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Preface


Growing up in Nebraska, I was fortunate to live in an area where monarchs showed up every spring and came back through on their way south every fall. They were among the biggest and most noticeable butterflies. As a kid, I loved to watch them flutter through, looking for milkweed or mates, or on their long migration to overwintering sites in Mexico. In a single day we sometimes saw thousands of monarchs fly past on their journey south.




If you grew up almost anywhere in the continental United States or southern Canada, you are probably familiar with these fascinating animals. Graceful and beautiful, monarchs stand out due to their large size and vivid orange-and-black coloring. They are often the only butterfly people can identify.


This book is designed to help you help the monarch butterfly. Look through the pages and see which milkweed host plants and which nectar plants are native in your area. Then pick the ones that will fit best in your space, plant and water them—and you will have created a habitat for monarchs.


Of course, do not use pesticides, especially insecticides, as these kill monarchs and other beneficial insects. And make sure you tell your neighbors what you are doing and why—we need as many people as possible to take action. We are always heartened to hear the stories of entire neighborhoods getting involved; this truly gives us hope.


There is one last very important step. Sit in a comfortable chair with a favorite drink, enjoy your flower-filled landscape, and watch the monarchs and other butterflies add color to your life. You can feel excited to be part of the solution, saving the monarchs so they will be with us for years to come.


— Scott Hoffman Black, Executive Director, The Xerces Society

























Part I







North American Royalty


One of the remarkable things about the monarch butterfly (Danaus plexippus) is that although it is a single species, it largely exists as two separate populations: one east of the Rocky Mountains, and one to the west. Individuals may periodically cross this Great Divide, but the majority of monarchs belong to distinct but equally epic dynasties, generations of mass-migrating relatives.


Smaller scattered populations of this species also exist elsewhere, yet the majority of monarchs on Earth occur within these two famous migrating populations. Both have compelling stories of persistence and resilience, and both face increasing challenges.













Ranging from the Great Plains and southern prairie provinces to the Atlantic coast, Eastern monarchs are renowned for migrating incredibly long distances to their overwintering sites in the oyamel fir (“sacred fir”) forests in the mountains west of Mexico City. In fact, during the fall migration, many monarchs fly more than 3,000 miles (some fly up to 4,000 miles!) to arrive among millions of others, seeking shelter in the mountain forest canopy from harsh weather.




The oyamel forest sites provide the perfect microclimate for monarchs: not so cold that the butterflies freeze and not so warm that they become active and burn too many calories, expending energy they will need for the trip north. This precise climate is vital, because the same monarch that migrated south will return as far north as Texas in the spring, seeking places to lay eggs.


Astonishingly, the animal making this journey weighs less than a penny. Imagine attempting this arduous trip, buffeted by thunderstorms, navigating vast stretches where the landscapes may be monocultures of corn or soybean or green lawn or concrete, looking for flowers to fuel your flight across the continent. It is truly an amazing feat.
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Western monarchs make a slightly shorter but equally remarkable journey—one that traverses some of the most challenging landscapes in North America, including deserts, mountain ranges, and enormous agricultural lands virtually devoid of habitat.




Overwintering in small forested areas along the Pacific coast, from just north of San Francisco south to Baja, Western monarchs migrate inland to breed. Over the course of the migration season they travel across the West, floating above southwestern deserts, the Great Basin, the inland Northwest, and as far north as southern British Columbia.


Although the western population is smaller than its eastern counterpart, monarchs in the West are a remarkable example of animal survival. Not only have they lost overwintering habitat along the California coast to development, but they also face the Central Valley, one of the most intensively farmed landscapes on Earth, where pesticide use is widespread. During their life they may migrate from some of the most urbanized places on the West Coast to remote wild lands where few humans exist. Whether they can continue to survive this remarkable journey is a question increasingly asked.


Unfortunately, the days of seeing thousands of monarchs may be numbered. As we write this, the Eastern monarch numbers are down by two-thirds, a fraction of the hundreds of millions that migrated in the 1990s. Western monarchs are struggling even more, having declined by more than 99 percent in fewer than 40 years.


Monarchs can be saved, if we act. Their needs are actually quite simple:




	Milkweed plants on which to lay eggs, and where caterpillars feed and grow


	Nectar-rich flowers to sustain the adults as they reproduce and migrate over long distances


	Areas that are free of poisons such as insecticides







All can be provided in parks, along roadsides, on the edges of farms—and in your own yard. This last point is the purpose of this book. Although we need to protect what remains of larger natural areas, lots of small patches of habitat can help restore the greatness of the monarch migration. A simple patch of milkweeds and a couple of other wildflowers next to your own front door can be the place where a tiny egg hatches and grows to become part of an epic story.
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The Life of a Monarch




A monarch butterfly starts out as an egg on a leaf—typically in an open and sunny space, exposed to the sky and the universe beyond.


More specifically, a monarch’s life begins with a milkweed plant.
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Milkweeds are the sole food source for monarch caterpillars. In the process of consuming the plant, they absorb and retain part of its complex chemical ecology. You are what you eat, as they say, and monarchs are an extraordinary assemblage of milkweed chemistry that they carry throughout their life. Even as mature, free-flying adult butterflies, they frequently return to milkweed flowers as one of their preferred nectar plants. Perhaps it’s a homecoming of sorts when they stop by for a drink.


We can support that homecoming by restoring more habitat for the beloved and beleaguered monarch. To maximize our impact, however, let’s take a closer look at the biology of the world’s most famous butterfly.




A Shape-Shifting Life


A monarch egg is barely the size of a pinhead, or the tip of a pencil lead. If you find one, you’ll notice its off-white or slightly yellow color. Upon very close inspection, you’ll see lines of ridges running from top to bottom. This egg remains glued in place on a milkweed leaf for three to five days, depending on the temperature, until it hatches and the tiny pale caterpillar (usually less than two-tenths of an inch [5 mm] long) emerges into the world.


During the next several weeks, this small being will develop through four distinct life stages—egg, caterpillar, chrysalis, and adult. This type of development is known as complete metamorphosis.


Complete metamorphosis is different from simple or incomplete metamorphosis, in which an immature insect resembles a smaller version of its adult form. For example, grasshoppers, which undergo incomplete metamorphosis, hatch from eggs and look like tiny versions of their adult selves, periodically shedding their exoskeleton as they grow.







Life Cycle of a Monarch


[image: Illustrated diagram of the life cycle of the monarch, showing the egg, larva, chrysalis, and adult butterfly]



	
1. Egg: 3–5 days


	
2. larva: 10–14 days


	
3. chrysalis: 10–14 days


	
4. adult: 2–5 weeks (6–8 months for overwintering migrants)








Male or Female?


The male monarch (left) has a black spot on each hind wing; the female does not.


[image: A male and female monarch side by side]






Monarch Multiplication


One of the mysteries of monarch butterflies is their approach to courtship, which is less elaborate than that of other butterflies and moths. Unlike other butterflies, female monarchs cannot easily rebuff mates. Instead, the male monarch tackles a female midflight, or grabs a resting female, and then attempts to couple with her in a struggle that can last for many minutes.


Karen Oberhauser, a prominent monarch researcher, and other scientists have been intrigued by the evolutionary origins of this mating behavior. They hypothesize that it is possibly related to the overwintering phase. At some point in the history of the species, older, worn-out males who were unlikely to survive the winter may have made a last-ditch attempt to reproduce. Once this behavior evolved, it became a mating strategy used in both overwintering and summer generations.


Successful mating can last up to 16 hours, during which time the male passes a sperm packet called a spermatophore to the tip of the female’s abdomen, where it provides both sperm and a protein boost. The sperm then fertilize the eggs as they pass down the female’s egg-laying tube. Monarchs can mate several times in their lives.






[image: Captioned image.]

A monarch egg (left) is miniscule, ridged, and pearly white. Out of it hatches a tiny caterpillar that immediately begins munching the milkweed leaf on which it is born. Caterpillar droppings, called frass (arrow at right), are a clue that monarch caterpillars are or recently were on the plant.






The Egg


On average, a healthy monarch female will produce about 400 eggs in her lifetime. Whether she successfully lays many of these depends on how long she lives and the availability of milkweeds to deposit them on.


Milkweeds, mostly in the genus Asclepias, are the only plants that monarch caterpillars can feed on. Yet even when milkweeds are available, females are still selective about where they lay their eggs. With their chemically sensitive feet, monarchs “taste” a leaf and decide if it is a good spot to place an egg. If it is, they lay their eggs individually, generally one per leaf.


The females tend to avoid laying eggs on milkweeds that already have caterpillars feeding on them or that have older and tougher leaves. Instead, they seek out tender plants with less competition.




Munching on Milkweeds


Monarch caterpillars spend most of their time eating. As a tiny hatchling, the soft-bodied caterpillar usually eats its own eggshell before starting in on the milkweed. In the days ahead it will consume a tremendous amount relative to its size and grow increasingly larger.


Like adult insects, caterpillars have an exoskeleton. Although they may look soft and squishy, their exoskeleton is actually a hardened structure that protects the inner organs and muscles but does not expand to accommodate growth. In order to grow larger, a caterpillar must shed its exoskeleton (molt).


In fact, a monarch caterpillar molts five times before forming a chrysalis. With each stage (instar) between molting, the front and back protuberances (the antennae-like appendages on its head and rump) also lengthen and can be used to identify the caterpillar’s instar stage.




Metamorphosis Begins with a “J”


In its final molt, a monarch caterpillar transforms into a chrysalis or pupa, the mummylike stage between caterpillar and adult. Often it wanders away from the host milkweed plant, onto surrounding vegetation, nearby fences, or other structures, where it attaches itself in place with a silk pad.


As the transformation begins, the caterpillar hangs head-down in a “J” shape. It sheds its exoskeleton one last time to reveal a jade green casing, which quickly hardens into a protective shell.
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What Happens Inside a Chrysalis?


The science behind this seemingly magical transformation is complex and still not completely understood. It is regulated by a series of hormonal changes that result in an almost complete cellular rearrangement of the caterpillar’s body, transforming it into an adult butterfly. If you were to watch the entire process, you would see it begin with the caterpillar hanging head-down—yet after metamorphosis the butterfly emerges with its head up. Head and tail thus change places entirely, over the course of just a week or two.


Amazingly, even with this significant rearrangement, monarchs carry the protective chemicals they acquire as caterpillars from milkweed all the way through into adulthood. Equally fascinating, some insects that undergo complete metamorphosis (the tobacco hawk moth is one) seem to retain behavior learned as caterpillars into adulthood, although whether this occurs with monarchs is still unknown.






[image: A transparent chrysalis with butterfly wings visible on the inside]







The term chrysalis applies to both this developmental stage and the casing. It comes from the Greek word khrusos (meaning gold), referring to the reflective metallic coloration found on the pupae of many butterflies, including monarchs.


Just before the adult emerges (known as eclosing), the chrysalis usually changes color and then breaks open. The butterfly crawls out and pumps its compressed wings to fill them with a bloodlike fluid called hemolymph. Then, within moments, the monarch takes its first flight.






[image: A monarch emerging from its chrysalis]







Two Very Different Life Spans


Spring and summer monarchs typically survive only two to five weeks as adults. The overwintering generation, on the other hand, may live six to nine months—completing the fall migration to overwintering sites and dispersing back to breeding grounds the following spring. In total, at least four generations are produced over the spring and summer, with the last generation migrating to overwintering sites.


For spring and summer monarchs, roughly half of their life is spent as a caterpillar and half as an adult. Given this brief existence, the availability of milkweeds and nectar plants at the right time is fundamental to monarch survival.






Male or Female?


You can tell the sex of a monarch by looking at the hind wings. Males have a distinctive black dot in the middle of the wing, which marks the location of a scent gland that produces pheromones intended to attract females. As well as lacking these glands, females have thicker black wing veins than males do. (See photos in Male or Female?.)







On the Wing


The native range of monarchs covers most of temperate North America, Central America, and northern South America. They have been introduced to Hawaii, other Pacific islands, Australia, New Zealand, Spain, and Portugal, where they feed on exotic milkweed species or milkweed relatives such as Calotropis spp. Yet monarchs are most numerous in North America, and it is only here that long-distance migration occurs.


Migration begins in the spring as overwintered monarchs take flight, radiating north from Mexico and inland from coastal California. With luck and good conditions, these females will find milkweeds and lay eggs before dying. The offspring of Eastern monarchs will continue northward, and the offspring of Western monarchs will move farther inland. This movement continues with each generation throughout the spring and summer.


As fall approaches, most milkweeds go dormant, and remaining monarchs start the journey toward the overwintering grounds. Migratory monarchs may sense Earth’s magnetic fields, using an internal sun compass and possibly other signals to navigate back to the same overwintering sites—even the very same trees—that their ancestors inhabited the year before.






[image: Captioned image.]

The fall and spring migration routes of the Western and Eastern monarch are separated by the Rocky Mountains.






Although monarchs migrate individually, sometimes large numbers will pass through a given area, possibly due to weather conditions or local geography. Exceptionally large groups of migrating monarchs have even been detected by weather radar! Temporary clusters of migrating monarchs are also sometimes spotted in trees where they spend the night or take shelter from wind and storms. Known as roosts, such aggregations are most commonly seen in nectar- and water-rich areas near the Great Lakes, in the southern Great Plains, and in the Southwest.


Most monarchs follow the same migration pathways used by previous butterflies year after year, but the Eastern and Western monarch populations are not entirely separate. Studies have shown that some monarchs from the West (particularly the Southwest) migrate to central Mexico, where they overwinter alongside Eastern monarchs, while others from the same area migrate to overwintering sites in California. What prompts this kind of migration shift remains unknown.





Overwintering


When monarchs reach their overwintering grounds—typically September or October in California, and October or November in central Mexico—they cluster together for warmth, settling in for the winter. The majority of overwintering monarchs are in reproductive diapause (not mating or laying eggs), conserving fat for survival and spring dispersal. They are not completely inactive, however. On warm days in the winter, they may seek out nearby water or nectar.


Although the majority of North American monarchs migrate, warm climates (such as parts of Arizona and southern Florida) may host some monarchs year-round. These populations even breed throughout the winter on a few native and nonnative evergreen milkweed species.






[image: Captioned image.]

Mexico (left); California (right)










Monarch Look-aLikes


With their striking wing pattern and bold colors, monarchs (Danaus plexippus) are one of the easiest butterflies to recognize; however, there are a few look-alikes that can fool you.






[image: Captioned image.]

Monarch (left); Viceroy, black bar (right).






The viceroy (Limenitis archippus) is the most similar-looking butterfly you might encounter. This is probably no accident—viceroys and monarchs are thought to have evolved as “co-mimics” to reinforce that they taste bad when encountered by birds or other potential predators (see Protective Poison). The best way to tell viceroys from monarchs is to look for a black bar that crosses the wing veins on their hind wings. Monarchs lack this black bar. Viceroys are usually a bit smaller than monarchs. Viceroys’ range overlaps with that of monarchs east of the Cascade and Sierra Nevada mountains.




[image: Captioned image.]

Queen, white spots (left); Soldier, white spots (right)





The queen (Danaus gilippus) is closely related to the monarch and can be easily confused with it. Unlike monarchs, queens have white spots on their hind wings and are typically darker in color. Their eggs and caterpillars are nearly identical to monarchs’ and trickier to distinguish—but queen caterpillars have three sets of protuberances (filaments that resemble antennae). Monarchs have only two sets.


The soldier (Danaus eresimus), another close relative, is slightly smaller than the monarch and a somewhat darker orange. Like the queen, soldiers have a few white spots on the borders of the hind wings. Both soldiers and queens occasionally wander north into the central United States, but they are primarily residents of warm regions such as Texas, Florida, the Southwest, Mexico, Central America, the Caribbean, and beyond.








Shrinking Populations


Through ongoing monitoring efforts, scientists are able to accurately estimate the overall size and trend of monarch populations each year. This takes place when the butterflies are grouped and stationary at overwintering sites.


One of these monitoring programs is coordinated by the World Wildlife Fund–Mexico. It measures the size (in hectares) of the area occupied by monarchs within the Monarch Biosphere Reserve, which includes the largest monarch overwintering sites in North America. The second program, in California, is the Xerces Society’s Western Monarch Thanksgiving Count—a community-based monitoring project in which volunteers count monarchs at hundreds of overwintering sites.


The data from these efforts suggest that the number of Eastern monarchs overwintering in Mexico declined by approximately 80 percent between the mid-1990s and 2010s. The western population has likewise been falling for years and underwent a major population crash in 2018—an estimated decline of over 99 percent since the 1980s. While populations may increase or decrease from year to year (usually due to weather), the long-term trend for this butterfly is steeply downward.


Fueled by the information gathered through these long-term monitoring efforts, in 2014 Xerces and its conservation partners (including the Center for Biological Diversity, the Center for Food Safety, and Dr. Lincoln Brower) determined that action was needed. In response, the coalition petitioned the US Fish and Wildlife Service to protect the monarch as a threatened species under the Endangered Species Act (ESA). As of this writing, the question of ESA protection for the monarch still remains under consideration. Protection under the ESA is a powerful tool for a species’ recovery.




Habitat Loss


The loss of milkweed is one of the most significant forces driving the plunge in monarch numbers. Over the past 25 years, an expansion of corn and soy production and a corresponding increase in herbicide use have reduced the abundance of milkweeds and nectar plants. Mowing and spraying of roadsides and fencerows also contribute to the loss of monarch habitat.


Ever-expanding urban and suburban development threatens monarch habitat as well, as does the spread of invasive plants such as reed canary grass and cheatgrass. At overwintering sites in Mexico, illegal logging degrades the forest microclimate that monarchs require. In coastal California, development and a lack of appropriate management have degraded and destroyed areas where monarchs overwinter. 




Insecticides


In recent years, the class of insecticides known as neonicotinoids has received attention for risks to pollinators. Part of the appeal, and concern, of neonicotinoids is that they are generally long-lived and systemic in nature. As such, they are absorbed into plant tissue, where they linger as a built-in chemical defense against pests. Monarchs feeding on an intentionally or accidentally treated plant could be exposed to a harmful dose.


Although neonicotinoids are the most commonly used class of insecticides, others  (diamides, sulfoximines, and butenolides) share many of the same traits and are increasingly used in both urban and agricultural landscapes.






Nursery Alert


Nursery plants may be treated with pesticides because of consumer expectations for perfect, insect-free plants. Regulations, aimed at minimizing the spread of pests across state lines, sometimes also require nurseries to use pesticides. Consequently, toxic levels of insecticides have been repeatedly detected in plants sampled from garden centers and nurseries.


Although many native plant nurseries use few or no insecticides, when you are shopping it is good practice to ask whether or not the plants have been treated with insecticides. If they have been treated, or if the nursery owner does not know, we recommend not buying them.







Climate Change


Most likely, climate change is already impacting monarchs with more frequent episodes of severe weather, particularly during the winter when the butterflies cluster in trees for protection from rain and wind. Changing climate also threatens the trees and forests used for overwintering.


Other plant species, such as milkweeds, may also experience increased hardship under a warmer climate. As one example, the nonnative oleander aphid (Aphis nerii), a detrimental herbivore pest of milkweed (see The Other Milkweed “Bugs”), is most common in warm regions, like California and Texas (although it does appear in northern states during summer). Under a scenario of hotter, longer summer conditions, this invasive insect may become more numerous, widespread, and destructive.


Indeed, scientists predict that some crop pests may also become more common under warmer conditions. In turn, this may lead to increases in pesticide use, a trend that would be detrimental to all wildlife.


While it may be possible to forecast some of the impacts of climate change on monarchs, other effects are less clear. For example, warmer temperatures are known to speed up caterpillar development time. Altered climate conditions may also expand the range of some plant species northward and into higher elevations. The consequences of these kinds of changes are difficult to predict.




Biological Threats


As the monarch population shrinks, biological threats such as parasites, diseases, and invasive predators have become more significant. For example, although the impact of predators on monarchs is poorly understood, researchers believe predation to be an increasing problem, especially due to the spread of nonnative species such as the red imported fire ant (Solenopsis invicta). Additional concerns are arising about the protozoan parasite Ophryocystis elektroscirrha (OE), which seems to thrive on non­native tropical milkweed, an issue described later in this chapter (see Junk-Food Diets).




Captive-Rearing and Mass Releases


Because people find butterflies beautiful and fascinating, it’s not surprising that demand continues to exist for commercially reared monarchs that can be purchased for mass release at weddings and other events. This practice is not a conservation strategy, however, and can introduce diseases and different genetics to wild monarchs. Thus, the conservation community strongly discourages this practice.


What about captive-rearing monarchs at your home? Raising a few individuals—such as keeping a handful of locally collected caterpillars where kids can observe them and contribute to community science efforts—probably presents few risks. However, captive-rearing does not address the habitat problems that monarchs face and, if done on a large scale, could introduce more risks to an already struggling species.


If you choose to rear monarchs, consider these issues and how to approach them:


Issue: Captive-rearing of monarchs can increase disease and promote inbreeding.


Approach: To minimize this, collect monarch eggs or caterpillars locally, and release adults shortly after they emerge. Do not keep monarchs in captivity for breeding or for long periods of time. Take precautions to sanitize rearing containers. Learn to test monarchs for the parasite OE, and don’t release any infected monarchs into the wild.


Issue: Captive-reared butterflies may be less successful at migrating because the cues they sense and use for migration are different indoors than in the wild.
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