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Abstract: 

The following essay is about the monarch butterflies and how global warming affects their 
migration. The research question is: To what extent does global warming affect the Monarch / 
butterfly migration from Northem U.S.A. to the Angangueo Mountain in Mexico and how does V 
this influence the sunounding towns politically and economically? 

To answer this question I mainly did research on the intemet. To find primary information I sent 
an email to multiple organizations with questions about my topic, however I did not get any 
answers back. I gathered general information about the butterflies to write the introduction and 
then the main threats are written in the beginning of the investigation. Global warming and its 
effects on the monarchs were then clearly described and analyzed. 

In summary, the monarch butterflies are in threat of extinction in 50 years, due to global 
warming. Increased rainfall and cold waves are expected in Mexico in the future, which could 
wipe out the entire population of monarchs. " 
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Introduction: 

For many years now, Monarch butterflies have been migrating to the Angangueo Mountain in 
Mexico. These are common butterflies that use the poisonous milkweed plant as their host plant. 
The female butterfly lays an egg on the milkweed plant, which is about 1/81

h of an inch long. Out 
of the egg hatches a monarch larva in 3-5 days. These caterpillars then tum into pupas, from 
which then the butterfly hatches. During the caterpillar stage, the poisonous milkweed plant is 

consumed. The plant contains certain chemical compounds that create a cardiac poison, which 
affects most vertebrates. This poison is useful to the monarchs to avoid potential predators. 
These predators remember the color of the monarchs and stay away from them and their poison. 

(Monarch Butterfly Site, 1) - NtJI fJrf~OM/(Yrt Rt-- t: 
The butterflies travel thousands of miles and it takes multiple generations for them to reach 
Mexico and then to travel back again. While trying to escape the cold winter in the north and 

returning when Mexico gets too warm, the butterflies are having more trouble every year due to 
the increase in global warming. The summers are getting hotter and the winters are getting 
cooler, which could force the butterflies to travel longer distances. The suitable habitats could be 
shifted northwards and the hot and dry temperatures could affect food availability, reproductive 
success and the adult butterfly survival rate. The objective of this essay is to find out to what 
extent global warming affects them and to raise awareness about the effects of global warming 

through a perspective not thought off on a regular basis. Global wruming jas many different 
effects on the world and the humans; however animals also suffer or benefit from global 
warming. Along with this issue comes other effects, such as deforestation and soil degradation, 

which are worthy to discuss in this essay and this also increases the importance of this topic. 
Therefore monarch butterflies will be used, to show how they suffer under global wanning 
during their long migration. The changing patterns of the life of the monarch butterfly on the 
other hand affects the humans again, who have to deal with changes in tourism in Mexico. The 
monarchs have a significant financial impact on the sunounding towns, because very many 
people there depend on the t0urism to make a dependable income and therefore the global 
warming also has econom1{ and political changes in society, the geographical impacts of global 
warming. All these factors are looked at using the example of the monarch butterfly migration 

and the essay should hopefully raise awareness about global wanning and its effects. 

The town of Anganueo is located in the east of the state of Michoacan and is about two hours 
away from Mexico City. This town had an economic peak at the end ofthe 19th century due to 
rich mines of silver that existed in the area. With time passing, the mines were not used anymore 
and interesting religious ru·chitecture was left that attracted tourists along with the Monarch 

butterflies surrounding the area. 

("Monarch Butterfly and Angangueo", 1) 
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Figure 1: Angangueo from an aerial view 
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To write a detailed essay about this topic, specific research and investigating had to be done. To 
do this, certain infotmation had to be collected. It is important to know about some biological 
information about the butterfly, as well as other factors that affect the monarch and at last, it is 
very important to find lots of information about global warming and its effects on the butterflies. 

To achieve this, research on decently reliable websites was done. It was especially attempted to 
get information from educational websites, such as websites from universities, which have 
primary data most ofthe time. In addition to this, emails were sent to different organizations 
such as universities, butterfly habitat preservation websites and even tour guide companies in the 
Angangueo area regarding the monarchs and their loss in numbers. Unfortunately no answer was 
received. With the information available, the investigation was split up into three parts; the 
decline in monarchs, global warming and its effects, and the impacts on society, as seen in the 
contents page. 

c~ 

Butterflies are small insects that are very fragile; however they still migrate and travel long 
distances. It is a phenomenon that they can do this migration. A map of the migration from the 
United States to Mexico and a map of Monarch sightings can be seen here: 
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Figure 2 : Map of the direction of Monarch migrations in North America and Central America 
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Figure 3: Map of Monarch sightings in USA in spring, 2000 v 
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It is a trip through many ecosystems and climates in which the temperatures can be a threat to . 
them, but also many other factors that are caused by global warming. Although the monarch 
butterfly is not an endangered species, the IUCN (International Union for Conservation of 
Nature) recognizes the monarch migration as an endangered phenomenon and this for some good 
reasons. 

Before investigating climate change and its effect on the butterflies, one has to know the general 
factors causing a decline in the butterflies like breeding habitat loss, degradation, deforestation, 
forest fires, tourism and parasites: 

Up to 70 % of monarchs feed on milkweed in agricultmal areas. Almost ali soybeans and a large 
amount of corn that is currently grown in the United States are genetically modified and this 
makes applications of glyphosate (a herbicide to kill weeds) on germinated weeds possible. 
Apati from the breeding habitat loss through degradation, there is also breeding habitat loss 

through urbanization or the sub urbanization of agriculture. More land is utilized every year for 
housing and other industrial uses, instead of agricultme. This also decreases the growth rate of 
the monarch butterflies. Even on the sides of roads milkweeds are being mowed down and they 
are in general viewed as harmful in some areas, which cause the people to try to eradicate these 
weeds. This is a smaller factor that causes a decline in monarchs, since weeds can grow in many 
places at a fast pace, however it is still important to mention, since no species can live without a 

food source and this can be seen by many bird species that are having trouble frnding food. 
(North American Conservation Plan, 23) 

In some parts ofthe United State~z~:!ollution is causing severe damage to some smts of 

milkweed. T_his_p...Qllution is cau§.!:!_d by ..the enhanc;ed_greenh,?I:!Se effect, which is believed to 
cause global warming and is therefore important to know. The leaves turn visibly darker, 

however it is not known whether this ozone pollution affects the monru·ch caterpillars or not. 
("Milkweed Check up", l) 

Monarchs are also experiencing habitat loss at their wintering habitat destinations, in this case 
around the mountains in Angangueo. There is a monarch butterfly reserve area; however 
monarchs are facing trouble outside of it. 

A lru·ge issue is deforestation, which again links together with urbanization; the humans need the 
wood and the space to build more housing and rural to urban migrations are on the rise. A small 
bug called the bark beetle also eats away the forest giving monru·chs less room and this beetle 
outbreak is an outcome of climate change. Many studies have established that an intact forest 
ecosystem is of very high impmtance for the monarch 's survival in the winter. The forest 
provides unique conditions making the monarch able to survive in very low temperatmes and 
they conserve energy until the next spring, when the next migration occurs. In the "Reserva de la 
Biosfera Mariposa Monarca" (the reserve for monarchs very close to Angangueo) has two zones 
of protection: 
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1. The nuclear zone is a zone where no cutting of trees is allowed. 

2. The buffer zone is a zone where limited cutting is allowed. 

("The Monarch Butterfly Sanctuary Foundation.", 1) 

Figure 4: Picture of protection zones of monarchs in Nmih and Central America 
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"Mariposa 
Monarcha Biosphere 
Reserve" is right 
next to Angangueo, 
also in the state of 
Michoacan 

Similar to deforestation is the problem of forest fires. This either occurs naturally or the people 

want the ground to be full of nutrients, however in both cases it impacts the monarchs directly 
and destroys their habitats. 

It is also believed that tourists are having an effect on the monarchs. There are between 100,000 
- 150,000 visitors every year and the numbers are increasing every year and because the tourism 
and the guiding tours are poorly organized, the environment is most likely suffering from the 
large amount of people visiting. Lastly, monarchs are also dying because of parasites that feed of 

them, which are again smaller issues, however very important to be noted since all of these 
factors add up to a significant loss. 

(North American Conservation Plan, 25) 

All of these factors have affected the monarchs over the years and their decline can be shown in 
the following graph. 
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Figure 5: 

Total Ar~a Occupied by Monarch Colonies at Ov~rwintcring Sites in Mex ico 
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(http:/ /rnonarchwatch.orglbring-back -the-monarchs/ campaign/the-details) 

Figure 5 above shows the amount of hectares covered by the monarchs every year at their over 
wintering sites in Mexico. The data is not very consistent; there are many drops and rises over 
the years, but it is understandable as it is very hard to count the buttert1ies depending on which 
tactic is used and there are also many factors that int1uence the buttert1ies as listed earlier. It is 
very impmiant to see that the average of 7.24 hectares of land covered was not reached from 
2004 onwards. In the past 6 years, the average amount of hectares covered is 5.065 (calculated 
by adding all values from 2004 - 2005 onwards and dividing by 6) and this shows a significant 

difference to the overall average of 7.24 hectares. To get a better picture of the decline in 
monarchs however, a scatter graph would be more appropriate, to see a trend line. 
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Figure 6: 

Hectares covered by monarchs at overwintering 
sites in Mexico 
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Figure 6 above shows the same data in a scatter graph with a line of best fit and its equation. 
Here it can be seen that the amount of hectares covered by the butterflies is steadily decreasing. 

~ ) fff.llt/V\A.v · 
Figure 7: Table of~pe~~coefficient of data from graph above 

Year Rank Hectares covered by monarchs Rank d d"2 

1994 17 7.81 6 11 121 

1995 16 12.61 2 14 196 

1996 15 20.97 1 14 196 

1997 14 5.77 10 4 16 

1998 13 5.56 11 2 4 

1999 12 9.05 5 7 49 

2000 11 2.83 15 -4 16 

2001 10 9.35 4 6 36 

2002 9 7.54 7 2 4 

2003 8 11 .12 3 5 25 

2004 7 2.19 16 -9 81 
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2005 6 5.92 9 -3 9 

2006 5 6.67 8 -3 9 

2007 4 4.61 13 -9 81 

2008 3 5.06 12 -9 81 

2009 2 1.92 17 -15 225 

201 0 1 4.02 14 -13 169 

1318 

I I 

With this information, the(spea.rn;mtg mk coefficient was able to be calculated, which is 0.6125 
(the calculations can be fo~ne appendix) and this number does not look very good at a first 
look, since the correlation is strongest the closer it is to 1, however it can be further analyzed by 
testing its significance: 

Figure 8: Sketch diagi-am of significance test of spearmint coefficient rank 

The little x represents the 
intersection between the 
degree of freedom 15 
(17-2) and the spearmint 
rank coefficient 0.6125 
and it can be seen that is 
not in the rejection level, 
however it does have a 
significance level over 
1% meaning there is a 
slight chance of 
coincidence. This is 
rather impressive since it 
is very difficult to 
capture and release the 
same monarchs and get 
results ofthis quality. 

The decline in monarch 
butterflies can also be seen on maps of the United States where the monarchs were tagged and 
then recaptured. The lines on figure 9, 10 and 11 below show the migration ofthe butterflies and 
it can be clearly seen that these migrations have been decreasing from 1971 to 1994. 

Although the migrations recorded on the maps below are only within the United States, it can be 
~ssum~ that migrations to the Angangueo Mountain in Mexico are also decreasing. The tagging 
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and recovering generally took place in the northeast and southeast of the United States, the only 
differences are the densities ofthe migration lines, which is clearly decreasing map after map. 

Figure 9: 
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Figure 10: 

Figure 11 : 
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Global warming: ..l 
l_a..u...,..l ,. r 

The largestA.mortality of monarchs is most likely going to be global warming. According to the 
predictions of entomologist Karen Oberhauser of the University of Minnesota, the monarchs 

wintering sites will become unsuitable in the next 50 years, due t~etter an_E ~r weather in 
Mexico and the monarchs are also expected to have difficulties progressing in the east of the 

United States and Canada during warm temperatures. Monarch butterflies have a unique 
/ migratory cycle, which is very sensitive to climate change and according to Oberhauser "The 

hQ.J!'U,. whole cycle depends on climate, and the big question is whether monarchs can adapt." ("Climate 
~t11...t..~ Change May Endanger Monarch Butterflies.", lJ Many climate experts are predicting that the global 

temperarore overall will increase by st-d(ai degrees in the next century and this would create 
more ocean evaporation and this would lead to increased rainfall. ("Climate Change May Endanger 
Monarch Butterflies.", 1) 

1 
\ ~ Q(J ~~'""-

_.... v..~ . 
Oberhauser also predicts increased rainfall in central Mexico, where most of the butterflies stay 
over the winter. The forests in this area are so densely packed with butterflies that if climate 
change occurs it could have drastic effects for the following reasons: 

Monarch butterflies can endure temperatures below zero, as long as their fragile wings remain 

dry. Therefore if it rains and then the temperatures drop at a fast pace, many butterflies will die 
out and this is exactly what happened in 2002; there was a rainstorm that soaked the monarchs 
and then the temperature dropped to negative five or six degrees Celsius which caused a huge 
mortality of monarchs. 80% of the wintering population was killed and ifOberhauser' s 
predictions are conect, this may happen even more in the furore . 

The summers are also getting continuously warmer, which will most likely shift suitable habitat 
ru·eas further north. The problem is that the monarchs then probably need another generation to 

reach their destination and it is unknown if they are able to do this. - --:~ ~ l~· ·fLfl~ 

("Flying Lnto Climate Change» Sciencel ine.", 1) 

Oberhauser also predicts that the conditions the monarch butterflies need in order to survive the 
winter will not exist in the furore where the over wintering sites cunently are. (Near the 
mountains at Angangueo) According to Oberhauser, one of three things can happen to the 

monarchs if her predictions of the changing climate and the effects are correct: 

1. In the next 50 years the climate change may cause the monarchs to go extinct. 

2. The monru·chs GQYW find another over wintering site that will be suitable for survival in 
the future . (The atmosphere ~d be wrum enough and/or dry enough so that the 
monru·chs' wings do not become too wet and frozen.) This would also affect Mexico in 
other ways, since tourism is made up of many people that visit the monarchs and many 
tour organizations will disappear, depending on how far the.n1bnarchs fly away. 
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3. Lastly, the monarchs ~uld get used to the new conditions caused by global wruming and 
somehow adapt, however nobody knows if they are able to do so and the chances are 
probably very low. 

(Coale, Phil., I) 

Another influence that global warming has on the monarchs is that it has effects on the host 
p lants of the butterflies; the milkweed plant. According to the University ofMichigan, the rising 
carbon dioxide levels in the atmosphere may change the milkweed. Plant defenses change to 
rising carbon dioxide levels and other environmental changes, as well as the eating patterns of 

insects, including the monarchs. These changes are noteworthy, since the monarchs are very 
selective about the milkweed they choose and this rising carbon dioxide can change their 
behavior. In nmihem Michigan research was done on a milkweed population to see changes in 
growth patterns, reproduction patterns and the changes in production of the plant's defenses. (As 
ah·eady talked about above, milkweed is poisonous due to its chemical characteristics) The first 
observation that was made by the researchers was that all the plants grew larger. Their responses 
in their reproduction were similar, however the plant families responded differently to their 
production in chemica] defenses. The milkweed's heart poisons called cardenolides differed from 
plant to plant. While some plant families increased their cardenolide production, most plants 

decreased it. Some decreased by as much as 50%, which does make a big difference to the 
insects that eat the milkweed. Monarchs and most other insects choose their host plants very 
carefully, taking the toxic compounds in the plant into consideration. The milkweed also grew 
thicker leaves in response to the elevated carbon dioxide levels, however it is not known whether 

these changes will help the monarchs, or make their lives even more difficult. 

("Global Wanning May Reroute Evolution, Milkweed Research Finds.", 1) 

General effects of global warming and its effects on the monarchs: 

Global wruming has multiple visible effects on the planet and therefore also on the monarch 

butterflies. 

1. An effect of global warming is the spread of disease. Insects that cany diseases migrate ~c:. .... •;£.t0 .. t£. 

north as the planet wrums and these diseases could be transferred to the monarchs. 
Parasites could also migrate north to wrumer temperatures where the monarchs are and 
could therefore be very harmful to them. 

2. Another huge change that came with global wruming is the increase in storms and their 
intensity. Hurricanes have not only been destroying homes and infrast:lucture in many 
cities, but these hurricanes also kill the butterflies. They destroy the milkweed the 
monru·chs use to continue their generations. In the last 30 years, the destructive power of 

1Q.v i~c.c I the stmms has increased about 50% and this was linked with the wruming oceans caused 
~u \u'l{· 
~r~s 
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by global warming. Strong winds in general make a migration of such a long distance a 
lot harder. (Lion, A., 2) 

3. The flooding that occurs through global warming also has an effect on the monarch 
butterflies. Just like the melting of the ice caps raises the sea levels, the warming of the 
sea itself creates thermal expansion which raises sea levels even higher and tllis causes 
more flooding. These floods can destroy the butterflies over wintering habitats as well as 
milkweed itself where the monarchs leave their eggs. The flooding might also become 
larger because the warmer air holds more water vapor, which increases rainfall. 

4. As already mentioned earlier, increasing temperatures due to global watming lead to (~ ~ 

more forest fires that burn the monarchs, their habitats and the milkweed they use to Ia~ ~ Lt. 
their eggs on. 

5. Another issue that results from the enhanced greenhouse effect is smog. These dangerous 
.clouds are created tlU"ough the fumes of vehicles, industria] pollution and ground level 

ozone pollution, which are a threat to the monarchs just as much as to the people. This 
smog could affect the milkweed but also the butterflies directly and especially at their 
over wintering sites in Mexico there could be smog problems in the future, because 

around the Angangueo mountain there are very dense urban areas that pollute. 

\llv 1J..b, ... t.e_ 1 6. With global warming also come cold waves, which are large drops in temperature over a 
l 24 hour time span. This would be harmful to the milkweed and the flowers the monarchs 

use to feed of, but even more to the monarchs themselves, especially in the combination 
with rainfall. 

Impacts on society: 

Although monarch butterflies are sma11 creatmes, they still affect our society to a certain extent. 
Politically, the government is not necessarily forced to change anything due to the monarchs, but 
laws and regulations are still made in order for the monarchs to survive. The monarch reserve 
was set up and the regulations of protection zones were introduced. (Nuclear and buffer zones 
where taken into law, where no cutting or limited cutting is a11owed as mentioned earlier.) 
Another issue the government has to deal with is the drug war violence. In the state of 

~ Michoacan, where the butterflies stay over winter every year, drug violence is occmTing and the 

l\ J-~~ visitors are being scared away. At the end of last year (2010), all the major roads in the state 
~ ~ J capital were shut down due to shootings between the police and criminals. The local dominant 
~ - gang "La Familia" is also known for decapitating its rivals, which scares away tourists even 

1).) more, although the drug violence in general happens far away from the monarchs. ("Mexico's 
Drug War Keeps Tourists From Monarchs", 1) 

The government therefore has to fight against the violence in order to bring back the tourists. 
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These monarchs also bring with them economic impmtance, because their migration is a 
phenomenon that attracts many tourists. The villages around the butterfly reserve basically live 
of the tourists that visit. Some locals work as tour guides, a job that would completely disappear 

without the monarchs. Others own small restaurants or food stands and small children sell 
souvenirs or attempt to sing on the streets for money. These ways to make money are dependant 
on tomism and without the monarchs; people don't have many reasons to come to a rather poor 
area such as Angangueo. IfOberhauser's predictions are correct, these people will have to find 

another way to make money in 50 years and keep their village alive. There are also many 
organizations in the United States that raise awareness about the monarchs and they raise money 
to help save the monarchs in the future. 
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Conclusion: 

Monarch butterflies are significant insects that travel thousands of miles with multiple 
generations to Mexico and back to Nmih America. Like many other animals, they are tlrreatened 
by global warming, an issue the humans are making even worse every day. Global warming has 
many effects on the planet and many people know about these effects, but it also effects the 

monarchs; a specie not too many people think about when it comes to global warming and its 
effects and that is the point of this essay; to raise awareness of further damage of global warming 
that is usually not thought off. 

Although perfect counting methods cannot be performed on the monarchs, it is becoming 
increasingly obvious that they are on the decline. If Oberhauser's predictions are correct, there 
will be increased rainfall with cold waves in Mexico, wiping out the monarchs in 50 years. 

Currently there are organizations fighting for the survival of the monarchs and therefore also the 
villages around the monarch reserve. It can be fought for that the monarchs can keep their over 
wintering sites and it could even be organized that there is plenty of milkweed for the 
caterpillars; however humans do not have the power to control the climate. The monarchs would 
need another place to go spend the winter and maybe and summer, otherwise the monarchs will 
just have to adapt and the humans have to hope that they will survive. What exactly will happen 

to Angangueo and other surrounding towns when the monarchs die out and what other drastic 
effects does global warming have on this world? These are questions that cannot be perfectly 
answered cuiTently and all organisms just have to adapt to climate change. 
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Appendix: 

Calculations made for Spearmint coefficient rank: 

R = 1-((6*1318)/(4913-17)) 

R =- 0.6152 
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