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Introductbosn

When we first staned our mvestigations of the migrations of the monarch butterfly
im 1937, it had becn sugpested, in published reports, that the momarch baiterflies from
the easiem [hﬂ'bllﬂl. of Nonk America overwintered i Florda (Willlams 19390
However, large overwinlering colonies were known to ocour in California i Fig. 3 and
w0 Bt was further suggested that perbaps migrants from the eastern parts of the continent
travelled westward eventaally arriving at the Pacific coast of California. There were,
Iberefore, Iwo primary questions 1o be answered: Where did the monarch banierilies
from eastern Morih Amevica overwimier” What breeding groumsds Fmdu._.nl ibe monasch
buatterflies that overwimered in California?

Data concerning the origin of the Californian overwiniering populations. are here
prescnied for the first lime as a resalt of more than 20 years of investigations

For comparative pufposes. summary dala for the castern popuilations fromm previois
published repons have been inclisded

Summary of Methods Used

The primary method wsed 1o fallow 1he movements of the migrating Monanchs was
that of the alar tag system now in use in many parts of the world and initiated in owr
research in 1937, This comsisis of :p!p-;mg an sdhesive identifying label, bearing a
specific number and a retum sddress, om the leading edge of the right fromt wing of the
mugrant [ Urgahan 1941, 1960, 1976; Urquhart and Urgquhart 1976a, 19768)

Am Insect Migrathon Association was established in 1952 for the purpose of lagging
the bunerflies in various parts of the continent and recordimg data on namibers, preseno
of larvae, food plam, and weather. From 1952 w0 1976 more than 3000 valumeers iook
part in the program

Expediions io various pans of the contineni—ihrough sowibern Cansds, ceniral
and soathern United States of America. Mexico, snd Cenbral America—fTor an
sccumalated distance of over 152,000 miles were made o obigin distributions] records
in various stages of development and 1o obtain specimens of the larval food plamt. In the
cose of these travels, 18 universities and colleges were visited 10 examine research
collections and discuss problems relating 1o the research with stafl biologsts

In arean where mopsrch butterflics were scarce, amd henoe relatively few
spocimens could be alar-tagged. a method of specimen transfier was indtiated whenchy
migrants from areas of great abundance were sent by airmail o be relessed in areas of
relaiive scarciy such as Gibsons, British Colambia: Salem, Oregon; and Reno, Nevada
{Tabde I}

[RLL]
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Tablc | Release and ivcapiare of slar-éapged spocimens dunag ihe swsmnal migration Tor the plams ssd
i peghoma—gasiern dats ¢ Lnguban |9}

[ axraon Mistance
A b - b - Ersaprared at floww Tk
Plains M i
Tommr, Morth Dakots Amahy, Mobrasia 5k iphl) {13
Drwighi, Kansan (175 | i) &
Pran. Kansas % L] 1218
Wardrrn Rrgions

Gittnotis, British Codamibag Scamle, W ashimghon S5E [154) 234
Contrall Poisd, Drogon 5 (I8 B
Becdang, Csldrfonia ] i T (R
Salem_ {negon Reedupon, Orepon 55W (200} 1
Prort Orffoed, Oregon S5W [200) m
ookl Beach, (vepos W 22%) A
Senith River, (ecgos S5W (I92) 7
San Rafuel, Oregpon ] (18] Lo
Muir Beach, Cadiformia ] (178} L]
Biolinan,, Callifomia 5 (I7E) 431
Bornr, Redadin Carmal, Califoamias SEW [0} kil
Aoy Gaunde . Calsornia BEW 200} 164
Moarros By, Califorsas LEW {20k} (L]
Vintura, Califomia W s vz

R, hevads Morw Rariphton Stuic
Statc Reach, Califorsa SEW 215 2
Morro Bay, Califomis SEW fTLw] o5
P Beach, Califomis S5W i 1 507
Sanis Crur, Califomis Mollarisi, il ifodmin SE [ Fajl F- ]
Asoman., Culifornia SE (T M
Carmnel, Califorsia 5 (170 a“
Coalmga, Califioraa SE 13 17
Grvwer City , Cadifornia 55K (14T m
Wihamier, California Carlubad, Califomia SE 140y 2
Lrucadia. Califormis 558 {148y 129
il Mar, Clifornia 51 (14, (L]
La bolla, Culiformia S5 1148y 1]

The susccess of the program was eshasced by publicity. When a tagged spocimen
was recapluned the pervoa finding it often referred i to ke local newspaper thus slerting
ihe generall public and making it possible for more alar-lagged specimens 1o be returned
1o oar laborstory

Hesulis
Om 9 Janmary 1975, as a result of ploning the movements of the alar-lagged
specimens from the retum of tagged specimens, the overwindering site of the castern
population of the mossrch butterfly was finally discovered on the slopes of volcanic
mountains in the Sierra Madre Occidentale in south-central Mexico (Fig. 4) (Ungubart
1976; Urquiart and Urquhari 19760). That this was unquestionsbly the overwintering
site of the eastem popullstion was confirmed by ike recapiure of specimens from
various parts of the Unied States of America east of the Rocky Mowntains
{Urguhart 1%76; Ungehan and Urguhart 1976a).
Osservations and collections of the variows stages during 1937-3% and 1952-76
have indicated the breeding areas of the weviern popalstios (Fig. 1)
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Recaptare of migramts tagged in the Rocky Moumiziss and aress west of the
mowntains has  established the origin of colonies overwimiering im California
(Figs. 3, 2)

General Discussion

The remaskable shility of the monarch butterfly 10 ravel such great distances s due
1o the physiclogical siate of reproductive dormancy together with the presence of large
amwmanis of siored faf which profoags the life span o W musniiths oF fmore |I_:1q|.||'|4.'|1 and
Stegned 1966}, As a result the monarch butierfly has & very wide disinibution exiending
from the Monh American continend 1o variows other continents and islands of the woarld
{Urguhart 1960). During the southward migration the food requirement is obtained from
various specics of nectar-producing flowers and, apparently, the fal reserve s miot
utilized. Dwring the vernal migration from the overwinlering siles, the fal freserve s
made available ot a time when very few nectar-producing plants are available, Two
explanations accounting for the ineriness of the stored (st and its later availsbility have
been offered by biochemistry colleagues. One suggestion is that the enzyme lipase is
secreted after the overwintering period but not before; and the other that there may be a
chamge from a smiwrated 1o an wndarurated far. Whatever the biochemical and
physiological mechanisms may be, the evolution off the fat storage system has made it
possible for this particular insect 1o behave like & migrating bird, ihe ome exception
being that the jourmey 1o the overwiniering groands and back is made only once. Hence,
cach year a ew peneralion migrates from breeding to overwintering grounds

FiG. |. Eaern (%) snd weaiorm (8] populsion dniribgtion bascd on specesens oollecend @l il sites
imdiwwiod. Mlasy busdrods of kocalities are reooeded for the coiern populstios of which oaly & few
repressnialives buwe boen plotid (or compar st perpose
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In addbion o g Fakory F\lpui;“u“n that occur wowards the end of the semmer
pq_'n.uj_ |c'.:.||IJ||F from decieasing ||gl‘|l period amid b er emperaiures, there are, in
varkous arcas, populations thai do noi appesr b0 migraie. These have been hermed

resident populations”” { Urguhart of @f. |9468). These non-migrating popalatsons occur
in those geographic arcas where the iemperature remains relatively high (lemperatancs
below 0F C being of rare occurrenoe and shon duration) and the larval food plant is
avallable. This combination occurs i southem Califomis. soathers Mexic el
Cenirsl America. These continusl breeding popalstions ore similar o laborsiony
populations where the iemperature remains constand and the daylight period is
prodonged by artificial ilemination { Urqubart and Siegner 1966). Whether or mot such
naws-migramls can, under cemain climatic conditions, hecome migraals s md kmown,

}; J&,;-:r
42
5

SFA

.

Fii 3 Ribease-pevapiure lines show ing migrasion routes 10 the overs isserasg sites. &, sestern population,
B. saslerh populaion; C, avs of mavisam biocdisg populstios of the castern populaess; D, sbefran
T il fossic of e coiom popallatios thtvagh Penimuler Flomds io Cuba. E, wgpesiod shermt figratssa
1o Yralis, F, scaticoed. froe-flhyisg individosh recoedod @ wesiBern Moo (8, recoedod kcalitenf G
dvctwmicting swva of ithe cantem popelasiios; H, overs inicring arga of the soiom popsistion; K, arcss whers
unbctn oagrands erior ther {iehd of the s cubem populsison; b, arca for whaech so specimens bave Been aeen or
wilbevied, N, posuibly overwissermg siic fros wothers migranis of ihe wouorn populstion i yel ot
teofoaiphly inveuzipsied)
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althougs release-recaptere data from experiments carricd out in souhen Califormia
would indicate this possibility { Urguhan e al. 1968)

Although the monarch butterfly occurs in meost pans of North Americs south of
50°N. lat., there is comdsderable variation in population density. In some areas in
Canada, such a5 British Columbia and Alberta and in the U.5_ A in Arizoma and MNew
Mexico, few adult momarch busterflics have ever been collected. In other areas. in
Canmda such xs southern Oniari i sowbern Quebec and | the U5 A, n the vicimity
of ibe Greai Lakezs, SC D s O0C U i This marked wvaris
populstion density is correlated, in part, with the distribation of the vanious species of
milkweed {Asclepias) apon which the larvas feed and, in pari, to @ vinus cpizootic
{ Urguhan 1976). Although the North American species of Asclepias are found in a wide
rafge ol coological conditions, incloding desent areas amd tropical forests, they are
exsemially subtropacal plants and henee their altitudimal and latitudinal prelerences are
restricied { Woodson 1954, Oaly a few handy specics extend so elevations above 3000 m
and onlly six species oocur im southern Canada, south of 51°M. lat. Specics exhibiting a
wide ecological distribution, sech s A. syriaca, A. owrrasovica, snd
A. fascicularis oocur i profusion wheress other species are generally confimed o
restricied ecological environments where they oocur as widely spaced plamis. Hence the
presence of large populations in the castern part of North America is due in pan o the
ahundant 'LuFrpC!. of A. swrioca and im he case of the wesiem |ulpu|;lu".| e ithe
shundance of A. curraiavics and A, fucicmlaris

In addition 1o the presence of absence of an abundant supply of the larval food
plant, the mature of the various species of Ascleplas also plays an imponast pasi. |t has
been shown that when & larvs has been dislodged from s host pland i experiences
difficaliy in finding anoiber plant and does w0 by trial and error (Urgubart 1960, 1T the
species of Syriara are widely spaced so that the larva has 1o wander over a corsiderable

Fio. ). Dverwistormg clusier of i woaiom populstion i Californis on the cucalypim ey aid Mossonoy
piney; Ehnben. kocated ot 3 sumber of wparsic wies in Califorsas; relstieely Tow in pesber Comspabed w ith
masy aucmblage in Meugs
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F & (verwistering cleser of the cotern popelation i1 Meico on the brasches of the Chamel trees
(popabily known as Oyameld menicans, but tazosomicallty Abic refigioss|; teo of more cluben oo i
separate sings withis dhe area; owing o the greater beooding wrea of ihe castom population, ihe s
oocurring 0 Mesico b far grester this tha in Califorsis. (Photograph cosnesy Mational Geographic
Sockey. )
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disiance o locate amother |~I.|.-.|_ s rabe of !_-:.mlh ' |:1|p_-.|._-.l amid 11 s sulnerable o
starvation or predation

As indicated in Fig. 4 migrant monarch banerflies from the castern population
eicr the moundain arcas throagh ne flow between
populstions snd hence there arc o %, ax haas bech sagg
comparative study of w 942}, Du
thousands of specimens taken from all parts of the contiment indicated no signif
differemioe in wing length ( Ungubant 1'960)

Ihe release-recapiure limes for both ihe eastern and western populations indicate
s o |1||_-|-|| 1|||-.|-.-~ s both, I would appear,
tly soaath np he

lowards

wes a0 that there is
rphalogical varial

ths | Willams # staihics b

ant

ithai & novib-casi o sowmth-west
however, thal migranis |
southwesierly roule of the migrants from the more castern arcas of the continen
the ovorwinlering arcas in Mexico

Summary

There are two sympairic populations of monarch butierflics in Nonth America: one
ocours cast of the Rocky Mountains {eastern populal her im the valleys of
the Rocky Mouslaias and wedt b the Pacific Ocean {w fioi |

The migrants of ihe esstern populstion move southwesiward 0 overwinier in
various arcas of the Sierra Madre Occidentsle mountains of Mexico

The migrants of the western population move sowth and somthwestward o
overwinber i vafious arcas of California

In arcas where the temperature remains high (lemperamares below 0°C be
grd of short duration) and whene species of Ascleplar are pr
populations occur which appear w0 be non-migratory
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