plant of the species normally used by--the ofher butterfly
speciles. nge of " the larvae‘f;und‘cn the wrong foodplant
‘produced viable adults, whiéﬁ‘suggests some form of
foodplant exclusion under ﬁormal conditions.

As with P. zé)icaoﬁ,‘the larvae of P.“b. astéﬁius feed
.only on qmbeliifers in westé;H Canada. However, the larvae
of P. p. asterius frequéntly use introduced and cultivated
foodplant species, while this is more infrequent for P,
zeiicaon.lar;ae. I h;ve been‘able to examine_gduyt speciménS‘
" reared from fwo introduced foodplant sbecies in Manitoba ahd-
Saskatchewan. These include a seffgs of four specimens

P ]

".reared on Pastinaca at Somme, Saskatchewan, and another of
five speéimens reared on Petroselinum at Culross, Manitoba
(Table 20). Both of these series contain specémens ranging
from typical P.’p. asterlusgto at least one which was more
typical of-the P. pdlyxenes X machaon hybrid populations
which are common in forestéd areas.

In the zone of interaction bééween P. p. asterius and
P. m. hudsonianus in central Manitoba, the pative |

umbellifer, Zizia aptera, is the priﬁary larval foodplant

{Table 20, Figure 38). Z. aptera plants are more
I
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" characteristic of open meadoﬂs than. forests, and so are not-.
a ma]or fattor in the part1a1‘%ab1tat separation betwee;.P ) .
po]yxenes and P. polyxenes X machaon hybrzd populations.

Other references to natjve umbellifergus foodplants for

hybrld populations 1ndlude "meadow parsnlp (Z:zra{’]

Hooper, 1973}, and cow parsnlp (probably H. lanatun - Tyler, -~

L

1975), which I have not been able to confirm. o : »ﬁ_ -
o

LTt .
o / B

5.1.4 Parasites in western Candda : <
A number of parasites were obtained in the course of <</
the collection and rearing of immatures of the Papilio
machaon group from western Capada. All were Hymenoptera or
Diptera (Table 13),. |
No paragites exaept for Trogus species parasitized more
than 5% of E%e P. machaon larvae in a population. Trogus -
parasites exceeded this level only in the Peace River
region, where more Trogus adults than Pépi!io adults were
obtained from many samples of reared Papilio pupae. The
frequency af paras1tlsm of Pap!]io immatuyres is also
varlable outs1de western Canada. For example, parasites of e
P. polyxenes are rare in Costa Rica (Blau, 1980:323), but
more comﬁon in New York (Blau;_1981:79; Feeny egsal,
1985:177). .
Parasites were found on several immature stages of
hosts of the P. machaon group, Mature larvae of Cotesia
emerged from third instar Papilio larvae before spinning a

coccoon nearby, in which to pupate. There was only one -
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« . Table 14. Parasite records. ’
. . R e i
Entries arranged by parasite species, followed by host’ it
species. The pumper of adultipafasiggs obtained are e
indicated behind each eptry. Except for the Trogus '
L lapidator on P. polyxehes X machaon (collected by P. ¥

“:.

SRS © Klassen) and the Cotesia (collecte&d by 4% Kimmic®, all -
‘ adult speciméns were obtained by F.A.H. Sperling. All -
records are from-western Canada, except forrgarasites on

P. p. asterius, which were received in speciMens reared E
in southern Ontario.i;
1. Braconidae - determined by D.J.M. Williams, 1983
1
Cotesia sp. nr. nemor | ag* Ashmead
P. machaon oregonius (3)
2. Ichneumonidde - determined by R.T. Mitchell, 1983

Trogus lapidator panzeri Carlson: P. m. aliaska (8),
P. m. pikei (21), P. m. dodi (5)3#P. gelicaon (3),
. . P. zelicaon X machaon (6}, P. polyxenes X machaon (2},
NG Trogus lapidator brevicaudae Heinrich: P. m. pikei (3)
Trogus pennator var. fulvipes Cresson:
P. m. pikei (7), P. zelicaon (2),
Trogus pennator (Fébricius): P, p. asterius (2)

"

3. Pteromalidae - determined by G.A.P. Gibson, 1984

Pteromalus sp., possibly P. cassotis or P. vanessae
P. m. pikei (numerous parasites from one pupa)

<

i

4. Tachinidae' - detérmined by J.E. O'Hara, 1981 to 1983

oF
T -ﬂ\;:?dnemyfa sp.: P. m. plkei (1)
ompsilura consinnata (Meigen): P. p. asterius (1)
Buquetia obscura (Coquillett):
- P. m. oregonius (3), P. zelicaon (2)



A\
i

¥

t

e

[

-t

- ' 179

. )
> Ly

parasite per hogt individual. Larvae of Buquetra obscura

emerged from large fifth instar host larﬁge, with two to

--.'

four para51tes per host. The 51ngle Madremyia larva which L

have reared was v151ble in the mature host larva as a large

-ﬂ‘

brqwn bruise, but did nct emerge from the host until three_

weeks after it had pupated. Only one Compsilura larva

Lk

emerged from the host pupa as well but did not do so until

3 . W

. the host had already de§551ted plgment in the wings and was

_‘..

about, to emerge. The Pteromalus wasps emerged about one
month after the host had pupated, with several dozén adults
emer;ing from a single hosf pupa. This récord was supplied
by E.M; Pike, who was rearing the host at Fairview, about 16
km from its normal range, and also observed the female
Pteromalus laying eggs -on the freshly pupated host.

Trogus females probably lay eggs only-on host larvae in ’
the fourth or fifth instar, judging ixrgm the-~“#bsence of
these parésites in individuals collected .as early larval
1nstars. As welr‘ paraszﬁlsm of P. machaon by Trogus seemed
to be Tore common“in host larvae which were collected after  ~
most larvae in a population had already pupated. Trogus
wasps generally began to emerge about a week after adult

Pap!]lo began to emerge from the same population. A 51ngle

Tﬁogus wasp emerged from each host individual, from a large

hole in the side of the pupa.

None of the parasite species appeared to distinguish
among host species of the P, machaon group. Trogus species

parasitized a variety of species of Papilio, and are also

war

- '_','3.'."#

&
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known from the papilionid _genus Graphium (MitcheRl 1979)

My own records confirm that Trogus spec1es do not appear to

\

select any partlcular spec1es of the P machaon group to

e ) Lo e o B .

, 1
-

e ; . - u,;,;“ s

para51tlze _jﬂl A ng;--'e; L e T wE

Although the braconld spec1es in Table 14 oniy has P

m. oregonrus llsted as: a host, thls s&ife undescrlbed specﬁes

__-:" . >

has also~been f und on P. zelicion in California (DI M.
Williams, pers. comm.). The tachinid species prdﬁably have
the widest host range of the parasites listed. Both
Compsilura and Madremyia flies parasitize a wide range of

]
lepidopterous families, as well as beetles of the family
.- 3

ax

Curculionidae (Arnaud, .1978). Buquetia obscura parasitizes

Danaus -plexippus (L.) {Danaidae), as well as Papilio E

‘poiyxenes (Arnaud, 1978). ,‘ &

Although tHey do not show species—specifié'
host-parasite relatiohships, both the Papilio machaon group

and the genhs Trogus appear .to be underg01ng extens1ve

nvbridization 1n western Canada. All nine adults of Trogus

peﬁnator'var Fu]vipes obtalned in Alberta and northern
British Columbla showed a degree of w1ng 1nfuscat10n : ‘
1ntermed1ate between,the_state typ1ca1 of;T. lapidator and;
the state in.T; pennator var. Fuivtpes ‘in the eastern part
of its Eanée (R.T. Mitchell, pePS Comm ) ‘As nell,"two of
the nine had black hind tarsi which resemble the state
normally found only in 7. Japlidator panzeri.

Of the 46 specimens of 7. Tapidator obtained from

Alberta and northern British Columbia, 14 (30%) had
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character states intermediate between 7. pennator and T.

or lapidator. R.T. Mitchell identified these specimens and
L3 .

<

commented (in 7Titt. 1983) that "Canada seems to be a real

—meltlng pot qf Trogus . E¥en if the two species of Trogus

..»

'“paras1t121ng the Papilio machabdn group in western Canad‘”"

turn outfto be~dlfferent.forms of a.singlé polymorphic
Ze LI R PO T l'f',‘.;’ .

species, it is interesting to note that systematig _
’ il
relationships+among Trogus species show parallels with

relationships within the P. machaon group. These “ 3

similarities are probably due to a .common blogeographlc

qhzstof§, to be dxscussed in the chapter on geograph1c

history of the P. machaon group.

5.2 Local Adaptations
zocess of differentiation into taxonomically
t"'populaticps involves many mechanisms similar to

ich are important to the adaptation of demes to

local ‘conditions. Local adaptation .occurs in different ways

throughout the life cycle of populations (fepresented in
Figure 39). Such mechanisms of adaptation predominantly
involve foodplant quality, availability and seasonality,

genetic variation among P. machaon group populations and,

e

the presence of related P. machaon group species.
5.2.1 Foodplant suftability and avallability -
Tﬁe'availablity of different foodplants for use by P.

machaon group larvae in different geographic areas of

181
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Figure 39. Major sites of adaptation within life cycle.
Factors influencing local selection are indicated
in éapital letters, and "O" refers to site of

selection. Causes of loss of fitness are

-~

X L - :
indicated by "{". Predators and/or parasites, and
weather factérﬁ, such as rain, directly reduce

s 0

fitness in all parts of life cycle, and are not

specifically listed.
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. western Canada is probably-influenced by sevegal'majdn

factors., One of these is the relative suitability of

potential hostplants. For example; plants of Angel f¢ca

-

& ) |

species, when available, appear to be preferred over most
-~

other «native umbellifers for oviposition by P. zel jcaon

ﬁé&ales in"the wild. This’ preference “is especialry clear at
Waterton, in southwestern Alberta (Table 20). Emmel and
Shields (1980) also found that Angelica species were
especialiy-commonly used bf P. zelicaon in the southwestern
U.S., while Wiklund (1974a) found the same for P. machaon in

Sweden.
‘.:, .F .l’.

This trend may be partly re } ated to the nutritional
suitability of leaves. Erlckson (1975) ang . Scrlber and Feeny
(1979) found that P. po?yxenes and lab-reared P. pofyxenes X
zel icaon hybrids had very good to moderafe growth rates on
Angelica speciés from New York, while Wiklund 11975) found

that P. machaon larvae had low to moderate mortality om

* Angelica species in Sweden. Wiklund4(1973, 1974b, 1975) also’

showed that the hierarchy of larval foodplant suitability
was related to ovipositioni} preferences by female P.
machaon, and was not influenced by the plant on which the
female had fed during the larval stage. These studies
indicate that Angelica spe§ies generally ére good hostplaﬁﬁs

for larvae of the P. machaon group, though there is some

variation.in suitability between Angel ica species.

The other umbellifer species used by larvae oi the P

machaon group in western Canada are more varled in the
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, : ) .
degree to which they are suitable for larval growth: Zizia

aptera and Sium suave give good growth for larvae of P.

oo
~
-.,.,'

- polyxenes (Erickson, 1975; Sgriber and Feéﬁéy, 1979}, while

Heracleum lanatum is a reiatiyely poor hostplant (Erickson,
197§). Since H. lanatum is"a maaor foodplant of P. zggicaon
in ;:stern Canada, the P. zelijcaon populations have probably
developed better physiological adaptations to this foodplant

than has P. polyxenes. Nodetheless,mthere is evidence that

the preferred foodplants of P. machaon group species tend to

"share a number of biochemical constituents, such as

furanocoumarins (Berenbaum, 1981). The use of a limited

number of rutaceous and composite species is no accident as

. gy

’ well,‘since these are biochemically rather similar to

umbellifers {Dethier, 1941).

T

It is reasonable to expect that plant size also

influences the suitébility of various umbellifers as

hostplants. Small plants such as Zizia aptera may not have

enough tissue to feed a larva to full maturity (personal

observation). The leaf tissue may be cquite suitable for
growth, but if larvae have to search out a new plant beforé
f%by are full grown (as in Battus philenor [L.T on
APistolochia,'Ragschér‘ggsﬂ), tbenfmortalitylmay be
unusually higl. Such a situation should causé selection
against oviposjtion preferences for Zizia by females.

On the ofher hénd, large-leaved plants. such as -’

Heracleum and Angel ica may Pprovide more than enough plant

tissue, but expose larvae'to more predation. I have found
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are distasteful and-survived attacks by even naive
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_larvae to be much easier to locate on large-leaved plants .

‘than small or narrowi;eaved plants. The importance of visyall

ap—

’ predators was shewnfbf“Blau (1980, 1981b) who reported that . -

large predators (which could not penetrate a 1.3 cm mesh)

"~ were the mggt impprtant mortallty factor .for P. p. stabllis.

However, Jarvi et al (1981) showed thaF P. machaon laryee
individuals of the great ti?'Panus major.

Leaf shape may also affect the efficiency of hosEplant
searches by females. Rauscher (1975, 1980) fodnd'thak Battus _
philenor females could-change their search image during
their lifetime, but tended to find only one of two
Aﬂistéiochia leaf types in any one time pefiod. Umbel;jfers P
vary considerably in leaf shape and so a visual search image
may be less important to females of the P, ﬁachaen;group
than to 8. ph}]en0P Ag Waterton, iarvae were found on
leeves'wh1chiyaried in sHape from the palmate leaves of
HeFacIéUm‘top;he long and very ﬁarioéileavee of Lomat ium
}Tﬁtefnatum, Ndﬁethelese, major differences in leaf shape
could influence females to'net lay eggs on plents which have
a strikingly different‘leaf.shape from their normal
hostplant. Such a"sieuaeion may exist at Pink Mountain,
British Columbia, where most P..m, alfaska females oviposit
on plants of Arfemisfa arctica, which have dissecteéwleavesh
somewhat like domestic carrots, and not on Heracleum

lanatum, which is a much larger plant with large palmate.

leaves,
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.common at Waterton. Both A. arguta and A. dawsoni, as _well

.individuals can maximize their reproductive fitness by

, 187
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In addition to the suitability of foodplants for larval-

feeding, the geographic availability of different foodplant

.species may be a ﬁajor influence on the ﬁattern of use d?; h

larval foodplants. The geographic distribution of

~ hostplants, combined with ‘a hierarchy of nutritjonal

‘-suitability, explains some of the shifts in local foodplant

USe:in'Qestern Canada. For example, demes of P. ze]icaon
depéqd mainly on QEracieum in northern.Alberta; where
Anée?ica plants are uncommon, but depend on_AngeIFca in
southern Alberta, at Waterton, despite that Henac}eum is
.. : Y.
as Lqmathm tritennarum'and L. disééctum{_are restricted to
the éouthwest corner of Albefta (Moss and Packer, 1983), and
so it is only in that area that any one of these species
could become é-major fpodplant. On the otﬁgr hand, the
ab;;nce of P. machaon group species in.tEe nerth eastern

part of Alberta is onlz/ﬁubiously due to a paucity of

foodplants, sYncé;i hi;e found both Zizia and Heracleum

"plaﬁts to be common the¢re.

e
—_ 5

5.2.2 Diapause and voltinism
Diapause and voltinism are important components of the

adaptations of populations to local conditions. Since

foregoing diapause.when another generation is still possible
within the growing season, there is selection against

genomic combinations which cause an individual to enter

v
-

t
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" pupation ‘results'-ih death &f ‘fhe individual (though it is

N : F
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diapause‘prematureyy. However, éWapause in temperate regions
t S

ig\posssible only in -the pupal stage, and ﬁailure-ip réach
A . ‘ . ; s - . J._:t.i‘ e

r e

possible that some fi;th instar darvae diapause fﬁ-warm,lary
climates_; Wiitshire,ﬁ{QSS)l Thié provides a strong opposiﬁg
selective pressure éor‘pupae not to emergégif there is nﬁt
enoug% growing season ibﬁt to produce another generation.
The presence of such seléction accounts for the existance of ®
mechanisms allowing E;/machaon group species to adapt
relatively quickly‘t&-iocal conditions.

The mechanisms which allow P. machaon group taxa to
adapt to local conditions involve genetically determined

—

responses to environmental cues for diapause induction and

termination. In temperate tegions, pupal diapause is induced

if late instar larvae.are reared under short daylength

conditions. Since populations at northern latitudes
experience ‘longer days but a shorter growing season, these
populations uadergo diapause in response to relatively
longer photoperiods than do séutﬁern populations. The

—

genetic basis of such differences in diapause induction has

€

been demonstrated several times {(Oliver; 1969; Sims, 1980 &
1983; and Blau, 198ta ;Q7;é1c).

The tefmination:of pupal diapau;e is usuvally induced by
exposure to warm‘conditions after aﬁ extended period of cool
temperature. When diapausing pupae are refrigerated for
longer periods of time, emergence of adults occurs sooner

and in a more synchronizeq pattern (Shimada, 1976).

-
-
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Termination of pupal diapause also depends on sufficient
temperetures for physiological development, as well as on
dayleeéth (as in P. m. pikei).

The phenoclogical charactefistici of larvaf'foodplants
are major influences on these characteristics in P. machaon
group populations. Blau {1981c) showed that ‘the timing of 2.
poiyxenes broods 15 related to the temporal dlstrlbutlon of
the hostplants, and escape from foodplant patches of
decre&sing quality is accomplished by diapause in New York
populétfcns and dispersal of females in'Costa Rica. As well,
the evolution of multivoltinism in most regions where P.
machaon group populations have switched to introduce@
foodpiaﬁts is‘E}most certaig}y a response to the oo
availability of these foodplants oveg a much greater
proportien-of the year than native foodplants.

Foodplant phenology, together with accumulated degree

!{‘.

days, can account for the . unusually late flight period of P.

m. pikei in the Peace River region, compared to that of P.

LT

m.'bregon(ys and P. m. dodi adults in southern British
Columbia and Alberta. This difference in flight time is
especially noticable when one considers that P. m. dodi
adults are out early in the flight periods of such species
as Oeneis uhleri Reakirt and Papilio glaucus in southern -
- Alberta, but P. m. pikei adults do not fly until after the ‘
main flight of these spec1es in the Peace River reglon

Since the region is a considerable distance to the north of

£he ranges of P. m., dodi and P. m. oregonius, the growing
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segson is not ldng enough'for the Peace River populations t®
produce even a ﬁartial second brood (Figure 34). As well, it
is possible that P. m. pikei may have fixed genes for
univoltinism, since it has probably recently been derived -
from the univoltine alpine P. m. aliaska. Without selection
pressure to produce the fiFst brood larvae as quickly as
possible to allow time for second brood larvae to develop,
the first brood larvae are free to develop later in the
season, when the foodplant has larger amounts of lush
foliage, compared to earlier in the spriég. Since most
umbellifers have become-senescent by late summer in this
area, the option‘to delay adult emergence is not available
to the univoltine P. zelicaon populatfggg\gn the region.
Environmental stability may also be a‘strong influence
on phenology and diapa;:; behavior in P. m l/i/_':_&:'a:)r'r group
specieé. If habitat suitability is relatively unpredictable,
then a variety of risk spreading mechanisms can be expected
(den Boer, 1968;.Stearns, 1976) . Extended pupal diapause is
an important example of such a mechanism in the P. machaon
group, especially in arid habitats. There are two componénté
to extended diapause. One component is an.emergence in which
adults from a singlé cohort emerge at low freguencies over
an entire growing season, and in doing sé ipcfease the
chances that at least some of them w}li‘be out during a
period of gooé larval;foodplant abundance. The other
component is a particularly lgng diapause, in which a

proportion of the population remains in diapause through cone
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or more growing seasons, spreadihg the risk of uhpredictable
mortality over more than one year. Since arid habitats are
especially susceptible to irregular rains, the drylané P, o0
' machaon group populations should be more likely to show
extended emeréence. This certainly holds true for pupae

which have eme}ged under laboratory conditi?ns. The ‘ ..
populétions showing the most extended emergence, both within

an emergence period and betweén such periods, were the

dryland P. machaon from sou?hern Alberta and the Peace River

region. - , i

* ‘-

An additiénal adva ge}of extended pupal diapause is

=

that it may allow populA¥ions which survive a bad growing

seasbn to be relative free of parasiteg. For examplé,‘P.
m. pikei pupae fregdently went through méore than one cool
cycle before emergiﬁg, but only one Trogus individual
emerged after two cycles of refrigeration. Since the only
populations of the P. machaon group which had heavy
parasitism rates belonged to P. m. pikel, such a mechanisﬁ‘
may be important to the avoidance of parasites by these
populations. : T T '
Not all dryland P. machaon populations show extended

emergence within a growing season or over more than one

TN

» season. For ekample, there is major 'variation within P, m.
dodi with respect to the amount of time it takes for adults
to emerge from overwintered pupae under laboratory
conditions, There appear to be two types of populations. One

type has an emergence pattern much like P. m. oregonius from
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southern ‘British Columbia, with synchronous emergence a few
veeks after removal froﬁ\refrigefation and no adults coming
from pupae in extended’ diapause. This emergence pattern is |
/-\\/__/
found in pupae from along the Oldman River and its
tributaries in southern Alberta (n=58 laboratory

emergences), as well as at Outlook in Saskatchewan. The

secdnd type of emergence pattern is characterized by very

~extended, asynchronous emergence within a season, and a

-

significant proportion of individuals which remain in pupél

diapause throughout at least one growing season. This
r

pattern is seen in the P. m.“dodi pépulations along the Red

Deer River, in the northern half of the southern Alberta

grasslands (n=39 laboratory emergénceg). The adaptive
significance of this variation may be related to the high
frequgncy of late spring frosts which occur in the area
between Red Deer apd Drumheller (Canadi;n Climate Normals,
1951-1980. [1982d]), and which may be particularly damaging

to pupae during the vulnerable period just before emergence.

5.2.3 Genetic variation .

Variation in genetic composition among demes of spec1es
of the P. machaon group is also a major factor in local
adaptation, by determining what plants are available and
suitable as larval food. Gene pools will themselves depend
on the evolutionary history of a population, including

factors such as recent selection, introgression, mutation or

random drift, Scriber and Feeny'(1979) pointed out that P.



193

ze]!caon larvae -from Callforﬁla had relat1vely poor growth
on plants such as Pastlnaca, which are major foodplants of
P. polyxenes in the northeasternlﬁtates. Oliver (1969), Sims
(1980) and Blau (1981a and 1951c) shg&éd significant
variation within P, polyxenes and P. zelicaon with respect
to traits related to hostplants, such as diapause induction
and egg productioh. e | |
Adaptive diverggncé between different populations

within species is probably an important factor in foodplant
use in P. machaon group species in western Canada. Though
plants of Heracleum lanatum are generally less nutritionally
suitable for development by P. zelicaon than those of
Ang%lfca arguta, it is conceivable that larvae from central
Alberta which have had to adapt to Heracleum would do less
well on Angelica than larvae from Waterton. Correspondingly,
it may be that there is enough population variation within
plant species so that the process of local adaptation takes
place even fof specialist populations. For example, it is my
impression {though I have not rigorously coliected data)
that P. machaon larvae from Artemisia dracunculus in ﬁ
southern Alberta, southern British Columbia and along thé
Peace River grow better on plants from their own area than
from other areas.: T

| The successive accumulation by a population of genetfc
adaptations may give it an advantage in being able to switch
back to ancestral f?odplants. Foodplant reversals to

-

rutaceous plants are obvious examples, and may involve
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cultivated species, such as Ruta in Bagdad (Wiltshire,
1958}, ér native speciegﬁ such as Thamnosa in Arizona
(Ferris and Emmel, 1982). The phenomenon undoubtedly occurs
within umbelliferous hostplants as well, though it is would
be mdre difficult to detect. Since composite-feeding habits
evoived'relatively recently, fewer opportunities for
reversals to umbellifers may have occurred. However, the
potentiai Eéftainiy exists, and it would be interesting to
see 1f these P. machaon larvae are ablé to go back two
evolutionary steps and accept rutaceous species as larval
foodplants. "
Shifts to introduced and cultivated foodplants also
giﬁe some indication of the speed with which local genetic
adaptation may occhf. Examples from North America are
especially good indicators; since the continent has only
relatively recently been subjected tomwidespread
agriculture. Adaptation in phenology and foodplant use has
occurred in central California, where e. zel icaon is no;
multivoltine on introduced foodplants but was derived within
the last 150 years from populations which were univoltine. on
native foodplants (Emmel and Shields, 1979; Shapiro and
Masuda, 1980; Sims 1980 & 1983). The widesaread use by P.
polyxenes of cultivated umbellifers, angithe opening up of
large forested areas-in eastern North America may have
allowed P. polyxenes to expand its range within.a similar

time frame. It is alsc conceivable that the occurrence of P,

polyxenes in South and Central America may have been aided

W

o
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by the growth of weedy umbellifers in areas of primitive
agricﬁiture in the last few thousand years,
5:2.4 Effects of interspecific interactions _

Other than foodplant suitability and availabilig;,
combined with variations®in genetic composition at the
population level, &pteractions Between species are a
'pogfjble influence on local variation in larval foodplant
choice. These interactions may occur in severalldiffefent
ways. I examine th:;e separate explanations for why P. .
maéhaon group species may use different foodplants when they
occur in sympatry. Y

One hypothesis is that c?ppetition,occurs through the
exclusion of the larvae of oné species from the foodplant of
fangfhéf more successful species. Miller and Brown (1983)
;ﬁggestqﬂathat this may explain divergence in foodplant usé”
m;i£hiﬂ the P. machaon group..However, Efrlich and Murphy

~}1983) stated that no such example of direct competition had
yet been demonstrated in herbivorous insects. v
Limitation of'ﬁbpulation size‘by a resource is a basic
prerequisitg that must'be showﬁ-for competition studies.
Here the resource is the foodplant, and lagvae of one
species must be able to preclude full use of the plant by
larvgg of another species. Blau (1980) indicated that in P.
polyxenes in‘Costa_Rica, large larvae may dislodge smaller

larvae and eggs from thedr foodplants. This factor accounted

for 8% of the total mortality in larvae of the second
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geﬁeration in one foodplant patch. In western Canada, I have
on numerous occasions seen several incompleteiy grown larvae
resting on the bare stems of their foodplants, Though on
each of these plants the ‘larvae might have been siblings
from a single female, it 3; reasonable to suppose that
ipstances occur in whichlthe-larvae would repfesent more
than one species. )

Even if ﬁhe coaxistéhce of the larvae of two species on
a single plant does not result in direct dislodging or
increased ﬁortality due to'having_to find another foodplant
before development is complete, the combined larval
densities may be\high enough to cause u505ual mortality for

both species. To my knowledge none of the parasites and

predators on P, machaoh'group_larvae are species specific,

.and high densities of larvae may even cause proportionately

higher mortality due to these factors, The most noticeable
example of this effect is mortality due to disease, which is
frequently reported for crowded laboratory colonies,
Although Blau (1980) did not find disease incidence to be-r
significant in natural populations in Costa Rica, I haQeﬂ
oggerved séveral examples of-natural mortglity due to
disease. These almost alwayg occurred in conjunction with
relatively high population densitiéé of larvae. The most
extreme example occurred at Wééerton in August of 1981,
where I found three fourth-instar larvaelgead on leaf tops,

surrounded by the brown liquid which is characteristic of

diseased lab cultures.
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These observations indicate the potential for
competltlve 1nteract10ns among larvae, but more work is
needed before it can be shown that such 1nteract10ns may be
important enough to'cause divergence in foodplant use. A
good area in which to experimentally study interspecific
interactions between larvae is southern California, where
such factors may limit the range of P. polyxenes. Ferris and
Emmel (1982) reported that females of P. p. coloro, whose
larvae normally feed on wild rutaceous plants, sometimes
oviposit on umbeliifers at the edge of the spécies range in
CalifoEnia, but larvae did not appear to be able to
establi;h themselves on these plants where they were
_'normal;y occupied by P. zelicaon larvae. '

Dfﬁergence in foodplant use ﬁay occur through
interactions between adults as well. In many areas, the
larvae ;f two species may feed ;n different foodplants in a
given area, but individuals may contact each other regularly
as adults. In these areas some mechanism for species
segregation in adults can be as3umed. For example Scott
(1975) and Shaplro et al (19871) reported that P. indra B
adults fly just below the crests of hills, rarely mixing
with the much more numerous P. ze]jcaon adults at the top.
The congregation of males at topographic prominences,
referred to as hilltopping (Shields, 1967), is a very
pronounced trait'throughout the P. machaon group and results
in the mixing of- species from a fairly large area.-”I have

found P. machaon and P. zelicaon males hilltopping together
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at several localities, and though‘random'mating does not
seem to ensue, some hybrid 1nd1V1duals may be produced Thus
mate recognltlon in complete sympatry is not always perfect
between species, and one would expect natural selection to
also produce other mechanisms to. reduce the loss of genes in
such hatings.

In the P. machaon group such mechanisms appear to
commonly involve habitat selection, which results in species
segregation in different habitats,.and reduction in loss ofw
Qiablg adults to interspecific matings. Thus, in a sense,
mﬁﬁé competition may lead to the occupation of different
habitats by different species. Since different habitats may
-be occupied by species whose larvae feed on different
foodplants, larvae might appear to do so because of
competition when this may not actuallx have been the causal
factor in the divergence in fcodplant choice.

Habitat selection due to mate competition thus provides
a second explanation for divergent foodplant use b&Itwo
species in sympatry, though sympatr§ in such an area is
defined rather bréédly. It seems likely that P. machaon and
P. hospiton maintain their integrity largely by this
mechanism (Kettlewell, 1955). Another example is the A.
dracunculus-feeding populgtions of P. machaon dodi in
southern Alberta, adults of which generally hilltop on high
riverbank edges, while P. zelicaon adults in the same area

are found almost exclusively on wooded prairie hills. p

LYY
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A third explanation for'diveréent foodplant use is that
".it does not 1nvolve competltlon, but rather is the fesult of
opportunlstlc random preadaptat1on for later coexistence in-.
sympatry with another species. I have discussed several N
examples of geographic variation in foodplant use within a
species, some ef which have invclved oppoftuﬁiéﬁic*revéfsals
to the more ancestral rufgcgpusfﬁgodﬁfgnts. P. machaon,
however, has aguired a derived trait, in that some

populations feed on composites. Thie evolutionéry'novelty

may well have been acquired in isoclation from other species

of the P. machaon group. It is maintained at present in P.

m. alijaska and P. m. hudéonianus in the absence of potential .
congeneric compef&fors, and may even be an important local
adaptation in P. machaon in Afghanistan. Preadaétatioq‘ih
allopatry is a plausible explanation for the“initial
developmen; of composite-feeding habits in P. machaon.
Howevef, these habits have since allowed P. machaon to

e

occupy large regions in sympatry with P. zeljicaon and P.
. N
fndra, both of which continue to depend mainly on .

umbellifers. A possible scenario for development of such """
foodplant adaptation is outllned in the following chapter
The dlver51ty of mechanlsms for local adaptatlon within
the life cycle of P. machaon group 1nd1v1duals (Figure 39) - -
illustrates the potential complexity of genetic interactions
involved. A simple switch in larval foodplant may not inf

necessitate physiological adaptations for more efficient

. digestion, but also changes in oviposition behavior and
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pupal diapause, and mag-;rovide a mechanism for
interspecifit coexistence. Such considerations support the
view that the process of local adaptation, much less
speciation, involves a subétantial reorganization of
polygenic balances, with an.irregular rather than strictly

gradual évolutionary pattern over time.

1
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6. EVOLUTIONARY HYPOTHESES

6.1 brigin aé& Eagly Differentiation of the P. machaon Group{
Thg‘outgroup relationships of the P. machgpn group are

uncertain, Monroe (1967) was unable to resolve the
affinifies\?f the P. machaon group to other species groups
in the genus Papilio. He only associated it with the P.
xuthus group, and suggested that. these two groups had

: affinitie«'s/w'ith the P. demoleus L.- énd P. anactus Mac.leay
species groups. Ae (1979) presented data about interpecific
hybridization which suggested that-the P. machaon group was
about as closely E;lated to the P, xuthus group as it was to
the P, paris L. group, which Monrée did not include in‘ﬁis
reconstructed phylogeny. Ae also showéd that the affinities
of the P. machaon and the P. demoleus groups were probably

ked the P. machaon

still more distant. Hancock (1983)
group aé a distinct genus with only primitive relationships
%0 most of the remainder of the Papilionini. He also
suggested that P. a!exanor‘may represent a lineage:predating
a split between the P. machaon group and more than half of
the species groups in the Papilionini. B

I agree that P. alexanor must have divergéa from the
remainder of .the P. machaon group m;ch earlier than any of
the other species in ghe group. Foi'that reason, as weli as
the fact that ité inclusion in the P. machaon group on the

basis of larval characters is so strongly contradicted by

the adult characters, I consider it with some caution in my
L . .
201
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discussion of the phylogeny of the P, machaon group.

Because relationships of the P. machaon group wi;hiﬁ?
the genus are umcertain, it is difficult to determine which

character'states within the group are plesiotypic., If the

L
3

Eommon-is*primitive method is applied to all the potential
outgroups of the P. machaon groupythen P.- machaon probably
qualifies ash'the most ?lésibtyp”pecies in the group. The '
application of such a procedure wdulﬁ eliminate most of the
character states of tﬂé-wing and body color pattern of P, p.
- asterius as likely primitive states.

Another method of polarizing character states has been
applied by Seyer (1982) to the P. machaoA‘group. He
considered genetically dominant traits to have been more
recently derived than traits which are more recessive. Since
the allele for the black wing morph of P. p. asterius {sé
dqpinant over the yellow allele, it was considered derived
{Flative to the yellow morph. On this basis Seyer (1982) t
concluded Ehat P. zelicaon was phylogenetically older than
P. machaon, P. hospiton and P. polyxenes. .

Despite the uncertainty involved in'suchran
undertaking,.l offer a tentative hypothesis ﬁgxwhat the most
recent common ancestor of the P. maéhaon group, excluding P.
aiexanoh, may have looked like. My identificatfon of
‘primitive chara&ter states is mainly determined by the {(/’)‘
similarity of these states to states occurring.frequently in .'  /A
different ﬁBSsiBle outgroups. On this basis, the ancestral

species was probably very similar to presenﬁ'day P. machaon,

3 B j o
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though differing 1n Several respects (Table 15). The
differences from P machaon .in adult characters would
include: 1) a more rounded hindwing pupil, 2) more black’
scales befween thé fed andvblug of the anal eyespot, 3) a

less extensive suffusion of yellow scales on the wing

'surfaces, 4) more dark scales on the base of the hindwing,

. though not-covering'more than haif of the hindwirg disc, and

5) a shorter tooth row on the male genltalla. In these
respects the ancestral spec1es may have been more 51m11ar to
either P. hospiton or P. p. amenlcus (Table {5). The larvae
would have had a banded color pattern and orange spots, and
would have predominantly fed on umbelliférs.‘

:The ‘ancestral speciles probably lived in the central
Pélearctic région, though if must have dispersed to North
America very early in the development of the P. machaon
groupfffhis species certainly lived before the Pleistocene,
considering the amdunt of differentiation within the group,
though I.doubt that the present speciés in the P. machaon
group (excluding P. alexanor) began to diverge from each
other much before the beginning of the Pleistocene (Figure
39 and 40).

Nei's (1972) genetic distance (D) can be used as a
rough indicaégr of the time of divergence of two lineages.

Thdrpe (1982:153) used a D value of 1.0 to indicate a

‘divergence time of 15-20 million years., When this ratio is

applied to a value of 0.2 for interspecific comparisons

within the P. machaon group (Table 6), then a divergence
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time of 4-5 million years is.obtaineq‘?or the three species
now occurring in western Canada. For the sﬁbspegies within
P. machaon, divergence times of 0.1 to 1.0 million years are
indicated. Although these eétimates are likely 10 be only
roughly accurate, they nonetheless support the contention
that the main lineages of the P. ﬁachaon group diverged
before the Pleistocene, while most evolution’witﬁin lineages
took place during the Pleistocene.

The 'species which appeared during this time period
probably géﬁe rise to four major lineages in the P. machaon
group. These lineages include what are new: 1),P. machaon'
and P. hospiton; 2), P. zelicaon; 3), P. pblyxenes, P.
Jjoanae and P. br'ev'icauc.ia:‘ and 4), P. indra.

.The olde§; of these.four lineages is probably the one
that gave rise to P. machaon (Figure 40 and 41). Both P,
hospftpn and P, machaon possess very few of the apotypic
character states of the Eemaining lineages (Table 15). As
well, it is more parsimonious to hypothesize that the P.
machaon lineage evolved in Eurasia, and is nof the product
of a return dispersal from North America.

However, the common ancestor of the remaining lineages
probably fragmented soon after colonizing Norfh America.
Both electrophoretic characters (Table 6) and hybridization
in the laboratééy (Ae, 1979) indicate that P. machaon, P. =
zelicaon and P, polyxenes are approximately eguidistant from
each other. Also, natural hybridization occurs between each

of these three species pair combinations, as well as between

.
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Figure 40. Reconstructed phylogeny of P. machaon group.

Location of numbers shows hypothesized first

appearance of derived states. Letter and number

codes are the same as on Table 2 and 15. Dotted

line represents spread of modifier gene for black

wing morph. Widely spaced dots indicate low

proportion of black morph individuals or

incompletely linked gene combinations,,

B1, C1, EI

Al, B4, E4, H2, I4

10c

no autapotypies amonglcharactérs analyzed

D3, F3, G4, H3, J3, K1

2

e}
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Figure 41. Changes in geographic range and larval hostplants

e
over time.

1. P. hospiton '

e
2, Palearctic P. machaon ssp.

3. P. m. aliaska
4. A. dracunculus-feeding ssp. of P. machaon
5. P. m. hudsonianus P
6. P. zelicaon .. \\fﬂf—%H)
v ; B »
7. P. indra
8. P. polyxenes :
9. P. joanag (not shown in Late Wisconsin)

10. P. brevicauda

F
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P. machaon and P. hospiton.
The relationships of the three™lineages which
originated in North America are unclear. P. zelicaon .
possesses few if any autapotypic characters, and could

conceivably represent the earltiest of the three clades to
diverge, but shows little internal differentiation. Although
the color patfern of adults of P. p. asterius is probably
highly derived, P. pclyxenes.contains o%héff;gbes and forms
(particularly in P. p. americus) which appear to be more
primitive and similar to P. zelicaon. P. indra, on the other
hand, appears to share some apotypic character states with
some P, polyxenes -subspecies {(Table 15), but shows
considerable internal differentiation, and has distinctive
adult genitalia and adult and larval color patterns. Though
this degree of differentiation may indicate.ap early
divergence-time relative to the othé} specieég it may also
be a reflection of a different sorf‘of selection regime., In
fact, it is conceivable that P. indra is éo‘different only

.

because some factor such as the distipctive genitalia may

-

have allowed it to completely avoid hybridization and

introgreséioh with other species, even though the lineage
may ‘be’ no older than the other three. Since it seems
plausible that all three lineages could have diverged at the
same time (in West Coaét, American southwest, and eastern
refugia), I havé left this" portion of the reconstructed

phylogeny as a trichotomy.
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There are two main reasons why phylogeﬁetic
reiétionships within the P. macﬁaon group are obscure. The
group is ecologically very flexible and capable of spedgfic
adaptations to local conditions, often through reversals
such as a larval host switch to rutaceous plahts.-The
ecological flexibiiity of the P. macha?n group has allowed a
few speciés to occupy such large geographic ranges that
events such as multiple budding off of peripheral
populations from a central population are likely.
RetiCulation.due to interspecific hygridizaticn is also
likely to have been a significant factor in the evolution of
the‘groﬁp. For example, the blackéwing morphs of P, zelicaon
and P. machaon are probably due to the introgression of
genes from P. polyxenes, while large hybrid populations oﬁ_
two of the three potential combinations are described in
this study. Both reticulation and multiple peripheral
isolation events in variable species are likely to produce
discordant character distributions, with resultant
difficulties in the reconstrﬁ%tion of their phyologenetic
relatibnshipsT In the P. machaon group these factors are
compounded by the fact that the importance of morphometric
differences between species is difficult to assess, due to
extensive intraspecific variation and the presence of

supeérgenes which affect several characters simultaneously.
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6.2 fieistocene Divergences Within Major Lineaées
Thé'firg; dispersal of the Papilio machaon qroup into

'Nogfh America almost ceftainly took place across the

Beringian region between eastern Siberia and Alaska.

[ad

Matthews (1978) described a variety of -land connections
through ghe Beringian regibn during the Tertiary, with an
increasing potential for biotiF"exchange toward the end of
that period. The Beringian land bridge was also
intermittently exposed during the Pleistocene, and formed an
important biotic dispersal corridor during that time.

The large scale glacial advances and retreats that
occurred throughout the Pleistoceéne have probably been the
most important factor in the differentiation of new species'
and races. These glaciations, combined with dramatically
altered climates, moved many vegetation associations far
south of their present ranges-and caused the formation of
some vegetation qssociations which have no modern analogs
(Matthews 1982), Since most of Canada was covered by ice
during glacial advances, the resident P. machaon group
populations must have been éisplaced a number of times
before returning during warmer perioas. G;ggiations would
have completely isolated Beringian and Asian populations
from the populations which surv;ved south of the ice in
North America. Glaciations could also have caused major
fragmentation of populations within ice free areas by

causing habitat changes.
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6.2.1 The P, machaon lineage

The P. machaon lineage now csntains only one species
other than P. machaon itself. This is P. hospitop, which
must have become isolated on Sardinia and Corsica very early
in the history of the lineage. Rumbacher and Seyer *(1979)
estimated that this happened during the Mindel glaciagign,
‘which is the secohd of thg four major glacial periodsﬁ
reco;nizeé in Europe. The res& of the P. machaon lineage
occupied most of the Palearctic region, apparently giving
little opportunity for any populations to devefbp into
anything other tgén distinct regional”races.

The Pleistocene glaciations were probably espediallﬁﬁ
impor;ant to the acquisition of composite-feeding habits by
larvae of P. machaon (Figure 41). Since North America was
occupied early in the history of the P. machaon species
group, any later invasion of North America by P. machaon may
have been inhibited by a prior occupatibn of most of the
available umbellifer~feeding niches by the.residght species.
This kind of displacehent would have been similar to that
seen in P. zelicaon and P! polyxenes, which appear to be
parapatric over a considerable distance.

Considering the degree of differentiation present in
the Artemisia-feeding subspecies, the invasion of this niche
must have occurred before the Sangamon Interglacial. The
foodplant shift probably occurred in'Beringia, when the

local populations began to feed on Artemisia arctica, a

species which is still the main foodplant of P. machaon in
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Beringia, and is much more abundant than any umbellifer

"

species in the region. The shift would have been aided by

several similarities in secondary plant compounds between

.plants of the”genus Artemisia and those tbelonging to the

Umbelliferae (Dethier 1941; Berenbaum, 1983). Thelplant
assemblage of the arctic steppe tundra (Matthews, 1982) was
brobably very similar to that which'preéently exists in the -
dry, colad cliﬁate of northernJAfghanistan, which is the only
region in Eurasia in which P. machaon has been recorded on.
Artemisia. It is uncertain whether the later switch of P.
machaon to Artemisia dnacuﬁcufus in North Americaooccurréd

in Beringia or farther to the south, during‘a warming trend
which allowed Beringian populations to come into contact

with dgfland habitats charactgristic of more southerly
latitudes. In any event, the switch to A. dnacuncuius_
allowed .P. machaon to occupy .large regions in sympatry with

P. zelicaon, P. indra, aﬁd, in part, P. polyxenes (Figure 41 -
and 43). | | "

-t

A major factor in the North American differentiation of
P. machaon would have been coglact HiEp P. polyxenes.
Introgression or even more willespread hybridization just
after contact with P. polyxenes is probably the reason why
P. m. bairdi| acquired the allel® for the the black morph
adult (Figure 40). Support for this suggestion may be

derived from the marked similarity between artificial

hybrids of P. machaon and'P. polyxenes, and the naturally

e

occurring black morph of P. m. bairdif. Though the black

v
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Figure 42. Locations of late Wisconsinan refugia. Figure is
based in part on?Séudder (1978:159). Continuous
lines indicate ice masses. Broken l@nes show
refugia hypothesized for P. machaon group taxa in
the United étates and Canada:

1. P. m. aliaska
2. P. m. oregonius
3. P. m. hudson ianus

. ' 3a. P. machaon populations similar to P. m.
hudsonianus. Remnants present in P. zelicaon X
machaon hybrid populations in central Alberta.
4. P, zelicaon
5. P. m. bairdif and P. p. coloro
6. P;‘p. asterfus and P._joanae(?)

7. P. brevicauda
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Figure 43. Distribution of P. machaon in North America.
Arrows show hypothesized Holocene dispersal

routes.
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Figure 44. Distribution of P, zelicaon and 'P. polyxenes.
Arrows show hypothesized Holocene dispersal

routes in North America.
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1o
morph of P, machaon may also be found some distance from the
nearest P, p, asterius, it is restricted to a region where
either past contact or allele movement throygh introgression

.

can account for its occurrehce.

During late Wisconsinan time, ar$und 18000 years before~
present, P. machaon mist have survived in’Notth“America in
several different fefugia (Figure 42). P. m. aliaska was
restricted to the ﬁbfthernmost refugium, though it may have

had a rénge almost .as broad as it has now, inciluding

extensions into eastern Siberia The Beringian refuglum flay

have, had an unusually high“ PxoductLv1ty and diverse fauna

during thls time, and almost certalnly was drier than at
present (Hopkins e] al, 1982). When the glaciers melted, P.
m. al faska was able to disperse southward, along recently
veggpgted areas on the eastern ranges of the Rocky Mountains
to Hﬁason Hope (Figure 43), and may have extended south to -
the northern Rockieg in Alberta once. At present, P. m.

{
aliaska is essentially parapatric with P. zelicaon in the

‘Rbckies, and hybridization between the two species is

limited-ip this region.

The origin of P. m. hudsonianus is uncertain. The
subspecies now ranges to Quebec, but.is very uncommon west
of Saskatchewan, This suggests that it diverged from P. m.
al faska before the late Wisconsinan, and occupied the boreal
region south of the ice during the last major glaciation

(Figure 42), “
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The A. dracunculus-feeding populations were more |
fragmented.‘The stock that P. m. bairdiil is.derived from
e:?bably survived in the remnants of desert habitats in the
.American southwegt,»éﬁd“it ggems"likely that"P. m. oregonius
is ‘derived from a sepaiﬁte'pppulation. This is suggested by
the fact that P. m. orééonius has no black Eorm‘like the one
which is predominant in P. m. bairéii. Although most
veéétation recops;;ucfions-show'only conifer forest:grad{ng
into tundra at the edée of the glaciers in the northwestgrn
United States, I suggestfthat the most likely ytsébnsipaq 2
Eéfugium for P;Kmf oregonius is. along thé'erodﬁhg banks. of
the Columbia River, between washington°;nd-dré§on. Thouéﬁ
very clqse to the ice, the steep north bank of thékfiver
must have had a much drier climate than the surrounding
region, much like théi—p;esently characteristic of the Peace
River region. It ié even possible that there were dry-tundra
adapted P. machaon populations along the southern edge of
the ice iH”Washington during the Wisconsinan glaciation,

giving rise to P. m. oregonius separately from P. m.

a
-~

bairdii. i
A potential refugium for P. m. dod/ is even more
problematical than for P. m. oregonius. Most vegetation
reconstructions for the northern Great Plains agree that the
region was covered by conifer forest during the late
Wisconsinan. It is possible that P. m. dod/ survivéd on
e

eroding river banks in the drier areas, or even near the

Nebraska Sand Hills.;@oweqer, if P. m. hudsonianus also
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survived south‘of the ice, it would probably have had some
contact with P. m. dodi, and yet P. m. dodi has a
distinctively darker wing angd body coloration. A more likely
alternative is that P, m. dodi.did not exist as a

distinctive population during the late wiscbnsinan, and

arose as a hybrid between P. m. oregonius and P. m. bairdii

"

when these two populations contacted each othér during the
Holocene” (Figure 39). This would account for the SOﬁewhat
intermediate adult color pattern of P. m.wdodi; ﬁhéygh not
for thé*facf~tﬁat the larvae have only orande spofsvrathe{
than a mixture oé or;nge and yellow. A sécond expféﬁafionwis
that the dark adult coloration in P, m. dodi is due to
introgrgssion from P. zelicaon in founding populations.

P.rm. pikei has.probably had a separate origin from the
A. dracunculus-feeding subsbecies which range into the
western United States. Although almost all of the butterfly
species that are found with it in the Peace River grasslands
are cleag;y derived from conspecific populations in southern
Alberta, fEfM;,Pike and F.A.H. gperling - in preparation),
P. m. pikeinis more unlike P. m. dodi than any other P,
machaon subspecies in western Canada. P. m. plkei shoﬁs a
much greater pheng;ic similarity to P. m. oregonius in
southern Britigh Columbia. However, it is dnlikely that P.
m. pikei has been derived from P. m. orebohius, sin;e none
of the available pollen core.évidence (eg. Hansen; 1949,
1950, 1955; Valentine, 1980;_White and Mathews, 1982)

suggests that the grassland vegetation of interior British
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Columbia extended across the Rocky Mountaihs during the
Helocene. _

I believe it likely that P. m. pikei arose durimg the
,Holocene from P, m. aliaska. 1f the larger size and more
pointed wings are discounted as recent adﬁptaﬁions
convergent with other ecologically similar races of P.
machaon, then the greatest morphometric sfmiiarity is with
P. m. a]iaska,-o: perhaps P. m. hudsonianus. P. m.hpikei has
an unusual combination of e1ectrophoret1c character, states

e

perhaps due to sampllng error :or genet1c drlft 1n the

/
[

orlg1nal COlOﬂlStS, but is slightly more 51m11ar to P m.

al faska than to any other P. machaon subspecies (Table 8).
The most‘westerly populations of P. m. pikei are preq’gtly
found_about 25 km from the nearest alpine P. m. aliaska
populations, and the strictiy univoltine emefgence and long
daylength requirement fgr diap;use termination are clearly
adaptations to a northern habitat. _ ) "
The most likely time of divergence for P, m. pikel is

“ between 8000 and 11000 years B.P... The ice free section of
the foothills east of the Rockies had a periglacial climate
at about‘11,250 B.P., thch was dominated by Artemisia and
grasses (Schweger et al, 1981). However, between 9000 and
6000 B.P. the climate was much hotter and drier-than at
present, allowing a major expansion of grassland habitats.
The relatively rapid shift froﬁ'dry tundra to hof grassland

may have been an important factor in the differentiation of

P. m. pikel on the Peace River grasslands..
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6.2.2 P. zelicaon and hybrlids ‘-

P. zelicaon represents a lineage similar in age to the
P. machaon and P, péiyxenes lineages, and t shows much -~
less tendency towara the deQé;ngent of geodraphic races.
The reason for this may be that its range has not been
fragmented much by Pleistocene gl;Eiations and habitat
changes. P. zelicaon probably occupied a large proportion of
the western United States even during the late Wisconsiqin
maiimum (Figure 41), and‘its range may have bisagped_that of
the A;.dfgcqncqius-féediﬁéugépglgtions of P. machaon. o

. Durin§-£hé'post—wisconsiﬁaﬁ climatic amelioration, P.

Zel icaon would have expanded its range northward mainly in
mountainous habitats and wet lowlands. However, the specieg
also moved onto the western edge ok the Great Plains. The
allele for the bléck adult morph was probably acquired
through introgression with P. p. asterius early in the
Holocene (Figure 40). P. zelicaon extended its range into
Alberta from two separate directions (Figure 44),.0ne
‘ disperséi route was along the foothills and edge of the
Great Plains, and brought th: allele for the black morph to
the prairies and southern foothills of Alberta. The other
disperal wave octgupied alI.of British Columbia and spread
into Alberta throﬁgh low mountain passes. It colonized the
Peace River region and the northern part of central Alberta.

The two-pronged dispersal of P. zelicaon into Alberta
seems to have effectivély isolated a pre-existing pépulation

of P. machaon in the foothills of central Alberta. Since

1r,
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most remnants of thiéypopulatid% presently occur in forested
a;éas south of Cadpmin,ﬁthe_population probably was not
associated with thétalpine refugium‘digcusséd by Pike
(1980}. This P. machaon populatﬁon caﬁgQin direct contact
with P. zelicaon on all sides and may have had a relatively
low' population density, much like P. m. hudsonianus
populations in northernigaskatchewan énd Manitoba. A
significdnt number of inéividuals must have begun to
hybridize with those of the invading P zel icaon and
eventually formed hybrldbﬁopulatlons along thé’ecotone
between montane forest and southern grassland in central

. . rale
Alberta. The contention that the hybrid swarm is

pnedomlnantly derived froﬁ hybridization between P. zelicaon
and boreal popb%atlans of P. machaon 51m11ar to those of P.
m hudson:anus is supported by the 51m11ar1ty of the most P.
machaon-like specimens to P. m. hudsonianus rather than to
P. m. dodi. This similaritf includes wing and bﬁdy pattern
characters such as the tendency.toward yellow coloration and
the presence of a dorso-lateral row_.of spots on the, abdomen,
as well as electrophoretic characters such as™the high
proportion of additional alleles at the ODH locus.

The formation of hybrid populations in central Alberta
may have occurred gradually over several thousand years.
How;ver, the process appear% to have stabilized before the
re@ﬁon was affected by agricultural disturbances about 100

years ago. I have seen several specimens collected by F.H.

Wolley Dod (1901, 1908} around the turn of the century at

-
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the "Head of Pine Creek"™ and these are identical to the
'hybrid swarm specimens which I have collected in the same

~. area during the last decade. Cwnl LT -

w0
~

. ' The hybrid populations whieﬁ“have.arisen on the Cypress
Hills may have a differeet origin froa'thdse in the =~
foothills of central Alberta in that they have arisen

# through pe;eistent hybridization between P. ééficaon'and P.
m., dodi. The Cypress Hills P. machaon X zelicaon hybrlds are
very 51mllar to many of the hybrid spec1mens from the ‘
gouthern part of the central Alberta hybrld region- and yet
do not .show any of the more extreme P, machaon-;lke )
characters present in central Alberta. Another possibility
is that the Cypress Hills hybrid swarms' genome is simply
composed of a higher proportion of P. zelicaon genes than in
central Alberta. The absence of P. m. hudsonianus-like
traits may be due to a greEter de@ree”of genetic swamping.
Some evidence in allele distributions of .Pinus contorta
suggests that the CypresstHills may have been a refugium
during the most recent glaciation (Wheeler and Gﬁbies,

1982). If so, then there may even have been a P. machaon

population on - the Cypress Hills dufing glaciation.

(/“\\;%-2.3 P. polyxenes and hybrids

"

W P. p. asterius has a range approximately as extensive
as that of P. zellcaon (Fidure 44) and shows a simil3d¥
“amount of phenotypic and ecological variation. However, P.

polyxenes includes several other subspecies and two other
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- species have arisen from the same lineage (Figure 40). “The

addltlonal P. polyxenes subspecies range_ from the American

B

southwnst”to northern South America and tend to have a more
primitive phenotype expressed in the adults and larvae.‘They
are probably phylogeneticaily older than the related species
in the P. dalyxenes lineage. ;o

The other species in the P. polyxenes lineage include
1?. Joanae, which appears to be a taxon with.only slight (and
dubiously significant) differences from P. ‘nolyXGnES'"Aisb,”
included is P bﬁevrcauda, a spec1eserestrictad to the ¢
seashore rim in maritime Canada,{which probably surv1ved'the ’
late Wisconsinan on the exposed ocean shelves in this region
(Figure'42, Matthews, 1979). Adults of hoth of these species

have a wing pattern very similar to P. p. asterius and must

-

have achieved reproductive isqiation from P. p. asterius in
the late Pleistocene at the eariiest. The gene for the black
adult wing morph probably originated in the early
Pleistocene, but underwent signifidant nodification during
. the early history of the P. polyxenes lineage, after the
divergence of the southern subspeéies (Figure 40). i
P. p. asterius probably survived the late Wisconsinan
in the ecotone between woodland and grassland in the
southern part of the eastern and central United States
(Figure 42), During post-glacial times this race, would have
extended its range northward to southern Canada (Figure 44).

However, P. p. asterius may have had a smaller range and a

lower population density before Notth America was settled by

-
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Europeans during the past three centuries (Feeﬁ} et al

1985), It is now found ‘mostly in succeSsional habitats such

as old fields ;hd vegeéable gardens., It probably reached L
'Nova Scotia only about 60 years ago (Ferguson, 1954?} and

still seems to be expanding its range in agricultﬁral

regions in central Manitoba  and Saékatchewan. P. p. asterius

must have contacted P. zeljcaon much earlier in the Holocene

or even .the late Pleistocene, for the black morph on the

Ieastern .edge of P. zeffcaon to have spread several hundyed

'kllometers beyond the range of P. polyxenes.

It is doubtful that P. p. asterius had any significant
amount of contact with P. m. hudsdnianus during the late
Wisconsinan glaciation, even if both survivgd in refugia
ﬁithin a few hundred kilometers of each other. They
presently are allopatric over most of their range, though
hybridization has been extensive where they cont;ct each
other in central Manitoba. This hybri@ization shows signs o%_
not yet having reached an équilibrium,'since P. m. -
hudsonianus and thé most P. machaon-like hybrid forms have

become much less common in Riding Mountain Park during the

past 50 years.

6.3 Modes of Speciation

Race formation in the P. machaon group seems to occur

~

fairly guickly, with ecologically-and even pheneticadly

'distingtive populations differentiating in a matter of a few

thousand years or even a few hundred years under exceptional
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circumstances. This process has cettainly been aided by the

[
very lab11e genome of the P. machaon group, as well as. the

numerous major climatic changes that have occurred dur1ng
the Plelstocene..Recent race formation seems to have taken
place both at the edge of and in the middle of the ranoe of
widespread taxa, when sliohtly different new larval
foodplant resources became available and were’

'

opportunistically colonized'by individuals from the adjacent

_.population. The most obvious examples include the Peace

"Rlver race of P. machaon and the populat:ons of Callforn1an¢

P. zeiicaon whose larvae feed on 1ntroduced foodplants
Other examples of raCe formation have probably 1nvolved
fragmentatlon of largeg populations and subsequent tracklng
of changes in biome composition 1n response to changing

Pleistocene cllmates. The AFtemISJa-feedzng habits of P.

machaon in Afghanistan have probably been developed .in this
A © A

L

manner. A third mechanism may involve interbreeding between '

previously differentiated populations and the colonization
of new geographlc regions by the phenetically 1ntermed1ate
populatlons. ThlS may account for the origin of P, m. dodi,
though there is as yet llttle evidence 1n support of the
hypothe51s

The formation of reproductively isolated species seems
to have taken much_ionger than the formation of ecological
races, and was probabiy the result of the-edaptation of_
geographically isolateo.pobulations,to successively more

different habitats. Speciation in the P. machaon group

!

i [
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usually takes place gradually over hundreds of thousanés.qf
years. The low species diversity Tf the P. machaon .group in
the Palearctic region, deépité.the formatigp of many
geographic races, sugéests that speciaiion.éan not occur
unless Ehere is an extended périod of geégraphic allopatry.

However, even if two populations have been separated for

‘enough time to speciate, hybrid populations mé} still form

between separate species. The process is probably dependent

on the degree%%ﬁzecological difference between the two

-populations when they meet.
[

"A major factor in expansion and differentiation of new
specieg‘ig the. presence of other spe;ies. 1f the two specags
have undé&gone substantial genomic differentiafion,_but a
major habitat or larval fobdplant shift has not occurred in
one of the species, then the two would occupy pafapatric
ranges. They may eicﬂ;nge some genes but retain their
separate genetic integrity. The interaétion between P,
zel icaon and P. p. asterius is an example of this. If the’
populations on either Siae of a zone of parapatry have
developed a slightly different integréted géne complex, then
hybrids may be less viable and the z;ne will be a kind of
gene sink: Ecological adaptations such as mechanisms for
diapause determination are examples of this in the P.
machaon group. Hjbrids between P. zelicaon and P. machaon
(see phenology section) or P. polyxenes (Oliver, 1969) may

emerge at a time which is -not only different from both of

the-parental species but is also likely to be-inappropriate

~—
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to the local habitat condltlons. Considering the many S

1nterrelated factors that are associated w1th 1arva1
foodplant and phenoldgy, speciation and race fqgmat1on.
probably involve a major redrganization of éeiygenic
. balances (sensu Carson, 1981). | L~

In the P. machaon group two ﬁechénisms allgﬁ more than
one species to occupy the same geographic region.lOne is
throuéh the development of functionally different genitalia:
and hilltopping behavior, together with at least partially
different habitat requirements. P. indra is an example, and
occuples a large part of the western United States in
sympatry wlth P. zelicaon, despite the fact that members of
both feed on a variety of umbelliferous foodplants. The
second mechanism allowing sympatry is for one species to
shift‘to.a-COmpletely different larval foodplant. P. machaon
has employed this mechanism to allow it to occupy tfe same
fange as P. ze]ipaoﬁ in most of western North America. In
Arizona and southeastern Caligornia the machanism has
allowed the gre;testllocal-species diversity anywhere within
the range gfwfhe P. machaon group. Here larvae of P, indra
feed on umbellifers, those of P. machaon bairdii feed on

composites, and P. po]yxenes coloro larvae have switched

back to a more ancestral foodplant érodﬁ, the Rutaceae.

1
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“G.Q Natural Hybridization . ! o
Hybridization -between closely related species is a well
) kﬁoun‘event in both plants and- animals. The phepomenon is,
by.d‘!ﬁnition, in conflict with the biological species )
coricept. Most animal taxonomists deal with this by
déscribing hybridization as interspecific only if hybrids "
are rare iﬁ comparison with the parental forms. However,
there are speciés pairs in which hybridization may be -
relatively common and yet the parental.species maintain
their integrity. The species in such a taxonomically
difficult group are termed semispecies by some authors,
while the group itself may be termed a superspeci?s (Mayr,
1963). The term Eemispécies is appropriate for the species
in the P. machaon group, since these are more reproductively
féolﬁted than geographic subspecies and-yet hybridize -
rreiatively freely in comparison toﬁgbqt other species,
Under some conditions, hybrids are especially common.
Such conditions in;lude habitat disturbance, of which the
most common source is Ehe_clearing of foreésts by man. .-
However, increased rates of hybridization generally take
place in very restricted gébgraphic areas. If hybridization
occurs along a'narrow line of contact between parapatric
“wgpecies, then such an area is referred to as a hybrid zone.
w>~" Hybrid individuals may comprise small or large proportions
of popula}ions in hybrid zones, and may also be present in

varying frequencies within larger areas of .overlap between

parental sﬁe&ies. The species of the P. machaon groﬁp in%

Ly
C S
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western Canada show a low but persistent rate of .-

hybridization in most areas where they come into contact,

and in some areas have formed populations in which hybriﬂ;

-
'I-."

individuals are numerically dominant:(Figure 45);
. . - -

6.4.1 Hybrid zones

The zone of hybridization between two species may vary
in width from a few hundred meters to more than a hundred
kilometers, but is much narrower than the total range of thé
parental species (Barton and Hewitt, 1981 & 19B5). Most
hybrid zones are much longer than they are wide, and some:
span an entire continent. In the Pi machaon group, th; best
examples of hybrid zones are along the periphery of the
range of P.‘Polyxenes. In the American West this" species
replaces P. zelicaon along major ecotoness Although there
appears to bge several hundred kilometers of overlap between
the species,‘this is due to an interdigitation of habitats
and the real hybrid zone is much narrower. It involves a
repla;ement over a few dozen kilometers of P. polyxenes by
P. zelicaon in wetter habitats and higher altitudes. A
similar pattern also applies to the transition from P.
polyxenes to P. m. hudsonitanus in cooler habitats in
Manitoba, though the width of the real zone of
intergradation Between the two species remains uncertain. In
both comparisons, the zones are relatigely wide compared to

other animals, probably because of the good dispefsal powers

of Papilio butterflies (Shields, 1967).

AN



Figure 45. Hybridizationuof P. machaon group species in

western Canada during recent time. Circles

indicate species, Relative thickness of lines. is

: 4
%1
~ proportional to rates of hybridization.
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The influence of environmental factors on the location

.of maj?émhybrid_populations is supported by the coincidence
of the P. zelicaon & maéhaon populatibns in central Alberta
with ecological boundaries and hybrid zones in other .
species. For example, the southern limit of the hybrid
populations in southern Alberta occurs very near to the
southernmost limit of many boreal elements. Black spruce
(Picea mariana [Mill.]BSB} is found in Alberta only as far
south as Bragg‘Creek, whiié three butterfly taxa \
Characteristic of spruce bogs are also found south to near
Bragg Creek. These include Col ias gigantea gigantea

Strecker, Ueﬁeis Jjutta chermocki Wyatt, and Erebia disa
(Thunberg). The northern limit of the P. machao%yk zel icaon
hybrid populations in central Alberta éléo coincides
generally with the location of several hybrid zones in
unrelated taxa. An example is the hybrid éone between Pinus'v
contorta and P, banksiana, (with a corresponding contact

zone between the pine-feeding butterflies Incisalia ebyphon .
{(Boisduval) anauI. niphon (Huebner), - Reist, 1979). I am
not aware ofuany animal taxa which form self reproducing .
hybrid populations within Alberta. However, in plants there
is é'wide ranging hybrid swarm in the genus Betula, which
has a distribution very similar to that of the P. machaon X
zelicaon swarms in central Alberta (Dugle, 1966). >

Some hybrid zones appear to have moved a few dozen

kilometers within the last céntury (eg. McDonnell et al,

19?8). However, such movement is uncommon, and most hybrid

Jn

/-f'



‘periods of time. In fact, hybrid .zones probably become

agricultural areas.’

238

zones appear to remain relatively stationary over long

trépped in regions of low density, such as habitat clines
and natural barriers {(Barton, 1979). They may also. become
narrower, especially if there is strong selection agains;
hybrids, or they may widen and eventually result\in the
merging of the two parental species. In the P. machaon
group, there is evidence tey suggest that some hybria zones

may presently be undergoing change. This is probably because

these zones are very recent, having been influenced by human

settlement patterns. The range expansion of P. polyxenes

into Nova Scotia and Manitoba is probably related to
deforestation by man, and so it segmszikely that any
interaction of this species with P. brevicauda, in tlie east,
and P. m. hudsonianus, in the west, is less than a century
old. The décreasing proportion of P. machaon in Riding
Mountain Park in Manitobé is thus probably a result of

genetic swamping by recently arrived P. polyxenes in

Many hybrid zones have been descri for both plants

and animals, and most of these zones appear‘fo be the result

of secondary contact between formerly allopatric specias

{eg. Remington, 1968b;_Bar£on‘and Hewitt,: 1985). However, a

few hybrid zones may be the result of in sftu
diffegentiation on either end 6f:a‘sh§rp environmentals
gradient (Endler, 1977). Most authors do not believe that

they can qiStinguish between these two situations, thougB .
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Thorpe (1984) states that a phylogepgtzc ana1y51s ‘at the

.~ population level makes. sa;h d15t1npt10ns p0551ble. In the P - e

machaon group 1t seems most likely to me that most if not
all, of the hybrld -zones can most parsimoniously be
explained as the result of post-Pleistocene range
expansions. However, if P. m. hudsonianus spent the late
Wisconsinan south of the continental ice sheet, tﬁen there

may have been a pattern of contact between P. m. hudsonianus

-+ and P. p. asterius which was similar to that found at

present. The contact zone between P. zelicaon and P. m. -
al iaska is certainly the result of secondary contact.

H}brid zones which show substantial gene flow are
gener;lly no longer considered to'repreéept interspecific
‘hybridization, but rather zones of contact between different:
races of a single species. Examples include subspecies
within Eoth P. machaon and P. polyxenes in the western
‘United States. However, the degree of gene flow has only
been indirectly interpreted from morphological and
ecological character gﬁadients and could bear rechecking
against enzyme allele‘distfibdtions. In particular, it
should ‘be interesting topcompare thé rate of gene‘floﬁ\j
between P. p. asterius and P. p. coloro in New Mexico d;th
that between P. p. coloro and P. zelicaon in southern
California. Enzyme data for western Canada show a

'significant interruption in gene flow between P. machaon and

P. zelicaon in most regions in Albef%? and British- Columbia. e



240

« e
e

The, evolutlonary 1mportance of 1nterspec1f1c

'hybrldlzat1on is not clear, though varidus authors have

suggested that gene introgression prov1des ah important

-source of allelic variation for natural selection to act

upon. However, most studies of gene flow in hybrid’ zones
show only limited intrusions of élleles into neighboring
specieé (éarton and "Hewitt, 1985). The black morph in the P.
machaon group generally follows this pattern as well, though
it has moved several hundred kilometers into the range of P,
zelicaon.;nd has displaced the yellow allele in the southern
part of the range of P. machaon.

The selective advanéage of alleles which produce the
black adult morph is unknown. Since many populations are
polymorphic with respect to this allgiE: it is probably not
important as a visual mechanism for maté recognition, as
Haferhik (1982? reéorﬁed for an analogous wing pattern in
Junonia (Nymphalidae). It may give hilltopping.ﬁalgs an
advantage in maintaining a position at the very pgak of »
hills (Scott, 1983 and personal observations). HoJ\ver,
Miller (1977) suggested that the allele is lethal :ASP

homozygous and in combination with the P. zelicacn genome,

'Perhaps the distribution of the allele is the result of an

equilibrium between positive and negative selection, much as
hybrid zones themselves may be a balanced conflict between

genes that widen zones by reducing incompatibilities and

genes that narrow zones by preducing reproductive isolation

, (Barton and Hewitt, 1981).

S
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6 ‘4.2 Hybrid populatxons

Some populatzons in 1nterspecrf1c hybrld Z0
characterized by negative or neutral selectign on hybrid
indiviﬂtals in the‘%ontact zone, ﬁowever, ybrid populatiod%
for interspecific A

‘-r“-
hybrlds in restrlcted areas, even though theé" parental

are characterized by positive se

species_retain their integrity over most of their area of
contact. Hybrld populations are composed predominantly of
hybrld forms, and variation within most such populations

spans the full range of phenotypes between the parental

forms. In a fully integrated hybrid.population, individuals

phenotypically similar to ,paréntal forms simply represent
the phenotypic extremes within the population.

Hybrid populations are reasonably common in plants, -
where they are often referred to as hybn;d swarms, but are "
very unusual in anlmals (Mayr, 1963; Grant 1977). Most "
animal examples .are of birds, amphibians and fish, and the
studies bf Sibley (1954) on towhees énd those of Blair- |
(1941) and others on toads are still ‘among the best

documented. Insect examples are much less common, and allléf

Sose that I am aware of have a preponderance of hybrid

forms along a broad area of contact, indicating that the

species involved are not reproductively isolated, or have

only a minority proportion of hybrid forms at any given

locality,
The present‘study proyides the clearést example in

butterflies, and perhaps even in insects, of hybrid

oF



populatioﬁs between broadly sympatric species. In the P..
machaon group the best examples ok hybrid-swarms are the P,
machaon X zel:caon populatlons in central Alberta,
partlcularly the one at Bragg Creek The Bragg Creek
population is composed of a highly varied but unimodal
pb;ﬁiation which is almo;t completely'made up of- hybrid

forms, and pfobably has no significant internal impediment

to gene flow. The 1ntermed1ate nature of the central Alberta

[

"

populatlons is 1nd1cated by both the mdrphometrlc and
electrophoretic characgsg distributions.

"Hybrid populations very frequently aﬁ;ea} to be
associated‘with habitat disturbance of some sort, which
creates a kind of‘hybrid hdbitat in which fofhgrintermediate
between tﬁe parental specigs can flourish. Since there has ‘)'
been a great deal of habitat disturbance by man in recent
times, thére have been sdveral Bpportuﬂities to observe the
formation of new hybrid swarms over a period of only a few E
decades (eg. Gillespié, 1985), An interesting aspect -of some .
hybrid ﬁogulations is ﬁhat they separate again into parental
forms within about 20 yé;;E;{Jones, 1973; Corbin et al,

1979). Considering the ephemerality and dependence on

habitat disturbance. of-many ngrid swarms, the exﬁapleé of

the P. machaon group from ceﬂtral Alberta are fairly

unusual. They occur in areas with relatively little or no
habitat disturbance, especially compared to ihe regions /
dominated by agriculture where P. machaon and P ze]lcaon |

coexist with only a small amount of hybr1d1zat10n. As well,
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material collected around 1900 gests that the hybrid

populations were already in ce when central Alberta
was first béing settled. _ -
Although artificial bridé within the P. MEghaon group
have invariably been obtained between individuals £romﬁ”
geographically distant populatl ns; andﬂmany_showed
substantial infertility even when they were from
interspecific:populations clearly connected ‘by character
clines, some backcrosseg to either of the parental spgcies
have prdduced yiable adults (Clarke and Sheppard, 1953; ae,
1966; Clarke'et al 1977). In a few-crosses, adults *have even
been obtained from‘an F2 hybrid cross of P. polyxenes and P.
zelicaon (Ae, 1964). These experiments ind;cate that
introgression and the formation of hybrid swarms are at
least possible, though unlikely. However, at least part of
the inviability of hybrids is due to environmental
adaptations, sﬁch as diapause charactéristiéngBII:;;T"’
1969). Since the three specieé in western Canada are very
flexible in thdir adaptation to different environmental
: chtors, it iskxeasonable to expect that species coming |
together in a particular region tend to be mofe similar than
would populations from more distant regions. Unless some
fundamentally different adaptation has occurred, such as a
major shift in larval foodplant and habitét, pz;épétric
popp}ationsfseem kely to meet and hybridize on a

continuing basis, wntil some form of reproductive isolation

occurs. Thus the“reason for the formation of P. machaon X
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zeficaon hybrid swarms in central Alberta is probably

related to s1m11ar1t1es in the habitat preferences of local
races before contact occurred through range expan51ons. The
twoa§pec1e5 coexist where P, machaon larvae feed on

Artemisia and where adult contact is reduceg@ through the
. /-\

- a habitat more similar to that of P, zef!éaon, as does_P. m.

. s . - ‘
~ well as'a high commitment.of basic resources to

hudsonianus, the two species have tended to merge, with the

hybrid popuigtions feeding on plesiotypically palétable'

‘umbellifers. This situation is similar to that described by

Mayr (1963) for Passer domesticus (Linneaus) and P.

hispaniolensis Temminck in Europe. ) )

Many plants form hybrid swarmc,'and the frequency with
which such events occur may be related ecological
characteristics ofiﬁarticulat taxa (Raven, 1976). Many
species of trees, shrubs and perennials have cnly.sliéht}y
developed internal barriers to hybridizatfon. Such plants

tend to maximize the saturation density (K) of their

- - : !
populations and are separated by ecological and other

.extrihsic factors. Howeyer they c#n still hybridize with

related species to form new recombinants, which allow

’ populatlons to adapt to changing env1ronments. On the other,

hand, Spec1es vhose populations maximize the1r rate Pf
increase (r), such ‘as annual herbs, ten¢ to hybriddize much

less frequgntly with each other. Since they are

A

occupation-of different habitats. Where P. machaon .occupies
. S j .

-

e

L4 —~ *

characterized by rapid dipersal and growth in new areas, as
Y , ,

r

C e,

f L ) .
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reproduction, barriers to hyhridization are much more

. i -
~ important to these species.- This correspondence between.

maximization of saturation density and tendency toward
hybridization in plants does not seem to a%piy to the P.
machaon group. These butterflies would, if anything, be §;

considered as maximizing their rate of increase, since they

feed in the larval stage on successional plants and are

- dependent ‘on, rapid colonization and foodplant ‘exploitation,

The "evolutionary significance of hybrid swarm formation

'is uncertain. It may be rare enough in animals so that it

" has had little influence on evolutionary patterns. However,

it may be.that such breékdowﬂs in reproductive barriers
condxibut o the formatibn of new populations under
conditions in which one of'thg parenéal species would have
been eliminated By habitat destruction. In this way part of
tpe threatened gene pool is saved, albeit in a greatly
altered combination. The formation of hybrid popﬁlations may
also cause a major disorganization of the polygenic balances
og—tﬁe parental species, leading eventually to speciation
through a2 major new balanced gengiic system (Carson, 1981),
New species that may have arisen'from @nterspecific
hybrid swafms‘would be impossible to detect by morphological
features if g?e.hybfidization occu}red between a sibiing
;pécies paif; On the othe; hand, if the new species is.the
product of hybkidization between species A and C, and there

exists a species B which is more closely related o A than C

is, then the hybrid origin of the’ new species;would Be *
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indicated by its discordant charactef distribptioﬁ.
Unfortunately, as Mayr (1963) pointed out, such a character
distribution could also easily be due to the character
convergences and Egrallellsms which one would expect in
closely related species w1th a very similar basic gene pool.
For .these reasons, the number ef animal taxa which have had
a hybrid orlgln has almost certainly been underestlmated
and will continue to remain so until there has'been ample
opportunity’to support orﬂrejebt breseﬂﬁ taxonomic’

assignments with independent character suites, such as

A

enzyme alleles. = * '8

A major strength of the present study is that the
general pattern of morphometric character states has been
checked against distribution of electrophoretlc character
states. Such character congruence indicates that the
observed patterns are probably of biological significance to

r
the animals themselves. As well, this congruence lends

~

support for the use of both color pattern and

electrophoretic characters in Systematicustudiesw¥
-~

i
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" 7. CONCLUDING STATEMENTS

e,

There is considerable potentiad for fpture.resgarch on
the P. machaé% group: Much of tbat potential lies in study
of the genetics of speciation, Howev€r, ip order to put
understanding of genetic interactions among;taxa of the P, -
machaon droup on a firmer foolﬁng, the phylogenetic
relationships of the grou;-shouié firstabe thoroughly
re;examined'?ith new'characters, such as enzyme alleles. As
we\&l, there is a need for a broad survey of species

- ”
interactions in the Amerf@an southwest, similar to that
which I have—provided for western Canada.

A number of color pattern .and eleEtrophoreticlmarkers 7
are available for study of the'genetic integration of hybrﬁff/
populations‘inrbhe P. machaon group. The most obvious of
these markers, the black adult color morph, could easily be
investigated for behavip;al‘aspects of selection regimes. An
interesting further-step would be to compare the

distribution of these markers, which are probably controlled

by nuclear genes, agéinst that of cytoplasmically inherited

b S

genes, as was done by Ferris et al (1983) for a hybrid zone ,

—— . .
in mice.

*
Clarke and Sheppard (1955b) stated that "It is clear .

that. the Machaon-grou providés some of the most suitable

material ever investigated in animals for studying the

process of speciation in detail, taking into account

genetic, ecological and behaviour differences as well as

. _
time", I agree wholeheartedly with: this view, since the wide

- 247
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genotypic variation present within t%g/group makes génetic

investigatioqgirelative;y tracgg
~However,' study of thg,Qf/Machaon group alsé
interesting because the variety of hybrid interactions poses
conceptual problems in understanding the nature- and Arigin
of species. Such hybrid interactions "contrast two views of
the species: as a.set of popu}ations‘delimited by genetic
barriers to gene exchange; and as a set of populations
maintained in a particular stable eguilibrium by select%&n“-
(Barton and Hewitt, 193%). The appropriaxeness of study of
the P. machaon group to an examination of sp?éieg concepts

is illustrated by the fact that Hagan .(1882) and Edwards

(1883} expressed similar opposiné views a century ago.

.
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Appendices: Tables 16-20

Table 16.

LOCALITIES'(grquped by regions)

Specimens used in initial PCAs.

COLLECTION

DATES

‘Southern and Central British Columbia, -

Abbottsford (from H. Kimmich)
Kootnay Smt., 40 km w Creston
Bear Lake, 75 km n Prince George
Macalister, n W1111ams ;Lake

Soda Creek area

Savona

Kamloops area

reared
rteared
reared
18 Aug.
reared
reared
reared

1982

1982
1982
1982
1982
1982
1983

Peace River Region of British Columbia (BC) and

Pink Mt., . (alpine) .
Pink Mt., BC (alpine) -
Pink Mt., BC (alpine)

Alaska Hwy. Mile 150 *(boreal)
Butler Ridge, BC

. Attachie, BC

Taylor, BC '

Taylor, BC

.Taylor, BC

Taylor, BC

--Clayhurst Farry, BC
Clayhurst Ferry, BC
Clayhurst Ferry, BC

11 km w Dawson Creek, BC
47 km w.Dawson Creek, BC
50 km w Dawson Creek, B§
Quint. Mt.,105 km s Dawson Cr.,BC
Thunder Et.,go km s Dawson Cr.,BC
Thunder Mt.,%0 km s Dawson Cr.,BC
Thunder Mt.,90 km s Dawson Cr.,BC
Thunder Mt.,90 km s Dawson
Kleskun Hllls né Grande Praire,AB
Kleskun Hills,ne Grande Praire,AB
21 km w Valleyv1ew, AB

21 km w Valleyview, AB

18 km w High Prairie, AB

Spirit Ridge,16km s Sp1r1t R.,AB
Spirit Ridge,16km s Spirit R.,AB

>

Cr.,BC -

reared
7 July
B July
reared
9 July
21 June
8 July
reared
reared

reared

reared
21 June

‘reared

2 July
20 June
3 July
20 June
9 July
reared

.19 June

reared
9 July
reared
reared
9 June

19 June

5-7 July 1981
5-7 July 1982

1982

1982 -

1981
1981
1981
1982
1982
1982
1980
1981
1982
1982
1982
1982
1982

1981

1982

1982

1982

1982

1981
1982
1982
1983
1982
1982

NUMBERS
afid SEX
- 3m 7f
- 1f
- 1£
- if
- 2m 2f
- 2f
-25m 23f

Alberta (AB)

- .,2m
-26m 5f
- 1m 2f
- 2m

- 6ém

- 7m 2f
= Im
-12m 4f
- 8m 1f
- m

- 1f
= 1m
-12m 6f
- 6m

- 1m 1f
- Im

= Im 1f
- im
-15m

- 5m .

- m 1f
- 1m _
- 1f
- . 1f
- Im 1if
- .~ 1f
- 4m

- 1m
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Table 16. Continued

Dunvegan, AB ‘ . 22 June 1982 - 3m 1f

- Dunvegan, AB reared 1982 - 1f
Highland Park, AB ' 14 June 1981 - m
Highland Park, AB 9 June 1982 - Sm
Shaftesbury Ferry, AB reared 1980 - 1f
Peace River, AB (town) . - 13 June 1981 - 4m
Peace River, AB (town) reared 1980 - 1m
Peace River, AB (town) reared 1981 - £

Twin Lks., 60 km n Manning, AB reared 1983 - 1m
Central Alberta |

Lesser .Slave Lk. June 1881 - 6m:

Marten Mt., n 1-2
Marten Mt., n Lesser Slave Lk. 11 July 1981 - 1m
Marten Mt., n Lesser Slave Lk. 7 June 1982 - 1m
Marten ‘Mt., n Lesser Slave Lk. 11 June 1982 -11m 2f
Marten Mt,., n Lesser Slave Lk. 19 June 1982 - 2m
Marten Mt,, n Lesser Slave Lk. 1 July 1982 - 3m
Pelican Lkt., 45 km n Calling Lk. 31 May 1981 - 1f —
House Mt., 35 km s Kinuso 2 June 1981 - 1f
Goose Mt., w Swan Hills 11 July 1981 - 4m
-Goose Mt., w Swan Hills ' 18 June 1982 -17m
- e Fox Creek i ' , reared . 1982 - ° 1f
10 km e Clyde 2 June 1981 - 3m
10 km e Clyde ‘ 10 June 1982 - 1m
Lake Eden, 35 km w Edmonton : 4 June 1982 - 1im
Athabasca Lkt., w Hinton 22 June 1981 - 1m :
Rock Lake, 30 km nw Hinton : reared 1982 - 1f
Adams Lkt., Wilmore Park 11-12 July 1982 - 4m 2f
Baldy Lkt., n Nordegg 16 June 1982 - 1m 1§
30 km e Nordegg : - reared 1982 - 4m
Buck Mt., ne Buck Lake S5 June 1981 - 2m
“SBuck Mt., ne Buck®Lake - 29 May 1982 -13m
Buck Mt., ne Buck Lake . 4 June 1982 -19m
iBuck Mt., -ne Buck Lake 17 June 1982 .-13m . 3f
‘Buck Mt., ne Buck Lake reared 1982 - 5m Sf
Buck Mt., ne Buck Lake L 9 June 1983 - 8m
10 km se Rimbey " reared 1982 - £
13 km w Sylvan Lake reared 1982 - 1f
7 kmn e Lacombe . - 16 June 1982 - 3m
7 km e Lacombe v 26 June 1982 - 1m
Antler Hill,\ 16 km s Red Deer 8 June 1983 - 5m
Blue Hill, 40“km w Sundre © . 25 June 1981 - 4m
18 km w’Cochran 24 June 1981 - 1im
5 km s Bragg Creek - 4-5 June 1981 - 4m _
5 km s Bragg Creek , 24 June 1981 - 1m,..
5 km s Bragg Creek - 3 June 1982 - 1im
5 km s Bragg Creek , i 15 June 1982 - 8m -
5"km s Bragg Creek 2 Aug. 1982 - 1m '
5 km s Bragqg Creek . T reared 1982 -12m 13§
5 km s Bragg Creek- . 9-10 June 1983 -32m

. i
F [ . A

¥
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Table 16?'continued

%

Southern Alberta  (AB)-and Saskatchewan (SK)

Waterton National Park
Waterton National Park

5 km n Spring Coulee

18 km n Taber

18 km n Tabe
18 km n Tabe

_ Wintering Hills, 18km
Wintering Hills, 18km
Wintering Hills, 18km
Wintering Hills, 18km

T

r

S
5
3

w0

reared
reared
reared
15 May
6 Aug.
reared

Drumheller 24-5 May

Drumheller
Drumheller
Drumheller

Wint. Hills, 10km s East Coulee
Wint. Hills, 10km s East Coulee
Wint. Hills,10km s East Coulee

Wint. Hills,
‘Dorothy
Dorothy
Rosedale, . 3
Drumheller
Drumheller
Drumheller
Drumheller
Drumheller
Drumheller
Drumheller
Drumheller

2 km sw Nacm
© 2 km sw Nacm
2 km sw Nacm
Hand Hills,
Hand Hills,

Bleriot Ferry., w Munson

10km

s Eagt Coulee

km e Drumheller

(town)
(town)
{town)
{town)
{town)
(town)
(town)
{town)
ine

ine

ine

12 km s Delia
12 km s Delia
Bleriot Ferry, w Munsop,

Morrin Br, (Hwy. 27 Junc.)

Tolman Bridge,
Tolman Bridge,

Nevis Junction . _
Nose Hill, 22 km ne Coronation

Saskatchewan Landing Prov. Park,SK
-

Outlook, SK
Outlook, SK

15 km e Trochu-
15 km e Trochu

—

30 May
1 June
29 May
31 May
1 June
8 Aug.
29 May
reared
reared
2 June
reared
31 May
1 June
14 June
30 June
8 Aug.
29 May
reared
reared
10 May
1 June
31 May
29 May .
1 June
30 May
reared
reared
reared
reared
14° June
28 May
reared
28 May

Manitobd (MB), Wisconsin (WN) and Ontario

Thompson, MB
Duck Mt.

Gladstone, MB s
Caledonia, WN (from J. Danielsg)

Owen. Sound, ON (from J, Cumming)
Caledonia, ON (from J. Troubridge) reared

1-2 July
Park,MB (from Troubridgeé) reared

reared
reared
reared

267

1981 - 3m 4f
1982 - 5m 1f
1983 -~ 4f
1982 - 4m 3f
1983 - 3m 1If
1983 - 6m 3f
1982 - 9m
1982 - 2m
1982 - 3m 1f
1983 - 4m  if
1982 - 2m
1982 - 3m
18982 - 4m
1983 -11m
1980 - 1f
1982 - 1f
1982 - 2m 1f
1981 - 1m 1§
1982 - 9m 1f
1982 - 3m
1982 - 7m
1982 - 6m  1f
1982 - 4m
1983 -15m
1982 = -6f
1980 [__/—sm\‘\f
1982(— 1m Y
1982\ -1 ‘
1982\E\§3
1982 /
1981 - 1m
1981° - =
1982 - S5m
1982 - 3m 3f
1982 - 2m
1983 - 3m
1982 - 6m 1if
1983 - 4m
{ON)
1983 -32m 5f
1982 - 3m §5f
1983 - 1m 1f
1983 -11m 4f
1983 - 1m
1982 —'Zm 3f
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Personal- History

g
N

r I was born February 21, 1957, in Calgary, Alberta, to

. ~ Gudrun Cléire‘Sperling (neée Seehawer& and Werrder Sperling. 1I
: hé?e-three sib;ings - an older brother and two younger
\'3 sisters. Untfl_I yés-nine yé;rs old, we lived on a farm on

' \\Epe northeast gdgé of_Caigarx,-where I developed an early

[§ . : . [ . . : .
interest in natural history. Some of my earliest memories

, ‘are of the thrill of rearing caterpi}lars, trapping gophers‘
'anq“finding a Hyalophora gloveri when I was in my second '
gfé&e. - |

In 1966 we ;oved 50 km to a new farm at Bra%g‘Creek and
I found myself in.a naturalist's paradisel I beggﬁ“to
collect butterflies seriously, as well as filling nuﬁgrousf
' notebooks with daily butterfly observations and plént
flowering timeS.ABoth my father and mothef always encouraged
these pursuits and for several years my mo;he} kept me.
informed of the butterflies and birds I héd missed whiie 1
was in school. Her disfaste fér the rotting rodents and
estape-ﬁrone caterpillars which. I btough}_into the house was -
eventually Eranslated into,a small shack whicﬁimy parents
built for me and my brother to fill with biological ﬁ}ophies ‘
and model airplanes. In high school my interests spread out /////’?

to encompass such ﬁhings as. boiling the meat off g;road

!
i

killed porcupine in our barn, and surrepﬁitiously tiptoéing
along the rafters in an old section of my school, picking
torn bits of a century oldwmap out of the insulation. The’
porcupine skeleton produced both an awesome stench and a

283
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.+ .sucGessful science fair praject, while the o

éﬁhntually—restored map led to a severe reprimand from the

principal for breaking through'the ceiling, as well as a -

— El

termfpapef on the history of Springbank School., My high’
N séHBol'biolpgy.Eeacher, Vivian Pharis, was a2 major source of
. aséistance and engourageméﬂt throughout my adolescent yéars,

and I recieved much help from my other teachers as well,

After finishing high school, I went on a collg;tiqg/&

'trip to the Yukon which resultéed in over a dozen flat tires,
. VL . ’ i f
KR many rare butterflies, and a confﬁrmed love for travelling.

In the fall of 1975 I entered the University of Alberta,

where I obtaigﬁd an honors degree in zoology four years

1Y

later. I worfked for several summers on a number of aspects

of farm mMachinery construction in Calgary, as well as two

-

summers as a research assiz?%nt at the Rocky Mountain

logical L%boratory in-Cdlorado, and one summer'as a Job
Corps leader at the Agridﬁlture Canada research station in
[ Le;hbridge. My summers at RMBL led to a renewed zest for
field biology, and theuéisﬁovery of _a new alpine hymphalid
butterfly. When I finished my béchelors degree, I travelled -
for five months throughout Europe, a trip that was of small :
academic but iérge personal cohsequence.
I officially begai my masters study { fall of
1980, but in a way it was really begdn XQ/?;:?? when I
discovered an intriguingly unclassifiaﬁle population of

Papilio machaon group swallowtail butterflies behind my

parents’ farm. I soon became convinced from the apparent

L)
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ecological.and'bhenotypic unity -of these busﬁerflies ﬁhat :
‘they were all part of the‘same population, and one of the
satisfactions of ﬁy masters’ progréﬁ haslbeen to demonstrate
that more rigoraﬁsly..Althdugh my study has concentrated on
discovering aﬁd explaining.the-pa;terns of variation in a
series of butterfly populationsl I feel that it has meant
much more to me. In one way it has been like a Rorschach
blot; in that my efforts to focus on the outlines of the
scientific problem have sometimes produced only a profile of
my own psyche. In another way it has been like a Zen koan,
where my attempts to resolve the essentially insolu@le
problem, og‘how many spécies there are,‘has led to an
alter%é wagJof viewing the academic and biological

universés’

.



