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Recent declines in the migratory North American populations of monarchs (Danaus

plexippus) have necessitated efforts to evaluate the current status of the species,

including worldwide populations. While monarchs originate from North America and may

be ancestrally migratory, they have expanded throughout many parts of the world over the

past 200 years. Most of these newer populations no longer migrate and face a variety of

threats across a wide range of habitats, but we lack a comprehensive review of locations

and characteristics of these worldwide populations. We thus delineated the current range

of monarchs and their status throughout the world, recording over 90 countries, islands,

and island groups where monarchs occur (74 with recent documented sightings) and

known features of these populations. We discuss the major differences between these

populations, focusing on morphology, migration, overwintering, natural enemies, larval

diet, and genetics. The differences documented here provide the species with adaptive

capacity, thus better allowing the species to adapt to novel changes in its environment.

We end with a discussion of current gaps in our understanding of monarchs worldwide

and directions for future research.

Keywords:monarch,Danaus plexippus, migration, worldwide range, natural enemies,morphology, genetics, larval

diet

INTRODUCTION

Monarchs (Danaus plexippus) are well-known within North America for their long distance
migration to overwintering sites along the western coast and in central Mexico. These colorful
orange and black butterflies have also expanded to occupy areas throughout the world, from
Australia to Spain. With the recent declines in both the eastern and western North American
populations, the U.S. Fish and Wildlife Service (USFWS) was petitioned to list monarchs
under the Endangered Species Act (ESA) of 1973 (Center for Biological Diversity, 2014).
As part of this process, the USFWS is conducting a Species Status Assessment (SSA) to
evaluate the status and viability of the species. This SSA requires the species be evaluated as a
whole, including in locations outside of the eastern and western North American populations.
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This process thus necessitated a better understanding of
worldwide monarch populations, including where monarchs
currently exist, threats faced, and how these populations
contribute to the adaptive capacity of the species. Adaptive
capacity, or the ability of a species to adjust to novel changes in
its physical and biological environment, is important to evaluate
to understand the continued success and viability of the species
(Nicotra et al., 2015). This mini-review summarizes the findings
on monarchs throughout the world, primarily focusing on areas
outside of the eastern and western North American populations.

BACKGROUND AND CLASSIFICATION OF
MONARCHS WORLDWIDE

Monarchs were not recorded outside of North America until
the mid-nineteenth century, when they colonized areas across
both the Pacific and Atlantic Oceans (Zalucki and Clarke, 2004;
Fernández-Haeger et al., 2015; although see also Zhan et al.,
2014 regarding genetic evidence on potential earlier timing
of dispersal events). They established new populations, using
available milkweed host plants (primarily Asclepias spp.) and
often became non-migratory in the face of year-round suitable
temperatures. Monarchs continue to reside in many of these
areas worldwide, although North American individuals vastly
outnumber the combined numbers of individuals in all the
other regions.

We initially limited this review to the migratory subspecies
of monarch, D. plexippus plexippus, as this was the subspecies
that was petitioned to be listed under the ESA. However, the
subspecies categorization is not well-defined for monarchs (e.g.,
there are non-migratory monarchs that live year-round in areas
where others migrate), and most of the literature only refers
to monarchs at the species level. Thus, we examined the entire
worldwide range of the species, D. plexippus.

To determine where monarchs are located worldwide, we
first built a database of all observations of the species published
in scientific papers (including Ackery and Vane-Wright, 1984;
Zalucki and Clarke, 2004; Patrick and Patrick, 2012; Fernández-
Haeger et al., 2015). Observations were removed from locations
where we now know it was likely another species [e.g.,
butterflies classified as monarchs that occur in southern South
America are likely Danaus erippus (the southern monarch;
Malcolm and Slager, 2015)]. We then looked for current
evidence of monarch occupation, which we defined as a sighting
in the twenty-first century, by first conducting an extensive
literature search to locate countries and islands where monarchs
have been recently observed. We also searched iNaturalist, a
citizen science platform, and the photo sharing site Flickr for
posted monarch sightings with photographic documentation in
locations throughout the world. All photos were vetted by the
authors, and records were not used if the species could not
be verified or if the photo was taken in a butterfly exhibit (as
monarchs present might have been imported from other areas).
Observations were also excluded that were likely monarchs
passing through (e.g., there are occasional sightings of monarchs
in England, but no observed breeding). Based on the differences

discussed below, we then grouped these countries and islands
into eight different geographic regions (Table 1). In total, 90
countries, islands, or island groups were identified as having been
historically occupied by monarchs (Figure 1). Of those, 74 have
verified sightings since 2000 (Table 1). While the monarch now
resides in many worldwide locations, they do not reside in all
climatically suitable locations (Zalucki and Rochester, 1999).

We next examined the literature for differences between
monarchs throughout the world in morphology, larval diet,
natural enemies, migration, overwintering, genetics, and
population sizes and trends, to help us better understand the
potential worldwide sources of adaptive capacity for the species.

WORLDWIDE DIFFERENCES

Morphology
Morphological differences that contribute to the adaptive
capacity of the species include wing structure and coloration
differences. Wing length was examined in non-migratory
monarchs throughout the western hemisphere (from Costa
Rica, Puerto Rico, Hawaii, and southern Florida), as well as
eastern and western migratory monarchs (Altizer and Davis,
2010). There were differences in shape and size between
non-migratory and migratory populations, and non-migratory
populations had relatively smaller wings. Additionally, within
the eastern population, long-distance migrants tend to have
redder coloration (Davis, 2009). Redder coloration is associated
with the ability to fly for longer periods of time, although
the mechanism for this correlation is unknown (Davis et al.,
2012). Recent research also suggests that long-distance migration
is a selective force within populations, with longer migration
distances positively correlated with longer and larger wings
(Flockhart et al., 2017).

Larval Diet
Monarchs rely on milkweed as their host plant, but larval
diet still contributes adaptive capacity through variation in
species of milkweed consumed. Within North America, there
are 108 milkweed species in the genus Asclepias, of which
at least 33 are known to be used as larval host plants,
as well as at least three species of milkweed vines in the
genera Cynanchum and Funastrum (Woodson, 1954; Lynch
and Martin, 1993; Yeargan and Allard, 2005). Outside of the
eastern and western North American populations, monarchs
use Asclepias spp. and closely related species in the subfamily
Asclepiadoideae as host plants. In most cases outside of the
Americas, these host plants are introduced. Some areas with
resident monarchs (e.g., Micronesia and Hawaii) are associated
with the common ornamental milkweed, Calotropis gigantea
(Buden and Miller, 2003; Buden and Tennent, 2017). Monarchs
in Morocco are associated with both A. curassavica and
Gomphocarpus fruticosus (also known as A. fruticosa; Fernández-
Haeger et al., 2015). Larvae in Australia use C. procera, A.
curassavica, and G. fruticosus, of which the latter two have
a restricted range due to their inability to tolerate frost and
dry conditions (James, 1993; Zalucki, 1993). Monarch larvae
in New Zealand and other islands use introduced species
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TABLE 1 | Locations with occurrences of monarchs.

Region Country/Island/Island Group

Australia, New Zealand, and

Indo-Pacific Islands

American Samoa*, Australia, Brunei*, Commonwealth of the Northern Mariana Islands, Cook Islands, Federated States of

Micronesia, Fiji, French Polynesia, Guam, Indonesia*, Johnston Atoll, Kiribati, Malaysia*, Marquesas Islands, Marshall

Islands, Mauritius*, Nauru, New Caledonia, New Zealand, Norfolk Island, Palau, Papua New Guinea, Philippines*, Réunion,

Samoa, Society Islands, Solomon Islands, Timor-Leste*, Tokelau*, Tonga, Tuvalu, Vanuatu, Wallis and Futuna*

Central America and

Caribbean

Anguilla, Antigua and Barbuda, Bahamas, Barbados, Belize, Bermuda, Bonaire, British Virgin Islands*, Cayman Islands*,

Costa Rica, Cuba, Dominica, Dominican Republic, El Salvador, Grenada, Guadeloupe, Guatemala, Haiti, Honduras,

Jamaica, Martinique, Montserrat*, Nicaragua, Panama, Puerto Rico, Saba, Saint Barthélemy*, Saint Kitts and Nevis, Saint

Lucia*, Saint Martin, Saint Vincent and the Grenadines*, Sint Eustatius, Sint Maarten, Turks and Caicos Islands, US Virgin

Islands

Eastern North America Canada (Eastern)†, Mexico†, Saint Pierre and Miquelon, United States (Eastern)†

Hawaii United States (Hawaii)†

Iberian Peninsula Azores, Canary Islands, Gibraltar, Madeira, Morocco, Portugal, Spain

South America and Aruba Aruba, Colombia, Curaçao, Ecuador, French Guiana*, Guyana, Peru, Suriname, Trinidad and Tobago, Venezuela

Southern Florida United States (Florida)†

Western North America Canada (Western)†, Mexico (Western)†, United States (Western)†

*Indicates that the country/island has evidence of historical occupation, but no evidence has been found of monarch occupation since 2000; † Indicates that the country is listed in

multiple regions.

Monarchs are known to have occupied 90 countries, islands, or island groups, which we grouped into eight worldwide regions, with 74 recent documented sightings.

FIGURE 1 | Map showing global range of monarchs (orange shows known range).

including G. fruticosus, Araujia sericifera, and Oxypetalum
caeruleum. Larvae in the Azores have been observed consuming
Gossypium arboreum and some species of the genus Euphorbia,
although these species may not be suitable as host plants
(Ramsay, 1964; Neves et al., 2001).

Natural Enemies
Predation, parasitism, and disease impact monarchs throughout
their range and thus contribute to the species’ adaptive capacity.
One natural enemy is the tachinid fly, which impacts monarchs
in Australia (Gibbs, 1994), Hawaii (Etchegaray and Nishida,
1975), and throughout Central America and into South America
(Arnaud, 1978; Toma, 2010). In Hawaii, parasitism rates from
tachinid flies ranged from 0 to 42% (Etchegaray and Nishida,

1975), and in Australia, rates fluctuate throughout the year,
going from very low to 100% of sampled monarchs in February
(Smithers, 1973). For comparison, the largest North American
study estimated tachinid fly parasitism at 13% (Oberhauser et al.,
2007). Another parasitoid, a wasp in the Pteromalus genus,
is also known to attack monarch pupae in other locations
(Ramsay, 1964).

The protozoan parasite, Ophryocystis elektroscirrha (OE),
infects monarchs throughout Australia, Central and South

America (Altizer et al., 2000), and Hawaii (Pierce et al., 2014b).
Infection rates averaged 35% in Hawaii (range: 4–85%; Pierce

et al., 2014b), with Australian infection rates averaging between

under 10 and almost 66% (Altizer et al., 2000; Barriga et al., 2016).
These average rates ofOE infection are lower than those observed
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in the non-migratory population in southern Florida (75–100%),
but higher than average rates in the eastern (<10%) and western
(5–30%) North American monarch populations (Altizer and de
Roode, 2015). Sternberg et al. (2013) further determined that
in lab settings, monarchs from South Florida had lower OE
spore loads (relative to eastern migratory monarchs) and were
less likely to become infected, potentially indicating that non-
migratory southern Florida monarchs have increased resistance
to OE (however, see also Altizer, 2001). Furthermore, the OE
parasites from Florida have been shown to cause higher parasite
loads than those from the eastern population (Altizer, 2001).
Outside of North America, these high rates of OE infection may
not be as detrimental tomonarchs. Although theHawaiian strand
of OE is particularly virulent, Hawaiian monarchs are both more
resistant to and tolerant of OE (Sternberg et al., 2013).

Monarchs have a number of vertebrate and invertebrate
predators that have been studied in North America, and are
likely to have many predators outside of North America as well
(Oberhauser et al., 2015). There are documented bird predators
of monarchs in Australia and Oahu, Hawaii (Smithers, 1973;
Stimson and Berman, 1990). Additionally, Australia also has a
number of recorded spider and insect predators of monarchs,
including mantids, ants, and wasps (Smithers, 1973).

Migration and Overwintering
Monarchs worldwide exhibit varying overwintering and
migratory behaviors (with migration potentially being an
ancestral trait; Zhan et al., 2014). This variation creates a range of
behavioral adaptive capacity. Eastern North American monarchs
migrate upwards of 4,000 km every fall (Solensky, 2004), to
overwinter in mountainous forests, which provide a unique,
protective microclimate (Williams and Brower, 2015). Western
North American monarchs also migrate in the fall, flying up
to hundreds of kilometers to primarily coastal overwintering
groves, which provide a slightly different specific microclimate
(Jepsen and Black, 2015; Pyle, 2015). There are fewer monarchs
in the western population, spread out among hundreds of
overwintering sites (compared to fewer than 20 sites in Mexico;
Vidal and Rendón-Salinas, 2014; Jepsen and Black, 2015).
Western North American overwintering monarchs may also
have a shorter diapause compared to those in eastern North
America (Herman et al., 1989), and there may be differences in
mating behavior at the different overwintering grounds (Brower
et al., 1995).

While these long-distance migrations are well-studied, many
locations worldwide have non-migratory monarchs and year-
round or winter breeding, including Central America (Ackery
and Vane-Wright, 1984), southern Florida (Brower, 1961),
along the Gulf Coast (Howard et al., 2010), and southern
California (Satterfield et al., 2016), as well as throughout many
Pacific Islands. Monarchs in Australia employ both migratory
and non-migratory strategies concurrently (James, 1993), with
monarchs breeding year round in a northeastern coastal area,
but overwintering without breeding at two other sites (Smithers,
1977). This strategy of partial migration (where some individuals
migrate and others do not) thus seems common throughout the

monarchs’ worldwide range, although the proportion of migrants
to non-migrants varies greatly.

Australian monarchs have been recorded flying as far
as 380 km northeast, forming transient autumn roosts and
eventually overwintering roosts. These autumn and winter roost
sites are similar in configuration and are often adjacent to
major breeding grounds (James, 1993). These sites tend to be
inland (20–80 km), have some protection from southerly and
westerly winds, and have trees and bushes for roosting [primarily
Melaleuca styphelioides (a native tree) and Lantana camara
(a naturalized, invasive plant that is also a nectar source for
migrating monarchs)]. These sites have high numbers of males
during autumn and at the end of overwintering, likely reflecting
differences in male and female behavior (James, 1993). Relative
to North American monarchs, Australian monarchs spend a
shorter time in overwintering aggregations (about 2–4 months,
compared to 4–5 months in North America; James, 1993).

Monarchs in New Zealand are non-migratory (one study
showed that <3% of recaptured butterflies had flown more than
20 km; Wise, 1980). However, these non-migratory monarchs
form overwintering clusters, using Quercus spp., Eucalyptus spp.,
Cedrus libani, and other species of trees in locations that are
both sunny and sheltered (Ramsay, 1964). These sites have nectar
sources used by adults, and the colonies vary in size from tens of
monarchs to thousands (Ramsay, 1964).

Genetics
The genetics of monarch populations worldwide reflect the
widespread variation in dispersal ability, gene flow, and both
genetic and allelic diversity that contribute to the adaptive
capacity of the species. Genetic results from genome-wide
analyses (Zhan et al., 2014) and microsatellite data (Pierce
et al., 2014a, 2015) suggest multiple dispersal events from an
ancestral North American population, reflecting the capacity for
the species to repeatedly expand its range to take advantage
of new geographies and resources. Information on gene flow
also reflects the wide adaptive capacity of monarchs, as they
differentiate and persist at both low and high levels of gene
flow. For example, low genetic differentiation among North
American monarchs suggest high levels of gene flow between
eastern and western populations, even though they display
differing migratory behavior (Pierce et al., 2015). Similarly,
monarchs from Pacific and Hawaiian Islands or Spain, Portugal,
and Aruba also have the capacity to persist and differentiate
in their behaviors despite low levels of gene flow that result
in more highly genetically differentiated populations (Pierce
et al., 2014a). In addition, monarch populations have been
established and have persisted across a wide range of genetic
and allelic diversity. North American monarchs have higher
allelic and genetic diversity and allelic richness than monarch
populations in the Pacific and this disparity increases the
further the populations exist away from North America
(Pierce et al., 2014a).

The adaptive capacity of monarchs worldwide is reflected
through the genetically-based estimates of numbers of distinct
populations. Pierce et al. (2015) estimate three genetic
populations: North America, island populations, and Ecuador,
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based on genetic clustering analysis of microsatellite markers.
Population structure analyses in Pierce et al. (2014a) support a
total of seven worldwide populations: North America (including
USA, Mexico, Costa Rica, Belize, Puerto Rico, and Bermuda),
South America (Ecuador), Aruba, Spain, Portugal/Morocco,
the Hawaiian Islands, and a series of Pacific islands (including
Australia and New Zealand). Furthermore, Zhan et al. (2014)
found genetic distinction among all geographically sampled
locations (17), but also reported structure analyses that resulted
in 2–11 populations. Additionally, recent research indicates that
there may be genetic differentiation between migratory and non-
migratory Mexican monarchs (Pfeiler et al., 2017). Microsatellite
analyses of monarchs in several locations in the Pacific (Australia,
New Zealand, New Caledonia, Fiji, and Samoa) indicate that
these monarchs are genetically distinct from other areas and have
lower allelic diversity than North American monarchs (Shephard
et al., 2002; Pierce et al., 2014a). While specific findings vary,
these results show that monarchs worldwide reflect complex
population structuring based on extensive dispersal and varying
levels of gene flow, which create a wide capacity for the species
to adapt to novel environmental and ecological changes in
the future.

Population Size and Trends
Despite limited information on population estimates and
population size trends outside of North America, there is
potential adaptive capacity for the species resulting from
monarchs persisting at a range of population sizes worldwide.
James (1993) notes that Australian overwintering colony cluster
sizes from 1978 to the 1990s were much smaller than those
reported in the 1960s (with maximum numbers of 3,500 between
1978 and the 1990s, and ∼40,000 as a maximum number in the
1960s). There are also reports of Pacific Islands having boom
and bust cycles when first colonized, with monarchs quickly
becoming very common before defoliating available host plants
(and perhaps moving on to colonize nearby islands; Zalucki and
Clarke, 2004).

DISCUSSION

As summarized here, the range of characteristics of worldwide
monarchs contribute to the species’ adaptive capacity. We know
that variation occurs in monarch morphology, with butterflies
having varying wing shape, color, and length throughout
their range. This variation may be associated with differing
migration behavior, which also varies throughout occupied
habitat, from the long-distance migrations of North America, to
populations exhibiting partial migration, and island monarchs
that are now non-migratory. As monarchs have expanded
their range, larvae still need suitable milkweed host plants,
but the milkweed species (and sometimes genera) can vary
from what is common in North America. Monarchs have
a suite of natural enemies that they encounter throughout
the world. OE is one of the more well-studied natural
enemies, with infection and virulence rates varying greatly
between populations. The genetics of monarchs throughout
their range provide insight into how monarchs expanded

and now differ from region to region. By having healthy
populations with a variety of these characteristics, the species
has more capacity to adapt to future changes in its physical and
biological environment.

While there is much that we know about monarchs living
outside of the migratory North American populations, many
areas of study would benefit from further research. One of the
biggest information gaps is the lack of basic information on
monarch locations, numbers, and trends throughout much
of their range. This information is particularly important
with the documented declines of the North American
populations. Additionally, without more surveys, it is
difficult to delineate range boundaries for many countries.
For example, monarchs are presumably not located on every
one of Indonesia’s over 17,000 islands, but they are probably
on multiple islands. Therefore, island nations where we
shaded in the entire country likely overrepresent the monarch
range (Figure 1).

It is also important for us to better understand threats and
their impacts for monarchs worldwide. While some threats
are known and discussed above, many are not. Threats that
impact monarchs in North America (including habitat loss,
insecticides, and climate change, among others; Belsky and
Joshi, 2018) may also impact non-North American monarchs
in similar or different ways. For example, climate change
may impact the suitable breeding range of monarchs in
ways similar to North America (Lemoine, 2015), but it may
also impact monarch-occupied habitat on Pacific Islands
through sea-level rise ([IPCC] Intergovernmental Panel on
Climate Change, 2014). These future research efforts, both
on novel threats and on monarch locations and population
trends, can provide a better understanding of monarchs
worldwide, including their contribution to the adaptive
capacity of the species, and their likelihood to persist into
the future.
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