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Part 1 — Terminology and the Basics

Several terms are tossed around in the realm of invasive species: alien, exotic, non-native, weed, pest,
etc. Some of these have distinct definitions, while others are nearly synonymous (see Tables 1 and 3). A
foundational piece of learning the basics of invasion ecology is in the lingo.

Table 1. Spatial Terminology Descriptions

Term Description

Executive Order 13112 defines alien species as “with respect to a particular

Non-native . . . .
ecosystem, any species, including its seeds, eggs, spores, or other biological
material capable of propagating that species, that is not native to that

Alien ecosystem.”
It is often preferred to avoid terms like alien, non-indigenous, exotic, and
Exotic foreign, which may be considered culturally offensive. This article

preferentially uses the term non-native.

Non-indigenous ) ) ) ) o
In Alaska, these all refer to species for which there is no basis to believe it

occurred in a location prior to colonization.

Foreign Herein these terms are considered synonyms, and the term non-native is
used preferentially.

Executive Order 13112 defines native species as “with respect to a particular
Native ecosystem, a species that, other than as a result of an introduction, historically
occurred or currently occurs in that ecosystem.”

Merriam-Webster dictionary defines indigenous as “produced, growing, living,
or occurring natively or naturally in a particular region or environment.”

Indigenous
Herein these terms are considered synonyms, and the term native is used
preferentially.
Endem In the context of species distribution, typically refers to a species native and
ndemic

restricted to a particular region.

But first, how do we know if a species is native to an area? This is typically a question of timing. Did the
first non-Indigenous naturalists and explorers in a region document this species? In other words, was it
known in the area prior to the arrival of Europeans? If so, that’s a clear indication the species is native.
Is it a 500-year-old tree? Must be native.
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Figure 1: Native to northern and
central Europe, orange
hawkweed (Hieracium
aurantiacum) outcompetes native
plants in Alaska when it escapes
cultivation. Photo credit: Caleb
Slemmons, National Ecological
Observatory Network,
Bugwood.org

In contrast, non-native
species have been moved
across geographic barriers
(such as a mountain range or

ocean) they would not have

been able to cross without

human assistance. For example, a caribou or fox from mainland Alaska is found on an Aleutian island.
Northern pike from Interior Alaska turn up in a separate watershed in Southcentral Alaska. An aquatic
plant like Elodea spreads from its homebase lake in Washington to a lake in Fairbanks. A European bird
cherry tree jumps continents and grows along a stream bank in Anchorage. A flower native to Europe
whose seeds are naturally dispersed up to 50 feet by wind turns up in a Homer garden.

Figure 2: Invasive species can be introduced as the result of many human activities. Photo Credits (clockwise from upper left):
Arthur Chapman, CC BY 2.0, via Wikimedia Commons; NPS; Dmitry Makeev, CC BY-SA 4.0, via Wikimedia Commons; NAISMA
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These are all examples of human-mediated introduction that have taken place in Alaska. Introduction of
non-native species can be intentional, as with the caribou, fox, and pike that were moved for hunting,
trapping, and fishing. Similarly, European bird cherry trees and numerous species of flowers, grasses,
and shrubs have been brought to Alaska for ornamental planting, soil stabilization, forage, and food
crops. Human-mediated introduction can also be unintentional. Aquatic plants like Elodea, countless
terrestrial plants, and insects can hitchhike on vehicles, equipment, boats, planes, fishing gear, boots,
camping gear, firewood, topsoil, and contaminated animal feed and nursery stock, among other things.

Table 2. Method of Introduction Terminology and Definitions

Term Definition Executive Order 13112

defines introduction as

Human-mediated move across geographical

- .
SO boundaries for a purpose. Examples: agricultural the intentional or
ntentiona ) - -
crops, livestock, feed, forage, ornamental plants, unintentional escape,

erosion control, pets release, dissemination,

or placement of a
Human-mediated move across geographical species into an

Unintentional boundaries accidentally. Examples: firewood, ecosystem as a result

ballast water, attached to vehicles, equipment, of human activity.”

personal gear, pet fur, etc.

If you’ve been following along, you now know the difference between native and non-native, and the
difference between intentional and unintentional introduction. Next up: what makes a species invasive?

non-native + harmful = invasive

Not all non-native species have negative impacts. Think farm crops that need amended soil, irrigation,
and regular fertilization to thrive. If you take a carrot seed and throw it in the woods, it’s not going to
turn the forest into a carrot patch. Similarly, your garden peonies and delphiniums aren’t going to
overrun a fireweed meadow. By contrast, wildflower seed mixes are notorious for harboring invasive
plant seeds. These mixes are designed to grow easily with minimum care and to produce an abundance
of flowers, which in turn produce an abundance of seed.
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Figure 3: Not all non-native species are
harmful. Garden tomatoes, for
example, can't survive outside of
cultivation in Alaska. Photo credit: CC
license

But more on the biological
characteristics of invasive species
later. Table 3 describes the
language we use to classify
species as harmful. Note that
sometimes native species are
dubbed “weeds” or “pests.”

Table 3. Impact and Subjectivity Terminology

Term Definition

| . Executive Order 13112 defines invasive as “an alien species whose introduction does
nvasive

or is likely to cause economic or environmental harm or harm to human health.”

Injurious Injurious and nuisance also mean harmful and unwanted, often considered

synonymous with invasive but not used as widely.

Nuisance Herein invasive is used preferentially because it is the most well-accepted and
technically accurate definition. Non-native + harmful = invasive.

A legal designation by federal, state, or local government indicating the plant causes
harm to public health, agriculture, recreation, wildlife, or property. These species
Noxious come with legal mandates for quarantines and other actions to contain or destroy the
species. The Alaska Department of Natural Resources maintains the state’s noxious
weed list, but it’s in need of updating.

Refers to a species unwanted in a particular place at a particular time and can include

Weed
native species. Examples: spruce bark beetle is native, but in certain weather regimes
has population explosion with undesirable impacts on forests. Pushki (cow parsnip) is
Pest native, but often considered a weed because it’s unwanted in yards and parks, and

contact can cause skin irritation.
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Not all introduced species cause harmful impacts, so there is a distinction to make between
Non-native + harmful = invasive
Non-native + not harmful = not invasive (there are other terms for this)

There is a concept called the “rule of tens” in invasion ecology that was first dreamed up in 1986
(Williamson and Brown 1986) and further defined in 1996 (Williamson and Fritter 1996). The rule of tens
states that for all the species introduced to a new area only 10% survive. Of the survivors, only 10%
become established. And of these established species, only 10% cause harm. Some scientists add
another category between introduced and established, sometimes referred to as casual (see Table 4).
The “rule of tens” has been challenged and may vary by taxonomic group. For example, the success rate
may not always be 10%; for plants and insects it may be 25%, and for vertebrates it may be as high as
50% (Jeschke and Pisek 2018 within Spear et al. 2021).

X X X X X X X X X X
X X X X X X X X X X
X X X X X X X X X X
X X
X X X X X X X X X X
X X
X X X X X X X X X X
X X X
X X X X X X X X X X )
X X 1 species
X X X X X X X X X X . .
X X invasive
X X X X X X X X X X
10 species
X X X X X X X X X X
establish
X X X X X X X X X X

100 species introduced

Figure 4: The Rule of Tens posits that for every 100 species introduced to an area, likely only 1 will become invasive (see
Williamson and Fitter 1996).

There are a few additional terms to capture species that fall between introduced and invasive. For
example, pheasants are not native to Homer, but have been released by individuals and are found in
certain neighborhoods. This could be referred to as a casual species. Another example is rhubarb,
which may persist well after a garden is abandoned, but it doesn’t cause harm to the environment or
economy. This would be referred to as naturalized (Table 4). Casual or naturalized species may become
invasive if environmental conditions change over time; this will be addressed in the follow section.
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Table 4. Temporal Term Descriptions

Term Definition

A species that may reproduce occasionally but does not form self-replacing
populations. Casual typically refers to introduced species but is a less commonly used
term to indicate a species is introduced but not established. Transient may also refer
Transient | 45 native species that exhibit this behavior.

Casual

An introduced species that maintains self-sustaining populations but without causing

Naturalized
harm.

Figure 5: "Casual" species, like the
pheasants commonly found in the
Homer area, could become invasive if
environmental conditions were to shift.
Photo credit: Gary Noon, CC BY-SA 2.0,
via Wikimedia Commons
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Part 2 — Sleeper Populations, Lag Time, and the Invasion Curve

As we learned in Part 1, not all species introduced to a new area become harmful, and thus invasive.
However, introduced species may start out harmless, then after a few years — or a few decades — begin
to have harmful impacts on the environment and economy. A great example is the European bird
cherry trees planted along roadsides and trails throughout Anchorage. The trees were chosen for their
attractive spring flowers and tolerance to Alaskan growing conditions and existed along roadsides for a
number of years, doing their job as an ornamental tree. Eventually saplings started sprouting all along
creeks and bike trails, and it became obvious that they were outcompeting native vegetation. Later
research showed that the trees were also impacting salmon habitat, which is why they are now illegal to
sell in Anchorage and are being removed throughout the Kenai Peninsula.

Figure 6: European bird cherry
(a.k.a. Mayday) trees (Prunus
padus), like these growing
along a bike path in
Anchorage, quickly out-
compete native vegetation.
Photo credit: Mel Green, CC
BY-NC-ND 2.0, via Flickr

A sleeper population is defined as “an established (i.e., reproducing and self-sustaining) nonnative
population that persists at low abundance and has innocuous or undetectable impacts but that has the
potential to become invasive when triggered by an environmental factor” (Spear et al. 2021). This
period of relative inactivity, also referred to as lag time, can last from years to decades.

There is a small distinction to be made between a sleeper population, which requires environmental
change to cause population irruption, and inherent lag species, which require time to develop enough
seeds, propagules, or offspring to cause population irruption (Crooks et al. 2005 in Spear et al. 2021).
Several environmental factors can cause a lag time to end, including an unusually warm or cold summer,
an unusually mild winter, unusually dry or wet conditions, or changes in the food web.
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The invasion curve (Figure 7) depicts how a species transitions from first introduction to widespread
abundance, and the associated management strategies across phases. At the early stage eradication is
most feasible, but it’s also the hardest time to detect a new species because there are few individuals.
Citizen scientists can be a great asset here, if they notice and report something new or seemingly out-of-

place. For more information on reporting species, visit the Kenai Peninsula Cooperative Invasive Species
Management Area website.
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Figure 7: The "Invasion Curve" helps biologists and land managers make decisions about invasive species management actions.
Credit: U.S. Government Accountability Office, Washington, DC, United States, public domain, via Wikimedia Commons

As a species increases in distribution and abundance, managers need to shift from the goal of
eradication to the goal of containment and resource protection. At mid to late stages of invasion, a
species may only be managed in sensitive habitats, where invasion has the most detrimental impacts.
An example of this is reed canarygrass management in the Homer area. Though common throughout
Homer, particularly along roadsides, reed canarygrass is typically only managed where it threatens
salmon streams and at outlying populations where eradication is feasible.
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Figure 8: Though common along
roadsides of the Kenai Peninsula, reed
canarygrass (Phalaris arundinacea) is
targeted for management primarily in
areas where it threatens salmon
habitat. Photo credit: Kenai Watershed
Forum

References
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Populations: Prevalance, Persistence, and Abrupt Shifts. BioScience 71: 357—-369.
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Part 3 — The Biology of the Ecology

As we learned in Parts 1 and 2, not all introduced species become invasive. This begs the question, why
do some species succeed in their introduced habitat, while others don’t? Let’s start by looking at some
species’ traits that lend themselves to success.

Extended growth season

In the case of plants, species that green up earlier in the spring than native species have a head start in
photosynthesizing. Similarly, species that stay green longer into the fall have an advantage in storing
more energy later in the season, which helps them emerge earlier in the spring. And so, the cycle
continues. Reed canarygrass is a good example of this.

Multiple modes of reproduction and longevity of seeds

Some plants reproduce only by seed, like a dandelion, while others reproduce vegetatively, like a
strawberry plant or garden bulbs. Species that reproduce by both have an advantage, because
vegetative spread increases the size of an existing population, while seeds can move farther distances
and create new populations. For example, orange hawkweed has both rhizomes (horizontal
belowground roots) and stolons (horizontal aboveground roots), plus it produces 50-600 seeds per plant
(ACCS 2011).

Figure 9: Orange hawkweed (Hieracium aurantiacum) reproduces by multiple means: seed dispersal, underground rhizomes,
and aboveground stolons. Photo credit: Michael Shephard, USDA Forest Service, Bugwood.org
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Some plants create large numbers of seeds and others produce seeds that are extremely long-lived. The
invasive white sweetclover checks both these boxes, producing up to 350,000 seeds per plant, which
remain viable up to 81 years (Klemow and Raynal 1981, Rutledge and McLendon 1996, Royer and
Dickinson 1999; within ACCS 2011). Species with both high seed counts and long viability have an
obvious advantage in establishing populations. We could also add to this category species that produce
multiple batches of offspring each year, for example the Norway rat can breed year-round in suitable
conditions, producing up to twelve litters per year (ADF&G undated). Another example is fall dandelion,
which blooms continuously from mid to late summer, so seeds are dispersed throughout the growing
season.

Figure 10: Fall dandelion (Leontodon
autumnalis) blooms continuously from mid to
late summer, dispersing seeds throughout the
growing season. Photo credit: Joseph M.
DiTomaso, University of California - Davis,
Bugwood.org

Allelopathy
Allelopathy is a fancy way to say a plant

releases chemicals that inhibit the growth

of other plants. This can be caused by
different modes of action, and to varying degrees, and is suspected to occur in the invasive orange
hawkweed.

Specialists versus Generalists

One of the most important characteristics of a plant or animal is whether it’s a specialist or generalist.
Specialists rely on specific conditions within a habitat to survive, such as a very limited food source or a
very specific nesting site. Plant specialists may require a narrow range of soil chemistry, structure, and
water content. Sometimes specialist species can become threatened or endangered because they have
such specific needs. On the opposite end are generalists, which can survive a wide variety of conditions,
easily adapt to changes, and survive just about anywhere - this describes most all invasive species.

Place in the Food Web

Perhaps one of the most well-known characteristics of invasive species is that when they’re introduced
to a new area, they may lack natural predators. In an organism’s native habitat, thousands of years of
evolution have created checks and balances in relationships between animals, plants, and insects.
Taken out of their native range, a species may experience a population explosion due to lack of their
historical food web interactions. The inverse can also be true. For example, pike native to Interior
Alaska are top predators in aquatic food systems and feed on other fish. Where they have been
introduced in Southcentral and Southeast Alaska, they have decimated the populations of salmon and
other species that are vulnerable — and unaccustomed — to the high rate of predation by pike.

11| Page



Figure 11: Northern pike (Esox lucius) with a
bellyful of juvenile salmon. Photo credit: Alaska
Dept of Fish and Game

Type of organism

If it seems as though this summary of
invasion ecology has emphasized
vegetation, that’s because the number of
non-native plants far outweighs the
number of non-native animals in Alaska.
As of April 2022, there are currently 412
plant species being tracked by the Alaska
Center for Conservation Science, either as known to be introduced in Alaska or adjacent parts of Canada,

or on the “watch list.” The Alaska Department of Fish and Game lists 17 organisms, ranging from fish
and birds to insects and fungus.

Figure 12: Plants represent most
invasive species in Alaska. Photo credits:
bird vetch (Vicia cracca) by Caleb
Slemmons, National Ecological
Observatory Network, Bugwood.org;
Norway rat (Ratus norvegicus) by
Zeynel Cebeci, CC BY-SA, Bugwood.org

This is certainly not a comprehensive list of species’ traits that can lead to invasiveness, but it’s a good
starting place to understand what drives invasions. The main theme is that invasive species have traits
that allow them to outcompete native species, which in turn limits biodiversity and causes ecological
and economic injury.

References
ACCS. 2011. Species Biographies. Alaska Center for Conservation Science, University of Alaska
Anchorage. Available at https://accs.uaa.alaska.edu/invasive-species/non-native-plant-species-list/.

ADF&G. Undated. Invasive Species — Norway Rat (Rattus norvegicus). Alaska Department of Fish and
Game. Available at
https://www.adfg.alaska.gov/index.cfm?adfg=invasiveprofiles.norwayrat_characteristics
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Part 4 — The Human Component

Invasible habitats and the role of disturbance
On the flipside of the invasiveness of a species, is the invasibility of a landscape.

Intact ecosystems generally provide few opportunities for non-native species to establish. That’s
because all the habitat (the place that provides all the necessities for an organism to live) and niches
(the role an organism plays its habitat) are filled, and there’s no room for an interloper. On the other
hand, a disturbed ecosystem has gaps in its habitats and niches that can readily be filled by strongly
competitive non-natives.

Ecosystem disturbance can be caused by people or natural events. An example of human disturbance
could be putting in a road or subdivision, which can leave huge areas of bare ground for species that are
good early colonizers, like native horsetails and invasive hempnettle. Also, some species are well-
adapted to frequent mowing (e.g., lawns and sports fields). Orange hawkweed will adapt to being
mowed by growing sideways along the ground great distances rather than putting up tall flower stalks,
thereby expanding its footprint through the help of human disturbance.

Figure 13: Hempnettle (Galeopsis
tetrahit, G. bifida) tolerates poorly
developed soils, making it a successful
colonizer in recently-disturbed areas.
Photo credit: Tom Heutte, USDA Forest
Service, Bugwood.org

This same trend follows everywhere people go. Recreational areas like hiking trails and campgrounds,
transportation corridors like ATV paths, and maintenance corridors like powerlines. And even when
humans try to do good, as in building wildfire fuel breaks, we can still accidentally introduce non-native
species. All these forms of disturbance contribute to the invasibility of a landscape.
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Figure 14: Invasive species go where
people go and are commonly spread
along roads, powerline corridors, and
trails. Photo credit: Jen Chauvet

Natural events that cause disturbance, and thus increase the invasibility of a place include blowdown of
trees in strong winds, forest fires, and flooding. For example, streams and rivers are frequently changing
course with high water events. Gravel bars are a great example of a naturally disturbed habitat, and
invasive white sweetclover loves to colonize them.

Invasive species versus climate-induced range shifts

The phrases natural biological invasion or range shift are used to describe a species moving into a new
region, but not through human-mediated means, and not crossing an insurmountable geographic
boundary. As areminder, an introduced species is one that crosses geographic boundaries with human
assistance.

In the case of natural species migration, individuals gradually move northward and to higher elevations
from their previous and adjacent range. The move north and uphill is a response to warming
temperatures in their previous home zone; going north and up typically leads to cooler temperatures.
Individuals that don’t adapt this way may lose their historical habitat to changing weather and climate
conditions. Sometimes these two concepts — species introduction and range shifts — get confused and
even used as a case against managing new species in an area.

What’s the argument against managing invasives?

Now’s a good time to get into the reasons why some folks argue against managing invasive species. One
reason, provided in the previous paragraph, is confusion surrounding natural species migration and
human-mediated movement.

Another argument claims assemblages of introduced species should be classified as novel ecosystems
and valued as such. For example, an abandoned lot within a city may be thriving with lush vegetation,
all introduced from other countries, but nonetheless filtering runoff, absorbing carbon dioxide from the
atmosphere, and supporting pollinator insects. In other words, providing the same functions and
services as a native ecosystem, so it should be valued as such. And because most native species aren’t
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hardy enough to thrive in a relatively harsh urban environment, might as well let the invasive species

have at it!

Still another argument is that humans, too, are animals operating within the ecosystem. So, if we move
seeds around the world, that’s no different from a squirrel moving seeds around the forest. Another
argument is that it’s too difficult to know what species were where before humans came along.

Still another notion is that scientists want to call all non-native species “bad” and all native species
“good.” In my experience, this isn’t true and is instead a false oversimplification.
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Part 5 — Using Herbicides in Invasive Species Management

Conscientious caution
| understand apprehensions regarding pesticide use. In my experience, these apprehensions are
sometimes warranted, and other times they stem from a lack of information or misunderstanding.

My first experience with pesticides occurred when | was working in habitat restoration in San Francisco,
arguably one of the most environmentally conscientious jobs and cities in the country. We used
herbicide for the end goal of improving habitat for wildlife, and only when careful consideration
indicated the pros outweighed the cons, and only as part of an integrated pest management (IPM) plan.

Integrated pest management (IPM)

IPM is a strategy of controlling unwanted species through considering pest biology, management goals,
and using a combination of control methods. The following are categories of pest management
methods used in IPM and examples of each:

e Mechanical/physical — hand weeding, mowing, row cover, mouse traps

e Cultural —sanitation, timing of planting and harvesting, crop rotation

e Biological — using ladybugs in a greenhouse to control unwanted insects

e Chemical — herbicide, fungicide, insecticide, repellents, disinfectants

e Genetic — selecting species bred for pest or pathogen resistance

e Regulatory — laws that restrict sale of specific species, quarantines, inspections

In invasive species management, pesticides are not a first course of action, but rather a last resort when
other control methods aren’t effective, and the ecological and/or economic risks of species spread are
significant. Herbicides are utilized only in a few situations where the pros of species control outweigh
the cons of chemical use. Moreover, herbicides are often used alongside other IPM techniques.

The use of herbicides for invasive species management is far different from its use by big agriculture, for
which herbicide application is standard procedure and employed indiscriminately over large areas. This
extensive use of herbicide is the reason why Roundup (glyphosate) gets so much negative publicity and
is the subject of lawsuits. By contrast, invasive species management uses very small amounts, targeted
at very specific sites and species.

Residual activity

There is a common misconception that pesticides remain in the environment indefinitely. This seems to
be a holdover from the era of Rachel Carson’s 1962 book Silent Spring, which raised the alarm on
pesticides in the environment. In particular, the book drew attention to DDT, which can remain in the
environment for hundreds of years, bioaccumulates in the food web (see Figure 15), and causes eggshell
thinning and population declines in birds of prey.
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Figure 15: DDT residue bioaccumulates in the fatty tissues of animals. The higher an animal is on the food chain, the greater the
concentration of DDT in their system. Credit: Martin-rnr, CC BY-SA 3.0, via Wikimedia Commons

Silent Spring sparked an environmental movement that led DDT was banned for use in agriculture
to the creation of the U.S. Environmental Protection Agency but is still used indoors for control of
and eventually banned the use of DDT in agriculture in 1972 | jnsects where they transmit malaria.
(see sidebar). In turn, this caused changes in the regulation In these cases, the risk to humans
of pesticides and surrounding policy, including changing from the disease is deemed greater
pesticide formulations to be far less toxic and lingering. than the potential damage caused to
Many of the over-the-counter pesticides commonly used the environment or human health
today breakdown in days, weeks, or months. In fact, the from pesticide exposure.

much-maligned glyphosate has zero residual activity in the
soil.

So where do these chemicals go? Degradation is the process in which a pesticide is broken down into
harmless substances. It takes place through three primary mechanisms:

e Microbial action involves breakdown by soil microorganisms, like bacteria or fungi.

e Chemical degradation is the breakdown of chemicals that do not involve living organisms. This
usually takes place in a chemical reaction with water (hydrolysis, oxidation, reduction).

e Photodegradation refers to chemical breakdown in sunlight.
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Figure 16: Pesticides break down into harmless substances through number of processes. Credit: CC license, via Wikimedia
Commons

Although pesticides do breakdown in the environment into innocuous molecules, any good pesticide
applicator will consider the following questions before planning a treatment:

e Where will the pesticide go after it leaves my application equipment?
e What effects could this pesticide have on nontarget sites and/or species?
e How can | minimize risks associated with this application?

Mode of action

The mode of action refers to the mechanism by which a pesticide causes death of the target organism.

For example, for an herbicide with the mode of action of growth regulator, this product interferes with
protein synthesis and hormone balance within the plant. In many cases this does, by definition, affect

plant cells and not animal cells. Here are a few parallels to think about:

Chocolate = ok for people to eat
Chocolate = poisonous for dogs to eat
Hydrogen peroxide mixed with water = water house plants with it and the plants are just fine
Hydrogen peroxide mixed with water = water house plants with it and it kills insect eggs living in the
plant’s soil
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Another example of a pesticide safe for one category of animals but not another is flea and tick
treatments for dogs and cats. These days people administer preventative flea and tick treatments orally
to their pets! The product kills any bug that bites them, but the pets still get petted with no ill effect for
the dog or human.

Herbicide specificity goes one step farther, in that some products only kill grasses but not broadleaf
species and vice versa. This is because the mode of action specifically targets chemical components of a
group of plants and does not affect another group of plants. If herbicides can be this fine-tuned, it
shouldn’t be such a stretch of the imagination to accept that the active ingredient doesn’t always
biologically impact non-target organisms. There are, of course, exceptions. Some pesticides are nasty
and have no place in the average person’s toolkit.

Horticultural vinegar is all the rage these days. This type of vinegar is 10-20% acetic acid and is far
different than grocery store vinegar, which is about 5% acetic acid and won’t do much, if anything, to a
plant. The mode of action for vinegar is cell membrane disruption. In other words, it burns what it
contacts, but doesn’t kill the roots. So, any perennial species will keep coming back after treatment with
vinegar. Horticultural vinegar can kill annual plants and can be a short-term fix to slow down growth of
perennials. Despite its ultra-low pH, it breaks down quickly in the soil and won’t significantly alter soil
acidity over time. However, just as it burns down foliage, it can similarly damage human skin, so it
needs to be handled with extreme caution.

Figure 17: Some herbicides target
broadleaf plants, like common tansy
(Tanacetum vulgare), while others
target grasses. Photo credit:
Michael Shephard, USDA Forest
Service, Bugwood.org

Ready-to-use products versus herbicide
concentrate

An often-overlooked component
surrounding herbicide toxicity is the
inactive ingredients in ready-to-use
formulations. A product label, by law, is

required to state the percent active

ingredient. For example, if you buy a
bottle of Roundup at the store it will contain something like 2% glyphosate and 98% other ingredients.
This is part of the reason there is so much debate surrounding Roundup and/or glyphosate. What’s in
that other 98%? The manufacturer is not required to disclose that information. However, most likely a
large portion of that is a carrier, such as water (although with some products the carrier is an oil).
However, other additives (called adjuvants) can affect the toxicity of a product, and may include sugars,
oils, petroleum products, and various undisclosed chemical formulations.
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Consequently, ready-to-use products may be more toxic than concentrate products because they may
contain additives that impact toxicity and are not listed on the label because they are not considered
active ingredients. Concentrate products come with their own risks, due to potency, but can be safer
when mixed and applied correctly by a professional.

Figure 18: Herbicides may be sold as
concentrates that can be measured
and mixed by the applicator, or as
ready-to-use (RTU) formulations.
Photo credit: Gail Langellotto, CC BY-
NC-ND 2.0, via Flickr

Labelling can also be misleading
for the uninitiated. Specifically,

the term organic may give a user

a false sense of safety. The

colloquial use of the word describes chemical-free and non-genetically engineered foods. However, the
actual definition of organic simply means carbon-based. So, in this case, glyphosate is considered
organic, whereas sulfur (used to kill fungus on plants) is not organic, because it’s a mineral. Similarly,
plant-derived pesticides may give the user a false sense of safety. Examples of these are nicotine sulfate
and strychnine, both of which are derived from plants and are extremely toxic to mammals, including

Ill

people. The origin of a product does not indicate its toxicity; many “natural” pesticides are ranked as

more hazardous than those synthesized in a lab.

Table 5. Classification of traditional insecticides

Category Description Examples

. Do not contain carbon; derived . .
Inorganic . Arsenic, boron, sulfur, zinc
from minerals

) ) Contain carbon and other Nicotine, rotenone, strychnine,
Botanical organic
elements; extracted from plants | pyrethrums

. . Contain carbon and other Horticultural oils, many
Synthetic organic

elements; synthesized in a lab common herbicides

Responsible use

There are numerous ways to apply herbicide incorrectly - potentially causing harm to the applicator
and/or environment - and only one way to apply them correctly. Proper application of herbicides means
following federal and state regulations, as well as instructions on the product label. When used for
invasive species management, herbicides are applied by professionals who have obtained certification
from the Alaska Department of Environmental Conservation, which involves passing written exams that
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assess the individual's understanding of species identification and biology, laws and regulations,
personal safety, fate and transport of chemicals, and ability to perform calculations. Additionally, there
are 19 categories which cover more details about areas of specialization; an applicator must have the
category certifications for work they perform (for example, turf and ornamentals, aquatic, agriculture,
forest). Additionally, professional applicators always learn from a mentor with years of

experience. There are many tricks of the trade not covered in certification materials that make
applications safer and more effective.

Figure 19. To protect themselves and the
environment, applicators should always use
herbicides with utmost caution and wear
appropriate personal protective equipment
(PPE). Photo credit: C. Greenstein

Long-sleeve shirt

Legal restriction to pesticide use
Any landowner can apply pesticides
to their own property, but to use
pesticides on property that does not
belong to the applicator, certification
is needed. Regardless of who is
applying the pesticide, the applicator

Chemical-proof gloves

is always responsible for following ,
federal laws (administered by the j sFiaseiakshoat e
Environmental Protection Agency), ; 2 2ock
state laws (administered by the B9 4 Vit et e

Alaska Department of Environmental Conservation), and label instructions. For more information, see

https://dec.alaska.gov/eh/pest.

A little bit of skepticism and reluctance regarding pesticides is healthy. However, carefully incorporating
pesticides into an IPM plan can be extremely helpful when other control strategies, on their own, are
inadequate.

Figure 20. DEC-certified pesticide applicators post informational
signs at sites where herbicide will be/has been applied. Photo
credit: Kenai Watershed Forum
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