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Abstract The migration of monarch butterflies (Danaus

plexippus) from Canada and the United States to over-

wintering sites in Mexico is one of the world’s most

amazing biological phenomena, although recent threats

make it imperative that the resources needed by migrating

monarchs be conserved. The most important first step in

preserving migration resources—determining the migration

flyways—is also the most challenging because of the large-

scale nature of the migration. Prior attempts to determine

the flyways using mark-recapture techniques with wing

tags gave some clues, but this important information has

never been fully obtainable until now. In 2005 the citizen-

science program, Journey North, initiated a project that

asked participants to record sightings of overnight roosts of

monarchs during their fall migration, and this project now

provides an ideal way to illustrate the flyways used by

monarchs on their way to Mexico, with the assumption that

roost locations indicate migration routes. We used 3 years

of this data to elucidate the flyways on a continent-wide

scale, that revealed two distinct flyways, but only one

appears to lead directly to Mexico. This main, ‘central’

flyway begins in the American Midwest states and southern

Ontario, then continues south-southwest through the states

of Kansas, Missouri, Oklahoma and Arkansas, and finally

passes through Texas and northern Mexico. These data also

highlighted a separate, smaller flyway along the eastern and

coastal states, but there was a noticeable lack of roost

sightings in this flyway at lower latitudes. Since there are

few recoveries of marked monarchs in Mexico originating

from coastal areas, we compared the timing of roost for-

mation in this ‘eastern’ flyway with the main, central

flyway. Roosts in the eastern flyway lagged behind the

central roosts in timing, suggesting that monarchs traveling

in this flyway have a reduced chance of making it to the

Mexico wintering site. Combined, our evidence indicates

that locations in the central flyway should be considered

priority areas for conserving migration resources.
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Introduction

Monarch butterflies (Danaus plexippus) in eastern North

America undertake the longest insect migration in the

world, traveling each fall as much as 3000 km from

breeding areas in Canada, to a few select overwintering

sites in the high-altitude mountains of Mexico (Brower

1995). These wintering colonies were first discovered in

1975 (Urquhart 1976) and since then, this amazing journey

has been the focus of considerable scientific research

(reviewed in Brower 1995, 1996). Today, monarchs in

eastern North America face a multitude of threats including

loss of habitat in their wintering grounds to illegal logging

and changing climate (Oberhauser and Peterson 2003), loss

of breeding habitat to urbanization and agriculture, espe-

cially genetically modified crops (Oberhauser et al. 2001;

Oberhauser and Rivers 2003), and chemical spraying for

pest insects (Oberhauser et al. 2006). Importantly, adult

monarch butterflies also require resources during their fall
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migrations, for which little is known scientifically. Each

fall, their journey begins in August, and monarchs can be

seen flying southward throughout much of Canada and the

northern United States, often in large numbers (Moskowitz

et al. 2001) during this period. However, since they do not

fly at night, monarchs must stop along the way throughout

this journey to rest or nectar, and these stopover sites are an

important resource for successful monarch migration

(Davis and Garland 2004; Brower et al. 2006). At these

sites, monarchs settle on trees or other vegetation for the

night, sometimes in tight clusters, and these overnight

clusters are generally considered ‘roosts’ (Fig. 1). Ironi-

cally, despite recent progress in understanding aspects of

this unique insect migration (Meitner et al. 2004; Stal-

leicken et al. 2005; Walton et al. 2005; Gibbs et al. 2006),

the places where monarchs choose to stop and roost as well

as the locations of major flyways remain unknown, except

for a select few sites where fall accumulations are common

(Garland and Davis 2002). It is therefore of paramount

importance to the conservation of this unique butterfly that

the locations of important stopover areas be determined, as

well as the flyways that they use most heavily.

Determining the locations of the migration flyways is

not an easy task. Prior attempts involving tag recoveries

(whereby monarchs are ‘tagged’ with adhesive, numbered

stickers by volunteers) revealed some information regard-

ing possible routes of travel (Urquhart and Urquhart 1977,

1978, 1979b), although the recaptures in these studies

provided only straight lines on a map from point of release

to point of recovery. With this caveat in mind, these studies

appeared to show that monarchs travel from areas such as

southern Ontario and Minnesota in a general south-south-

west direction. Other important information can also be

drawn from current volunteer tagging programs, such as

MonarchWatch (www.monarchwatch.org), and the recov-

ery rates of tagged monarchs in the Mexican overwintering

sites. For example, Garland and Davis (2002) examined

Mexican recovery rates of monarchs tagged at a site in

coastal Virginia and found they were much lower than the

normal recovery rate of approximately 1%. Moreover,

recent work examining recovery rates of other east coast

tagging sites has also found extremely low Mexico

recovery rates (Brindza et al. in review). Thus, evidence to

date indicates that for some reason, monarchs that migrate

along the east coast of North America are less successful at

reaching the Mexico wintering colonies.

Citizen science programs allow using large numbers of

observers to address large scale issues over a broad

geographic area. They also offer scientists a way to gather

data not obtainable by normal scientific methods. In

particular, Journey North is an online citizen-science

program (http://www.learner.org/jnorth/) whereby volun-

teers record sightings of natural history events such as the

first adult in their location each spring, and this infor-

mation is plotted online to show the spring migration

of monarchs (for animated maps drawn from sightings see

http://www.learner.org/jnorth/monarch/index.html). The

majority of participants in the program are students from

Fig. 1 Photographs submitted

to Journey North of monarch

butterflies in overnight roosts in

Enid, OK (a), Watertown, SD

(b), Texas City, TX (c) and

Bolivar, TX (d)
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primary through secondary schools (Howard and Davis

2004). While the goal of these projects is public educa-

tion, the spring monarch migration data has proven an

ideal way to document the spatial and temporal occur-

rence of monarchs each spring on a continent-wide scale

(Howard and Davis 2004; Davis and Howard 2005).

While the prior focus of the monarch program was the

spring migration, in 2005, a new Journey North program

was established that asked participants to record sightings

of overnight roosts of monarchs in the fall. In this pro-

gram, when participants observe monarchs roosting in

trees, bushes etc., they enter the date and location of the

sighting into the online database, and these sightings are

then plotted online so that the temporal and spatial pro-

gression of the fall migration can be viewed, similar to

that of the spring migration progression. This program

offers a unique opportunity to document on a large scale,

the fall migration flyway(s) taken by monarchs in North

America, since places where roosts form undoubtedly

represent locations where large numbers of monarchs

stopover. This data set also allows for interesting com-

parisons of certain aspects of the flyways such as the pace

of migration in each. We used three years of fall roost

data from this program in the current paper to address

these issues.

Materials and methods

Journey North participants

The Journey North program has been described previ-

ously (Howard and Davis 2004). Briefly, the roost

sightings project asks volunteers to record when they

observe an overnight roost formation each fall, as well as

the roost location (the address of the participant, if the

roost occurred on their property, or the nearest town). For

the purposes of the Journey North program, a general

definition of a roost is outlined on the website; i.e. the

gathering must contain at least 12 butterflies to be con-

sidered a roost (Fig. 1). It is also made clear that a large

number of butterflies that have gathered at a nectar source

during the day is not considered a roost. Observers are not

required to watch the butterflies to establish if they spend

the night (it is assumed the butterflies are roosting if they

are seen late in the day or early in the morning, and/or

they are inactive). More information about typical roost-

ing behavior is available on the website. The participants

are not required to report the size of the roost, although

there is an optional space online for recording notes on

the roosts. Finally, the roost sightings project begins in

the third week of August and continues through to the end

of October each year.

Data handling

The Journey North staff previews all observations prior to

inclusion into the database each year, to minimize the

possibility of reports of non-monarchs. However, since

most participants in this project also participate in the

spring monarch project, and since it is very difficult to

mistake a large number of bright orange butterflies with

any other species, we are confident that the Journey North

sightings are valid occurrences of monarch roosts. In

addition, when sightings are verified the staff records the

latitude and longitude of the sighting in the database.

Flyway depiction and data analysis

We used the roost sightings data from the first 3 years of

this project (2005–2007) for the current study. Our first

goal was to graphically present the roost observations so

that the migration flyway(s) would be depicted. For this,

we pooled the roost data from all 3 years and plotted these

points on a map of North America using the latitude and

longitude associated with the sightings (Fig. 2). Animated,

color maps of these sightings can be viewed online at the

Journey North website (http://www.learner.org/jnorth/),

and these online maps allow for the temporal occurrence of

roosts to be seen, but only for one year at a time. Here,

when we initially plotted the roost sightings in Fig. 2 we

noticed two distinct groupings of roosts, which we consider

to represent separate flyways. The largest by far appears as

the group that traverses the center of the breeding range,

and we term this the ‘central’ flyway. A second, smaller

flyway is visible along the Northeast, mid-Atlantic and

coastal plain states, and appears to stop near the Carolinas

(or at least no more roosts form), and we term this the

‘eastern’ flyway.

While it was not the primary goal of this study, these

two apparently distinct flyways offered us an opportunity to

explore possible differences in the characteristics of both,

specifically the timing of roost formation, which we can

consider a proxy for the southward migration ‘wave front’

in much the same as the northward wave front in the spring

migration can be inferred from adult sightings (Davis and

Howard 2005). Thus, we separated the combined roost data

by location, so that roosts were categorized as in the

‘central’ or ‘eastern’ flyways. We point out that these

groupings are arbitrary, and based solely on our own

interpretation of the roost map. Indeed, these groupings

may change with additional data from this project, however

their distinction here is convenient for statistical compari-

sons. We further grouped the data based on the time of the

fall season the roost formed, by subdividing the data into

10 week intervals. We then used general linear model

analyses to explore the factors influencing the timing of
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roost formation. For this, latitude was the dependent vari-

able, while independents included week, year, and flyway

(central versus eastern). All two-way interactions effects

were also included. This analysis therefore asked do the

average latitudes of roost locations vary with week (which

we expect, given the southward progression of the migra-

tion); do they vary between years; and importantly, do they

differ between flyways? Furthermore, the interaction effect

of flyway and week was also important here, since it

considered whether the timing of roost formation differs

between flyways. We note here that data from the last two

weeks were not included in this analysis because only one

roost from the eastern flyway was recorded then. In addi-

tion, three roost sightings occurred in Florida (Fig. 2), but

were not included in analyses. Our analysis in the study

was performed using Statistica 6.1 (Statistica 2003).

Results

Data set

There were a total of 635 observations of roosts from the

three years of data considered here (Table 1). During each

week, the number of reports varied from a low of 4 (though

this was at the end of the season) to a high of 36. The

number of reports in the last year was considerably higher

than the two prior years, though we do not know if this

represents more roosts in 2007 or simply more participants

in the program.

Flyway description

Plotting the locations of all roosts appeared to reveal two

flyway patterns in North America (which we termed central

and eastern, Fig. 2), and we grouped the data according to

these patterns. We also noted the distinct absence of roosts

in the southern states of Alabama, Louisiana and Missis-

sippi, despite the fact that Journey North participants (at

least those who participate in the spring project) live there

(Fig. 2, inset map). Interestingly, there were three roosts

sighted in northern Florida, although we did not consider

these as part of the eastern flyway.

Table 1 Numbers of monarch roost observations from Journey North

Participants from 2005 to 2007, grouped by week

Week Dates 2005 2006 2007 Total Average

1 \Aug 23 6 8 19 33 11

2 Aug 23–Aug 29 21 18 36 75 25

3 Aug 30–Sep 5 25 17 36 78 26

4 Sep 6–Sep 12 25 17 19 61 20

5 Sep 13–Sep 19 21 20 24 65 22

6 Sep 20–Sep 26 12 15 13 40 13

7 Sep 27–Oct 3 33 16 20 69 23

8 Oct 4–Oct 10 22 17 21 60 20

9 Oct 11–Oct 17 20 23 24 67 22

10 Oct 18–Oct 24 4 17 30 51 17

11 Oct 25–Oct 31 4 6 26 36 12

All Weeks 193 174 268 635

Fig. 2 Map of Journey North

roost sightings from all years

combined (2005–2007). Dashed

line indicates division of central

and eastern flyways in analysis.

Roosts in Florida were not

included in the analyses. Inset

map shows the locations of all

Journey North participants from

1997 to 2007. Star indicates

location of Mexico

overwintering sites
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Comparison of flyway timing

Our roost latitude analysis comparing the two flyways

showed that the latitude of roosts varied significantly with

week, as we expected (Table 2), but the interaction effect of

week 9 year was significant, meaning that this temporal

effect was not consistent among years. There was a signifi-

cant effect of flyway, and importantly, a significant

flyway 9 week interaction, which is shown in Fig. 3. This

graph demonstrates that the roost latitudes of the central

flyway progress steadily southward each week, but after the

first three weeks the eastern roosts do not. By the middle of

the migration season (the week of Sept. 20–26), the trajec-

tory of the eastern roosts ‘diverged’ from the central and

essentially leveled out at approximately 40� latitude. Thus,

the roosts in the eastern flyway continued to be sighted by

Journey North participants at relatively high latitudes long

after the central roosts had reached lower latitudes. We point

out that this temporal discrepancy can also be visualized on

the Journey North website by viewing the animations of the

fall roost sightings (http://www.learner.org/jnorth/images/

graphics/monarch/maps/Animation_Fall2007_Roosts.html),

and noting the colors of the eastern roosts. Finally, the non-

significant effect of year 9 flyway indicates that there is

little change in this pattern from year to year.

Discussion

This study shows, for the first time in clear detail and on a

continent-wide scale, the fall migration flyway of monarch

butterflies in eastern North America, based on citizen sci-

entists’ observations of overnight roosts. This description is

a considerable advancement over prior attempts to docu-

ment the migration routes using recaptures of tagged

monarchs (Urquhart and Urquhart 1977, 1978), and it

provides much-needed information regarding priority areas

for migration habitat conservation efforts. Specifically,

these data show the existence of one main (‘central’) fly-

way that begins in the American Midwest states and

southern Ontario, then progresses south-southwest through

the states of Kansas, Missouri, Oklahoma and Arkansas,

appearing to narrow along the way until it reaches Texas

and finally Northern Mexico, where our roost observations

end. These areas should be given highest priority for hab-

itat preservation efforts to ensure adequate migration

resources are conserved for the monarch butterfly. These

data also appear to show the existence of a second flyway

along the easternmost states and coastal areas, and this

appears to be separate from the central flyway via a large

gap where there are no roost sightings.

It should be made clear that in this study we are

assuming the locations of roosts indicate the routes of

monarch migration; however, this assumption is not unre-

alistic. At the very least, we argue these roosts show where

the majority of monarchs migrate, and where their numbers

are great enough so that large overnight clusters form that

people can easily observe. The opposite may be true in

areas where there are few roost sightings, such as the

southeastern United States (Fig. 2). In this area there are

clearly considerable numbers of migrating monarch but-

terflies each fall. In fact, one of the authors of this study

lives in northern Georgia and routinely witnesses large

waves (i.e. many hundreds) of migrating monarchs each

fall in late October (Davis pers. obs.). Furthermore, a

volunteer-run tagging program in the Florida panhandle

(St. Marks, FL) claimed in 2002 to have captured and

tagged over 12,500 migrating monarchs over 10 seasons

(R. Rubino pers. comm.). In an earlier report from this
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Fig. 3 Average latitudes of monarch roosts each week during the fall

(all years combined), grouped by flyways (central and eastern). Error

bars represent standard deviations. See Table 1 for dates of each week

Table 2 Summary of general linear analyses examining factors

influencing roost latitude

Variable df MS F P

Week 8 177.6 44.6 \0.001

Year 2 3.6 0.9 0.403

Flyway 1 104.4 26.2 \0.001

Week 9 Year 16 13.2 3.3 \0.001

Week 9 Flyway 8 68.2 17.1 \0.001

Year 9 Flyway 2 1.3 0.3 0.714

Error 510 4.0

Total 547

The flyway variable indicates whether the roosts were located in the

central or the eastern flyway (Fig. 2). Last 2 weeks were not included

in the analysis because only one roost was sighted in the eastern

flyway
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same location, Urquhart and Urquhart (1976) witnessed

‘countless thousands of individuals’ annually from 1970 to

1975. So there is considerable evidence that monarch

butterflies migrate to some extent throughout the south-

eastern states, but the few roost sightings in this area

suggest that their numbers are small enough so that any

overnight clusters may go unnoticed by the general public.

Alternatively, it could be argued that monarchs migrate in

equal numbers throughout their range in eastern North

America, but that for some reason, they only form roosts in

the interior states (i.e. the central flyway). We consider this

idea unlikely, and support the former.

There is reason to believe that the eastern flyway

described here is not an optimal route for migration to

Mexico. First, tag recovery data from the overwintering

colonies in Mexico support this idea: monarchs tagged in

the fall at east coast sites have a very low chance of being

recovered in Mexico, considerably lower than those tagged

at inland locations (Garland and Davis 2002; Brindza et al.

in review). Moreover, of the 12,500 monarchs tagged in the

Florida panhandle, only 3 of these had been recovered in

the Mexican overwintering sites (R. Rubino pers. comm.).

Secondly, when we compared the latitudinal progression of

roost formation between the central and eastern flyways we

found that roost formation (which we assume is indicative

of migration progress) in the eastern flyway lagged behind

the central flyway roosts (Fig. 3). There were also very few

roosts sighted in coastal states below the mid-Atlantic,

despite the fact that there are many Journey North partic-

ipants at these coastal areas (Fig. 2, inset), suggesting that

this flyway does not progress further south than the mid-

Atlantic. Taken together, this evidence suggests the eastern

flyway is not optimal for monarch migration to Mexico.

The reasons for this could be several. It may be that for

many eastern flyway migrants, the Mexican overwintering

site is not their final destination. Indeed, monarchs

migrating southward along the Atlantic coast could con-

tinue following the coast of Florida until they reach the

southern end, where they could join with the continuously

breeding population that is known to occur there (Altizer

et al. 2000). In addition, monarchs have also been shown to

end up in Cuba, perhaps via this same scenario (Dockx

et al. 2004), though it is not clear if this is by design or

accident. Alternatively, it may be that the Mexico sites are

indeed the intended destination, but the coastal journey is

made more perilous by numerous water crossings and/or

the threat of being blown offshore.

Our analysis of the eastern flyway is somewhat consis-

tent with early speculations from tag-recapture trajectories.

Urquhart and Urquhart (1979b) showed that while the

majority of fall monarchs tagged in southern Ontario were

recaptured in locations to the south or southwest, some

monarchs were later found in coastal states southeast of

their release point. Based on this observation, they specu-

lated this was an ‘aberrant’ migration route (Urquhart and

Urquhart 1979a), and provided some evidence these indi-

viduals follow the eastern coastline southward until they

end up in southern Florida or Cuba. More recent studies

using stable isotope analyses have confirmed that indeed

some monarchs from North America end up in Cuba

(Dockx et al. 2004). Our results are consistent with the

Urquharts’ premise, although we note that their use of the

term ‘aberrant’ to describe this flyway is not necessarily

appropriate, given that this flyway is used year after year. A

better term is perhaps ‘suboptimal’, especially given that at

least some monarchs tagged at these locations do make it to

the Mexican wintering colonies (Garland and Davis 2002;

Brindza et al. in review). Also, even if this is a suboptimal

flyway, since large numbers of monarchs regularly occur in

these coastal areas and can become extremely concen-

trated, especially at geographic peninsulas (Garland and

Davis 2002), their presence does allow annual estimates of

abundance to be obtained (Walton et al. 2005; Gibbs et al.

2006), which makes these locations useful to monarch

conservation efforts.

The migration through Texas deserves comment

because of the consistency we found with prior work. In

our map of the flyways we noticed that the migration

through Texas appears to be divided into two regions; a

main route that traverses the center of the state, and a

second route that follows the eastern coastline (Fig. 2).

These same spatial patterns have been documented before

from a state-wide citizen-science program, Texas Monarch

Watch (Calvert and Wagner 1997), whereby reports of

monarch ‘accumulations’ (i.e. sightings of 100 monarchs or

more, but not necessarily of roosts) in the state are com-

piled with a phone hotline. Calvert and Wagner (1997)

used this data from 1993 to 1995 to describe these two

Texas flyways in which they called the ‘central’ and

‘coastal’ flyways. The similarity between those results and

ours a decade later speaks to the credibility of both data

sources plus the year-to-year consistency of this state-wide

pattern.

A final important observation that is not apparent from

the flyway map in Fig. 2 is the ‘ephemeral’ nature of the

monarch roosts, because the 3 years of data considered

here (2005–2007) were combined to spatially demonstrate

the flyways. Importantly, the majority of roost sightings

occurred only once in that time. That is, when the sightings

were categorized by town (i.e. roost location), 85% of

towns only appeared in the data set in 1 year. In 10.7% of

cases, a town was represented in two of the 3 years, and

only 4.3% of towns appeared in all three years. In other

words, monarchs do not appear to consistently roost in the

same locations within the flyways each year. This is also

emphasized by the text of the reports sent in by many
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observers, such as ‘‘in our 30 years living in this neigh-

borhood we have never seen this before,’’ or ‘‘they were

here one year but haven’t come in the last 5 years.’’ This

ephemeral nature of roosts has large implications for

migration habitat conservation. Importantly, it suggests

that roost site selection is somewhat random, and if so, it

would be difficult from a management standpoint to

determine how best to protect roost sites. Therefore, it

might make more sense to focus conservation efforts on

preserving other migration resources such as nectar plants

in the flyway, which monarchs use during migration to feed

from and build up their lipid reserves (Brower et al. 2006).

The ephemeral nature of monarch roosts also emphasizes

the value of taking a large-scale perspective on conserving

migration resources, as well as in the scientific study of

monarch migration.

With the continued existence of this citizen-science pro-

gram, we will eventually be able to fill in gaps where there are

few Journey North participants, such as areas of southern

Georgia and Alabama, or much of West Virginia, for

example (Fig. 2 inset). In addition, these data will eventually

allow for further scientific questions regarding the resources

monarchs need for their migration. For example, future

projects could compile information regarding the charac-

teristics of roosts (i.e. what tree types are used, what is the

duration of roosts, is there nectar available), as well as the

behavior of monarchs at the roosts especially in the early

morning (i.e. do they feed before flying off?). In any case, the

continued existence of this program will serve as not only an

excellent educational resource, but also as a scientific tool for

studying monarch butterfly migratory biology and will pro-

vide conservationists with information they need to protect

this aspect of its life cycle in North America.
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