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Executive Summary 

 

This petition is intended to update the UNESCO World Heritage Committee (“the Committee”) on 

the status of the Monarch Butterfly Biosphere Reserve World Heritage Site (Ref. 1290) in Mexico, as 

well as to inform the Committee about the threats to the monarch butterfly migration phenomenon, in 

particular land-use change and glyphosate use in the species’ breeding habitat, that warrant the 

property’s inclusion on the List of World Heritage in Danger. 

 

The Monarch Butterfly Biosphere Reserve in central Mexico protects critical overwintering sites for 

the monarch butterfly (Danaus plexippus). The high concentration of butterflies that spend the winter 

in the reserve is a superlative natural phenomenon that endows the site with Outstanding Universal 

Value. Yet since the 1990s the number of monarch butterflies that overwinter in the Monarch 

Butterfly Biosphere Reserve has dropped over 90 percent. The 2013-2014 winter season monarch 

census in Mexico reported the lowest population levels ever measured – an estimated 33.5 million 

individuals occupied just 0.67 hectares of the reserve. This was down from a record of approximately 

one billion butterflies occupying 18.19 hectares in 1996.
1
 While the most recent census completed in 

December 2014 indicated a modest increase with some 56.5 million butterflies overwintering in 1.13 

hectares; the size of the overwintering population remains dangerously low.
2
 According to the 

International Union for the Conservation of Nature’s 2014 World Heritage Outlook assessment, the 

Monarch Butterfly Biosphere Reserve’s conservation outlook is “Critical” and its World Heritage 

Value, namely the manifestation of the phenomenon of insect migration, is “Deteriorating.”
3
 

 

A complex combination of threats has contributed to the decline of the monarch migration 

phenomenon over the years. However, recent scientific research indicates that the most urgent threat 

today is the loss of breeding habitat and larval food source in the United States and Canada associated 

with the expansion of industrial agriculture and use of herbicides containing the chemical 

                                                           
1
E. Rendón-Salinas & G. Tavera-Alonso, Monitoreo de la superficie ocupada por las colonias de hibernación de la 

mariposa monarca en diciembre de 2013, CONANP/WWF-México Telcel Alliance monitoring report. 

http://assets.panda.org/downloads/monitoreo_mariposa_monarca_en_mexico_2013_2014.pdf; Brad Plumber, Monarch 

butterflies keep disappearing. Here’s why, Washington Post, Jan. 29, 2014, 

http://www.washingtonpost.com/blogs/wonkblog/wp/2014/01/29/the-monarch-butterfly-population-just-hit-a-record-low-

heres-why/; Alertan sobre reducción en la migración de la mariposa monarca a México, Crónica, Jan.30, 2014, 

http://www.cronica.com.mx/notas/2014/812060.html. 
2
E. Rendón-Salinas et al., Superficie forestal ocupada por las colonias de hibernación de la mariposa monarca en 

diciembre de 2014, CONANP/WWF-México Telcel Alliance monitoring report, 

http://awsassets.panda.org/downloads/superficie_ocupada_por_la_mariposa_monarca_2014_2015.pdf; Laura Zuckerman, 

Monarch butterfly count rises as conservationists warn of extinction, Reuters, Jan. 27, 2015, 

http://www.reuters.com/article/2015/01/27/us-usa-endangered-butterflies-idUSKBN0L02UU20150127.  
3
International Union for Conservation of Nature, IUCN World Heritage Outlook, 2014: a conservation assessment of all 

natural World Heritage sites, (2014) https://portals.iucn.org/library/node/44889, see also IUCN, Site assessment for 

Monarch Butterfly Biosphere Reserve, http://www.worldheritageoutlook.iucn.org/search-sites/-

/wdpaid/en/903135?p_p_auth=5ihHhY7D 

http://assets.panda.org/downloads/monitoreo_mariposa_monarca_en_mexico_2013_2014.pdf
http://www.washingtonpost.com/blogs/wonkblog/wp/2014/01/29/the-monarch-butterfly-population-just-hit-a-record-low-heres-why/
http://www.washingtonpost.com/blogs/wonkblog/wp/2014/01/29/the-monarch-butterfly-population-just-hit-a-record-low-heres-why/
http://www.cronica.com.mx/notas/2014/812060.html
http://awsassets.panda.org/downloads/superficie_ocupada_por_la_mariposa_monarca_2014_2015.pdf
http://www.reuters.com/article/2015/01/27/us-usa-endangered-butterflies-idUSKBN0L02UU20150127
https://portals.iucn.org/library/node/44889
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glyphosate.
4
 The continued downward trend in the monarch butterfly population imperils the species’ 

ability to withstand further pressures from forest loss and severe weather. While conservation efforts 

have helped reduce forest degradation and deforestation in the property significantly in recent years, 

this threat has not been entirely eliminated.
5
 Periodic extreme weather, which may be aggravated by 

climate change, is also a threat. In fact, in 2002 a storm killed 273 million butterflies in just two 

colonies – a far greater number than the current estimated population.
6
  

 

Given that the decline in the monarch population can impact the species’ ability to withstand threats 

from forest degradation and severe weather, corrective measures that can help boost monarch 

numbers by protecting the butterfly’s breeding habitat and milkweed food source are critical. The 

trans-boundary nature of the migration phenomenon requires conservation action in all countries 

through which the monarch butterfly travels, and pursuant to Article 6 of the Convention Concerning 

the Protection of the World Cultural and Natural Heritage (“World Heritage Convention”), all State 

Parties have the duty to “help in the….protection [and] conservation…of natural heritage.”
7
 Placing 

common-sense restrictions on the use of glyphosate and implementing milkweed planting programs 

in the United States and Canada in order to maintain the butterfly’s critical breeding habitat and food 

source would be an effective way of helping to protect the migrating monarch butterfly population 

that overwinters in Mexico.  

 

Being made aware of this severe threat to the vulnerable remnant of the migrating monarch 

population, we respectfully request that the Committee: i) evaluate the inclusion of the Monarch 

Butterfly Biosphere Reserve on the List of World Heritage in Danger by sending an investigative 

mission to the property in Mexico and to critical breeding habitat in the United States in order to 

assess the need for corrective measures; ii) urge State Parties to the Convention through which the 

monarch butterfly travels during its life cycle – namely Canada, the United States and Mexico – to 

intensify efforts to protect butterfly habitat from existing threats; and iii) help increase awareness of 

the urgent need to restore and protect monarch breeding habitat. We also ask that, pursuant to the 

findings of the research mission, the Committee issue recommendations on corrective measures to 

help limit the adverse impact of glyphosate use on the monarch butterfly population. 

 

 

 

                                                           
4
D.T. Flockhart, Unravelling the annual cycle in a migratory animal: breeding-season habitat loss drives population 

declines of monarch butterflies, Journal of Animal Ecology, Volume 84, Issue 1 (Jan. 2015), 

http://onlinelibrary.wiley.com/doi/10.1111/1365-2656.12253/abstract 
5
O.Vidal et al, Trends in deforestation and forest degradation after a decade of monitoring in the Monarch Butterfly 

Biosphere Reserve in Mexico, Conservation Biology, Volume 28, Issue 1 (Sept. 3, 2013) 

http://onlinelibrary.wiley.com/doi/10.1111/cobi.12138/pdf 
6
L. Brower et al. Catastrophic Winter Storm Morality of Monarch Butterflies in Mexico during January 2002, 

Oberhauser, K.S. & SM.J. Solensky, eds., The Monarch Butterfly: Biology and Conservation, Cornell University Press, 

(2004), http://monarchlab.org/biology-and-research/research/publications/#overwintering                      
7
Convention Concerning the Protection of the World Cultural and Natural Heritage, Nov. 16, 1972 at Art 6(2) [hereinafter 

World Heritage Convention] 

http://onlinelibrary.wiley.com/doi/10.1111/1365-2656.12253/abstract
http://onlinelibrary.wiley.com/doi/10.1111/cobi.12138/pdf
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I. Background: Monarch Butterfly Biosphere Reserve  

 

The Monarch Butterfly Biosphere Reserve, located between the central Mexican states of Michoacán 

and Estado de México, protects critical winter habitat of the monarch butterfly. Every year, in one of 

the world’s longest insect migrations, millions of monarch butterflies complete a spectacular, multi-

generational journey of over 4,000 kilometers (km) from breeding grounds in Canada and the United 

States to these overwintering grounds. The monarchs begin arriving to the biosphere reserve’s forests 

in early November where they spend the winter. In the reserve, the millions of overwintering 

butterflies form dense clusters that weigh down the branches of the trees that provide shelter from the 

elements. The following spring, the butterflies begin the return journey north, reproducing in Texas 

and states to the east and north. The descendants of these butterflies then continue to move through 

the eastern United States and southern Canada. Up to three more generations are produced. The final 

generation that emerges in mid-August will then complete the migration back to the overwintering 

grounds in Mexico
8
  

 

The monarch’s overwintering grounds in Mexico first came under protection in 1980, when 

overwintering sites were decreed as a reserve zone and wildlife refuge. At the time, specific areas for 

conservation were not identified and extractive activities were restricted only during the 

overwintering period. In 1986, the Mexican poet and environmentalist Homero Aridjis succeeded in 

convincing the Mexican government that the monarch butterfly needed further protection. In April of 

that year, coinciding with Mexico’s Children’s Day, the government announced its intention to create 

a monarch sanctuary.
9
 In October, five sanctuaries (totaling 16,110 ha between core and buffer areas) 

were identified and granted protected status in the Official Journal of the Federation. Extractive 

activities were prohibited in the core zones, but sustainable resource use was permitted in the buffer 

areas. Subsequently, as a result of ongoing dialogue between owners of communal ejido lands,
10

 

affected communities, and the conservation sector, the reserve was further expanded and a system of 

economic payments to ejidos and communities was created. The current Monarch Butterfly 

Biosphere Reserve was established by a decree published in the Official Journal of the Federation on 

10 November 2000 with a total area of 56,259 ha. The expanded biosphere reserve joined the 

previously isolated sanctuaries to strengthen the protection of the butterfly’s overwintering grounds. 

The reserve is composed of three core zones with an area of 13,551 ha that are surrounded by buffer 

zones totaling 42,707 ha.
11

  

 

                                                           
8
 O. Vidal and E. Rendón-Salinas,  Dynamics and trends of overwintering colonies of the monarch butterfly in Mexico, 

Biological Conservation, 180 (Dec. 2014), http://www.sciencedirect.com/science/article/pii/S0006320714003589 . 
9
 H.Aridjis and B. Ferber, Noticias de la Tierra, Debate/Random House, Mondadori, Mexico (2012), at 82-83. 

10
 In Mexico, an ejido is an area of communal land which individual community members possess and use, traditionally 

for agriculture. 
11

 C. Galindo-Leal and E. Rendón-Salinas, Danaidas: Las Maravillosas Mariposas Monarca, WWF México-Telcel. 

Special Publication No. 1 (2005), at 50-53, 

http://awsassets.panda.org/downloads/2005_danaidas_las_maravillosas_mariposas_monarca_galindo_rendon_wwf.zip. 

http://www.sciencedirect.com/science/article/pii/S0006320714003589
http://awsassets.panda.org/downloads/2005_danaidas_las_maravillosas_mariposas_monarca_galindo_rendon_wwf.zip
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In 2008, Aridjis once more worked to highlight the need to protect the monarch butterfly’s 

overwintering habitat when as ambassador of Mexico to the UNESCO he advocated for the Monarch 

Butterfly Biosphere Reserve to be declared a UNESCO World Heritage Site.
12

 The World Heritage 

Committee’s decision to inscribe the property on the World Heritage List recognized that the 

Monarch Butterfly Biosphere Reserve had “Outstanding Universal Value” (OUV) because the 

concentration of monarchs that overwinter in the property is a “superlative natural phenomenon” that 

is the “most dramatic manifestation of the phenomenon of insect migration.” The Committee adopted 

a Statement of Outstanding Universal Value that noted that “witnessing this unique phenomenon is 

an exceptional experience of nature.”
13

 Significantly, the Committee also observed that in addition to 

protecting the reserve’s forests in Mexico where the butterflies spend the winter, maintenance of the 

“overwintering phenomenon also requires attention to the conservation of the monarch butterfly by 

those countries through which it travels during its lifecycle.”
14

  

 

II. Status of the Monarch Butterfly Population in North America 

 

The abundance of butterflies that overwinter in the Monarch Butterfly Biosphere Reserve has 

experienced a steep decline since the late 1990s. Scientists estimate the population of overwintering 

butterflies based on the number of hectares of the reserve occupied with butterfly colonies.
15

 The 

concentration of butterflies in the reserve is calculated to have reached as high as approximately one 

billion individuals occupying 18.19 hectares (ha) in the 1996-1997 overwintering season.
16

 By the 

2013-2014 winter, the monarch census in Mexico reported the lowest population levels ever 

measured: only 0.67 ha were occupied, representing an estimated 33.5 million individuals.
17

 The 

2014-2015 census found that 1.13 ha of forest were occupied, a 68.7% increase over the previous 

year, attributable to better weather conditions during the breeding season.
 
Despite this increase, the 

estimated overwintering population of approximately 56.5 million is still the second lowest level 

since 1993.
18

 The latest recorded density is also well below the 4 to 5 hectares that experts would 

consider to be a sign of a significant recovery.
19

 

                                                           
12

 H.Aridjis and B. Ferber, Noticias de la Tierra, Debate/Random House, Mondadori, Mexico (2012), at 127-128. 
13

 Decision 32 COM 8B.17, WHC-08/32.COM/24Rev, Quebec City 2008, at 159 (Examination of nomination of natural, 

mixed and cultural properties to the World Heritage List – Monarch Butterfly Reserve, Mexico),  

http://whc.unesco.org/archive/2008/whc08-32com-24reve.pdf  (the decision found the property met  the World Heritage 

Convention Operational Guidelines’ Outstanding Universal Value Criterion (vii) of “contain[ing] superlative natural 

phenomena or areas of exceptional natural beauty and aesthetic importance”); UNESCO World Heritage Committee, 

Operational Guidelines for the Implementation of the World Heritage Convention , WHC 13/01 at II.D(77)  (July 2013) 

[hereinafter WHC Operational Guidelines]  
14

 Id. 
15

 W. Caldwell,  2015 Population Update and Estimating the number of Overwintering Monarchs in Mexico, Monarch 

Joint Venture (Jan. 27,2015)  

 (Scientists estimate that there are about 50,000 butterflies per hectare.), http://monarchjointventure.org/news-

events/news/2015-population-update-and-estimating-the-number-of-overwintering-monarchs  
16

 E. Rendón-Salinas & G. Tavera-Alonso,  supra  note 1. 
17

 Id. 
18

 E. Rendón-Salinas et al. supra note 2; Zukerman  supra note 2. 
19

 Monarch butterflies rebound but levels in Mexico still at near-record low, The Guardian, Jan. 27, 2015,  

http://www.theguardian.com/environment/2015/jan/27/monarch-butterflies-rebound-mexico-near-record-low  

http://whc.unesco.org/archive/2008/whc08-32com-24reve.pdf
http://monarchjointventure.org/news-events/news/2015-population-update-and-estimating-the-number-of-overwintering-monarchs
http://monarchjointventure.org/news-events/news/2015-population-update-and-estimating-the-number-of-overwintering-monarchs
http://www.theguardian.com/environment/2015/jan/27/monarch-butterflies-rebound-mexico-near-record-low
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III. Threats to the Monarch Butterfly in North America 

 

A complex combination of threats has contributed to the dramatic decline of the monarch migration 

phenomenon over the years. The most urgent threat is currently the loss of breeding habitat and larval 

food source in the United States and Canada associated with agricultural practices including the 

increased use of glyphosate herbicide, which contributes to lower monarch production. Furthermore, 

the trend of smaller monarch populations diminishes the species’ ability to withstand other pressures 

such as forest degradation and adverse weather conditions. 

 

According to the International Union for the Conservation of Nature’s (IUCN) 2014 World Heritage 

Outlook assessment, the Monarch Butterfly Biosphere Reserve’s conservation outlook is “Critical” 

and its World Heritage Value, namely the manifestation of the phenomenon of insect migration, is 

“Deteriorating.” The IUCN’s assessment notes that, among other elements, logging and habitat 

shifting/alteration from climate change are threats to the property. Significantly, the assessment 

recognizes that other threats beyond the control of the site’s management, such as agrochemicals 

throughout the monarch butterfly’s range, also pose “very high” threats.
20

 

 

A. Impact of Glyphosate on the Monarch Butterfly Migration Phenomenon 

 

Glyphosate is an herbicide that is used for many agricultural and nonagricultural uses in the United 

States and Canada.
21

 The United States Environmental Protection Agency (EPA) has approved 

glyphosate’s use on over 100 terrestrial food crops, including fruit, vegetable, and field crops.
22

 

Glyphosate is also permitted for use in non-crop settings, often to achieve total vegetation control.
23

 

Non-crop areas to which glyphosate is applied include residential, industrial, forestry, greenhouse, 

ornamental, aquatic, and other sites.
24

  

 

Glyphosate has contributed to significant habitat loss along monarch migratory paths, primarily in the 

United States. The increased use of glyphosate across the American Midwest, spurred by widespread 

adoption of crops that are genetically modified to be glyphosate-resistant, has drastically reduced the 

presence of milkweed – the only source of food for monarch larvae – over the last decade. The 

pervasive suppression of milkweed has, in turn, contributed to a sharp decline in the monarch 

population. In 1997, before the widespread adoption of glyphosate-resistant crops, approximately one 

billion monarchs journeyed between summer havens in the United States and Canada and 

                                                                                                                                                                                                    
 
20

 International Union for Conservation of Nature, supra note 3. 
21

 U.S. EPA, Glyphosate Final Work Plan (FWP): Registration Review Case No. 0178, at2 (2009) [hereinafter 2009 

Glyphosate Final Work Plan]. 
22

 Id. 
23

 U.S. EPA, Reregistration Eligibility Decision Facts: Glyphosate 1 (1993) [hereinafter1993 Glyphosate R.E.D. Facts]. 
24

 2009 Glyphosate Final Work Plan, supra note 19, at 2; 1993 Glyphosate R.E.D. Facts, supra note 21, at 1. 
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overwintering grounds in Mexico.
25

 In sharp contrast, during the 2013-2014 hibernation season only 

about 33.5 million butterflies reached their winter refuge.
26

 Scientists have warned that the annual 

monarch migration may be in danger of effectively vanishing.
27

 

 

i. Glyphosate Use Has Increased Significantly Since the 1990s 

 

As a non-selective herbicide,
28

 glyphosate does not discriminate between target and non-target plant 

species. In the United States, the EPA first approved glyphosate for use in pesticides in 1974.
29

 

However, because of its damage to crops, glyphosate’s early use was limited.
30

 In a typical year 

between 1989 and 1991, approximately 8.5 million kilograms of glyphosate were applied as an active 

ingredient in pesticides to between 5.2 and 8 million hectares.
31

 Out of this aggregate amount of 

glyphosate used across all types of land, 498,952 to 544,311 kilograms of the herbicide were applied 

to between 526,092 and 687,966 hectares of corn, and between 997,903 and 1,088,622 kilograms of 

the herbicide were applied to between 1 and 1.9 million hectares of soybeans.
32

 In 1993, when EPA 

decided to re-approve glyphosate for pesticide use, it assumed that glyphosate was used in 

accordance with these estimates.
33

 

 

Since the mid-1990s, however, genetically-modified, glyphosate-resistant crops were introduced in 

American agriculture. Glyphosate-resistant soybeans first appeared in 1996,
34

 followed by 

glyphosate-resistant corn in 1998.
35

 By 1999, glyphosate-resistant soybeans comprised the majority 

of all soybean crops.
36

 The ascendency of glyphosate-resistant crops is reflected in data from the 

corn-soy belt; by 2006, for example, 75% of farmers in the state of Iowa reported planting continuous 

                                                           
25

 Michael Wines, Migration of Monarch Butterflies Shrinks Again Under Inhospitable Conditions, N.Y. Times, Jan. 29, 

2014,  http://www.nytimes.com/2014/01/30/us/monarch-butterflies-falter-under-extreme-weather.html?_r=0;  Sylvia 

Fallon, Monarch Butterfly Population Hits a New Low, Switchboard: Natural Resources Defense Council Staff Blog (Jan. 

29, 2014), http://switchboard.nrdc.org/blogs/sfallon/monarch_butterfly_population_h.html;  O. Vidal and E. Rendón-

Salinas, supra note 8. 
26

 Id. 
27

 Id.; see also Michael Wines, Monarch Migration Plunges to Lowest Level in Decades, N.Y. Times, Mar. 13, 2013; see 

also Tracy Wilkinson, U.S., Mexico and Canada are Asked to Protect Monarch Butterflies, L.A. Times, Feb. 14, 2014. 
28

 2009 Glyphosate Final Work Plan, supra note 19, at 2 
29

 Nat’l Pesticide Info. Ctr., Glyphosate Technical Fact Sheet 1, available at  

http://npic.orst.edu/factsheets/glyphotech.pdf.  
30

 See J.M. Pleasants & K.S. Oberhauser, Milkweed Loss in Agricultural Fields Because of Herbicide Use: Effects on the 

Monarch Butterfly Population, Insect Conservation and Diversity1, 2 (2012). 
31

 Special Review and Reregistration Div., Office of Pesticide Programs, U.S. EPA, Reregistration Eligibility Decision 

Document: Glyphosate 9 (1993) [hereinafter 1993 Glyphosate R.E.D.]. 
32

 Id. At 7-8 
33

 See id. at 8-9. 
34

 G.M. Dill et al., Glyphosate-resistant Crops: Adoption, Use and Future Considerations, 64 Pest Mgmt.Sci. 326 (2008). 
35

 Pleasants & Oberhauser, supra note 28, at 2. 
36

 R.G. Hartzler, Reduction in Common Milkweed (Asclepias Syriaca) Occurrence in Iowa Cropland from 1999 to 2009, 

29 Crop Protection 1542, 1542 (2010). 

http://www.nytimes.com/2014/01/30/us/monarch-butterflies-falter-under-extreme-weather.html?_r=0
http://switchboard.nrdc.org/blogs/sfallon/monarch_butterfly_population_h.html
http://npic.orst.edu/factsheets/glyphotech.pdf
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glyphosate-resistant crops.
37

 By 2011, 94% of all soybean crops, and 72% of all corn crops, were 

glyphosate-resistant.
38

 

 

The proliferation of glyphosate-resistant crops facilitated a dramatic expansion in glyphosate use.
39

 In 

a screening level usage analysis based only on reported numbers, EPA estimated that, in an average 

year between 2004 and 2011, 95% of all soybean crops and 60% of all corn crops were treated with 

glyphosate; this required 39.1 million kilograms of glyphosate for soybeans annually and 24.7 million 

kilograms of glyphosate for corn annually.
40

 Between 2008 and 2009, approximately 82.5 million 

kilograms of glyphosate
41

 were applied to over 105.6 million hectares
42

 – a more than ten-fold 

increase from the amounts and surface area underlying EPA’s decision to re-approve glyphosate in 

1993. 

 

ii. Increased Use of Glyphosate Has Contributed Substantially to Monarch Population 

Decline 

 

The expanded use of glyphosate has contributed to a sharp decrease in monarch population levels, 

through the herbicide’s large-scale suppression of milkweed. Milkweed is a perennial plant in the 

Asclepiadaceae family, and common milkweed is native to northcentral and northeastern United 

States.
43

 Members of this plant family constitute the sole food source for monarch larvae.
44

 Stable 

isotope analysis has revealed that 50% of the North American monarch population that overwinters in 

Mexico fed on milkweed in the Midwestern United States during their lifecycle.
45

 

 

Glyphosate is applied in part to control milkweed.
46

 However, as described in sections above, 

because glyphosate is also detrimental to crops its use was not widespread until the creation and 

approval of glyphosate-resistant crops. The rapid replacement of traditional crop strains with 

glyphosate-resistant strains substantially accelerated an increase in the use of glyphosate, contributing 

                                                           
37

 Id. 
38

 Pleasants & Oberhauser, supra note 28, at 2. 
39

 See Pleasants & Oberhauser, supra note 28, at 1-2; Ctr. for Food Safety, Comments to EPA on Opening of Glyphosate 

Docket for Registration Review 2-8 (Sept. 21, 2009) [hereinafter 2009 Ctr. for Food Safety Comments]. 
40

 Memorandum (EPA Updated Screening Level Usage Analysis (SLUA) Report in Support of Registration Review of 

Glyphosate) from Sepehr Haddad, Envtl. Prot. Specialist, Bio. and Econ. Analysis Div., EPA, to Carissa Cyran, Chem. 
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to a significant decline in milkweed communities. Prior to the widespread adoption of glyphosate-

resistant crops, for example, a 1999 survey of croplands in Iowa found that approximately 50% of all 

corn and soybean fields contained common milkweed.
47

 By 2009, milkweed was found in only 8% of 

surveyed fields.
48

 Additionally, the area occupied by common milkweed in these fields was reduced 

by 90%.
49

 Since 1996, the adoption of herbicide-resistant corn and soybeans has contributed to 

approximately 60.7 million hectares of habitat loss for monarchs; this loss is likely to increase as 

uncultivated lands are increasingly converted into cropland planted with glyphosate-resistant crops.
50

 

 

There has been a pronounced loss of both agricultural and non-agricultural habitat for monarchs since 

the adoption of glyphosate-resistant crops.
51

 Agricultural milkweed has disappeared at a faster rate, 

however, and its loss is particularly detrimental to monarchs.
52

 Studies have shown that monarchs in 

the United States Midwest preferentially use milkweed in agricultural habitat versus non-agricultural 

habitat, with soy and corn fields producing over 70 times more monarchs than non-agricultural 

habitats in Iowa, Minnesota, and Wisconsin.
53

 This pattern of monarchs preferring agricultural over 

non-agricultural sites was confirmed by Pleasants and Oberhauser in 2012.
54

 

 

The disappearance of milkweed along monarch migratory paths has had a significant impact on 

monarch production.
55

 Adult females must now travel further and expend more energy to find 

milkweed plants on which to lay their eggs.
56

 With depleted body fat, the butterflies lay fewer eggs 

and face a heightened risk of dying before having the chance to reproduce.
57

 Over the period marked 

by increased glyphosate-use and planting of glyphosate-resistant corn and soy, Pleasants and 

Oberhauser examined monarch production in the United States Midwest as measured by the number 

of eggs and larvae on milkweed.
58

 They found a 58% decline in milkweed across the Midwest 

landscape and an 81% decrease in monarch production in the Midwest from 1999 to 2010.
59

 During 
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this time, there was also a 65% decrease in the size of the entire monarch population overwintering in 

Mexico.
60

 

 

According to a survey of the overwintering population in Mexico, taken in December 2013, the area 

inhabited by overwintering monarchs had shrunk to an all-time low: a mere 0.67 hectares, the 

equivalent of about one-and-a-quarter football fields.
61

 Not only was this a record low, but it was 

only 56% percent of the previous year’s area, which was itself a record low.
62

 The area of winter 

habitat occupied by monarchs, which has been surveyed annually since 1993, provides a proxy for 

the number of butterflies that survive the arduous, 4,000-plus-kilometer journey between Canada and 

Mexico.
63

 The 2013 survey reflected a remaining population of about only 33.5 million butterflies—

down from a long-term average annual count of approximately 350 million individuals over the last 

15 years.
64

 The most recent survey conducted in December 2014 found that 1.13 ha of forest were 

occupied, a 68.7% increase over the previous year attributed to favorable weather conditions in the 

butterflies breeding grounds.
65

 While the increase is good news, this overwintering population of 

approximately 56.6 million individuals is still the second lowest level on record. The recorded 

density is also well below the 4 to 5 hectares that experts would consider to be a sign of a significant 

recovery.
66

 

 

The migrating monarch population has so diminished that its prospects for recovering to levels 

observed even five years ago are fading.
67

 With fewer individuals, the population may be increasingly 

vulnerable to stressors such as climate change, extreme weather events, and deforestation.
68

 The 

potential approval of new herbicide-resistant crops in the United States,
69

 which may facilitate 

substantial increased use of other herbicides that further eliminate milkweed, poses an additional 

threat to monarchs. In the face of steep, continuing population decline, the phenomenon of the 

monarch migration, for which the Monarch Butterfly Biosphere Reserve was designated a UNESCO 

World Heritage Site, is at risk of disappearing.
70

 

 

                                                           
60
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B. Impact of Illegal Logging on Forest Habitat in the Monarch Butterfly Biosphere Reserve 

 

Illegal logging is a historic threat to the Monarch Butterfly Biosphere Reserve that conservation 

efforts in recent years have helped to reduce significantly. In the period between 1971 and 1999, 44% 

of high-quality forest habitat in the monarch reserve was degraded by illegal logging resulting in the 

disappearance or significant reduction of some monarch overwintering colonies. The oyamel and pine 

trees in the reserve act as an “umbrella and blanket” that shelter the butterflies from the elements. 

Gaps in the forest canopy created by logging expose the clusters of overwintering monarchs to rain 

and allow precious body heat to escape.
71

 In the past few years, however, there has been marked 

improvement. In 2001, the conservation organization WWF-Mexico began monitoring forest cover of 

the reserve. The result of over a decade of monitoring shows that while illegal logging has not been 

completely eliminated, better enforcement, collaboration with communities, and support for 

alternative income generation activities is having a positive impact and resulting in lower 

deforestation and forest degradation in the reserve.
72

  

 

Between 2001 and 2012, these monitoring surveys found that a total of 2,057 ha were affected by 

illegal logging (including both degradation and deforestation). During this period, large-scale logging 

carried out by organized groups affected 1,503 ha. Since 2009, however, this activity has decreased 

significantly. In 2012, surveys did not detect any degradation or deforestation from large-scale illegal 

logging – the lowest rate since monitoring began.
73

 Survey results for the 2012-2013 period, 

however, once more showed evidence of some large-scale illegal logging with signs of degradation in 

5.02 ha.
74

 The 2013-2014 survey period showed a similar level of degradation.
75

 While pockets of 

illegal large-scale logging remain, the improvement is noteworthy and experts attribute it to more 

stringent law enforcement by authorities, payments for environmental services, and support for 

alternative livelihood programs.
76

  

 

The long-term monitoring also helped ascertain the extent of small-scale illegal logging, which is 

more difficult to track over short intervals. Between 2001 and 2012, small-scale logging affected 554 

ha.
77

 According to survey results from the 2012-2013 period, 3.96 ha were degraded by small-scale 

illegal logging.
78

 The following year, greater vigilance, including by local communities, helped stem 

                                                           
71
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this activity and field verification showed there was no small-scale illegal logging in the core zone of 

the Reserve in the 2013-2014 period.
79

   

 

C. Impact of Severe Weather Conditions and Climate Change 

 

Severe weather conditions can threaten the butterfly’s lifecycle and habitat along the migration route 

and in the overwintering habitat. In the monarch’s overwintering grounds scientists have documented 

numerous instances when unusually cold temperatures or wet weather resulted in butterfly mortality. 

In January 2002, a winter storm killed 273 million butterflies in just two colonies.
80

 This is far greater 

than the current estimated overwintering population, suggesting that the population would not be able 

to recover from another similarly severe event. More recently, during the 2009-2010 overwintering 

season, the monarchs were exposed to a combination of record levels of precipitation followed by 

sub-zero temperatures resulting in an estimated 50 percent morality rate.
81

 Monarch butterflies are 

also susceptible to the impacts of drought on their habitat. Between 2008 and 2011, severe drought 

conditions contributed to the degradation of forest habitat in the Monarch Butterfly Biosphere 

Reserve.
82

 

 

While it is difficult to link specific instances of extreme weather to climate change, a changing 

climate may increase the frequency of colder or wetter winters and/or the severity of droughts, 

thereby increasing the pressure on the species even more.   

 

IV. List of World Heritage in Danger 

 

Pursuant to Article 11.4 of the World Heritage Convention, the Committee is required to establish, 

keep up-to-date, and publish a List of World Heritage in Danger that includes properties threatened 

by “serious and specific danger.”
83

 The Committee may inscribe properties on this list when “major 

operations are necessary for the conservation of the property” and when “assistance under the 

Convention has been requested…by any Committee member or the Secretariat.”
84

  

 

In accordance with Article 11.5 of the World Heritage Convention, the Committee has defined 

criteria for inscribing properties on the List of World Heritage in Danger. These criteria are detailed 

in Section IV(B) of the Operational Guidelines for the Implementation of the World Heritage 

Convention.
85

 In the case of natural properties, the Committee can include a World Heritage site in 
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the List of World Heritage in Danger when at least one of the criteria for either Ascertained Danger 

or Potential Danger is met. The criteria are as follows: 

 

ASCERTAINED DANGER - The property is faced with specific and proven imminent danger, such 

as: 

 

i) A serious decline in the population of the endangered species or the other species of 

Outstanding Universal Value for which the property was legally established to protect, 

either by natural factors such as disease or by man-made factors such as poaching. 

ii) Severe deterioration of the natural beauty or scientific value of the property, as by human 

settlement, construction of reservoirs which flood important parts of the property, 

industrial and agricultural development including use of pesticides and fertilizers, major 

public works, mining, pollution, logging, firewood collection, etc. 

iii) Human encroachment on boundaries or in upstream areas which threaten the integrity of 

the property.  

 

POTENTIAL DANGER - The property is faced with major threats which could have deleterious 

effects on its inherent characteristics. Such threats are, for example: 

 

i) A modification of the legal protective status of the area; 

ii) Planned resettlement or development projects within the property or so situated that the 

impacts threaten the property; 

iii) Outbreak or threat of armed conflict; 

iv) The management plan is lacking or inadequate, or not fully implemented; 

v) Threatening effects of climatic, geological or other environmental factors 

 

V. Request to Inscribe Mexico’s Monarch Butterfly Biosphere Reserve on the List of 

World Heritage in Danger 

 

The Monarch Butterfly Biosphere Reserve was inscribed in the List of World Heritage due to the 

recognition that “the overwintering concentration of butterflies in the property is a superlative natural 

phenomenon” that endows the site with Outstanding Universal Value. Yet as detailed in sections 

above and further discussed below, the property’s OUV is threatened by “serious and specific 

danger” due to the reduction in breeding habitat and larval food source of the monarch butterfly. To 

effectively maintain the overwintering phenomenon and ensure the conservation of the property’s 

OUV, “major operations are necessary” along the entire migration range. To preserve the Monarch 

Butterfly Biosphere Reserve’s OUV, corrective measures to protect butterfly breeding habitat and 

larval foods source are both critical and feasible.  

 

In light of this, the petitioners respectfully request that the Committee request assistance for the 

Monarch Butterfly Biosphere Reserve and list it on the World Heritage in Danger List.    
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A. The Property Meets the Criteria for Inscription on the List of World Heritage in Danger 

 

The Monarch Butterfly Biosphere Reserve meets inscription criteria under both the Ascertained 

Danger and Potential Danger categories as detailed below: 

 

Specifically the property faces “Ascertained Danger” because it is faced with “a serious decline in the 

population of the endangered species or the other species of Outstanding Universal Value for which 

the property was legally established to protect”
86

  The migrating monarch population has undergone a 

serious decline of over 90% in just the past two decades. Although multiple causes have contributed 

to this loss, recent research
87

 indicates that reduction in breeding habitat and larval food source in the 

United States caused by land use change and widespread use of glyphosate-containing herbicides is 

now the primary contributor to the decline in the monarch butterfly population that the Monarch 

Butterfly Biosphere Reserve was established to protect.  

 

Moreover, the remaining monarch population is now exceedingly vulnerable, and needs strong and 

swift protective action. A continued downward trend in the species population will further diminish 

the overwintering concentration of butterflies in the biosphere reserve that endows the site with its 

Outstanding Universal Value. This would entail a “severe deterioration of the natural beauty and 

scientific value of the property as by…agricultural development including use of pesticides and 

fertilizers.”
88

  

 

This significant reduction in population size also places the property’s OUV at increased risk from 

“human encroachment….which threaten[s] the integrity of the property,”
89

 such as forest degradation 

and deforestation.  

 

In addition, the property faces “Potential Danger” because it is “faced with major threats which could 

have deleterious effects on its inherent characteristics,” such as the “threatening impact of 

climatic…factors.”
90

 Due to the species’ vulnerability to changes in temperature and precipitation, the 

decline in monarch numbers increases the risk that the migrating and overwintering population could 

be eradicated by severe and anomalous weather conditions that may be aggravated by human-induced 

climate change.  

 

B. “Major Operations” are Necessary along the Migration Route to Conserve the World 

Heritage Property’s Outstanding Universal Value 

 

While Mexico must continue its efforts to strengthen management of the property and protect the 

site’s integrity from local threats, the trans-boundary nature of the migration phenomenon requires 

“major operations” to protect breeding habitat in the United States and Canada as well.  
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Pursuant to Article 6 of the Convention, all countries that have ratified the World Heritage 

Convention have committed to cooperating on the conservation of World Heritage properties and to 

refrain from measures that might damage such properties: 

 

“1. Whilst fully respecting the sovereignty of the States on whose territory the cultural 

and natural heritage mentioned in Articles 1 and 2 is situated, and without prejudice 

to property right provided by national legislation, the States Parties to this 

Convention recognize that such heritage constitutes a world heritage for whose 

protection it is the duty of the international community as a whole to co-operate. 

 

2. The States Parties undertake, in accordance with the provisions of this Convention, to 

give their help in the identification, protection, conservation and presentation of the 

cultural and natural heritage referred to in paragraphs 2 and 4 of Article 11 if the 

States on whose territory it is situated so request. 

 

3. Each State Party to this Convention undertakes not to take any deliberate measures 

which might damage directly or indirectly the cultural and natural heritage referred to 

in Articles 1 and 2 situated on the territory of other States Parties to this Convention.” 

 

As such, it is the responsibility of the Parties to the Convention through which the monarch butterfly 

travels during its lifecycle to work to protect the migratory phenomenon.  

 

i. Current Trilateral Conservation Efforts 

 

In early 2014, when it became apparent that the overwintering population in the biosphere reserve 

had hit a historic low, scientists and environmentalists mobilized to urge North America’s leaders to 

address the plight of the monarch butterfly. In an effort spearheaded by Aridjis’ Grupo de los Cien, 

over one hundred scientists, writers and artists, and environmentalists from Mexico, the United States 

and Canada sent a tri-national letter to President Peña Nieto, President Obama and Prime Minister 

Harper urging them to show the political will necessary to save the monarch butterfly and calling for 

the issue to be discussed at the leaders’ upcoming regional summit. The letter pointed to the 

importance of collaboration between the three countries, noting that “if the monarch butterfly 

migration and overwintering phenomenon is to persist in eastern North America, mitigation of 

breeding habitat loss must be initiated. As Mexico is addressing the logging issues, so now must the 

United States and Canada address the effects of our current agricultural policies.”
91

 

 

In response, during the February 19-20, 2014 North American Leaders Summit in Toluca, Mexico, 

President Obama, President Peña Nieto and Prime Minister Harper agreed to launch a tri-national 

High Level Working Group to work on monarch conservation and update the 2008 North America 

Monarch Conservation plan in time for the 2015 North American Leaders Summit. Each government 
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agreed to convene a high level task force in their country integrating representatives from government 

agencies, academia, and civil society.
92

  

 

The task force in Mexico has identified six priority issues for protecting the monarch butterfly in the 

country: economy of conservation; restoration and conservation; research and monitoring; inspection 

and surveillance; social participation, environmental education and conservation; and coordination 

and funding.
93

  

 

In the United States, the Fish and Wildlife Service (FWS) has been leading the interagency task force 

and coordinating the monarch strategy with the Federal Pollinator Strategy, as well as with strategies 

in Mexico and Canada. The objective is to define a coordinated strategy for public and private lands 

in the United States that promotes habitat restoration and enhancement; outreach and education; and 

research and monitoring. Thus far the FWS launched a US $3.2 million effort to support on-the-

ground conservation projects to protect and restore monarch habitat and engage citizens.
 94

 

The Canadian government has not yet made any public announcements about their plans to assist 

with monarch conservation.
95

  

 

While the efforts described above by Mexico and the United States are a positive step, alone they are 

not sufficient. Importantly, none of the efforts directly address the need to strengthen the regulation 

of glyphosate herbicides, which is the primary driver of the loss of milkweed habitat. Additionally, 

although the FWS recently committed US $3.2 million dollars towards habitat enhancement, their 

stated goal is to restore 200,000 acres of habitat for monarchs.
96

 However, the scale at which habitat 

restoration is needed to be able to actually achieve monarch recovery is on the order of millions of 

acres of habitat.
97

  Therefore, the current efforts by the joint countries are insufficient to restore the 

monarch population back to a secure level.  

 

C. Corrective Measures to Protect Monarch Butterfly Breeding Habitat and Larval Food 

Source 

 

In addition to meeting the criteria for inscription on the List of World Heritage in Danger, the threats 

and/or their impacts to a property must be “amenable to correction by human action.”
98

 The success 

of efforts in Mexico to reduce deforestation in the Monarch Butterfly Biosphere Reserve illustrates 
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how threats to the butterfly’s overwintering habitat are amenable to human action. Threats to the 

butterfly’s breeding habitat and milkweed food source are also amenable to correction. Protecting 

breeding habitat and limiting the indiscriminate use of glyphosate herbicides are feasible actions that 

could help boost monarch numbers; thereby also strengthening the species’ ability to withstand other 

pressures. 

 

When deciding whether to include a property on the List of World Heritage in Danger, the 

Committee “shall request the Secretariat to ascertain…the present condition of the property, the 

dangers to the property and the feasibility of undertaking corrective measures.” The Committee may 

also send a mission of “qualified observers…to visit the property, evaluate the nature and extent of 

the threats and propose the measures to be taken.”
99

 In addition to the visiting the property in Mexico, 

the mission should also plan to visit critical monarch butterfly breeding habitat in the United States 

that is under pressure and contributing to the decline of the overwintering monarch population.  

 

Pursuant to their commitment under Article 6 of the Convention to “help in the….protection [and] 

conservation….of natural heritage,” the United States and Canada could help limit the decline in the 

monarch butterfly population and prevent severe deterioration of the natural beauty and scientific 

value of the Monarch Butterfly Biosphere Reserve by implementing the following measures, among 

other actions: 

 

 Conservation programs that enhance and protect existing monarch habitat for foraging, 

breeding, and migration and that replace milkweed plants destroyed by the use of pesticides; 

 Restrictions on the use of glyphosate and other herbicides along roads, power lines, and other 

rights-of-way; 

 Improved integrated pest management practices that reduce overall use of pesticides including 

glyphosate-containing herbicides and require herbicide-free buffer zones around, or safe 

harbors within, agricultural areas along monarch migratory corridors; 

 Creation of milkweed-friendly habitat zones, where use of glyphosate and other herbicides is 

prohibited, in both agricultural and nonagricultural settings;  

 Protection of monarchs from further harm when approving or reapproving herbicide uses, by 

guarding against potential dramatic increases in herbicide use as a result of new herbicide-

resistant crops, such as glyphosate-resistant wheat or new pesticide combinations that include 

the herbicide 2,4D such as “Enlist Duo”;  

 Incentives for farmers to engage in agricultural practices that reduce use of glyphosate-

containing products; 

 Programs that educate communities about the importance of milkweed to monarchs, and 

provide support to these communities to plant milkweed. 

 

Protecting the monarch butterfly’s critical breeding habitat and milkweed food source by placing 

such common-sense restrictions on the use of glyphosate and implementing milkweed planting 
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programs in the United States is essential to protecting the migrating monarch butterfly population 

that overwinters in Mexico.  

 

D. Supplementary Factors when Considering Inclusion of a Property in the List of World 

Heritage in Danger 

 

Section IV (B) of the Operational Guidelines for the Implementation of the World Heritage 

Convention also details supplementary factors that the Committee may consider when deciding 

whether to include a property in the List of World Heritage in Danger. Among others, “in its 

appraisal, the Committee should take into account any cause of unknown or unexpected origin which 

endangers a cultural or natural property.”
100

  

 

While recognizing that some of the threats to the Monarch Butterfly Biosphere Reserve may be 

considered “unexpected” because they originate beyond the property and, indeed, beyond national 

borders, there is sufficient evidence to demonstrate that there is a causal relation between the use of 

glyphosate pesticides in the monarch butterfly breeding habitat (i.e. in the United States and Canada) 

and the detrimental impact of this action on the Monarch Butterfly Biosphere Reserve’s Outstanding 

Universal Value.  

  

VI. Conclusion and Recommendations 

 

The World Heritage Committee has the opportunity to help advance urgent action needed to protect 

one of the world’s most spectacular and mysterious migrations. Because the Monarch Butterfly 

Biosphere Reserve was designated to protect what is inherently a trans-boundary natural 

phenomenon, conservation action across the entire migration route is critical. 

 

The World Heritage Committee is well positioned to encourage relevant State Parties to the 

Convention to take the necessary individual and coordinated actions to protect the superlative 

universal value of the Monarch Butterfly Biosphere Reserve World Heritage Site. We respectfully 

request the Committee to:  

 

 Evaluate the inclusion of the Monarch Butterfly Biosphere Reserve on the List of World 

Heritage in Danger, including by sending an investigative mission to ascertain the situation 

and propose corrective measures focused on the monarch breeding habitat. 

 Urge State Parties to strengthen conservation programs across state and federal jurisdictions 

to protect monarch breeding ground, especially by setting necessary limits to the use of 

glyphosate and other pesticides that destroy milkweed. 

 Call on State Parties to undertake and intensify collaborative efforts to protect and restore the 

monarch butterfly’s breeding habitat, including, if necessary, carrying out additional studies 

to identify priority areas for restoration. 

                                                           
100

Id. at 182. 
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 Work with and support State Parties and community-based efforts to develop policies and best 

practices to protect and restore monarch habitat.  

 Coordinate with other international bodies working on agricultural practices to educate these 

entities and State Parties on the impacts of indiscriminate pesticide use on biodiversity and 

human health. 

 

Annex Attachments: 
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C. Photographs 

D. International Union for the Conservation of Nature’s (IUCN) 2014 World Heritage Outlook 

assessment 

E. D.T. Flockhart, Unravelling the annual cycle in a migratory animal: breeding-season habitat 

loss drives population declines of monarch butterflies, Journal of Animal Ecology, Volume 84, 

Issue 1 (Jan. 2015)     
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A. Graph Illustrating Monarch Butterfly Population Decline 

 

B. Map of Monarch Butterfly Breeding Habitat 

 



C. Monarch Butterfly Images 

 

Female monarch in Cerro Pelón portion of the Monarch Butterfly Biosphere Reserve. Photo credit: Margaret Hsieh. 



 

Colony of monarchs hanging from oyamel fir branch in Cerro Pelón portion of the Monarch Butterfly 

Biosphere Reserve. Photo credit: Margaret Hsieh. 



 

 

 

 

Annex D 

International Union for the Conservation of Nature’s (IUCN) 2014 World Heritage Outlook 
assessment  
 

 



Sitename:-Monarch Butterfly Biosphere Reserve

 
Site Description:-The 56,259 ha biosphere lies within rugged forested mountains about 100 km
northwest of Mexico City. Every autumn, millions, perhaps a billion, butterflies from wide areas of
North America return to the site and cluster on small areas of the forest reserve, colouring its trees
orange and literally bending their branches under their collective weight. In the spring, these
butterflies begin an 8 month migration that takes them all the way to Eastern Canada and back,
during which time four successive generations are born and die. How they find their way back to
their overwintering site remains a mystery.
 



Conservation Outlook

 
Rating:-Critical
Justification:-The conservation outlook for the property with respect to its outstanding natural
phenomenon and flagship species is one of significant concern. While recent all time lows in
wintering population sizes may have been aggravated by severe weather conditions, there are
broader trends of loss and degradation of  breeding habitat in the United States of America and
Canada due to the expansion of industrial agriculture and land development associated loss of
host plants. While some of these concerns require management responses at a scale beyond site
and even national level, even the factors that can be influenced at site level are not fully under
control. Challenges on location include illegal resource extraction, insufficiently regulated tourism
and visitation and inadequate inter-institutional coordination. A team of authors behind a recent
study concluded that the observable declines call into question the long-term survival of the
monarchs’ migratory phenomenon (Brower et al. 2012; Vidal et al. 2013). Clearly, a much stronger
response is needed both locally and across the three range states, building upon encouraging
existing efforts.
 
 

Current state and Trend of values
State:-Critical
Trend:-Deteriorating
Justification:-While substantial progress has been achieved in reducing threats from logging and
inappropriate tourism, threats in the summering habitats and along the migration corridors, as well
as from inadequate coordination among the approximately 60 entities participating in management
of the property are of high concern While recent all time lows in wintering population sizes may
have been aggravated by severe weather conditions, there are broader trends of loss and
degradation of wintering habitat, breeding habitat in the United States of America and Canada due
to use of herbicides, expansion of industrial agriculture and land development associated loss of
host plants. A team of authors behind a recent study concluded that the observable declines call
into question the long-term survival of the monarchs’ migratory phenomenon (Brower et al. 2012;
Vidal et al. 2013).
 

Overall Threats
Overall Rating:-Very High Threat
Summary:-The relatively small property consists of vulnerable and degraded fragments of once
extensive montane conifer forests. Longstanding commercial logging into the recent past has
transformed the landscape and illegal logging is still not fully under control. The combination of
ongoing habitat loss and degradation, agricultural encroachment in the surroundings, insufficiently
regulated and controlled tourism and visitation indicating capacity constraints and jointly amount to
a very high degree of threat. Furthermore, there are concerns about the expected impacts of
climate change and factors outside the property and beyond the control of management affecting
the butterfly populations.
There are 3 primary threats to the monarch butterfly in its range in North America: deforestation
and degradation of forest by illegal logging of overwintering sites in México; widespread reduction
of breading habitat in the United States due to land-use changes and the decrease of this



butterfly´s main larval food plant (common milkweed [Asclepias syriaca]) associated with the use
of glyphosate herbicide to kill weeds growing in genetically engineered, herbicide-resistant crops;
and periodic extreme weather conditions throughout its range during the year, such as severe cold
or cold summer or winter temperatures. These threats combined are responsible for the dramatic
decline over the last decade in the number of monarch butterflies in the hibernation colonies in
México, which reached a 20-year low during the 2013-2014 season (Vidal et al. 2013).
 
 

Protection and Management
State:-Some Concern
Justification:-There are encouraging management efforts which have resulted in recent
improvements regarding illegal logging. Mexican federal and state authorities are to be
commended for the important enforcement, as well as financial (through payment for
environmental services by the National Commission on Forests of SEMARNAT) efforts to protect
the monarch reserve. Their efforts and the strategic, uninterrupted, decade-long financial support
for generation of alternative income and employment by committed Mexican and international
philanthropists and businesses have dramatically reduced large-scale illegal logging in recent
years. However, ongoing concerns include limited capacities to manage tourism and to support
alternative livelihood options for local communities. Moreover, the forests in the buffer zones have
been, and continue to be, degraded significantly by unsustainable forest exploitation, fires,
grazing, and agricultural expansion, all of which would eventually play a key role in further
degrading the already degraded and particularly vulnerable core zones.
Inherent to any long-distance animal migration many critical challenges are beyond the control of
site management and even the State Party and require consolidation of international cooperation.
The best conservation strategies to augment the capacity of the monarch butterfly to respond to
unpredictable and changing climate-related conditions are to protect its habitat from direct human
disturbances, such as illegal logging in México and habitat loss and degradation in the United
States and Canada, and to restore its habitat in the 3 countries.
 

Assessment Information

 

Value

 

World Heritage Values
State:-Critical
Trend:-Deteriorating
 

1: The most dramatic known manifestation of the phenomenon of insect migration
State:-Critical
Trend:-Deteriorating
Description:-The overwintering concentration of the Monarch Butterfly in this serial property is the
most dramatic known manifestation of long-distance insect migration and therefore recognized as
a superlative natural phenomenon. Up to an estimated billion monarch butterflies return annually,
from breeding areas in southern  Canada and the United States, to land in close-packed clusters



within 19 overwintering colonies in the montane oyamel fir forests of central Mexico. The property
protects 14 of these colonies and an estimated 70% of the total hibernating population of the
Monarch Butterfly’s eastern population (SoOUV, 2008; Vidal et al. 2013).
 

Other Biodiversity values
State:-Critical
 
 

1: Other international designations
Description:-The Park lies within a Conservation International-designated Conservation Hotspot, a
WWF Global 200 Eco-region, a BirdLife-designated Endemic Bird Area. The three components
constitute the core zones of a UNESCO Biosphere Reserve (UNEP-WCMC, 2011).
 
 

Threats

 

Current Threats

 

1: Impact of tourism/ visitors/ recreation
Threat Rating:-High Threat
Justification:-The property is a major tourist attraction with a great potential for, local economic
benefits, conservation financing and visitor education. The potential has not been fully realized
and concerns about damage and disturbance caused by tourists persist. Tourists may also
increase the risk of accidental fires. While progress has been achieved in managing tourism
remaining constraints include insufficient specialized staff and capacity, inadequate visitor facilities
and conclusive impact assessments (35com.Monarch.SPreport; Consultation form, 2012). Many
communities benefit from monarch-associated tourism: 87,335 people visited (November to
March) the different colonies in 2002-2003, 133,263 in 2003-2004, 126,896 in 2004-2005, 54,515
in 2011-2012 and  72,591 in 2012-2013 (Vidal et al. 2013).
 

2: Logging/ Wood Harvesting
Threat Rating:-Very High Threat
Justification:-From 2001 through 2013, 1254 hectares were deforested in the monarch reserve,
934 ha were degraded, and 126 ha were affected by climatic conditions (Vidal et al 2013). Of the
total 2195 ha of affected (deforested and degraded forest) area, 2066 ha were affected by illegal
logging: 1507 ha by large-scale logging and 558 ha by small-scale logging. Mexican authorities
effectively enforced efforts to protect the monarch reserve from illegal logging, particularly from
2007 to 2012. Those efforts, together with the decade-long financial support from Mexican and
international philanthropists and businesses to create local alternative-income generation and
employment, resulted in the decrease of large-scale illegal logging from 731 ha affected in 2005-
2007 to 9 ha affected in 2013, although small-scale logging is of growing concern (Vidal et al.
2013)
 



3: Livestock Farming / Grazing of domesticated animals
Threat Rating:-High Threat
Justification:-Agricultural use continues to threaten the property in multiple ways. Agricultural
encroachment in the buffer zones reduces the extent of available forest habitat required by the
butterfly colonies. Grazing and associated intentional burning increases the risk of forest fires.
Furthermore, water diversion for agriculture is reported to be a concern (Brower, 2013;
UNEP/WCMC, 2011). The situation is complicated due to the tenure arrangements which include
land rights within the property. The forests in the buffer zones have been, and continue to be,
degraded significantly by unsustainable forest exploitation, fires, grazing, and agricultural
expansion, all of which would eventually play a key role in further degrading the already degraded
and particularly vulnerable core zones (Vidal et al. 2013)
 

4: Habitat Shifting/ Alteration
Threat Rating:-High Threat
Justification:-Climate change is already affecting the property, but also the butterfly habitat across
the US and Canada. In combination with the effects of longstanding commercial logging and illegal
logging droughts and increased temperatures have contributed to insect infestations while severe
storms have toppled trees; and provoked landslides, floods, erosion, and sedimentation of water
courses (35COM.SPreport; Caranza Sánchez, 2010). From 2001 to 2013, floods, strong winds,
and fire affected 125 hectares  in the core zone (Vidal et al. 2013)
 
 

Potential Threats
1: Other
Threat Rating:-Very High Threat
Justification:-It is important to understand that factors beyond the control of site management and
even directly the State Party can fundamentally influence the key natural phenomenon making the
site so exceptional. The Monarch Butterfly is susceptible to habitat change, climate change and
agrochemicals throughout its range, including migration corridors.
 

1: Mining/ Quarrying
Threat Rating:-High Threat
Justification:-There have been several attempts (April 2005, May 2007, and more recently in
November 2013) by the mining company Industrial Minera Mexico (“Proyecto Angangueo”) to re-
activate the exploitation of copper, zinc, silver and gold.
 
 

Protection and management

 
Overall Rating:-Some Concern
Justification:-There are encouraging management efforts which have resulted in recent
improvements regarding illegal logging. Mexican federal and state authorities are to be
commended for the important enforcement, as well as financial (through payment for
environmental services by the National Commission on Forests of SEMARNAT) efforts to protect
the monarch reserve. Their efforts and the strategic, uninterrupted, decade-long financial support



for generation of alternative income and employment by committed Mexican and international
philanthropists and businesses have dramatically reduced large-scale illegal logging in recent
years. However, ongoing concerns include limited capacities to manage tourism and to support
alternative livelihood options for local communities. Moreover, the forests in the buffer zones have
been, and continue to be, degraded significantly by unsustainable forest exploitation, fires,
grazing, and agricultural expansion, all of which would eventually play a key role in further
degrading the already degraded and particularly vulnerable core zones.
Inherent to any long-distance animal migration many critical challenges are beyond the control of
site management and even the State Party and require consolidation of international cooperation.
The best conservation strategies to augment the capacity of the monarch butterfly to respond to
unpredictable and changing climate-related conditions are to protect its habitat from direct human
disturbances, such as illegal logging in México and habitat loss and degradation in the United
States and Canada, and to restore its habitat in the 3 countries.
 

Protection and management value

 

1: Research
Protection Rating:-Effective
Justification :-The overwintering sites were a scientific mystery until 1975 when, after decades of
butterfly tagging a site was last found on Cerro Pelón. Many studies have ensued, from North
American universities. The nomination bibliography lists 120 papers and books on the subject. The
butterfly species has prompted research into migration ecology, pest suppression, geo-magnetism
and other factors influencing orientation, and their use as environmental indicators over its
migration range (UNEP/WCMC, 2011). However, it is of concern that the impacts of visitors on
butterfly behavior continue to be poorly understood.
 

2: Monitoring
Protection Rating:-Effective
Justification :-Forest cover, forest condition, and monarch butterfly colonies are monitored on a
regular basis by CONANP, WWF, jointly with scientists (IUCN Evaluation, 2008;
35COM.Monarch.SPreport; Caranza Sánchez, 2010).
 

3: Tourism and interpretation
Protection Rating:-Some Concern
Justification :-While coherent visitor programs and infrastructure are being developed and
implemented, there is still a general lack of information available for visitors with respect to the
basic natural history of butterflies and their environment, and appropriate behavior while
approaching and viewing the butterfly colonies. It is of concern that the impacts of visitors on
butterfly behavior are not fully understood and considered. The tourism season begins before
colonies have had a chance to settle down in their selected hibernation areas and visitor
movements can disturb them easily. While guide training programs are in place, there is no
certification program and insufficient personnel are available to adequately manage and control
tourism (35COM.Monarch.SPreport; Consultation form, 2012).
 

4: Education and interpretation programmes



Protection Rating:-Some Concern
Justification :-A large number of projects have been undertaken related to environmental
education for local communities. Guide training has been an important component
(35COM.Monarch.SPreport; Consultation Form, 2012).
 

5: Sustainable use
Protection Rating:-Some Concern
Justification :-Significant funding has been provided to work with local and indigenous
communities in the core and buffer zones of the biosphere reserve to develop a wide range of
activities as alternatives to logging of the core zones, i.e. the property
(35COM.Monarch.SPreport).
 

6: Staff training and development
Protection Rating:-Some Concern
Justification :-Several programs have contributed to staff training and development, but given the
around 60 entities of federal and state government institutions, and civil society organizations that
are involved in management), the training and development of staff remains a considerable
challenge. This holds true in particular as regards specialized capacities for tourism and visitor
management (IUCN, 2008; 35COM.Monarch.SPreport).
 

7: Sustainable finance
Protection Rating:-Some Concern
Justification :-Financing has been provided by several federal, state and international sources from
governments, private sector, philanthropists and civil society. While the diverse funding sources
are positive, challenges exist in terms of inter-institutional coordination. The Monarch Butterfly
Fund (MBF) serves as a focal point for establishing a long term endowment which has been
supported by the federal and state governments, civil society (international and national), and
individual donors (35COM.Monarch.SPreport).
 

8: Boundaries
Protection Rating:-Some Concern
Justification :-The property’s boundaries are defined by Presidential Decree declaring a biosphere
reserve at the national level in 2000. The three defined core zones of the biosphere reserve
constitute the property while the two buffer zones of the biosphere reserve also serve as the buffer
zones of the property. Jointly, the core zones cover 14 of the historically-recorded overwintering
colonies of the eastern population of the Monarch Butterfly. The remaining populations hibernate
outside the property where some colonies have been lost altogether (Brower, 2013; Vidal et al.
2013). While the boundaries of the property are adequate for the protection of 70% of the
overwintering population of the monarch butterfly, the overwintering colonies outside the property
should be considered as a serial extension in the future (IUCN, 2008). The boundaries of the small
core zones of the biosphere reserve are not demarcated on the ground. This represents a
significant problem for the protection and management of the core zones.
 

9: Implementation of World Heritage Committee decisions and recommendations, if

applicable



Protection Rating:-Some Concern
Justification :-As recently as 2010, a World Heritage Committee decision (34COM 7B.35) had
noted with concern ongoing illegal logging within the property triggering a reactive monitoring
mission. The subsequent Committee decision in 2011 (35COM 7B.32) requested the State Party
to implement the recommendations of the above mentioned reactive monitoring mission. The
focus of the implementation is on benefit-sharing with communities and tourism
(35COM.Monarch.SPreport; 35COM.Monarch.SOC).
 

10: Management effectiveness
Protection Rating:-Data Deficient
Justification :-Overall data on management effectiveness is not available, but the increasingly
successful response to illegal logging serves as an indicator of recent enhancements in terms of
management effectiveness (35COM.Monarch.SPreport; Brower, 2010)
 

11: Management system
Protection Rating:-Some Concern
Justification :-The Monarch Butterfly Biosphere Reserve is managed by CONANP assisted by 46
federal and state agencies. In addition, 13 NGOs and academic institutions and the Monarch
Butterfly Trust Fund provide inputs to management. Management is guided by a Management
Program, a general document that lays out policies on sustainable development, wildlife
management, public use, scientific research and monitoring, operations and law enforcement,
rather than specific prescriptions for management. The document forms the basis for the Annual
Operational Plans that are used to guide the day-to-day management activities of the many
organizations involved (IUCN, 2008; 325COM.Monarch.SPreport; 35COM.Monarch.SOC).
 

12: Integration into regional and national planning systems
Protection Rating:-Some Concern
Justification :-An Advisory Council, made up of 21 representatives of rural cooperatives,
communities and NGOs, has been established to assist CONANP in implementing the
Management Program and Annual Operational Plans. At a broader scale, a Regional Committee
has been established to integrate the efforts of the States of Michoacán and México and 27
municipalities in developing and implementing a regional land use plan. The work of the Advisory
Council and Regional Committee was originally complemented by Annual Regional Fora, which
include all interested stakeholders and serve to share information, coordinate activities, and inform
Annual Operational Plans. However, at the time of evaluation no Regional Fora had been
undertaken in the previous years (IUCN, 2008).
 

13: Legal framework
Protection Rating:-Some Concern
Justification :-Building upon earlier national designations, in 2000, the "Reserva de la Biosfera
Mariposa Monarca" was established and in 2007 the same area was formally designated as a
biosphere reserve under UNESCO's Man and the Biosphere (MAB) Programme. In 2008, the
cores zones of the biosphere reserve were inscribed as a World Heritage property. Law
enforcement, especially with respect to illegal logging, has been an on-going challenge and has
included the Army, Federal Environmental Police, State Police of Michoacán and Mexico, and
local communities (UNEP?WCMC, 2011; 35COM.SPreport). Of 19 butterfly colonies reported to
date, 14 are in the federal Reserve and thus protected, 3 are in a protected area in Estado de



Mexico, and 2 are in Michoacán state and not protected
 

14: Relationships with local people
Protection Rating:-Some Concern
Justification :-Almost all of the property is located on communal lands or private property.
Conservation and management programs must be implemented through cooperative activities with
the landowners. Considerable efforts have been underway to promote alternative livelihood
projects, environmental education and training, compensation schemes for conservation,
reforestation, and voluntary surveillance to halt illegal logging (35COM.Monarch.SPreport).
Conflicts remain in terms of the use of the "ejido" lands within the property. Given widespread rural
poverty, incentives to log and collect firewood remain high. There are also concerns about benefit-
sharing in the realm of tourism.
 

Assessment of the effectiveness of protection and management in addressing

threats outside the site

 
Rating :-Some Concern
Justification :-Most threats originate outside the property. Of these, many can still be considered
local challenges, and these have been the focus of most protection and management activities.
Other challenges (threats) originate elsewhere, including beyond national borders.
 

Best Practice Examples

 
Justification :-no Jstification avilable
 

Additional Information

 

Key Conservation Issues

 

1: Long-distance migration
Scale :-Local
Description :-Although the concentrated nature of monarch use of wintering habitat makes it easy
to quantify the loss of this habitat, it is important to remember that the majority of monarchs that
winter in México depend on habitat in the United States and Canada for breeding and migrating.
Concomitant with overwintering habitat loss, there have been large losses of breeding and
migrating habitat. The direct relation between the loss of milkweed host plants in agricultural areas
in the United States and the number of monarchs wintering in México was recently documented by
Pleasants and Oberhauser (2012). Thus, it is important that citizens; local, state, and federal
government agencies; nonprofit organizations; and private donors in the United States and
Canada restore and protect habitat within their own territories (Vidal et al. 2013).
As any other animal migration the reliance on different seasonal ranges and migration corridors
adds to the vulnerability of the species. In the case of butterflies, the intensification of agriculture



and associated use of chemicals are considered critical issues for the longer term survival of the
migration phenomenon.
 

2: Climate change
Scale :-Local
Description :-Climate change is already affecting the property. Droughts have led to bark beetle
infestations while severe storms have toppled trees; and provoked landslides, floods, erosion, and
sedimentation of water courses (35COM.Monarca.SPreport; Caranza Sánchez, 2010; Brower,
2010; Vidal et al. 2013).
 

3: Inappropriate tourism and visitation
Scale :-Local
Description :-Though progress has been achieved in controlling and guiding tourism so that it
causes less damage to butterfly colonies and their surrounding environment, four major
constraints remain: (1) CONANP has only one person assigned to the tourism program, and this is
clearly insufficient to provide the leadership, coordination, and oversight that is required. (2)
Though planned, no visitor centers have yet been built to inform and orient visitors before they
enter the Reserve. (3)  While guides are offered the opportunity to attend training courses, there is
no certification program for guides. This results in varying levels of knowledge and aptitude. (4) A
definitive study on the effect of tourism on the butterfly colonies is needed to inform management
decisions (35com.Monarch.SPreport; Consultation form, 2012).
 

4: Illegal logging
Scale :-Local
Description :-Sustained law enforcement efforts by a combination of the Army, Federal
Environmental Police, State Police, and local communities have finally drastically reduced large-
scale illegal logging, although small-scale (tala homiga) logging is of growing concern. However,
given the widespread local poverty and unemployment and well-documented challenged in law
enforcement, the threat has not disappeared (35COM.SPreport)
The best conservation strategies to augment the capacity of the monarch butterfly to respond to
unpredictable and changing climate-related conditions are to protect its habitat from direct human
disturbances, such as illegal logging in México and habitat loss and degradation in the United
States and Canada, and to restore its habitat in the 3 countries. A strategy needs to be devised
and implemented as a matter of urgency to address the socioeconomic and environmental
problems and opportunities of both the monarch reserve and the region as a whole.
 

Benefits

 

1: Environmental Services
Community within site :-Major
Community outside site :-Major
Wider Community :-Major
Summary :-The protection of watersheds upstream of communities and dams in the buffer zones is
an important benefit, especially in the face of climate change (Caranza Sanchez, 2010).
 



2: Health and recreation
Community within site :-Major
Community outside site :-Major
Wider Community :-Major
Summary :-Visitation to the site is significant and growing, and is important as an additional source
of income for local communities. Visitation to the site also benefits the regional and national
tourism industry though its importance is relatively small compared to other tourism attractions.
 

3: Knowledge
Community within site :-Major
Community outside site :-Major
Wider Community :-Major
Summary :-The numerous studies on the species and its migration have provided scientific insights
into several fields, such as plant-animal interactions, migration ecology, including but not limited to
orientation.
 

4: Nature conservation values
Community within site :-Major
Community outside site :-Minor
Wider Community :-Major
Summary :-The aggregation is an inspiring phenomenon appealing to the wider public in the three
countries and around the world.
 



 

Projects

Active Conservation Projects 

N.O Organization/individuals Brief description of Active Projects Contact Details

1 Supporting since 2003

numerous sustainable

development projects on

communal tree

nurseries, reforestation,

eco-tourism, communal

local surveillance,

making and selling of

handicrafts, etc., as well

as monitoring of forest

cover and monarch

butterfly colonies.

 

Monarch Butterfly Trust

Fund

Training of guides;

training of environmental

education teachers.

Alliance WWF-Telcel and Alliance

WWF-Carlos Slim Foundation

WWF &  Fondo Mexicano para la

Conservación de la Naturaleza,

A.C. (FMCN) WBF,  Biocenosis

http://www.wwf.org.mx/

 

 

 

 

www.biocenosis.org.mx

2 Payments to landowners

as compensation for

conservation of private

lands within the

property; and

reforestation.

MBF, CONAFOR www.monarchbutterflyfund.org

www.conafor.gob.mx

3 Restoration of landslide

and erosion areas.

Fondo Mexicano para la

Conservación de la Naturaleza,

A.C. (FMCN)

http://fmcn.org/

4 Improvement of tourism

infrastructure in the

buffer zone of the

biosphere reserve.

FONATUR www.fonatur.gob.mx



Active Conservation Projects 

N.O Organization/individuals Brief description of Active Projects Contact Details

5 Sustainable tourism

program, which supports

the development of

infrastructure and

training of local

communities inside the

property.

CONANP/ PROCODES, PET http://www.conanp.gob.mx/accione

s/procodes.php

6 Development and

implementation of the

North American

Monarch Conservation

Plan with a focus on (1)

prevention of threats,

mitigation, and control;

(2) innovative

cooperative agreements;

(3) research, monitoring,

evaluation and

development of reports;

and (4) education,

training, and capacity

building.

Commission for Environmental

Cooperation of North America

(CEC; U.S.A, Canada, and

Mexico)

http://www.cec.org/

7 Development of

voluntary surveillance

brigades to halt illegal

deforestation.

PROFEPA, MBF, PROCODES http://www.profepa.gob.mx/

8 Alternative livelihoods

for communities in the

Monarch Butterfly

Biosphere Reserve.

MBF, Aztec Movement .



Active Conservation Projects 

Brief description of Active Projects

N.O Organization/individuals Brief description of Active Projects Contact Details

1 Consolidating

coordination and

cooperation across the

three range countries

Building upon existing agreements

and cooperation, the consolidation

of coordinated international efforts

across North America is of critical

importance.

.

2 Extension of the World

Heritage property

The size of the property is small

and it appears that the important

additional wintering colonies of the

Monarch Butterfly are highly

vulnerable. Efforts to add the

remaining wintering sites as

components of an enlarged serial

site deserve to be considered.

.

3 Consolidation of Forest

Restoration

The stunning rate of historic forest

loss raises the question of

reforestation and/or promotion of

natural regeneration. The

experience with reforestation is

mixed and conventional efforts

have often been met with limited

success. Methods are needed to

promote cheap and effective

natural regeneration.

.
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Unravelling the annual cycle in a migratory animal:
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Summary

1. Threats to migratory animals can occur at multiple periods of the annual cycle that are sep-

arated by thousands of kilometres and span international borders. Populations of the iconic

monarch butterfly (Danaus plexippus) of eastern North America have declined over the last

21 years. Three hypotheses have been posed to explain the decline: habitat loss on the over-

wintering grounds in Mexico, habitat loss on the breeding grounds in the United States and

Canada, and extreme weather events.

2. Our objectives were to assess population viability, determine which life stage, season and

geographical region are contributing the most to population dynamics and test the three

hypotheses that explain the observed population decline.

3. We developed a spatially structured, stochastic and density-dependent periodic projection

matrix model that integrates patterns of migratory connectivity and demographic vital rates

across the annual cycle. We used perturbation analysis to determine the sensitivity of popula-

tion abundance to changes in vital rate among life stages, seasons and geographical regions.

Next, we compared the singular effects of each threat to the full model where all factors oper-

ate concurrently. Finally, we generated predictions to assess the risk of host plant loss as a

result of genetically modified crops on current and future monarch butterfly population size

and extinction probability.

4. Our year-round population model predicted population declines of 14% and a quasi-

extinction probability (<1000 individuals) >5% within a century. Monarch abundance was

more than four times more sensitive to perturbations of vital rates on the breeding grounds

than on the wintering grounds. Simulations that considered only forest loss or climate change

in Mexico predicted higher population sizes compared to milkweed declines on the breeding

grounds. Our model predictions also suggest that mitigating the negative effects of genetically

modified crops results in higher population size and lower extinction risk.

5. Recent population declines stem from reduction in milkweed host plants in the United

States that arise from increasing adoption of genetically modified crops and land-use change,

not from climate change or degradation of forest habitats in Mexico. Therefore, reducing the

negative effects of host plant loss on the breeding grounds is the top conservation priority to

slow or halt future population declines of monarch butterflies in North America.

Key-words: agricultural intensification, annual cycle, conservation planning, genetically

modified organisms, matrix modelling, migratory connectivity, transboundary conservation

*Correspondence author. E-mail: dflockha@uoguelph.ca

© 2014 The Authors. Journal of Animal Ecology © 2014 British Ecological Society

Journal of Animal Ecology 2015, 84, 155–165 doi: 10.1111/1365-2656.12253



Introduction

Hemispheric migrations of wildlife involving billions of

individuals each year are in widespread decline (Robbins

et al. 1989; Bolger et al. 2008; Brower et al. 2012). Migra-

tory animals face multiple threats at different portions of

the annual cycle that are often separated by vast geo-

graphical distances (Webster et al. 2002), which pose

enormous challenges for predicting population abundance

and designing effective management plans (Martin et al.

2007; Norris & Marra 2007; Small-Lorenz et al. 2013).

Underscoring good management is an understanding of

how various environmental and anthropogenic threats

interact to influence population dynamics, through their

impact on vital rates, in the face of global change.

Addressing threats to population viability of migratory

animals therefore requires integrating detailed information

of how individuals move, survive and reproduce through-

out the annual cycle and respond to these threats (Web-

ster et al. 2002; Norris & Marra 2007; Taylor & Norris

2010; Jenouvrier 2013).

Monarch butterflies (Danaus plexippus), which undergo

a long-distance migration between breeding and non-

breeding locations typical of vertebrates, have tradition-

ally been considered most vulnerable to disturbance on

the overwintering grounds. In Mexico, forest habitat loss

(Brower et al. 2002) and severe weather patterns (Obe-

rhauser & Peterson 2003; Brower et al. 2004) are known

to affect local butterfly population abundance by increas-

ing the probability of catastrophic mass mortality events

(Anderson & Brower 1996; Brower et al. 2012). Alterna-

tively, declines of monarch butterflies may also be attrib-

uted to habitat loss that could occur at multiple

locations and time periods of the breeding cycle. Reduc-

tion in host plants (various milkweed species, Asclepias)

due to land-use change (mostly urbanization) and agricul-

tural practices, such as the adoption of genetically modi-

fied, herbicide-resistant corn and soybean crops, that

lower density of host plants in agricultural fields on the

breeding grounds (Oberhauser et al. 2001; Brower et al.

2012; Pleasants & Oberhauser 2013) is predicted to

increase competition for food among larvae leading to

decreases in immature survival (Flockhart, Martin &

Norris 2012).

Given that the conservation of monarch butterflies, like

many migratory species, is a responsibility shared by mul-

tiple countries (Commission for Environmental Coopera-

tion 2008), a quantitative assessment of year-round

population dynamics is critical for guiding effective trans-

boundary conservation planning and assessing risk of

extinction in the wild. Our objectives were to (i) assess the

long-term viability trend and cumulative quasi-extinction

probability (<1000 individuals) for monarch butterflies

over the next 100 years given projected land-use changes

that modify host plant abundance across the breeding

grounds and concurrent future climate trends and defores-

tation rates that alter the frequency of winter mass

mortality events on the wintering grounds; (ii) use tran-

sient elasticity analysis (the relative sensitivity values

which sum to 1) of the projected population to determine

which life stage, season and geographical region across

the annual cycle are contributing the most to explain pop-

ulation declines of migratory monarch butterflies; (iii) test

the three hypotheses of population decline by comparing

the singular effects of habitat loss on the breeding ground,

habitat loss on the wintering grounds and climate change

to a full model where all factors operate concurrently;

and (iv) explore the effects of host plant loss on the

breeding ground as a result of adoption of genetically

modified crops on future monarch butterfly population

size and the risk of extinction.

Materials and methods

Our population model required parameter estimates of survival,

fecundity and migration throughout the annual cycle (Fig. 1). We

considered one overwintering and three breeding regions (Fig. 2a)

to parameterize a spatially structured, two-cohort, stochastic and

density-dependent periodic projection matrix model (Hunter &

Caswell 2005) for monarch butterflies. The model structure

(Fig. 1) used a two-cohort approach to differentiate butterflies in

diapause that migrate to Mexico from reproductively active but-

terflies because these cohorts have different physiological and

demographic processes (Brower 1995). We therefore had five life

stages: an immature stage that included all developmental transi-

tions from egg to eclosion and then first- and second-month or

greater (hereafter second month) vital rate estimates for each

cohort of adults that captures differences in survival and repro-

duction (Fig. 1).

population model

The model took the form n~ðtþ 1Þ ¼ Atn~ðtÞ where the global tran-

sition matrix A at a given month t is used to project the popula-

tion vector, that is, arranged as the spatial distribution of each

Fig. 1. The life cycle graph of monarch butterflies, characterized

by five stages. The immature (1) stage includes egg, larval and

pupal development until eclosion. Eclosed butterflies in their first

(2) or second or more (3) month of life are in a reproductive dia-

pause (dashed lines). Only eclosed butterflies in their first (4) or

second or more (5) month of life in breeding condition (solid

lines) produce offspring. The dotted line between (3) and (5) rep-

resents overwintered butterflies that emerge from diapause in

April and become reproductively active in the South. Descrip-

tions of the variables are provided in Table S1 (Supporting infor-

mation).
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stage (Hunter & Caswell 2005), from n(t) to n(t + 1). Within

each time step t of 1 month, At included both migration among

and demography within the four geographical regions i of the five

life stages using the block-diagonal formulation and vec-permuta-

tion approach (Hunter & Caswell 2005). In this arrangement,

butterflies first move between regions before demographic events

like reproduction occur, in order to reflect that females are

reproductively active during the rapid re-colonization of eastern

North America over successive generations (Malcolm, Cockrell &

Brower 1993; Flockhart et al. 2013). The process is repeated for

each of 12 months to project the population over an annual

cycle.

The block-diagonal matrix organizes the demographic pro-

cesses and transitions among life stages within regions (Hunter &

Caswell 2005). The demographic vital rates represent survival of

immature (siL), overwinter survival for butterflies in their first and

second month of diapause (siow1, s
i
ow2), survival of adults in their

first and second month of breeding (sib1, sib2), and fecundity of

breeding butterflies in their first (fib1) and second (fib2) months

(Fig. 1). The terms di and ei permit the transition of generations

between reproductive to diapause life-history stages in autumn

(which occurs during immature development; Goehring &

Oberhauser 2002) and the emergence from diapause to breeding

condition at the end of the winter, respectively. The migration

process was structured with the block-diagonal dispersal matrix

that accounts for migration of adults between regions. For each

adult cohort, migration included both the transition rate among

regions (tij) and survival during migration between these same

regions (sij). The Supporting Information provides details of the

model structure.

vital rate estimation

The population response to the effects of habitat loss and climate

change, key environmental factors that are thought to strongly

influence population size of monarch butterflies (Brower et al.

2012), occurs through changes to vital rates. We present the

results of models to estimate milkweed abundance on the breed-

ing grounds and weather-induced mass mortality events in Mex-

ico that were incorporated into estimates of larval survival and

adult winter survival probability, respectively. Detailed analysis

of each vital rate estimate, as well as the milkweed abundance

and weather-induced mass mortality models, is available in the

Supporting Information.

(a)

(b) (c)

Fig. 2. The geographical regions occupied by monarch butterflies throughout the annual cycle in eastern North America and their asso-

ciated long-term demographic elasticities between regions, seasons and life stages. (a) Butterflies overwinter in Mexico (black star) and

breed in the South (red), Central (green) and North (blue) regions. The yellow outline indicates the monarch breeding habitat study area

that was used to quantify milkweed abundance (See Supporting Information). Population abundance was most sensitive to vital rates in

the Central region, followed by the South and Mexico, and least sensitive to vital rates in the North. The Central region was most sensi-

tive to perturbation of immature vital rates (light green) compared to adults (dark green), whereas the opposite pattern was found in the

South. Population abundance was more sensitive to vital rates on the breeding grounds (South, Central and North regions combined)

than the non-breeding grounds (Mexico). On the breeding grounds, sensitivity was almost equal between adult (dark grey) and immature

(light grey) life stages. (b) Annual trends of the demographic elasticity of monarch population abundance to perturbation of vital rates

among regions and (c) between the breeding and non-breeding portions of the annual cycle. The annual demographic elasticity values

vary annually owing to stochastic population processes; however, the sensitivity patterns to the left (historic) and right (future) of the

vertical yellow line remain relatively consistent.
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Fecundity

We estimated fecundity of first-month and second-month adults

(Table S1, Supporting information: fib1, f
i
b2) using estimated life-

time egg output reported in Oberhauser (1997). We assumed that

females laid 75% of their total eggs in the first month and 25%

in the second month. Sex ratio of offspring was assumed to be

50:50.

Migration

Migration combines information on migratory connectivity

(Webster et al. 2002; Norris & Marra 2007) and survival during

migration (see below) to estimate the transition probability of

adults flying between different regions at each time step. Follow-

ing the two-cohort structure of the model, we differentiate rates

between non-reproductive butterflies that are on fall migration to

Mexico and reproductively active butterflies that can move

between breeding regions.

The timing of migration of non-breeding butterflies to Mexico

follows a relatively predictable pattern by latitude (Taylor 2013).

We incorporated these temporal migration patterns in our model

by assuming that butterflies depart to Mexico from the north

during September, from the central during October and from the

south during November. Collectively these butterflies arrived at

the overwintering colonies in December where they remained

until April when they became reproductively active (Brower

1995).

Reproductive monarch butterflies colonize the breeding grounds

over successive generations (Malcolm, Cockrell & Brower 1993;

Miller et al. 2011, Flockhart et al. 2013). We assumed the

main cohort of butterflies colonized the south in April, the cen-

tral in May and the north in June (Cockrell, Malcolm & Brower

1993) and the last breeding generation would occur in August in

the north, September in the central and October in the south

(Brower 1995; Calvert 1999; Baum & Sharber 2012; Flockhart

et al. 2013).

We calculated migration rates (tti;j) of breeding butterflies based

on published information in Flockhart et al. (2013) who used sta-

ble-hydrogen and stable-carbon isotopes to assign a geographical

origin of captured butterflies. Using the assigned geographical

region as the origin and the capture region as the destination, we

cross-tabulated origin and destination regions to produce a con-

tingency table of relative frequency by dividing the number

assigned to each origin region by the marginal total of the desti-

nation regions. Using this approach, we calculated the migration

between the four regions (origin included Mexico for butterflies

that overwintered; see Supporting Information) for each month

during the year.

Breeding-season survival

First- and second-month adult female survival (Table S1, Sup-

porting information, Fig. 1: sib1, s
i
b2) estimates came from longev-

ity measures of captured wild female butterflies (Herman & Tatar

2001). Immature survival (siL) was the cumulative survival from

egg to eclosion as an adult butterfly and considered the product

of a density-dependent survival relationship based on larval com-

petition for milkweed host plants (Flockhart, Martin & Norris

2012), density-independent larval survival (Oberhauser et al.

2001) and pupal survival (Oberhauser 2012).

We applied the findings of Flockhart, Martin and Norris

(2012) who showed larval survival probability declined as the

average number of eggs per milkweed stem increased. Therefore,

calculating the density-dependent response required an estimate

of milkweed abundance in each region. To estimate the total

number of milkweed stems, we multiplied the land area of differ-

ent land-cover types (e.g. Taylor & Shields 2000) by the propor-

tion of infested area for each land-cover type (e.g. Hartzler &

Buhler 2000; Hartzler 2010; Pleasants & Oberhauser 2013) and

the number of milkweed stems within infested areas (see Support-

ing Information). To understand milkweed abundance change

over time, we estimated annual rates of land-cover conversion

using data from 1982 to 2007 (U.S. Department of Agriculture

2009) and used nonlinear models to estimate the expected

changes in adoption of genetically modified, herbicide-resistant

corn and soybean crops (Hartzler 2010; Pleasants & Oberhauser

2013). Details of land-cover change and associated dynamic milk-

weed abundance are presented in the Supporting Information.

We calculated density-independent larval survival from egg to

pupation using estimates from Oberhauser et al. (2001) who pre-

sented counts of 5th instar larvae relative to counts of eggs in

non-agricultural areas, agricultural fields and field margins in

four geographical regions that spanned the breeding range.

Tachinid flies parasitize monarch larvae that results in mortality

realized during the pupa stage, so pupal survival was assumed as

one minus the marginal parasitism rate of fifth instars based on

11 years of data following Oberhauser (2012). Mortality during

the pupal stage was therefore assumed to result solely from tachi-

nid fly parasitism and provides a suitable way to incorporate this

important source of immature mortality on monarch population

dynamics (Oberhauser et al. 2007).

Migration survival

Evidence for Lepidoptera suggests mortality during migration to

be low relative to the stationary portions of the annual cycle

(Chapman et al. 2012; Stefanescu et al. 2013), whereas the oppo-

site pattern has been found for vertebrates (Muir et al. 2001;

Sillett & Holmes 2002). Few data exist to estimate these mortality

rates directly and there is currently no published information for

monarch butterflies. In the absence of empirical estimates, the

opinions of experts can provide valuable information to under-

stand population processes (Martin et al. 2012a).

We used an expert elicitation exercise to estimate the survival

of monarch butterflies during both spring and fall migration (sti;j;

Table S1, Supporting information). The exercise consisted of

independent elicitation of survival estimates, an anonymous

review of the group results, and a second round of elicitations

where experts were allowed to modify their original responses

after having seen the group results (Martin et al. 2012a). Each

expert provides a worst-case, average-case and best-case estimate

of the probability of survival for (i) butterflies migrating to the

overwintering colonies during autumn migration, (ii) overwin-

tered adult monarch butterflies that migrate from Mexico to the

south and (iii) first- or second-generation breeding butterflies

born in the south that re-colonize the rest of the breeding distri-

bution. We calculated the mean and standard deviation for the

average-case values between each pairs of regions provided by

experts and found that the variation of survival implemented into

the matrix model contained both the mean worst-case and best-

case estimates provided by experts, suggesting that the estimates
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of survival during migration generated during simulations of the

model captured a range of expected survival rates (see Supporting

Information).

As survival during migration was the only vital rate used in

the population model not based on empirical data, we present a

sensitivity analysis in the Supporting Information of how well the

worst-case, average-case and best-case survival estimates pre-

dicted the observed monarch butterfly population decline. The

results suggest that both the average-case and best-case scenario

estimates better reflect monarch butterfly population dynamics

but that the predictions from models that incorporate the aver-

age-case scenario more closely reflect the observed population

decline (see Supporting Information).

Overwintering survival

The probability of survival for overwintering adult butterflies

(siow1, s
i
ow2) was a product of a baseline survival in the presence of

predators (Brower & Calvert 1985; Glendinning, Alonso Mejia &

Brower 1988) and catastrophic mortality events caused by

extreme weather phenomena (Brower et al. 2004). Birds were esti-

mated to kill about 9% of all butterflies in colonies (Brower &

Calvert 1985), whereas mice are predicted to kill about 4% of the

population (Glendinning, Alonso Mejia & Brower 1988). To esti-

mate mortality, we divided the estimated number of depredated

butterflies from Brower et al. (1985) and Glendinning, Alonso

Mejia and Brower (1988) by butterfly densities (butterflies/ha)

from the Jolly-Seber estimates in Calvert (2004) to correct for

potentially biased estimates of population density in the wintering

colonies. Assuming that predation by birds and mice is indepen-

dent, multiplying the product of the two survival estimates yielded

the baseline overwinter survival (see Supporting Information).

Stochastic mass mortality events in the overwintering colonies

can kill significant numbers of the entire eastern population during

a single storm (Brower et al. 2004). The magnitude of each mortal-

ity event is the interplay between ambient temperature, precipita-

tion and exposure that determine body temperature, and hence

freezing risk, of monarch butterflies (Anderson & Brower 1996).

We used a logistic function to model the proportion of the total

overwintering population that would die from extreme weather.

The model included the effects of temperature, precipitation and

changes in exposure (see Supporting Information). The addition of

an exposure parameter incorporates the ‘blanket effects’ (Ander-

son & Brower 1996) offered by high-quality forest habitat that

was assumed to be lost at 1�3% per year (Brower et al. 2002;

Ram�ırez, Azc�arate & Luna 2003; L�opez-Garc�ıa & Alc�antara-

Ayala 2012; Vidal, L�opez-Garc�ıa & Rend�on-Salinas 2014).

Temperatures and rainfall patterns are predicted to change

over the next 100 years in Mexico (S�aenz-Romero et al. 2010)

and these changes are predicted to influence monarch mass mor-

tality events (Oberhauser & Peterson 2003). Using the location

and elevation of the monarch colonies (Garc�ıa-Serrano, Lobato

Reyes & Mora Alvarez 2004), we extracted monthly (December

to March) current and future temperature under the A2 scenario

of the CGCM3 (T62 resolution) climate model that assumes high

greenhouse gas emissions and a growing human population, pre-

sented in S�aenz-Romero et al. (2010). For each month, we fit a

linear regression of predicted mean minimum temperature using

data from the years 2000 (current), 2030, 2060 and 2090 as

our predicted climate projection in the overwintering colonies.

Variation in daily temperatures was assumed to remain consistent

over time and was estimated from daily minimum temperatures

from five federal weather stations representative of the overwin-

tering colonies (see Supporting Information). We assumed daily

rain events >10 mm would result in butterflies being wetted and

making them more vulnerable to freezing risk (Anderson &

Brower 1996) and assumed that the probability of a rain event of

>10 mm between December and March summarized from the

weather station data would remain consistent. The matrix popu-

lation model randomly selected a daily probability of a large rain

event and a minimum temperature to calculate the daily survival

between December 1 and March 30. The product of these daily

mortality estimates represented the population-level stochastic

mortality rate of each year of the model (see Supporting Infor-

mation).

analysis

We initiated the population model using the population size

observed in 1994 (Rend�on-Salinas & Tavera-Alonso 2014) to

assess the model fit from the first 19 years of the simulation

(1995–2013) and then projected the population for 100 years and

calculated the stochastic population growth rate (log ks) and

95% confidence interval from 1000 simulations. Model fit was

assessed by testing the standard deviates of the population

growth rates from observed and projected population sizes

(McCarthy et al. 2001). The cumulative probability of quasi-

extinction was determined using a binomial model that regress

the counts of the number of simulations that had gone extinct by

a given year. To test between the three hypotheses, we divided

the mean population size from a simulation with each effect by

the population size of the full model and used linear models to

regress differences in population size against year. A slope differ-

ent from zero indicates that threat alone would cause a larger

(in the case of positive slope) future population than the full

model that considers all threats simultaneously.

To understand the factors that limit population size of mon-

arch butterflies, we estimated monthly transient elasticities (the

relative sensitivity values which sum to 1) of the total species

abundance to perturbation of the migration and demographic

vital rates (Caswell 2007). To make general predictions of the

sensitivity of population growth to changes in vital rates through-

out the annual cycle, we summed the demographic transition

elasticity values across life stages (immature, adult), life-history

events (breeding, non-breeding) or regions (Mexico, South, Cen-

tral, North). We ran all simulations using Matlab R2009.

Results

population trend and extinction probabil ity

Population size estimates from our model were not signifi-

cantly different from the observed data (t = �0�4889,
P = 0�63; Fig. 3a) and predict that, if land-use and climate

change continue as expected, population size will decline

by an additional 14% within the next 100 years (Fig. 3b).

Furthermore, under these conditions, we predict that the

cumulative probability of quasi-extinction of <1000 butter-

flies remaining in the population over 100 years is >5%
(Fig. 3b). Overall, the stochastic population growth rate

was predicted to be �0�0332 (95% CI: [�0�4028, 0�3364])
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(Fig. 3b) which is consistent with the population growth

rate observed over the past two decades (r = �0�048, 95%
CI: [�0�186, 0�089]; Brower et al. 2012; Rend�on-Salinas &

Tavera-Alonso 2014).

sensit iv ity of population abundance

Population abundance was more sensitive to land-use

and climate changes on the breeding grounds (mean

0�816 � 0�004 SEM) than on the wintering grounds

(0�184 � 0�004; Fig. 2a). Decomposition of these sensitivi-

ties showed that larvae (0�446 � 0�007) were more sensi-

tive compared to adults (0�370 � 0�007) on the breeding

grounds (Fig. 2a). At a regional scale, the total butterfly

abundance was more sensitive to land-use and climate

change impacts on the vital rates within the Central

breeding region (0�446 � 0�010) than within the South

breeding region (0�304 � 0�010) or Mexico (0�184 �
0�004), whereas butterfly abundance was least sensitive to

impacts in the North breeding region (0�045 � 0�002;
Fig. 2a). Further decomposition between life stages and

regions suggests that the patterns in the Central region

resulted from sensitivity of perturbation of immature vital

rates rather than adults (Fig. 2a). In contrast, in the

South, butterfly abundance was more sensitive to distur-

bance of adult vital rates compared to vital rates of the

immature stage (Fig. 2a).

Although annual elasticities varied between years, the

historic and future sensitivity patterns were predicted to

remain relatively consistent over time. For example, popu-

lation abundance was about four times more sensitive to

changes in vital rates on the breeding grounds than win-

tering grounds throughout the study (Fig. 2b) despite a

reduced probability of mass mortality events in Mexico

over time (Fig. S1, Supporting information). Furthermore,

changes in butterfly abundance were about 1�3 times more

sensitive to changes in vital rates of adults than those of

larvae both at the start and end of the study (Fig. 2c)

despite a reduction in milkweed abundance across the

breeding distribution (Fig. 4).

threats to population viabil ity

Under current conditions, the annual probability of a

mass mortality event on the wintering grounds was about

(a)

(b)

Fig. 3. Monarch butterfly population size is projected to decrease

with a corresponding increase in quasi-extinction probability. (a)

The model-derived mean predicted overwintering colony size

(points) fit the observed monarch butterfly overwintering colony

size (bars; Brower et al. 2012; Rend�on-Salinas & Tavera-Alonso

2014). Overwintering population size is the area (in hectares)

occupied by clustering monarch butterflies. For predicted colony

size, the points represent the mean density (50 million ha�1),
while the upper (25 million ha�1) and lower (75 million ha�1)
error bars represent the observed lower and upper population

density estimate (Brower et al. 2004) assuming a 1 : 1 sex ratio.

(b) Projected mean population size (�SE, circles and error bars)

and probability (�95% CI, line and shading) of quasi-extinction

(<1000 individuals) in eastern North America in December of

each year from 2013 to 2112. The full model (black) which

includes the effects of genetically modified crops is compared to a

simulation with no genetically modified crops (red) and shows

the presence of genetically modified crops predict monarch but-

terfly populations being lower with a higher probability of quasi-

extinction over the next half-century. The population values

represent the number of females since the model only considered

female butterflies.

Fig. 4. Predicted changes of milkweed abundance in each breed-

ing region between 1995 and 2112. In each region, milkweed was

estimated by multiplying milkweed density by the area of differ-

ent land-cover types infested with milkweed. Changes in milk-

weed abundance reflect predicted adoption rates of genetically

modified, herbicide-tolerant corn and soybean crops and annual

land-use changes.
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11% and a reduction in forest cover increased the proba-

bility of these events (Fig. S1, Supporting information).

Surprisingly, under projected climate change, the chance

of butterflies being killed due to severe weather was pre-

dicted to decline. For example, winter mortality probabili-

ties of adults under current conditions (11% per year)

were eight times higher compared to 2030 (1%), 73 times

higher compared to 2060 (<0�2%) and 665 times higher

compared to 2090 (<0�02%; Fig. S1, Supporting informa-

tion). However, over time, the decreasing probability of a

mass mortality event caused by rising temperatures

trumped any negative effects caused by reduction in forest

cover (Fig. S1, Supporting information). Simulations of

population dynamics that considered only the effects of

forest loss or climate change in Mexico predicted higher

population sizes compared to the full model that consid-

ered all effects simultaneously (Fig. 5).

Between 1995 and 2013, our model estimated that 1�49
billion individual milkweed stems were lost, representing a

21% decline in milkweed abundance (Fig. 4). Over the past

two decades, the Central region, which was the most sensi-

tive to perturbation of vital rates, had the most rapid loss

of milkweed (Fig. 4) which resulted from recent widespread

adoption of genetically modified, herbicide-resistant corn

and soybean crops associated with industrial agriculture.

Currently, we estimated there were more than 5�6 billion

milkweed stems in the study area with the majority (67%;

3�7 billion stems) occurring in agriculture-intensive land-

scapes (Table 1). Land held in the public trust for the main-

tenance of biodiversity (e.g. Conservation Reserve

Program lands, road right-of-ways) contained 18% of

all milkweed plants. Importantly, road right-of-ways

accounted for almost 548 million plants (10% of all milk-

weeds; Table 1). Our model predicts the rate of milkweed

decline to slow into the future with milkweed abundance

being 14% lower than current conditions, although this still

represents a loss of 770 million milkweed plants over the

next 100 years (Fig. 4). Overall, genetically modified, her-

bicide-resistant crops have increased the current, and pre-

dicted future, extinction probability of monarch butterflies

in eastern North America (Fig. 3b).

Discussion

Our results suggest both climate change and deforestation

had less influence on projected population declines com-

pared to the effects of milkweed declines on the breeding

grounds. These results are contrary to the long-held belief

that monarch butterflies were most vulnerable to distur-

bance on the wintering grounds since they congregate in a

small area at high densities (Brower et al. 2002, 2004).

Indeed, this was some of the motivation for multiple

Mexican presidential decrees that protected butterfly

overwintering habitats (Commission for Environmental

Cooperation 2008) and recent successful efforts to curb ille-

gal deforestation activities (Vidal, L�opez-Garc�ıa &

Rend�on-Salinas 2014). Despite a reduced probability of

catastrophic mortality events on the wintering grounds,

sensitivity to this life-history stage compared to the breed-

ing season remained relatively fixed because mortality is

infrequent, stochastic and density-independent (Brower

et al. 2004). In other words, even if monarchs adjust their

behaviour to deal with changing habitat availability

(S�aenz-Romero et al. 2012) or experience different future

temperature and precipitation regimes (Oberhauser &

Peterson 2003; S�aenz-Romero et al. 2010), population via-

bility is expected to remain less sensitive to mortality on

the wintering grounds than to changes in demographic

rates on the breeding grounds.

Overall, observed monarch butterfly population decline

and future increased extinction risk are largely driven

by conditions on the breeding grounds, particularly in the

Corn Belt region of the United States (Oberhauser et al.

2001; Brower et al. 2012; Pleasants & Oberhauser 2013).

Given the demographic importance of the Central region

and its direct link to overwintering population size in

Mexico (Wassenaar & Hobson 1998; Flockhart et al.

2013), the rapid loss of milkweed projected for this region

attributable to land-cover changes and shifts in agricul-

tural practices is a large concern (Hartzler 2010; Brower

et al. 2012; Pleasants & Oberhauser 2013). As monarchs

are larval host plant specialists, changes in milkweed

abundance directly influence vital rates, first through

Fig. 5. Reductions in milkweed host plants drive monarch but-

terfly population decline. The proportional difference in projected

mean population size of monarch butterflies over time under the

effects of milkweed loss (yellow), forest loss (orange) or changes

in temperature (red) relative to the full model that includes all

three effects (dashed line). Linear models that regressed popula-

tion size against year were significant for temperature

(b = 0�0023, P <0�001) and forest (b = 0�0021, P < 0�001) but not
for milkweed (b = 0�0005, P = 0�09), indicating no difference in

projected population sizes of the full model compared to one that

only considered milkweed and hence milkweed is the driving fac-

tor of monarch population decline. The models for each effect

controls for the others; for example, the milkweed model includes

the effects of declines of milkweed host plant abundance on the

breeding grounds while controlling for the effects of climate

change (no change in temperatures over time) and deforestation

(no deforestation over time) in Mexico.
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intraspecific larval competition (Flockhart, Martin &

Norris 2012) or alternatively, by preventing females from

laying a full egg complement (Zalucki & Lammers 2010),

although the latter has never been empirically

demonstrated. Ultimately, understanding the mechanism

by which milkweed reduction limits population abundance

will have important implications towards conservation

planning.

Our results imply that conserving monarch butterflies by

addressing the negative impacts of changing land-use and

the adoption of genetically modified, herbicide-resistant

crops on host plant abundance is the highest conservation

priority. These conclusions should not be misconstrued as

implying that efforts towards improving the social, eco-

nomic and environmental conditions on the wintering

grounds are not important, but rather, that inaction in one

location during a portion of the annual cycle can under-

mine conservation efforts in other portions of the annual

cycle (Myers et al. 1987; Martin et al. 2007; Sheehy et al.

2010; Vidal, L�opez-Garc�ıa & Rend�on-Salinas 2014). Spe-

cifically, increasing host plant abundance in the South and

Central regions of the United States is expected to translate

into the largest benefit to species viability. While planting

milkweeds in gardens of private citizens and publicly held

lands such as road right-of-ways may be the easiest loca-

tions to focus immediate conservation efforts given the lim-

ited supply of milkweed seeds, overall, these efforts may be

insufficient to negate the ongoing annual loss of milkweed

plants let alone address the massive habitat losses observed

over the last two decades due to industrial agricultural

practices (Hartzler 2010; Pleasants & Oberhauser 2013).

Furthermore, the spatial arrangement of milkweed may

influence population response (e.g. Zalucki & Lammers

2010) highlighting that both recovery efforts and threats

are dynamic and spatially explicit (Brower et al. 2002,

2012; Commission for Environmental Cooperation 2008);

thus, stochastic population dynamics should be incorpo-

rated into cost-effective conservation planning options

(Baxter et al. 2006; Martin et al. 2007; Pichancourt et al.

2012) to aid monarch butterfly population recovery.

Limited data will affect what we can infer about how

ecological relationships interact to influence population

dynamics across space and time. In extreme cases, no data

exist to estimate vital rates. For example, there are virtu-

ally no empirical estimates of survival during migration for

any terrestrial migratory animal (for rare exceptions see:

Ward et al. 1997; Sillett & Holmes 2002; Chapman et al.

2012). In such cases, we may be limited to using educated

guesses or surveys of experts as to the likely range of

empirical values (Martin et al. 2012a). Drawing inference

from model results based on sparse data must therefore be

done cautiously, particularly when the sensitivity of data-

limited vital rates is high, but is often necessary when

investigating steep population declines of threatened spe-

cies and where conservation success depends on timely

decision-making (Martin et al. 2012b). For monarch but-

terflies, subsequent sensitivity analysis suggests that the

values elicited from butterfly experts were robust to

observed population dynamics and that true survival dur-

ing migration is expected to be equal or slightly higher

than what was provided by experts.

Population declines among migratory species have gen-

erated hypotheses that populations are limited by condi-

tions on the breeding grounds (Robinson et al. 1995), the

non-breeding grounds (Robbins et al. 1989; Sherry &

Holmes 1996), during migration (Bolger et al. 2008) or a

combination of these factors (Kareiva, Marvier & McClure

2000; Brower et al. 2012). However, quantifying which

environmental and anthropogenic factors drive population

dynamics at global extents is a complex issue because it

depends on how we integrate migratory connectivity and

population processes across the annual cycle (Sherry &

Holmes 1996; Kareiva, Marvier & McClure 2000; Faaborg

et al. 2010) and the quality of the data available.

Overall, the general modelling approach we promote

could be applied to any migratory species because it

Table 1. The proportion of milkweed stems in eastern North America in 2013. Estimates are among breeding regions, landscape protec-

tion classification and land-cover types. The total number of estimated milkweed plants was 5 604 106 046

South Central North

Unprotected 0�84 0�84 0�76
Cropa 0�698 0�880 0�862
Pasture 0�117 0�083 0�108
Rangeland 0�046 0�016 0�024
Wetland 0�139 0�020 0�006

Protected 0�16 0�16 0�24
Cropb 0�177 0�282 0�544
Pasture 0�007 0�009 0�012
Rangeland 0�005 0�004 0�005
Wetland 0�224 0�108 0�006
Right-of-ways 0�587 0�597 0�433

Percentage of total 0�303 0�384 0�313
Total milkweed 1 696 459 725 2 154 696 122 1 752 950 199

aIncludes the effects of genetically modified corn and soybean crops on milkweed abundance, see text for details.
bCropland assumed to have milkweed density of Conservation Reserve Program lands.
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incorporates recent methods to delineate migratory con-

nectivity (Webster et al. 2002), how seasonal interactions

influence vital rates via density dependence (Norris &

Marra 2007), and established approaches of evaluating

spatial population dynamics across the annual cycle (Hun-

ter & Caswell 2005; Caswell 2007). Ultimately, the ability

to quantify contributions to population growth rate across

the annual cycle provides a tractable way to measure the

robustness of international conservation programmes

(Bull et al. 2013) and has important legal implications for

conserving threatened wildlife that migrate between coun-

tries that classify and protect species-at-risk differently

(Fischman & Hyman 2010).
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Milkweed loss in agricultural fields because of herbicide
use: effect on the monarch butterfly population
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servation Biology, University of Minnesota, St Paul, MN, USA

Abstract. 1. The size of the Mexican overwintering population of monarch butter-
flies has decreased over the last decade. Approximately half of these butterflies come
from the U.S. Midwest where larvae feed on common milkweed. There has been a
large decline in milkweed in agricultural fields in the Midwest over the last decade.
This loss is coincident with the increased use of glyphosate herbicide in conjunction
with increased planting of genetically modified (GM) glyphosate-tolerant corn
(maize) and soybeans (soya).
2. We investigate whether the decline in the size of the overwintering population

can be attributed to a decline in monarch production owing to a loss of milkweeds in
agricultural fields in the Midwest. We estimate Midwest annual monarch production
using data on the number of monarch eggs per milkweed plant for milkweeds in dif-
ferent habitats, the density of milkweeds in different habitats, and the area occupied
by those habitats on the landscape.
3. We estimate that there has been a 58% decline in milkweeds on the Midwest

landscape and an 81% decline in monarch production in the Midwest from 1999 to
2010. Monarch production in the Midwest each year was positively correlated with
the size of the subsequent overwintering population in Mexico. Taken together, these
results strongly suggest that a loss of agricultural milkweeds is a major contributor
to the decline in the monarch population.
4. The smaller monarch population size that has become the norm will make the

species more vulnerable to other conservation threats.

Key words. Glyphosate, GMO, milkweed, monarch butterfly

Introduction

Monarch butterflies (Danaus plexippus L. Lepidoptera: Danai-
nae) in the Eastern North American migratory population

undergo a multi-generation annual cycle that includes wintering
in central Mexico. In the spring, adults that have overwintered
migrate north and reproduce in Texas and states to the north

and east. Their offspring move farther north into much of the
eastern half of the United States and southern Canada, and two
to three more generations are produced (Cockrell et al., 1993;

Malcolm et al., 1993; Prysby & Oberhauser, 2004). Most adults
that emerge after mid-August are in a state of reproductive dia-
pause (Herman, 1985; Goehring & Oberhauser, 2002) and

migrate from the summer breeding range to their wintering
grounds, where they remain until spring (Solensky, 2004).
Annual counts of the size of the overwintering population in

Mexico indicate that themonarch population has been declining

over the last decade and a half (Rendón-Salinas et al., 2011;
Brower et al., 2011b). One possible explanation for this decline
is that monarch production has been decreasing as a result of a

reduction in the availability of the larval host plant. Monarch
larvae feed primarily on milkweeds (genus Asclepias- Family
Apocynaceae, subfamilyAsclepiodeae). On the basis ofmilkweed

cardenolide fingerprints, it has been estimated that 92% of the
monarchs wintering inMexico had fed as larvae on the common
milkweed, Asclepias syriaca (Malcolm et al., 1993). Studies in

Iowa found a large reduction in A. syriaca in corn (maize, Zea
mays) and soybean (soya,Glycine max) fields from 1999 to 2009
(Hartzler & Buhler, 2000; Hartzler, 2010). It is likely that a simi-
lar reduction has occurred throughout the region where corn

and soybeans are predominantly grown. Eighty per cent of both
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corn and soybeans are grown in the Midwest (USDA, National
Agricultural Statistics Service, 2011c), which is composed of the

states of North and South Dakota, Nebraska, Kansas, Mis-
souri, Iowa, Minnesota, Wisconsin, Illinois, Indiana, Michigan,
and Ohio. A study in 2000 (Oberhauser et al., 2001) found that

monarchs heavily used milkweeds in corn and soybean fields.
On the basis of stable isotope analysis, Wassenaar and Hobson
(1998) estimated that half of the monarchs overwintering in

Mexico in 1997 came from the Midwest. Thus, the Midwestern
United States is at the epicentre of a reduction in milkweeds in
agricultural fields and is also an area that has in recent history

contributed a large component of the monarch population. In
this study, we estimate the magnitude of this milkweed loss and
its consequences formonarch production.
Milkweed in agricultural fields has long been a concern for

farmers as its presence reduces yield (Bhowmik, 1994). In the
1970s and 1980s, milkweed infestation in agricultural fields was
viewed to be on the increase with 10.5 million ha infested in the

north-central states (Martin & Burnside, 1980). Herbicides have
been increasingly used to control weeds in row crops. Many of
these herbicides produce only moderate control of milkweed,

but glyphosate, often referred to as Roundup� (Monsanto, St.
Louis, MO, USA), is more effective (Bhowmik, 1994; Pline
et al., 2000). However, it also has a detrimental effect on crop
plants, so until the development of genetically modified (GM)

glyphosate-tolerant (RoundupReady�,Monsanto) crop plants,
herbicides other than glyphosate were used to control weeds.
Glyphosate-tolerant soybeans were introduced in 1996 and had

reached a 94% adoption level by 2011, and glyphosate-tolerant
corn was introduced in 1998 and had reached a 72% adoption
level by 2011 (USDA, Economic Research Service, 2011).

Glyphosate use in soybeans went from 1.4 million kg in 1994 to
41.7 million kg in 2006 (the last year forwhich data are available
and when adoption of glyphosate-tolerant soybeans was 89%)

and glyphosate use in corn went from 1.8 million kg in 2000 to
28.5 million kg in 2010 when the adoption level was 70%
(USDA,National Agricultural Statistics Service, 2011a,b).
The time period (1999–2009) over which the Iowa studies

found a large reduction in A. syriaca in corn and soybean fields
(Hartzler & Buhler, 2000; Hartzler, 2010) is coincident with the
period when use of glyphosate herbicide increased in conjunc-

tion with the increased adoption of glyphosate-tolerant corn
and soybeans. It is very probable that a similar milkweed reduc-
tion has occurred throughout theMidwest because adoption lev-

els of herbicide-tolerant crops are similar throughout this region
(USDA, Economic Research Service, 2011). How much milk-
weed loss does this represent on a landscape scale? To address
this question, we need information on the density of milkweeds

in different habitats and the landscape area covered by those
habitats. Common milkweed tends to be found in habitats with
a moderate degree of disturbance, including roadsides, pastures,

old fields, prairies and agricultural fields (Bhowmik, 1994).Mul-
tiple data sets provide information on the density of milkweeds
in different habitats over the last decade. The studies byHartzler

and Buhler (2000) and Hartzler (2010) surveyed a number of
milkweed habitats in Iowa, including agricultural fields. Addi-
tionally, a number ofMidwest volunteers in theMonarch Larva

Monitoring Project (2011), hereafter referred to as MLMP,

measuredmilkweed density in their non-agricultural observation
patches over several consecutive years. Milkweed density data

can be combined with published statewide land-use data to esti-
mate the number of milkweeds in different habitats. Some of the
data sets we use come from Iowa because for some parameters

only Iowa data are available. However, we use data from the
Midwest as a whole whenever possible and make the case that
the resulting estimates of monarch production are representative

of theMidwest.
What is the significance of the loss of milkweeds in agricul-

tural fields for monarchs? To address this issue, we need to esti-

mate annual monarch production in the Midwest over the last
decade to determine whether there has been a significant down-
ward trend. Obtaining data to estimate production is difficult,
despite the fact that the monarch butterfly is such a well-studied

species. One approach would be to use the number of migrants
that come out of theMidwest at the end of the summer as amea-
sure of production. A monarch tagging programme begun

20 years ago (MonarchWatch, 2011) has been tracking migrat-
ing butterflies. The number of monarchs tagged shows a decline
from 2004 to 2010 (Brower et al., 2011a). However, it is difficult

to obtain accurate measures of production from this tagging
programme because of the variability among the years in the
number of person-hours involved in capture and tagging, the fall
conditions when tagging occured and the locations where tag-

ging occured. Alternatively, one could use counts of the number
of migrating monarchs passing particular locations where they
tend to be funnelled because of passage over water or geogra-

phy. Such counts have been made for over a decade in upper
Michigan and New Jersey (Davis, 2011) but these sites do not
monitormonarchs from theMidwest.

Rather than trying to count adults, another approach to
estimating Midwest monarch production is to focus on the
number of eggs and larvae found on milkweed plants. This

requires monitoring many patches of milkweed in different
habitats, including agricultural fields. Production can then be
estimated from the average number of monarchs per plant in
each habitat and the number of milkweeds in each habitat

on the landscape. We have combined several existing data
sets that provide this information. The MLMP (2011), which
has been operational for over a decade, provides data on egg

and larva density on milkweeds. MLMP volunteers are
located throughout the monarch breeding range and monitor
sites of their choosing weekly over the summer months,

reporting the number of plants (stems) monitored and the
number of eggs and larvae observed. They learn the proce-
dures of the project through workshops, by reading directions
on the project website (MLMP, 2011) and via communica-

tion with the project managers (Prysby & Oberhauser, 2004).
The sites they monitor, however, are not in agricultural fields.
But one of us (Pleasants) has monitored eggs and larvae on

milkweeds in both agricultural fields and non-agricultural
habitats for several years in central Iowa and a study with
larger spatial scale quantified monarch density in both agri-

cultural and non-agricultural habitats in 2000 (Oberhauser
et al., 2001). We will make the case that the relative use of
milkweeds in agricultural and non-agricultural habitats

observed over those years can be extrapolated to provide
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data on monarch use of agricultural milkweeds in years
where only MLMP data exist. There is a question of what

aspect of production to use to estimate monarch population
changes. The latest stage for which we have density data,
and thus which is closest to actual production of adult mon-

archs, is the fifth instar (L5, the last larval instar). However,
there are many factors that can affect survivorship from egg
to L5 that have nothing to do with milkweed availability,

such as predation and weather. Our goal was to examine the
effect of milkweed resource limitation on monarch produc-
tion. Consequently, we chose to focus on eggs per plant that

represents potential production.

Methods

Data sources for milkweed density

Habitats in which milkweeds are found include primarily
roadsides, corn fields, soybean fields, pastures, old fields, and
land set aside from farming and enrolled in the Conservation

Reserve Program (CRP). CRP land is typically planted to a vari-
ety of cover plants including grasses and forbs. To estimatemilk-
weed densities in these habitats, we used data from several
sources: Iowa censuses carried out in 1999 and 2009 (Hartzler &

Buhler, 2000; Hartzler, 2010), and data from some MLMP vol-
unteers who measured milkweed density at their sites in several
Midwest states. To calculate monarch production for each year,

it is necessary to know how milkweed densities have changed
over the last decade in non-agricultural and agricultural
habitats.

Non-agricultural habitats. For roadsides, there was little
observed change in milkweed density in Iowa between 1999

and 2009 (Hartzler, 2010) so we have assumed that milk-
weed density did not change in that habitat over the entire
period of the analysis. Hartzler (2010) measured milkweed
densities for CRP land and pastures in 1999 but not

in 2009 so any change that may have occurred could not be
determined from the Iowa data. However, a subset of
MLMP volunteers (n = 16) measured milkweed density at

their sites (which included natural areas, CRP land, pastures
and old fields) for at least 4 years over this period (97
total observations). Measurements by individual MLMP

volunteers did not cover the entire period but there were
sufficiently long and overlapping sequences to provide a
complete picture. Volunteers either measured the area of
their site and did a complete count of milkweed stems, or

used a modified belt transect to sample milkweed density in
100 1 · 1 m plots. We have used those data to estimate the
change in milkweed density in CRP land and pasture land

over the last decade.
For the data from the MLMP volunteers, we used log of

milkweed density as the variate and used an SAS mixed model

and restricted maximum likelihood estimation with fixed effects
being ‘habitat’, ‘year’ and ‘habitat by year’. We did not find a
‘habitat by year’ effect so we reran the analysis with this

removed. There was a significant ‘year’ effect (F1,85 = 9.35,

P = 0.003). The slope of the regression (on a log scale) was
)0.0536, which corresponds to a decline in density of 5.2% per
year.We found no ‘habitat’ effect so we applied the same rate of
decline to bothCRP land and pastures (Fig. 1).

Agricultural habitats. We have values for milkweed density
in Iowa agricultural fields for 1999 and 2009 (Hartzler & Buhler,

2000; Hartzler, 2010). To calculate milkweed density in fields for
the intervening years, we have tomake an assumption about the
shape of the decline. Pleasants observed the change in the num-

ber of milkweeds in plots in seven agricultural fields in Iowa
from 2000 to 2008 (Fig. 1). The observed decline is best
described by an exponential decay function. Such a function is

also consistent with more acres of glyphosate-tolerant corn and
soybeans being planted each year over the last decade (USDA,
Economic Research Service, 2011). We have therefore assumed
thatmilkweed density in fields decreased as an exponential decay

function from its 1999 value to its 2009 value (see Table 1). This
corresponds to a 14.2% decline per year (Fig. 1). Other decline
functions, ranging from a linear decline to a more precipitous

exponential decay, had no significant effect on the overall
results.

Data sources for land use

Weobtained data on the acres occupied by roadsides and pas-

tures on the Iowa landscape in 2002 fromLubowski et al. (2006)
and, because no more recent data exist, we have assumed the
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Fig. 1. Decline of milkweeds in agricultural and non-agricultural

habitats. The line depicting the decline in non-agricultural habi-

tats is based on a regression using data from MLMP volunteers.

The line depicting the decline in agricultural habitats is based on

an exponential decay function connecting the 1999 and 2009 val-

ues from the Iowa surveys (see Methods). Also shown is the pro-

portional change in the number of milkweed stems in all

monitored plots in seven agricultural fields in Iowa starting with

998 stems in 2000. The increase in milkweed stems observed in

the agricultural sites in 2005 was attributed to the influence of

fields where corn was planted 2 years in a row. Some agricultural

fields received glyphosate herbicide treatment and others non-

glyphosate treatment. No observations were made in 2006.
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acres in roadside and pasture have not changed substantially
over the last decade. Data on the acres planted to corn or soy-
beans by year were obtained from Iowa State Agricultural Sta-
tistics (2010) and the amount of Iowa CRP land from the

USDAConservation Programs (2010).

Estimating monarch use of non-agricultural milkweeds

To estimate monarch use of non-agricultural milkweeds,

we used data on the number of monarch eggs per milk-
weed stem from the MLMP. We examined MLMP data
from 1999 to 2010 for sampling localities within the Mid-

west (eastern Kansas, eastern Nebraska, eastern North and
South Dakota, Minnesota, Iowa, Missouri, Wisconsin, Illi-
nois, Michigan, Indiana and western Ohio). Sites were
excluded in any given year if the average number of milk-

weeds monitored was <25 and if there were fewer than
five sampling events in July and August. We also excluded
garden sites because they represent a minor component of
milkweeds on the landscape. Sites were excluded if volun-

teers observed more larvae than eggs because these volun-
teers may not have been able to discern monarch eggs
accurately. We initially divided sites into two groups based

on the habitats in which the milkweeds were found: ‘natu-
ral areas’ (prairies or nature preserves) and ‘other’ (pas-
tures, old fields, roadsides and CRP land); there were no

sites in agricultural fields. However, ‘natural areas’ and
‘other’ were not significantly different from each other in
egg density and were combined in the analysis into a single

‘non-agricultural’ category.
For any site, the number of eggs per plant varies over the

course of the season. However, there is a population build-up
during July and August when the second ⁄ third generation

Table 1. Estimates of the amount of milkweed in non-agricultural habitats, agricultural fields and total milkweeds in Iowa from 1999 to

2010.

Year

Milkweeds in non-agricultural habitats

CRP hectares* CRP mlkwds� Pasture mlkwds� Roadside mlkwds§ Total non-ag mlkwds–

1999 601 127.4 19.8 38.2 185.4

2000 647 130.1 18.8 38.2 187.1

2001 729 139.0 17.8 38.2 195.0

2002 755 136.4 16.9 38.2 191.5

2003 762 130.5 16.0 38.2 184.7

2004 767 124.5 15.2 38.2 177.9

2005 776 119.5 14.4 38.2 172.0

2006 793 115.7 13.6 38.2 167.5

2007 797 110.3 12.9 38.2 161.4

2008 733 96.2 12.3 38.2 146.6

2009 690 85.8 11.6 38.2 135.7

2010 663 78.2 11.0 38.2 127.4

Year Milkweeds in agricultural fields

Total milkweeds§§Total ag hectares** Mlkwd density�� Total ag mlkwds��

1999 9267 23.00 213.2 398.5

2000 9308 19.75 183.8 370.9

2001 9186 16.92 155.4 350.4

2002 9166 14.55 133.4 324.8

2003 9267 12.49 115.8 300.4

2004 9267 10.73 99.4 277.3

2005 9247 9.21 85.2 257.2

2006 9207 7.91 72.8 240.3

2007 9247 6.79 62.8 224.2

2008 9328 5.83 54.4 201.0

2009 9389 5.00 46.9 182.6

2010 9389 4.29 40.3 167.6

*·1000; from USDA Conservation Programs (2010).

�m2 · 1000; CRP ha · 212 m2 ha)1 (milkweed density from H&B, 2000) · 0.948x (where x = 0 for 1999).

�m2 · 1000; 1416 ha (Lubowski et al., 2006) · 14 m2 ha)1 (milkweed density from H&B, 2000) · 0.948x (where x = 0 for 1999).

§m2 · 1000; 386 ha (Lubowski et al., 2006) · 99 m2 ha)1 (average milkweed density from H&B, 2000 and H, 2010).

–m2 · 1000; Conservation Reserve Program (CRP) milkweeds + Pasture milkweeds + Roadside milkweeds.

** ·1000; from Iowa State Ag. Statistics (2010).

��m2 ha)1; 1999 value from H&B (2000), 2009 value from H (2010); others = 1999 value · 0.858x, where x = 0 for 1999.

��m2 · 1000; Ag ha · Milkweed density.

§§m2 · 1000.
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occurs (MLMP, 2011). We used egg density at the peak of this
build-up as a metric of annual production. For each year, our

estimate of production was based on the average maximum egg
density over all MLMP sites. This metric does not include all of
the annual production but does allow us to examine the relative

differences in production among years.

Monarch use of milkweeds in agricultural fields

Pleasants monitored milkweed populations and monarch
activity in agricultural fields and non-agricultural habitats in

Iowa from 2000 to 2003. Initially six study sites were selected.
Each site included a field planted to soybeans, another field adja-
cent or nearby that was planted to corn and a nearby non-agri-

cultural habitat. Non-agricultural habitats included natural
areas, pastures, old fields and roadsides. CRP land was not
explicitly included as a habitat type but the non-agricultural hab-

itats selected are similar in vegetative characteristics to CRP
land. Sites were all locatedwithin a 10 km radius ofAmes, Iowa,
except for one site located 40 km south of Ames. Over the years

of study, a few sites were removed frommonitoring for logistical
reasons and a few others added but in all years, both agricultural
and non-agricultural plots were examined. Within each site,
patches of milkweeds were marked (milkweed plots). These

patches were relatively discrete units that ranged in area from
3 · 3 to 6 · 10 m and contained 10–150 milkweed stems. In
each field, approximately 10 milkweed plots were chosen and

mapped using a global positioning system device so they could
be relocated in subsequent years. Sites were visited at weekly
intervals: in 2000 from late May to late August; in 2001 from

early July through late August; and in 2002 and 2003 from early
June to late August. During each visit, every milkweed stem in
eachmilkweed plot was inspected formonarch eggs and larvae.

As described above, we used the maximum number of eggs
per stem observed during the weekly censuses from July through
August as the measure of production. Egg densities in different
non-agricultural habitat types were not statistically different, so

they were combined into one category. Egg densities on milk-
weed in corn and soybean fields in any year were not statistically
different from each other and were combined into a single cate-

gory. The results are shown in Table 2. Egg densities on milk-
weeds in agricultural fields were significantly higher than on

milkweeds in non-agricultural habitats in each year by an aver-
age factor of 3.89.

Estimating potential monarch production

Potential monarch production for any year is equal to the
sum of egg production from two sources: non-agricultural and
agricultural milkweeds. To calculate production from non-agri-
cultural milkweeds, we first determined the number of milk-

weeds in non-agricultural habitats. This is equal to the area
occupied by each habitat type (CRP land, pasture and roadside)
multiplied by the density of milkweeds in that habitat (see

Table 1).We then multiplied the total number of non-agricul-
tural milkweeds by the average number of eggs per non-agricul-
tural milkweed plant for that year from the MLMP data (see

Table 3). To calculate production from agricultural fields, we
first determined the number of milkweeds in fields. This is equal
to the area occupied by agricultural land multiplied by the milk-

weed density in fields (see Table 1). The number of agricultural
milkweeds in each year was multiplied by the eggs per agricul-
tural milkweed plant. For the years 2000–2003, we used Iowa
data for the eggs per agricultural milkweed (from Table 2). For

each of the other years, the egg density on agricultural milk-
weeds was taken to be 3.89 times theMLMP value for that year
(see Table 3).

Results

Estimates of milkweed numbers on the Iowa landscape
(Table 1) show that milkweeds declined in both agricultural

fields and non-agricultural habitats from 1999 to 2010. There
was a 31% decline for non-agricultural milkweeds and an 81%
decline for agricultural milkweeds with a 58%overall decline for
total milkweeds. In 1999, milkweeds in agricultural fields consti-

tuted 53%of total milkweeds, but by 2010 were only 24%of the
total. The 58% loss of milkweeds on the landscape actually
underestimates the loss of resource for monarchs, because most

Table 2. Maximum eggs per milkweed stem July through August for agricultural and non-agricultural sites in Iowa where ‘n’ is the

number of fields examined. Egg densities on milkweeds in agricultural fields were significantly higher than on milkweeds in non-

agricultural habitats in each year (2000: t = 3.97, d.f. = 11; 2001: t = 2.90, d.f. = 4; 2002: t = 3.35, d.f. = 4: t = 4.54, d.f. = 5; all

P-values < 0.02).

Year

Maximum eggs per milkweed

Ratio ag ⁄ non-ag

Agricultural Non-agricultural

Avg. SE n Avg. SE n

2000 0.796 0.140 10 0.197 0.049 8 4.05

2001 1.661 0.459 5 0.329 0.021 3 5.05

2002 0.659 0.123 4 0.205 0.056 4 3.21

2003 1.125 0.108 5 0.345 0.133 3 3.26

Average ratio 3.89
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of the loss was in agricultural fields and each agricultural
milkweed represents 3.89 times more monarch eggs than a non-
agricultural milkweed (Table 2). If the numbers of agricultural
milkweeds in Table 1 are multiplied by 3.89 to convert them to

their resource potential, the decline in the milkweed resource
base is 72%. Of this potential resource lost, 92% comes from
agricultural fields and 8% from non-agricultural habitats.

Table 3 shows the conversion of yearly milkweed numbers into
monarch production. The relative contribution of agricultural
milkweeds to total monarch production went from 82% in 1999

to 55% in 2010.
There has been a significant decline in monarch egg produc-

tion over the last decade (Fig. 2 – linear regression F1,11 = 13.7,

P = 0.004, r2 = 0.58). On the basis of regression equation for

this decline (y = 254.4 ) 17.21x, where x = 1when the year is
1999), we estimate that between 1999 and 2010 monarch egg
production in the Midwest was reduced 81%. This decline in

production would not have occurred if monarchs had increased
their use of the remaining milkweeds as agricultural milkweeds
declined. However, egg density on non-agricultural milkweeds

from the MLMP data did not show a significant change over
the years (Fig. 3) (because of non-normality, a Poisson regres-
sion was used; Wald v2 = 0.15; d.f. = 1; n = 398, NS). We

Table 3. Estimate of egg production in the Midwest from 1999 to 2010. Note that values in the final three columns are relative; egg

densities are in eggs ⁄ stem whereas milkweed densities are not in stems ha)1 but m2 ha)1.

Year

Total non-ag

milkweeds*

Total ag

milkweeds*

Eggs ⁄
plant-non-ag�

Eggs ⁄
plant-ag�

Production

non-ag§ Production ag– Total production**

1999 185.4 213.2 0.243 0.945 45.0 201.4 246.5

2000 187.1 183.8 0.144 0.796 26.9 146.3 173.2

2001 195.0 155.4 0.299 1.661 58.3 258.2 316.5

2002 191.5 133.4 0.197 0.659 37.6 87.9 125.5

2003 184.7 115.8 0.173 1.125 31.9 130.2 162.1

2004 177.9 99.4 0.102 0.395 18.1 39.3 57.4

2005 172.0 85.2 0.205 0.796 35.2 67.8 103.0

2006 167.5 72.8 0.277 1.077 46.4 78.5 124.9

2007 161.4 62.8 0.274 1.066 44.2 66.9 111.1

2008 146.6 54.4 0.154 0.599 22.6 32.6 55.2

2009 135.7 46.9 0.120 0.465 16.2 21.8 38.0

2010 127.4 40.3 0.311 1.210 39.6 48.7 88.4

*m2 · 1000; from Table 1.

�from MLMP.

�Non-ag eggs ⁄ plant · 3.89 (ratio of ag to non-ag, see Table 2 ), except for 2000–2003 from Table 2.

§Total non-ag milkweeds · Eggs ⁄ plant non-ag.
–Total ag milkweeds · Eggs ⁄ plant ag.
**Production non-ag. + Production ag.
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also compared our estimate of potential monarch production in
each summer with the size of the population that subsequently

overwintered in Mexico (Fig. 4). Yearly production values were
positively correlated with the size of the overwintering popula-
tion (linear regressionF1,11 = 8.97,P = 0.01, r2 = 0.47).

Discussion

Our estimate of monarch production decline in theMidwest was
based in part on Iowa data. To what extent do Iowa data reflect
the Midwest as a whole? We used Iowa data to estimate (i) the

proportion of milkweed in various habitats, (ii) the density of
milkweeds in each habitat, (iii) the decline in milkweeds in agri-
cultural fields and (iv) the relatively higher egg density on agri-

cultural milkweeds compared to non-agricultural milkweeds.
We examine each of these aspects of the data. (i) Data on land
use for the Midwestern states (Lubowski et al., 2006) show that

of the potential milkweed habitat 73% was in crop production
and 27% in non-agricultural habitats (6% in CRP land, 6% in
cropland pastures, 11% in grassland and range pastures, and

4% in roadsides). This is similar to the 79% in crop production
for the state of Iowa and 21% in non-agricultural habitats (6%
in CRP land, 5% in cropland pastures, 7% in grassland and
range pastures and 3% in roadsides). Note that these values do

not include forested land as this is not milkweed habitat. This
comparison excluded the Northern Plains states (Kansas,
Nebraska, N. and S. Dakota), which have extensive grasslands

and rangeland in the western sections. If those states are
included, the per cent ofMidwest land in crops falls to 60%with
40% of land non-agricultural. (ii) Iowa data were used to esti-

mate milkweed densities for agricultural and roadside habitats;
the change in milkweed density in other non-agricultural habi-
tats was based on Midwest MLMP data. There has not been a

long-term study of milkweed density in agricultural habitats

outside of Iowa so the similarity between Iowa and theMidwest
in this aspect can only be assumed. (iii) Other Midwest areas

have seen a decline inmilkweed density in agricultural fields over
the past decade. Two of theWisconsin fields originally surveyed
byOberhauser in 2000 (Oberhauser et al., 2001) were resurveyed

in subsequent years. In 2000, these sites had an average of
0.28 milkweed stems m)2, and in 2002–2006, after the growers
began to use glyphosate-tolerant soybeans in 2001, no milk-

weeds were found. (iv) Higher egg densities on agricultural milk-
weeds were also observed in other states in the Midwest in 2000
(Oberhauser et al., 2001).

Further evidence suggesting that our approach, which com-
bines data from Iowa andMidwest sources, does reflect produc-
tion for the Midwest as a whole comes from the significant
positive correlation between the annual estimate of monarch

production and the size of the subsequent overwintering popula-
tion (Fig. 4). Because the Midwest contributes about half of the
individuals to the overwintering population (Wassenaar &

Hobson, 1998), we would expect such a correlation if Midwest
production were accurately estimated. We note, however, that
the estimate of the Midwest contribution to the overwintering

population was made before significant glyphosate use in row
crops and only represents 1 year of data.
Although our estimates of annual Midwest monarch produc-

tion were highly correlated with the size of the subsequent over-

wintering population, these estimates explained only 47% of the
variation in the size of the overwintering population. In particu-
lar, our production value for 2003 underestimated the overwin-

tering population size and our value for 2000 overestimated it.
We suggest four possible reasons for such deviations. (i) Devia-
tionsmay be due to the fact that we have used egg density as our

measure of production, which is a measure of potential produc-
tion, while actual production is adult butterflies. The relation-
ship between potential and actual production will depend on

survivorship from egg to adult, which may vary among years (J.
M. Pleasants &K. S. Oberhauser, unpubl. data). (ii) The relative
contribution of the Midwest to the population as a whole is
likely to vary from year to year (K. S. Oberhauser, unpubl.

data). (iii) The amount of mortality during the fall migration is
likely to vary among years depending on conditions along the
migratory route including nectar availability, temperature,

weather events, drought conditions and wind conditions. (iv)
We used a factor of 3.89, the average of 4 years of Iowa data, to
convert agricultural milkweeds into their monarch egg produc-

tion. The factor varies among years, as seen in Table 2, andmay
be somewhat different in other areas of theMidwest.
The differences between years in egg density per stem seen in

the MLMP data (Fig. 3) are likely to be caused by factors in

addition to the effect of resource availability. The MLMP egg
densities we used came from the second and third generation of
monarchs. The size of each generation will depend on the size of

the previous generation, each of which will be influenced by the
prevailingweather conditions during egg laying and larval devel-
opment (Zalucki & Rochester, 2004). Although the overwinter-

ing population begins this sequence, we found no correlation
between the size of the overwintering population and monarch
production the following summer. This indicates that other fac-

tors, principally temperature and weather conditions, can erase
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the influence of the starting population. But environmental con-
ditions alone do not govern population size. Even if favourable

conditions exist, the potential production of the monarch popu-
lation is dampened by the loss ofmilkweeds.
As previouslymentioned, the loss ofmilkweeds in agricultural

fields would not have affected total monarch production if mon-
arch use of the remainingmilkweeds, both agricultural and non-
agricultural, had increased sufficiently. We do not have data on

the use of agricultural milkweeds over the last decade but data
from the MLMP indicate that there was no increase in use of
non-agriculturalmilkweeds over this period (Fig. 3). In amodel-

ling study, Zalucki and Lammers (2010) found that removing
small patches ofmilkweed from thematrix (the area between lar-
ger patches of milkweed) made it harder for monarch females to
achieve their egg production potential because of increased

search time. In their model, a decrease in milkweed availability
in the agricultural crop matrix, such as what would result from
herbicide use, could significantly reduce the lifetime number of

eggs laid by individual females.
Davis (2011) has suggested that there has been no downward

trend in monarch production, based on monitoring data at two

sites at which monarchs congregate during the fall migration.
The monarchs that appear at these two sites, Peninsula Point in
Upper Michigan and Cape May in New Jersey, are migrants
from the Upper Peninsula of Michigan and south central Can-

ada, and the Eastern United States, respectively. However, the
isotope analysis of (Wassenaar andHobson (1998) indicates that
monarchs from these areas constitute a much smaller portion of

the total monarch population thanmonarchs from theMidwest.
Consequently, the lack of decline Davis observed will not reflect
the population as a whole. Similar points have also been argued

byBrower et al. (2011a).
The lack of decline in migrating Eastern monarchs, noted by

Davis, further illustrates the connection between glyphosate use

in corn and soybean fields andmonarch decline.Monarchs from
the Northeast and Canada may not be experiencing a decline
because they come from areas with less corn and soybean agri-
culture and thus less milkweed loss because of herbicide use. In

2010, there were 25.1 million soybean hectares and 25.5 million
corn hectares in the Midwest but only 0.4 million soybean hect-
ares and 0.7 corn hectares in the Northeast (USDA, National

Agricultural Statistics Service, 2011c).
We estimated that monarch production in the Midwest had

declined 81% from 1999 to 2010. For comparison, there was a

65%decline in the size of the overwintering population over this
same period (Brower et al., 2011b). The similarity of these per-
centages, and the fact that our estimate of Midwest production
is strongly correlated with the size of the overwintering popula-

tion, clearly show the dominance ofMidwest production for the
population as a whole. However, the fact that the size of the
overwintering population has declined less than the population

contribution from the Midwest reflects the mitigating effect of
portions of the range of the species that are not dominated by
corn and soybean agriculture and have not been impacted by

milkweed loss. As the monarch production contribution from
the Midwest declines, the relative contribution from other parts
of the range increases. A reassessment of the production contri-

bution of theMidwest and other parts of the range, such as that

performed earlier by Wassenaar and Hobson (1998), would be
useful.

The loss of milkweeds in agricultural fields is particularly
devastating for the monarch population because agricultural
milkweeds are more heavily used than non-agricultural milk-

weeds (Table 2). This difference in egg density could result if
females that find patches of milkweeds in agricultural fields
lay more eggs per stem or if more females find patches of

agricultural milkweeds. Patch size is typically smaller in agri-
cultural fields than in non-agricultural habitats (J. M. Plea-
sants & K. S. Oberhauser, pers. obs.), and higher egg

densities per stem are observed in smaller milkweed patches
(Zalucki & Suzuki, 1987). Monarch females may seek out
smaller patches and oviposit more heavily there, perhaps
because small patches tend to support greater larval success

(Zalucki, 1981; Zalucki & Kitching, 1982). Greater oviposi-
tion by individual females may also be due to their perception
of agricultural milkweeds as being of higher quality. Agricul-

tural milkweed leaves have higher nitrogen content (J. M.
Pleasants, unpubl. data) and tend to be in better condition.
Finally, the milkweed chemical signal that attracts monarch

females may be more apparent against the monoculture back-
ground of agricultural fields making it easier for females to
find milkweeds in this habitat.
One unexpected finding in this study was the decline in milk-

weed density in non-agricultural habitats based on measure-
ments by MLMP volunteers. These patches were not chosen at
random, and it is possible that this decline is not representative

of milkweeds in non-agricultural habitats across the landscape.
Milkweed is a disturbance species and as such we would expect
colonisation of disturbed areas followed by a population

increase for a number of years and then a population decline as
milkweed is outcompeted by later successional species. Moni-
tored patches were chosen because they contained high milk-

weed densities. Thus, they may represent populations that had
already experienced some growth and were now in the declining
phase. A more thorough survey of milkweed densities in ran-
domly chosen non-agricultural habitats over time is needed. If

milkweed densities in non-agricultural habitats are not declining,
then the loss of monarch production is not as large as we have
estimated. We reran our calculations assuming no decline, and

the estimated loss of monarch production from 1999 to 2010
was 76%, somewhat lower than the 81%decline estimated using
decreasingmilkweed densities in non-agricultural habitats.

Given the disappearance of milkweeds in agricultural fields,
milkweeds present in other habitats become more important for
monarch populations. Table 1 indicates that the habitat of
greatest importance is CRP land. However, the amount of CRP

land is also declining; in 2010, the number of CRP hectares for
the Midwestern states had declined by 0.5 million from its high
in 2007 of 3.8 million hectares (USDA, Conservation Programs,

2010). Farmers have a number of options with regard to what
types of vegetation to use as cover on CRP land, with grasses
predominating. Adding forbs, including milkweeds, to planting

mixes would provide nectar sources that could benefit many
insect species and provide host plants for monarchs. While per-
suading farmers to include milkweed seed in the mix may be dif-

ficult, milkweed is capable of colonising such habitats on its own
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and education efforts about the value ofmilkweed and themany
non-weedy milkweed species available are underway (Monarch

Joint Venture, 2011). Further research needs to be undertaken
on CRP land to see how different types of cover vegetation and
landmanagement practices affectmilkweeds andmonarchs.

Roadsides can provide important milkweed habitat; in 2010,
20% of the milkweeds were in roadsides (Table 1), and this
value will increase as the remaining agricultural milkweeds dis-

appear. The treatment of roadsides by departments of transpor-
tation could influence their value to monarchs. Roadsides are
often mowed and sprayed with herbicides to eliminate forbs but

roadside management plans compatible with monarch conser-
vation could be developed. Many states are implementing
programmes to plant native species along roadsides; such pro-
grammes could consider addingmilkweeds.

We have not yet seen the full impact that the use of glyphosate
herbicides and the consequent reduction in milkweed resources
will have on the monarch population. At present, some milk-

weeds still remain in agricultural fields. Given the established
dominance of glyphosate-tolerant crop plants and widespread
use of glyphosate herbicide, the virtual disappearance of milk-

weeds from agricultural fields is inevitable. Thus, the resource
base for monarchs in the Midwest will be permanently reduced.
This will set a new, lower ceiling for monarch population size. A
lower population size could lead to greater vulnerability of the

population to deforestation on the overwintering sites and to
extreme weather events or climate changes on the overwintering
sites, in breeding areas and along migratory routes (Brower

et al., 2011b).
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