
© The Xerces Society, Inc. All rights reserved.

Jewels of the Night: 
Conservation of Fireflies 
in the U.S. and Canada

Candace Fallon

Senior Conservation Biologist

NRCS Conservation Series 
Webinar
October 22, 2019
2:00 – 3:00 p.m. ET

Photo: Synchronous fireflies (Photinus 
carolinus) in Great Smoky Mountains 
National Park, Radim Schreiber / 
fireflyexperience.org.



© The Xerces Society, Inc. All rights reserved.

The Xerces Society for Invertebrate Conservation

Photos: 2018 Xerces staff by Matthew Shepherd / Xerces Society. Blue butterfly by Dana Ross.

The Xerces Society is a science-based nonprofit organization 
that engages in education, outreach, applied research, policy, 
and restoration to protect invertebrates and their habitats.

Xerces blue butterfly (Glaucopsyche xerces), 
the first U.S. butterfly to go extinct due to 
human activities

Headquarters in Portland, Oregon, 
with regional offices coast to coast

Three main programs: 
• Pollinator Conservation
• Endangered Species
• Pesticide Reduction

Presenter
Presentation Notes
Mace and I work for the Xerces Society. For those who may be unfamiliar, Xerces is a science-based nonprofit organization dedicated to the conservation of invertebrates and their habitats. We take our name from the Xerces blue butterfly, the first butterfly to go extinct in North American due to human-influenced habitat loss. We were started as a butterfly conservation organization by Robert Michael Pyle in 1971, and have since broadened our scope to include all invertebrates.

We’re headquartered in Portland, Oregon, but we have staff on the ground across the country. Our main programs include pollinator conservation, endangered species protection, and pesticide reduction. 
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Webinar Moderator and Presenter

Candace Fallon
Senior Conservation Biologist
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Mace Vaughan
Pollinator Program Co-Director, The Xerces Society

Partner Biologist, NRCS-WNTSC

Presenter
Presentation Notes
Mace, who has already introduced himself and will be moderating the talk, is the Pollinator Program co-director at Xerces and an NRCS partner biologist. I am Candace here on the right-a senior conservation biologist in our Endangered Species Program. I started with Xerces in 2012 as a monarch specialist and have since expanded my focus to include a suite of other species such as terrestrial and aquatic snails, freshwater insects, butterflies, and beetles. I am spearheading Xerces’ new firefly conservation campaign.
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Thank You

Thank you to the NRCS and National Technology Support Centers (and Candy Thomas in 
particular) for hosting this webinar and to Xerces Society members for funding our firefly 

conservation work. 
We are grateful to our conservation guideline coauthors (Sarah Hoyle, Sara Lewis, Avalon 

Owens, Eric Lee-Mäder, Scott Hoffman Black, and Sarina Jepsen) who helped us develop the 
recommendations provided in this presentation. We also express our sincere thanks to the many 
researchers whose studies, advice, and data have helped shape our firefly conservation efforts.

Presenter
Presentation Notes
Before we begin, I want to thank Candy Thomas and Nancy Lee Adamson for coordinating this webinar and inviting me to speak. I also want to thank my fellow co-authors from our newly released firefly conservation guidelines, as many of the recommendations and ideas presented here come directly from that project. And finally I want to thank all of our partners, Xerces Society members, and the many firefly researchers who have dedicated so much time to understanding these amazing animals.
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Webinar outline

Firefly distribution and life history

• Distribution

• Life cycle, courtship, feeding, and habitat associations

Population status and threats

• What do we know about the status of fireflies?

• Potential drivers of decline

Value for farm management

• Food web

• Watershed protection

Recommendations for conservation

• Actions for farms

• Other considerations

Presenter
Presentation Notes
Today I’ll be giving a brief overview of firefly distribution, life history, population status, and threat. We’ll then touch on the value of fireflies, especially on working lands, and then dive into specific recommendations for conserving fireflies and their habitat.
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What are fireflies?

Fireflies, which are also called 
lightningbugs and glow-worms, are 
beetles in the family Lampyridae.

Fireflies are found on every continent 
except Antarctica. Over 2,000 species 
have been described worldwide.
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Presenter
Presentation Notes
Before we get too far along, I want to talk about the word firefly. Fireflies, which are also called lightningbugs and glow-worms, are neither flies, bugs, or worms. In fact, they are beetles in the family Lampyridae. Over 2000 species of fireflies have been described, found on every continent except Antarctica.
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Fireflies of the U.S. and Canada

Map source: Unpublished data, the Xerces Society.

Fireflies occur in 49 U.S. states and at least 11 
Canadian provinces/territories.

Two species were introduced to Hawaii, but do 
not appear to have established.

Note: This map is preliminary. It is based on published 
literature and not an exhaustive review of occurrence 
records, and it is likely these numbers are underestimated, 
especially in areas with little firefly research.

Presenter
Presentation Notes
Here in North America north of Mexico, fireflies can be found in every state except Hawaii, and in many Canadian provinces and territories. It is often thought that fireflies occur only in the central and eastern United States and Canada. Although these areas do tend to have more species, fireflies are widespread across both countries. The more conspicuous flashing species occur primarily in the East. In the West, glow-worms (species in which females glow to attract mostly non-luminescent males) and day-active dark fireflies (which also have glowing larvae) make up the majority of species. Flashing species can be found in some localized areas of the West—reports have surfaced from Colorado, Wyoming, Montana, Arizona, Nevada, Utah, and California, among other states. Species richness is higher in the southern and eastern areas of the US, as you can see from this map.



© The Xerces Society, Inc. All rights reserved.

Fireflies of the U.S. & Canada

• 20 genera
• 168 species, 2 subspecies
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Photo: Photinus pyralis on basil. Radim Schreiber / 
fireflyexperience.org

Presenter
Presentation Notes
Although it is easy to think of the firefly as a single species in the US and Canada, there are actually 168 different species documented, representing 20 different genera. While flashing fireflies like this one on the basil plant are our best known, fireflies are a diverse group of beetles with different life histories, habitat associations, and courtship activities. All three insects you see on this slide are adult fireflies, and each utilizes a very different form of communication, which I will go into later in this talk.
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Firefly Life Cycle

• Fireflies undergo complete 
metamorphosis.

• Larvae and pupae of many species 
live underground. Some species 
pupate on the sides of trees.

• Females of most glowing species are 
flightless and live underground.

• Larval diet consists primarily of soft-
bodied invertebrates such as snails, 
slugs, and earthworms.

• Most species require moisture of 
some kind and are found in riparian 
or wetland habitats.
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Presenter
Presentation Notes
Like all beetles, fireflies undergo complete metamorphosis with four life stages: egg, pupa, larva, and adult. The larvae and pupae of many species live underground, although some species (such as Pyractomena) pupate on the sides of trees. Female glow-worms are flightless and also live underground. As larvae, fireflies are voracious predators of soft-bodied invertebrates, but as adults most species do not feed. Snails, slugs, and earthworms appear to be especially favored by larvae.
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Bioluminescence

All firefly species create light via a biochemical 
reaction that takes place inside larval and adult 
light organs (called lanterns).
• Although not all adults produce light, larvae do.

How is the light produced?
• The firefly luciferase enzyme allows its 

substrate, known as luciferin, to interact with 
oxygen and the chemical ATP to produce a 
photon of light. 

Different species will emit different colors 
(wavelengths) of light varying from green to 
yellow to red.
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(lantern)

Presenter
Presentation Notes
Firefly bioluminescence is thought to have evolved as a warning signal to alert potential predators to distasteful or toxic compounds. Over evolutionary time, some species co-opted this larval bioluminescence into an adult courtship signal. All firefly larvae produce light, although not all adults do. The light is produced through a biochemical reaction. Different species can emit different wavelengths, or colors, of light varying from green to yellow to red.
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• Pleotomus
• Microphotus
• Pleotomodes
• Phausis

Adult Courtship

• Ellychnia

• Lucidota

• Pyropyga

• Paraphausis

• Pterotus

• Others

• Photinus—includes our synchronous fireflies
• Pyractomena
• Photuris
• Micronaspis
• Bicellonycha
• Aspisoma

Fireflies that Flash

Fireflies that 
Glow

Fireflies that use 
Pheromones

Photos from left: Photuris sp. by Warren Lynn/Flickr, Microphotus sp. by Ken-Ichi Ueda/Flickr, 
Pterotus sp. by Ed Sullivan/Bugguide.

Presenter
Presentation Notes
The common name firefly includes not only our familiar flashing species (which court by exchanging quick, bright flashes), but also the more cryptic glow-worms and our daytime dark fireflies, whose adults—as their name suggests—are active during the day and rely on chemical pheromones rather than bioluminescence to communicate. Glow-worms, like flashing fireflies, are active during dusk or nighttime and use bioluminescence (by glowing, not flashing) to communicate. While males look like typical fireflies, glow-worm females resemble larvae; they cannot fly because their wings are short or even absent. Fireflies partition their courtship activity into different times of night, ranging from dusk to full darkness and lasting from 20 minutes to several hours.
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Adult Feeding

As a general rule, fireflies only eat in
their larval stage. However, there are
some exceptions to this.
• Females of some Photuris species 

mimic the flash of other fireflies to 
lure in males for dinner. 

• Other species have been 
documented nectaring on flowers 
including milkweed, goldenrod, and 
aster.

• Maple sap may be used as a 
secondary moisture source by some 
species. 
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Presenter
Presentation Notes
Although most adult fireflies do not eat, there are a few exceptions to this. Females of some Photuris species will mimic the flash of other fireflies to lure in males for dinner. Several other species have been documented nectaring on goldenrod, asters, and common milkweed. Others have been observed feeding on the sap and floral nectaries of Norway maples.
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Habitat Associations
Fireflies are associated with a wide variety of habitats, from broadleaf deciduous forests to tidal marshes and 

desert river canyons. Some species are also found in agricultural fields and residential lawns.

Photos (clockwise from top left): Tumbling Run, Flickr; Justin Meissen, Flickr; Nicholas A. Tonelli, Flickr; Emily May; 
Laura Richardson, Flickr; Arizona Traveler, Flickr; Jennifer Hopwood, Xerces Society; John Griffiths, Flickr.

Presenter
Presentation Notes
Fireflies can be found a wide variety of habitats, from riparian woodlands to desert canyons and wet meadows. They can also be found in many urban and rural areas, including residential lawns, soybean fields, and overgrown lots. The key feature of nearly all of these sites is moisture. This can come in the form of humidity or dew in some places, but in areas of the arid West, fireflies are most often found in areas with permanent water sources.
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What is the status of fireflies in the U.S. and Canada?

Photo: Radim Schreiber/fireflyexperience.org

“Are fireflies disappearing? No one knows for sure, but based 
on anecdotal evidence firefly populations appear to be fading, 
with fewer seen every summer.”

Scientific American 2010 (Only you can help prevent firefly 
extinction)

“We have no definitive proof,” says biologist Ben Pfeiffer, 
founder of Firefly.org, “but there is a broad consensus that 
fireflies are in trouble...”

NFWF 2017 (Bringing Back the Light)

Presenter
Presentation Notes
At this point, you’ve likely heard reports of declining firefly populations. Here are just a couple quotes from numerous articles that have been published over the last decade. And while many firefly researchers agree that some populations of fireflies do appear to be declining, a lack of systematic monitoring means most evidence is anecdotal. 


http://www.firefly.org/
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Potential Causes of Decline
Threats to fireflies are thought to include:

• Habitat degradation and loss

• Pesticide use

• Poor water quality

• Light pollution

• Over-collection for medical research

• Invasive species (incl. fire ants, grasses)

• Climate change (incl. drought and rising sea levels)

In addition, events such as hurricanes, floods, and wildfires can further 
stress populations that are already at risk. Introduced nematodes and 
other biological controls may also be an issue. Firefly tourism can 
negatively impact sensitive habitats.

Impacts to larval habitat may be especially critical. Fireflies spend 
most of their lives in the larval stage—sometimes up to 2 years—
whereas adults may live for only a few weeks.
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Presenter
Presentation Notes
Global insect declines have been making headlines lately, and the potential drivers of decline for fireflies are similar to those of many other insect species. The largest threats to fireflies are thought to include habitat degradation and loss, pesticide use, and light pollution. Other threats, such as declining water quality, invasive species, and climate change-induced drought and rising sea levels may also be taking a toll. As we think and talk about firefly declines, it’s important to realize that impacts to the larval habitat may be especially critical. Fireflies spend the vast majority of their lives as larvae – sometimes up to 2 years – whereas adults may live for only a few weeks. 
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Fireflies at Risk

• Require true dark 
for mating displays

• Flightless females
• Highly restricted 

range
• Dependence on at-

risk habitat type

Certain life history traits 
may make some 
species more vulnerable 
than others:

Photo: California pink glow-worm, Microphotus angustus. u_phantasticus, iNaturalist.

Presenter
Presentation Notes
In addition to all of these threats, certain life history traits may make some species more vulnerable than others. For example, species with flightless females, like this California pink glow-worm, are more vulnerable to habitat destruction and ground disturbances since they cannot easily disperse from a site. Species that require true dark for their mating displays may be more highly impacted by light pollution. And species that already have highly restricted ranges or depend on an at-risk habitat type, like mangroves or interdunal wetlands, may feel these pressures more than species found in more widespread or common habitats.
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Value of Fireflies
Aesthetic, ecological, medical

Photo: Pyractomena larva eating a snail by ssutto / iNaturalist

Presenter
Presentation Notes
I think many of us can agree on the aesthetic value of fireflies. If you’ve had the opportunity to see flashing fireflies on a warm summer night, you know the almost magical quality they bring to the landscape. But fireflies have many other values as well. Ecologically, they are important components of natural food webs, both as predators and prey. They’ve also played important roles in biomedical research, and as we’ll discuss toward the end of the presentation, they are also becoming key players in several community science efforts.
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Fireflies as Pest 
Management

• Only ~2% of insect species are 
pests

• $4.5 - $12 billion annual value of 
natural pest suppression by insects

• Many dwell at or beneath the soil 
surface

Fireflies are voracious predators of 
soft-bodied invertebrates such as 
snails and slugs, making them 
valuable predators of crop and garden 
pests.
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Presenter
Presentation Notes
From a working lands perspective, the most important role fireflies play is likely that of a predator. As I mentioned earlier, firefly larvae are voracious hunters, with a preference for soft-bodied invertebrates such as snails, slugs, and earthworms. Because of this, they can be valuable predators of crop or garden pests. Firefly larvae eat by first injecting their prey with a paralyzing venom, effectively immobilizing it. Adults rarely feed, with the exception of the female Photuris that prey on other fireflies (some of which are even stolen from spider webs) and several observations of nectaring on flowers and maple sap.
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Fireflies as Prey

Spiders are the best-
documented 
invertebrate predators of 
fireflies.

Other invertebrate 
predators include 
assassin bugs and 
hangingflies. 

Vertebrate predators are 
less common.

Spider food

Photo: Firefly trapped in a spider’s web, Frank Starmer/Flickr.

Presenter
Presentation Notes
Fireflies are also a food source for a number of other invertebrate predators, including spiders, assassin bugs, hangingflies, and even other fireflies in the genus Photuris. Because most fireflies are toxic due to defensive compounds known as lucibufagins, vertebrate predators are much less common. Photuris fireflies lack lucibufagins, so females of this genus will eat fireflies that do have LBGs in order to pass them on to their young.
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Value to Other Wildlife

Firefly habitats are 
compatible with the 
needs of other wildlife

Protecting, restoring, 
and enhancing habitat 
for fireflies can benefit 
many other species 
and promote overall 
soil and watershed 
health.

Firefly habitat

Photo: Nicholas A. Tonelli/Flickr

Presenter
Presentation Notes
Firefly habitat is also compatible with habitat used by other wildlife, so by protecting and enhancing habitat for fireflies, you’re also benefiting it for other species as well. In addition, many actions you can take to help fireflies help to promote overall soil and watershed health.
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Conservation Recommendations

Photo: The blue ghost firefly, Phausis reticulata, in an Atlantic white cedar forest in Delaware. 
Radim Schreiber / fireflyexperience.org

Presenter
Presentation Notes
Although there is still a lot to learn about firefly ecology and life history, we know enough to come up with some basic conservation recommendations that will benefit your local firefly fauna. 
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What do fireflies need?
In addition to protection from pesticides and other negative influences on their habitat, fireflies need four 

primary things.

To prevent 
desiccation of 
fireflies and their 
prey

Including soft-
bodied inverts 
like snails, slugs, 
and earthworms

Leaf litter, 
underground 
burrows, and 
native vegetation

For species 
active after dark

Moisture Food Shelter Dark nights

Photos from left: Justin Wheeler, Heinz Albers/Wikimedia Commons, Sarah Foltz Jordan/Xerces, 
Radim Schreiber/fireflyexperience.org

Presenter
Presentation Notes
Before we dive into the details, though, it’s important to first reiterate what they need. In addition to protection from pesticides and other potentially negative impacts to their habitat, fireflies need four primary things: moisture, food, shelter, and (for many species) dark nights. Moisture ensures that fireflies and their prey do not desiccate. Food, as we just discussed, is especially critical at the larval stage. Shelter, in the form of leaf litter, underground burrows, and native vegetation, is needed at all life stages. And dark nights are important to flashing and glowing species that are active after dark.
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Do you have fireflies?
Determine if they are present at your site

When: Adults of most species are active during 
the summer, from June through August. 

Where: Wetlands, forests, desert canyons, 
fields—anywhere with adequate moisture and 
food supplies.

How: Visual surveys for flashing and glowing 
species; sweep net surveys for day-active 
species.
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Presenter
Presentation Notes
An important first step to protecting and providing for fireflies is determining if in fact you have fireflies, and the easiest time to determine this is during the summer when adults are active. Keep in mind that not all species of fireflies flash, and even those that do flash may do so well after you’ve gone to bed. Visual surveys are best for flashing and glowing species, ideally at different times of night to ensure you don’t miss the activity period of some species. For day-active species, sweep-netting might be your best bet (and you’re also likely to pick up some resting flashing fireflies as well). Although standardized monitoring protocols are not yet available for fireflies, we do have some recommendations for firefly ID guides in the resources section of this talk. 
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Assessing your site

Do fireflies currently inhabit the site, or 
have they in the past? 
Will restoring this site link existing 
populations? 

Fireflies do not disperse very far, so 
keep in mind that newly created or 
restored sites may not immediately 
attract fireflies if they are not already 
present in your area.
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Presenter
Presentation Notes
As you assess your site, first determine whether fireflies inhabit it, or if they have in the past. If not, consider whether restoring your site with fireflies in mind will help to link existing populations. Keep in mind that newly created or restored sites may not immediately attract fireflies if they’re not already in your area, especially if you live in the West. Fireflies on a whole do not disperse very far, especially species with flightless females, like our glow-worms.
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Habitat Protection

Actions for Working Lands

Photo: Justin Meissen/Flickr.

Presenter
Presentation Notes
So what specific actions can you take to protect fireflies and their habitat on working lands?
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Key Actions for Protecting Fireflies

Protect fireflies and their habitat from ground disturbing activities

• Leave leaf litter and mulch

• Mow less often

Be conscientious about pesticide use

• Eliminate cosmetic uses

• Use within an IPM framework when needed

Monitor and control invasive weeds

• Use a scouting program for early detection

• Consider the needs of fireflies in any control methods that are utilized

Reduce light pollution

• When possible, eliminate artificial light at night

• Consider switching to motion detectors, changing your bulb color, or 
shielding the light so it targets a smaller area

1

2

3

4

• Exclude cattle from fragile areas

• Conduct activities on a rotational basis

Presenter
Presentation Notes
Some of the key actions include protecting fireflies from ground disturbing activities, being conscientious about pesticide use, monitoring and controlling invasive weeds before they become a problem, and reducing light pollution. I’m going to talk about each of these a little more in-depth.
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Leave the Leaves!

Leaves are natural 
fertilizers – leaving a 
thin layer is great for 
gardens and yards.
Leaves provide natural 
shelter for fireflies, 
bees, butterflies, 
moths, snails, etc.

Overwintering is an 
essential component to 
invertebrate conservation 
that is often overlooked.

Image: The Xerces Society

Conservation 
Practice Standard: 

Mulching (484)

Presenter
Presentation Notes
First, leave the leaves! Leaf litter provides important shelter not only for fireflies but also a number of other species including bees, butterflies, and snails. Leaves are also natural fertilizers. 

Note that for each of these recommendations, I’ve included the relevant NRCS conservation practice standard(s), which you can dive into for more information. Mace is also available at the end of this talk for NRCS-specific questions.
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Leave Leaf Litter and Mulch

• Retain leaf litter 
when possible!

• Refrain from raking 
or leaf blowing.

• Consider using fallen 
leaves in place of 
wood mulch:

• Add around newly 
planted habitats

• Use as part of a 
weed mgmt. plan

Leaf litter provides 
shelter and improves 
moisture content of the 
soil.

Photo: Sarah Foltz Jordan/Xerces Society

Conservation 
Practice Standard: 

Mulching (484)

Presenter
Presentation Notes
Leaving leaf litter and mulch also supports many other agriculturally important insects that overwinter in leaf litter or find alternate prey within leaf litter. It also improves the moisture content of the soil, which as we’ve discussed is important to fireflies and their prey. Some ways you can incorporate this practice is by refraining from leaf blowing or raking and using fallen leaves in place of wood chips for mulch.
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Mow Less Often

Mower blades and ground trampling can directly 
kill fireflies, as both larvae and egg-laying females 
spend most of their time on the ground. Males use 

grasses and forbs as resting places.
• Allow grass to grow higher so fireflies have 

more places to hide and find shelter.
• If you do mow, set your mower height higher to 

leave a buffer between fireflies and the blade.
• Mow when fireflies are the least active, usually 

in the winter.
Weeds or natural habitat left unmown can provide 
valuable floral resources for pollinators, predators 
and parasitoids, shelter, habitat for spiders and for 

alternate prey, and refuge when crops are 
harvested.
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Conservation Practice Standards: Upland 
Wildlife Habitat Management (645), Early 

Successional Habitat Development or 
Management (647)

Presenter
Presentation Notes
Mowing less often may also benefit fireflies. Mower blades and the ground trampling associated with mowing can directly kill fireflies, since both the larvae and egg-laying females spend most of their time on the ground. Males may also be found using grasses and forbs as resting places during the day. If you do need to mow, consider setting your mower blades higher to provide a buffer or mow when fireflies are least active, usually in the winter but in some places extending from fall through spring. Unmown habitat can provide valuable floral resources to pollinators, predators, and parasitoids, as well as shelter for these organisms and their prey, and refuge when crops are harvested.
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Exclude Cattle from 
Fragile Areas

• Use fencing or other exclusions to 
keep cattle and other animals from 
destroying fragile wetland habitats 
used by fireflies, especially in the 
arid West.
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Conservation Practice Standards: Fence 
(382), Wetland Wildlife Habitat 

Management (644). Supporting practices: 
Livestock Pipeline (516), Watering Facility 

(614).

Presenter
Presentation Notes
Because many fireflies are associated with riparian areas, protecting these habitats from destruction will be beneficial. This is particularly true in the arid West, where fireflies tend to be associated with permanent water sources, and degradation of these sites has already been linked to some population declines. Cattle can be particularly detrimental to fragile wetland habitats, so fencing or other exclusions are recommended in these areas.
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Conduct Activities on a Rotational Basis
Limit disturbance frequency and duration

In general, mowing, grazing, burning, disking are best at infrequent intervals
• Disturb no more than 1/3 of habitat area each year 
• Time management actions for when they are most effective against target 

species, or during the dormant season
• For fireflies, dormancy of larvae and flightless females is most important—this is 

usually over the winter, although it may extend from late fall to early spring at 
higher latitudes

Conservation Practice Standards: Upland 
Wildlife Habitat Management (645); 

Prescribed Grazing (528)

Presenter
Presentation Notes
When managing land for any wildlife, a good rule of thumb is refrain from disturbing more than a third of the habitat in any given year. For example, you could divide your land into three areas and mow each at a different time of year. Limiting disturbance frequency and duration will benefit not only fireflies but other beneficial insects as well. If limiting or rotating activities is simply not possible, strive to conduct activities during the dormant season. For many wildlife species, this will be the winter, and the same is true of fireflies. However, at higher latitudes, this period may extend from late fall to early spring.
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Eliminate Cosmetic Use 
of Pesticides

• Eliminate all cosmetic or unnecessary 
pesticide use that is not responding to 
economic damage or a public health 
risk. 

• If pesticides are used, work to 
minimize impacts to fireflies and their 
habitat.

• When managing weeds with 
herbicides, spot treat to minimize 
negative impacts to plants used by 
fireflies.
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Presenter
Presentation Notes
Whenever possible, pesticide use should be avoided, except for situations of economic damage or public health risks. All cosmetic uses should be eliminated to protect fireflies. If pesticides must be used, work to minimize their impacts to fireflies and their habitat. This can be done by spot treating weeds or using a early detection system for pests. Reducing chemical use can reduce negative impacts on other agriculturally beneficial insects as well. Check out www.xerces.org/pesticides for more information.
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Address Pests with IPM
Use pesticides as a last resort

Reduce or eliminate pesticide use that can kill 
fireflies or their prey, or alter their habitat.
• Avoid broad-spectrum insecticide use, 

including all neonicotinoids, in and around 
firefly habitat.

• Minimize herbicide use in firefly habitat to 
avoid potential negative impacts.

• Reduce or eliminate potential for pesticide drift 
into firefly habitat.

If mosquitos are a concern, create an integrated 
mosquito-management plan. Only consider 
insecticides to reduce adult mosquitoes during a 
disease outbreak, and use them as a last resort in 
a manner that is as targeted as possible. 
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Conservation Practice Standard: Pest 
Management Conservation System (595)

Presenter
Presentation Notes
Pesticide concerns should be addressed with an IPM framework and their use should occur as a last resort. Avoid broad-spectrum insecticide use, which can negatively impact fireflies and their prey. If herbicides are used, ensure they are targeted to specific weeds in order to limit changes to firefly habitat. Use CPS 595 for ideas on how to reduce overall inputs and issues with drift. Guidance on effective mosquito management is available from Xerces at https://xerces.org /pesticides/effective-mosquito-management. 
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Understand impacts of chemical fertilizers

Chemical fertilizers 
(especially ammonia 
based products), can 
add salts to soil and 
can kill firefly prey.

Consider effects 
on prey

Photo: Candace Fallon, Xerces Society

Presenter
Presentation Notes
Keep in mind that chemical fertilizers also have the potential to negatively affect fireflies by adding salts to the soil that can kill firefly prey.
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Monitor for and control invasive weeds

Identify and control 
invasive weeds before 
they overwhelm a site, 
potentially crowding 
out the diverse 
structural components 
fireflies need

Use a scouting 
program

Photo: Grand River Conservation Authority, Flickr

Conservation Practice 
Standards: Herbaceous 
Weed Treatment (315), 
Brush Management (314)

Presenter
Presentation Notes
Invasive weeds have the potential to crowd out the diverse structural components fireflies need. Use a scouting program to identify weeds early on, before they overwhelm a site, and consider using manual weed control such as hand pulling weeds or mulching. As a last resort, spot treat infestations with herbicides. Always time management of weeds before they go to flower, and have a plan in place to replace the plants you remove. This may include sowing or planting additional native plants, preferably ones that provide similar structural features or resources such as nectar or nesting material. As with any other landscape feature, regular monitoring, weeding, and replanting may be required. 
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Reduce light pollution

• More than 60% of 
invertebrates are 
nocturnal, which makes 
them more vulnerable to 
light pollution.

• More than three-
quarters of firefly 
species in the United 
States and Canada are 
nocturnal or crepuscular 
(active at dusk), and 
these species rely on 
bioluminescent light 
signals to communicate.

Fireflies need 
dark nights

Photo: Fireflies in the Catskills, Delaware County, NY, by s58y / Flickr.

Conservation Practice 
Standard: Lighting System 

Improvement (670)

Presenter
Presentation Notes
Flashing fireflies and glow-worms need dark nights, and they’re not the only ones. More than 60% of invertebrates are nocturnal, including many species of moths that are important pollinators on working lands. Researchers have speculated that artificial light from street lamps, residences, and other sources may obscure natural firefly bioluminescence, with potentially catastrophic outcomes for species that depend on these signals to find mates or ward off predators. Eliminating artificial light at night is the best thing you can do for fireflies, but if light is needed for practical or safety reasons, consider reducing its impact by installing motion detectors rather than keeping lights on all the time, shielding or lowering lights so they have a more targeted effect, or keeping curtains closed at night to limit the amount of light that spills out. Check out the considerations under CPS 670, which notes that the direction and intensity of exterior lights may dramatically affect the impact of light pollution on people and wildlife.”

https://www.flickr.com/photos/s58y/7552791722/
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Habitat Restoration

Considerations

Photo: Nicholas A. Tonelli/Flickr

Presenter
Presentation Notes
Protecting sites that already support fireflies is probably one of the easiest actions you can take to help conserve them. But if you want to take it a step further by enhancing or restoring sites, there are a few additional considerations to keep in mind.
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Choosing a restoration site
Consider the basic needs of fireflies and determine whether your site is suitable.

• Water availability. One of the most important factors is the availability of moisture, which most firefly species and their
prey need. Does your site have a perennial water source or moist, shady places that can support fireflies? If not, can
you create a water source (e.g., a small pond or water feature)?

• Distance from artificial light sources. Dark nights are important for many species of fireflies. Is your restoration site
adjacent to an area that is lit at night? If so, are there steps you can take to mitigate light pollution?

• Exposure to pesticides. While fireflies can be found in abundance in some agricultural areas, consider potential
pesticide use and associated drift before restoring or creating sites within or adjacent to these areas.

• Presence of invasive plants. Are invasive plants present at your site? If so, identify replacement native plants that
have similar structural value to the nonnative species and develop a restoration plan that reduces the impact of habitat
conversion on fireflies by restoring only a third of the site in any given season.

• Habitat types. Fireflies are often associated with moist sites, such as wet meadows, riparian areas, and woodlands,
although they can be found in a large variety of habitats, from old fields and urban lots to desert canyons and mangrove
swamps. If possible, determine which species naturally occur in your county or region and focus on providing habitats
those species are known to use.

Presenter
Presentation Notes
When choosing a restoration site, consider the basic needs of fireflies and determine whether your site is suitable. Does it have water? Is it close to an area that is lit up at night? Is the site exposed to pesticides? Are invasive plants present, and if so, to what degree? Assessing these factors will help you come up with a realistic plan that is beneficial to fireflies. If you want to go a step further, you can determine which species naturally occur in your county or region, and focus on providing habitats those species are known to use.
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Plant Selection
Considerations

Grasses. Tall grasses provide cover for larvae 
and their prey. They can also give female fireflies 
a better vantage point at night, when they crawl 
up to watch for males flashing overhead.
Flowering forbs. Although most adult fireflies do 
not feed, there are some reports of adults visiting 
flowers including aster, goldenrod, and common 
milkweed. 

Providing a diversity of flowering plants 
throughout the growing season may benefit 
fireflies and can also increase the diversity of 
pollinators and other wildlife at your site.
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Presenter
Presentation Notes
Fireflies use a wide variety of habitats, and similarly, they use a wide variety of plants as well. Your best plan of action for creating or enhancing firefly habitat is to embrace a diversity of species with different heights and structures. Grasses and forbs can provide shelter and perching places, and may also provide food sources for fireflies and other wildlife. 


https://grow.cals.wisc.edu/
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Plant Selection

Shrubs. Brushy areas provide shelter 
and perches for fireflies, and they 
increase the diversity of vegetation 
heights available to them.
Trees. Tall trees adjacent to or within 
habitat can provide shade and shelter 
as well as mating display perches for 
species that signal from the canopy. 
Tree branches can also help block 
light pollution, increasing the darkness 
needed for bioluminescent 
communication.
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Presenter
Presentation Notes
Shrubs and trees are important, too. Both provide additional shelter and perches, and trees can help block light pollution. Different species of fireflies signal from different heights, so having a range of perching heights will cater to different species. Several species, such as this Pyractomena firefly, use tree bark to pupate or overwinter. In fact, some species will use the same overwintering trees each year. Fireflies have also been observed feeding on the sap and floral nectaries of maples, which are an important source of pollen and nectar in early spring for pollinators and predators, too. Including other shade trees along riparian areas also helps reduce water temperatures, acts as a wind break, and provides habitat to a diversity of other species. Plants also help retain soil moisture, and enhancing their diversity helps support greater diversity of other insect species, reduces pest outbreaks on farms, and provides more diverse food for other wildlife like birds. 
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Watershed health
Protecting and restoring firefly habitat 
also contributes to watershed health:
• Protecting riparian areas helps 

reduce runoff, improve infiltration, 
and reduce nutrient loads entering 
waterways

• It provides habitat for pollinators 
and other wildlife that is especially 
important during periods of drought

• It helps reduce flooding

Photo: Synchronous fireflies (Photinus carolinus) in Great Smoky 
Mountains National Park. Radim Schreiber / fireflyexperience.org.

Presenter
Presentation Notes
Protecting and restoring firefly habitat also contributes to watershed health, and it’s likely that if you are working on other habitat restoration projects with this goal in mind, you might already be doing a lot to help fireflies. 
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Resources
• Conservation guidelines
• Species identification
• Community science efforts
• Conservation biocontrol

Photo: Firefly on nettle, MN. Sarah Foltz Jordan.

Presenter
Presentation Notes
I want to end my talk with some resource recommendations for you all. 
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Conservation Guidelines
by The Xerces Society

Newly released!

Coauthored by biologists with the Xerces Society 
and Tufts University
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https://xerces.org/publications/guidelines/
conserving-jewels-of-night

Presenter
Presentation Notes
As I mentioned at the beginning of my talk, this presentation is based on our new conservation guidelines, Conserving the Jewels of the Night, which Xerces co-authored with two firefly researchers from Tufts University (Sara Lewis and Avalon Owens). I encourage you to check these out for more in-depth information about firefly ecology and life history, threats, and recommendations for protecting, enhancing, and restoring firefly habitat. You can find them on our website at the link provided here, which is also included in the additional resources handout.

https://xerces.org/publications/guidelines/conserving-jewels-of-night
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Firefly ID Guides

Images (from left): KnoxNews.com, SilentSparks.com, https://entomology.k-state.edu/doc/WesternFireflies%20March%202016a.pdf.

Presenter
Presentation Notes
There are several guides available for species ID. Lynn Faust’s book provides an in-depth overview of fireflies of the eastern and central US and Canada. Sara Lewis’ book introduces readers to the science and wonder of fireflies and includes a brief guide to commonly encountered genera in North America. And for the West, Larry Buschman has drafted a field guide focused on species in Kansas, Colorado, and Arizona, but also extending to other western species.

https://entomology.k-state.edu/doc/WesternFireflies%20March%202016a.pdf
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Community Science Efforts
Fireflyer’s International Network: iNaturalist

Images from iNaturalist, https://www.inaturalist.org/projects/fireflies-of-the-usa-and-canada

Presenter
Presentation Notes
In addition, the Fireflyer’s International Network has several region-specific projects on iNaturalist that you can use to submit your own sightings or reference for species found in your area. These images show their project pages for the US and Canada.

https://www.inaturalist.org/projects/fireflies-of-the-usa-and-canada
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Community Science Efforts
Mass Audubon: Firefly Watch

Images from Mass Audubon, https://www.massaudubon.org/get-involved/citizen-science/firefly-watch

Presenter
Presentation Notes
Mass Audubon’s Firefly Watch is the largest dedicated firefly program in the US, which asks volunteers to help track the distribution of flashing fireflies and environmental factors that might impact their abundance. Participants commit to spending at least 10 minutes a week observing fireflies during the adult activity period each year.
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Community Science Efforts
Natural History Museum of Utah: Western Firefly Project

Images from the Natural History Museum of Utah, https://nhmu.utah.edu/fireflies

Presenter
Presentation Notes
The Western Firefly Project is similarly tracking flashing fireflies, with a focus on Pyractomena species. This program started in Utah but is now expanding to include all western states.

https://nhmu.utah.edu/fireflies
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Conservation Biocontrol
Guidelines

Check out our habitat planning guide for 
beneficial insects at:

https://xerces.org/habitat-planning-for-beneficial-
insects/

Presenter
Presentation Notes
And finally, as you consider the beneficial role fireflies play in the ecosystem, I encourage you to check out our habitat planning guide for beneficial insects, which is also available on our website.

https://xerces.org/habitat-planning-for-beneficial-insects/
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Questions?
Candace Fallon
Senior Conservation Biologist
candace.fallon@xerces.org

Photo: Synchronous fireflies from Smoky Mountains National Park, 
Tennessee. Radim Schreiber/fireflyexperience.org

Presenter
Presentation Notes
With that, I’ll take any questions. Feel free to contact me directly with any follow-up questions you may have after the webinar, and please check out the list of resources I’ve included with the webinar download. Thank you again for joining us today!
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