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of a single hole, respectively formed by the donut ring and by the 
handle of the teacup. Th e topological identity of a shape is only 
changed by tearing or cutting. Th ese rules apply to the study of a 
knot. When a knot undergoes any such permissible manipulation 
it is said to be deformed, but it is still considered to be the same 
knot or “equivalent.” A fl at loop in a plane is called an “unknot” 
or “trivial knot”; this is the simplest knot. Like any other knot it 
can be deformed, which can make it diffi  cult to tell whether it is 
the unknot or some other knot. Th e basis of much of knot theory 
is the eff ort to determine distinctions or equivalencies of knots 
without spending years untangling pieces of string.17

Th e manipulations that allow for deformation and 
preserve a knot’s identity are defi ned in the Th eorem of 
Reidemeister, which states that “two diagrams represent 
equivalent loops if and 
only if one diagram 
can be obtained from 
the other by a fi nite 
sequence of special 
deformations called 
Reidemeister moves.”18

Th ere are three types 
of Reidemeister moves. 
Th e fi rst type, R1, is 
a twist and untwist 
in either direction. Th e second, R2, is a move of one loop over 
or under another. Th e third, R3, is a movement of a string 
completely over or under a crossing. Th e numbering for each
type of move indicates how many strands are involved in its
movement.19

Any knitter is likely familiar with the tragic loss of stitches 
and knows how easy it is to pull out their work, be it accidentally 
or on purpose. Without needles, an in-progress knitting can be 
smoothly pulled out row by row from the active end of the yarn. 
17. Ibid.
18. Ibid.
19. Ibid. 
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Th is indicates that, before being tied off , the unfi nished knitting 
is essentially an unknot, as the yarn can be entirely untangled. A 
closer inspection of an individual stitch will demonstrate that the 
creation of a stitch is simply a single type 2 Reidemeister move 
and a stretch, manipulations that do not aff ect the identity of 
a knot. Th e fi gure below20 shows the steps for knitting a stitch;
observe how the active strand is crossed behind the loop and 
then pulled through. 

While this in and of itself should be enough to convince 
someone that knitting is math, it is also true a knitter does not 
need to be aware of academic mathematics to do the craft . Th e 
following examples and explanations will identify properties 
of knitting which unavoidably cause the knitter to think 
mathematically without necessarily being “aware” that is what 
they are doing. 

Th e majority of knitting is made up of simple arithmetic 
exercises. Th e fi rst step of any knitting project is to calculate 
your gauge, or stitches per inch. Th is is done to compensate 
for diff erences in needle and yarn size between your work and 
those used in a written pattern, and this conversion is carried 
out through dimensional analysis. Th is scaling method uses the 
property of multiplicative identity, which says any number can 
be multiplied by 1 without changing its value. For example, a 
pattern for a 3x6 inch rectangle calling for rows of 24 stitches 
would have a gauge of 8 stitches per inch. If you knit an inch with 
only 5 stitches you would either need to use smaller needles to 
match the pattern’s gauge or adjust the pattern to have 15 stitches 
per row, thus refl ecting your gauge. Computing the gauge of a 
sample and using it to create measurements for the rest of the 

20. Interweave Editorial Staff , “How to Knit Like a Pro: Beginner Knitting 
Instructions,” Interweave (website), 2019.
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pattern requires only addition and multiplication, because when 
we knit, we can only ever have a positive number of stitches and 
operations are performed using only positive integers (1, 2, 3, …), 
which are called the counting numbers or the natural numbers 
and denoted N. 

Stitches on a Grid
Th inking of stitches as positive integers should be 

a fi rst step in any attempt at learning to knit. A typical fi rst 
knitting project, aft er learning the basic knit stitch, is to knit 
a rectangle (call it a scarf) while keeping the same number of 
stitches on your needles all the way down. Failure to do this 
shows that dropping a stitch results in a shorter row and the 
loss of a column. Th is familiarizes the new knitter with the idea 
that each stitch represents a number with a placement in both 
a row and a column. Following this idea, the knitted fabric is 
easily translated to a two-dimensional 
coordinate system in which each stitch is 
placed inside the boxes of a grid, as in the 
accompanying fi gure.21 In mathematics, 
two dimensional space is essentially a 
projection of the physical universe onto 
a plane, a two-dimensional surface that 
extends infi nitely. Since it encompasses 
all real numbers it is represented by R2;
the dimensions, referred to as length and 
width, are naturally perpendicular to one 
another. When describing a coordinate 
system, length and width take on the 
imaging of vertical and horizontal axes with a single unit of 
length. Th e intersection of these two axes is called the origin 
or O, and thus the two axes become number lines. A Cartesian 
coordinate system imposed upon a plane works to describe any 
point or element on the plane using two values, which are called 

21. Sarah-Marie Belcastro, “Adventures in Mathematical Knitting,” American 
Scientist 101, no. 2 (2013): 124-133, doi: 10.1511/2013.101.124.
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parameters and are conventionally denoted as (x,y). Since a plane 
by defi nition extends infi nitely, the number lines denoted by each 
axis extend infi nitely as well. Under this Cartesian coordinate 
system, the origin, (0,0), is the center point of the number lines 
and divides the plane into four quadrants. Th e quadrant where 
all the coordinate values are positive is generally called the fi rst 
quadrant. Since stitches are described as positive integers, all 
work with a knitted plane is done in the fi rst quadrant.

Differentiating Stitches
 Th ere are essentially two stitches in knitting: knit and 

purl. More complex stitches and patterns are created from 
combinations or variations of these two. Th e knit stitch (top of 
fi gure), creates a smooth “v” shape, and as described earlier is 
essentially a slip knot pulled through an existing loop towards 
the front of the fabric.22 Th e purl stitch (bottom of fi gure), which 
is the inverse of knit, is a slip knot pulled towards the back of the 
fabric. It creates a bump or horizontal line. Th e stitching pattern 
found on most basic knitted fabric, called stockinette stitch, is 
created by alternating a knit row 
with a purl row so that one side of 
the fabric is smooth knit v’s and its 
backside is purl bumps. Knit and purl 
are abbreviated k and p in traditional 
pattern writing, but 0 and 1 would 
be equally appropriate signifi ers. 
Th is simple translation into binary 
suggests the enormous possibilities of
creating codes in knitted fabric. 

Many World War One spies 
were women who would “work code 
messages into knitting, embroidery, 
hooked rugs, etc,” and would slide under the radar because 

22. Heather Lodinsky, “A Good Read: Identifying Your Stitches,” Lionbrand
(blog), April 16, 2013.
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they didn’t fit the expected profile of a spy.23 Such is illustrated 
fictionally in A Tale of Two Cities, in which the vengeful Madame 
Defarge knits an running register of the encoded names and 
crimes of enemies of the revolution. Madame Defarge encodes 
these secrets “in her own stitches and her own symbols,” implying 
that no one but herself could ever read it.24 This reflects the real-
life coding practice of representing letters of the alphabet using 
numbers, the most basic example of which is A=1, B=2, etc. 
Cryptography methods offer a depth of opportunity for more 
complex mathematical encryption beyond basic substitution 
ciphers. Once a message has been encoded, the numbers are 
placed on a grid which can then be knitted. Since each stitch 
represents a square in the grid, any technique that creates a 
single square difference on the background can be used. The 
visual quality of a stitch can be altered by changing the color or 
the type of stitch. For example, having a purled stitch on a knit 
background would allow you to specifically denote that position 
in the grid.  

Developing Curvature
After mastering knit and purl, a knitter will learn to move 

beyond a simple rectangle. The shape of a knitted fabric can be 
changed using increases (to add a stitch to a row) or decreases 
(to remove a stitch). A decrease is a mirror of an increase, so 
when you flip the fabric upside down, they look identical. They 
both create curvature in the grid of the fabric, because the overall 
shape and structure of a knitted object are built out of local stitch 
creation.25 For a knitted object that is not flat, any coordinate 
system imposed on a section of fabric is only accurate for a 
limited set of stitches. This describes a manifold, a topological 

23. Gordon A. J. Petersen and Marshall McClintock, A Guide to Codes and 
Signals (Racine: Whitman Publishing Company 1942), 58. 
24. Charles Dickens, A Tale of Two Cities (Project Gutenberg website, 2004),, 
section 2, ch. XV.   
25. Sarah-Marie Belcastro. “Adventures in Mathematical Knitting: Rendering 
Mathematical Surfaces and Objects in Tactile Form Requires Both Time and 
Creativity,” American Scientist, vol. 101, no. 2, 2013. 
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space that has consistent coordinates locally (in a certain limited 
area) but not necessarily globally (throughout the whole shape). 
Every point on an n-dimensional manifold has an area around 
it that is homeomorphic, or topologically equivalent, to the 
Euclidean space of dimension n.26

 It is helpful to recall that topology is concerned only with 
the qualities of the space that cannot be altered without tearing, 
such as holes and connectivity. The dimensional restriction 
for a manifold is that every patch of the surface must have the 
same number of coordinate dimensions. Since we are under the 
assumption that our manifold is describing a knitted object we 
can continue to operate only in the natural numbers. A simple 
knitted sweater is an example of a two-dimensional manifold 
because, if you zoom in, every part of the fabric has a two-
dimensional coordinate grid of knitted stitches; the coordinate 
lines only run up-down and left-right. However, if you added a 
pocket to the sweater, the place where the pocket connects would 
have three dimensions, up-down, left-right under the pocket, 
and left-right over the pocket. So we see after adding the pocket, 
the sweater is no longer a manifold. This idea of a sweater being 
consistently two-dimensional might seem odd, as we know that 
a sweater is in fact three-dimensional; we can wear it! But in this 
case, the knitting is thought of as a two-dimensional surface, or 
skin, of a three-dimensional object. The knitting represents the 
boundary of the three-dimensional object and we think of it as 
taking up as little space as a piece of paper.

Knitted Modeling:
Crum Brown’s Knitted Surfaces

This idea of using knitting to represent a two-dimensional 
surface was first used in mathematics by Scottish chemist and 
mathematician Alexander Crum Brown (1838-1922). He was 
recognized primarily for developing a graphical representation 
of organic molecules that led to the standard notation used today 

26. Ibid. 
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in organic chemistry.27 He represented atoms using their atomic 
symbol written inside a circle; the molecules were then composed 
of the circular atoms connected by lines, giving a hypothetical 
molecular structure. The graphic model of a molecule, first 
published in his 1861 MD Thesis entitled “On the Theory of 
Chemical Combination,” is valued as a significant contribution to 
the chemistry world, but it is Crum Brown’s practice of physical 
modeling that is particularly relevant to the present thesis.28  To 
Crum Brown, abstract concepts were more easily understood 
through three-dimensional models, which he described as 
“helps to the imagination.”29 Throughout his career, he created 
chemical and mathematical models using a variety of mediums, 
some of which were structurally accurate while others were more 
abstract.30 The University of Edinburgh has several of his models 
on display, including a rock salt molecule composed of balls of 
yarn connected with steel knitting needles, as well as peculiar 
triple layer surfaces made of knitted yarn, leather, or paper 
mache. While not all of these surfaces are necessarily accurate 
models of his published research, they are valued as essential 
parts of his explorations in topology.

His paper ‘‘On a Case of Interlacing Surfaces,’’ published 
in 1855, explores the concept of “locking” which had recently 
been described by his contemporary and brother-in-law, Peter G. 
Tait, one of the first mathematicians to study knot theory.31 Tait’s 
papers were published by the Transactions of the Royal Society of 
Edinburgh between 1876 and 1885.32 In Tait’s On Knots (1877) he 
describes three interlocking rings that form what was later named 
27. David Larder, “Alexander Crum Brown and his Doctoral Thesis of 1861,” 
Ambix 14, no. 2 (1967): 112-132, doi: 10.1179/amb.1967.14.2.112.
28. Ibid. 
29. David Dunning, “What Are Models For? Alexander Crum Brown’s Knitted 
Mathematical Surfaces,” The Mathematical Intelligencer 37, no. 2 (2014): 62-70, 
doi: 10.1007/s00283-014-9480-2.  
30. Ibid. 
31. Daniel Silver, “Knot Theory’s Odd Origins,” American Scientist 94, (2006): 
158-165.
32. J O’Connor and E F Robertson, “Peter Guthrie Tait,” School of Mathematics 
and Statistics, University of St Andrews, Scotland, December 2000.
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a Brunnian link, after Herman Brunn, who published an article 
“Über Verkettung” on knot theory in 1892.33 These papers laid 
the groundwork for modern knot theory, a relatively new field 
of mathematics.34 Tait had made it his work to catalogue knots, 
working his way through “the first seven orders of knottiness” 
(every possible knot created with one to seven crossings) before 
declaring the prohibitive immensity of this task.35 Although he 
hypothesized that there existed some mathematical application 
to the differences in qualities of knottiness, he had no technique 
other than his geometric intuition to create these lists.36 Based 
off of a theory that interpreted the behavior of floating smoke 
rings to suggest atoms were knots of swirling vortices in the ether, 
known as the “vortex atom theory,” Tait postulated that chemical 
elements must correspond to knots and links.37 As such, his list of 
knots was believed to have application in chemistry and physics; 
it is no wonder then that Crum Brown took an interest in Tait’s 
knot diagrams. 

Crum Brown took the concept of linking and applied 
it to surfaces. In his “Surfaces” paper he described three sheets 
perforated with circular holes that interlace in such a way that if 
any one sheet were eliminated the other two would come apart, 
analogous to a Brunnian link. Each sheet lies completely above 
one of the other two, and completely below the other. A link is a 
collection of knots that are linked together but do not intersect 
each other, so the arrangement, while not truly constituting knots 
in a link, followed the essential concept.38 He went on to suggest 
different positionings of such a surface. Connecting the ends to 
form a cylinder can create either one continuous knotted surface 
(connecting the end of one layer to the opposite end of another) 
or three distinct surfaces (connecting each layer to its own 

33. Ibid.
34. Daniel Silver, “Knot Theory’s Odd Origins,” American Scientist 94, (2006): 
158-165.
35. Ibid.
36. Ibid.
37. Ibid.
38. Louis Kauffman, On Knots, Princeton University Press, 1987.
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opposite end).
To accompany this research, he created models using 

a unique technique of knitting that produced interpenetrating 
layers of fabric. The models, which are displayed at the National 
Museum of Scotland in Edinburgh, are done in three colors, 
creating designs from Tait’s knot diagrams. The fabric is knitted 
so each color appears in a different section of the design in each 
layer, which is done by pulling the strands of yarn between the 
layers. Crum Brown’s paper implies he aided the presentation 
of this paper with physical models to prove his conjectures.39 
While the knitting technique did not perfectly model his 
surfaces, it should be understood Crum Brown used knitting as 
a practical form of topological research “not to prove descriptive 
propositions about his surfaces, but rather to render them 
perceptible to the senses.”40 

Taimina’s Crocheted Hyperbolic Plane
Since much of higher-level math is abstract in nature, 

it is extremely beneficial to spend time exploring properties of 
abstract ideas with perceivable faculties. A notable example of 
such modeling occurred in the 1990s when Daina Taimina, a 
Latvian mathematician, created the first physical model of a 
hyperbolic plane using crochet, a medium the mathematics world 
had not yet thought to try.41 It is easy to build a three-dimensional 
physical model for most Euclidean shapes which, by definition, 
are flat and not curved. Spherical geometry is trickier to model 
because the surface is curved in on itself and closed, but we have 
many examples of spheres in our world so it is not unreasonably 
difficult to figure out a good model. A hyperbolic plane is the 
geometric opposite of a sphere; it is a surface where the space 

39. As cited in David Dunning, “What Are Models For? Alexander Crum 
Brown’s Knitted Mathematical Surfaces,” The Mathematical Intelligencer 37, no. 
2 (2014): 64, doi: 10.1007/s00283-014-9480-2.
40. Ibid, 66.
41. Daina Taimina and David Henderson (interview by Wertheim, Margaret), 
“Crocheting the Hyperbolic Plane: An interview with David Henderson and 
Daina Taimina,” Cabinet, winter 2004-2005, accessed Sept. 2018.
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curves away from itself at every point.42

It was after reading a description of a pseudosphere 
(the hyperbolic equivalent of a cone), which is constructed by 
adding larger and larger circles to the perimeter, that Taimina 
knew a hyperbolic plane could be knitted or crocheted simply by 
increasing the number of stitches in each row.43 After attempting 
to knit such a shape, she noted the difficulty presented by the 
substantial amount of stitches eventually acquired on the knitting 
needles. Crochet, which works only one stitch at a time, remedied 
this issue and she gained worldwide notoriety for her unique 
solution to this modeling problem. Her initial use of knitting 
and subsequent switch to crochet exemplifies how different 
fiber crafts have unique properties with useful applications in 
the area of modeling abstract surfaces. Fiber-related activities 
are traditionally feminine, so there were not many men with 
the same skill set as Taimina, demonstrating how the male-
dominated mathematics world suffers from its lack of gender 
inclusivity. 

Manipulatives
Many education methods rely on manipulatives to aid 

in the learning process, especially in the primary and lower 
elementary grades. The use of manipulatives is intended to 
“help students learn by allowing them to move from concrete 
experiences to abstract reasoning,” which is precisely what we 
observed in the work of Crum Brown.44 It is important to note 
that most of the manipulatives used in classrooms today are made 
of plastic or wood, which serve as models for the male-dominated 
occupations of building or construction. Genderedness in toys, 
which are an important aspect of childhood development, 
clearly displays a cultural bias surrounding this type of hands-
on activity.45 Consumers of Legos, which are comparable to 
42. Ibid. 
43. Ibid.
44. Rita Ross and Ray Kurts, “Making Manipulatives Work: A Strategy for 
Success,” Arithmetic Teacher, vol. 20, no. 5, 1993, pp. 254-57.
45. Adele Diamond (interview by K. Tippet), “SoundSeen: In the Room with 
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manipulatives used for counting and spatial understanding, were 
reportedly 90% male in 2011.46 The presence of a gender bias in 
manipulatives deters young women from mathematics.47 

Additionally, block-like manipulatives have a fairly 
limited range of function, and are consequently limited in 
their ability to demonstrate higher level concepts.48 Although it 
would certainly be useful to have aids for higher level concepts, 
manipulatives are most commonly used in primary and lower 
elementary classrooms because they lose value after students 
have developed an understanding of shapes and the counting 
numbers. The observation that the majority of manipulatives used 
today are male-oriented or gender neutral, combined with the 
absence of materials that demonstrate a wide range of concepts, 
offers educators an opportunity to improve current practices by 
exploring a wider range of teaching tools – like yarn, for example. 

Conclusion
Fiber crafts can be used as modeling tools to demonstrate 

a wide spectrum of mathematical concepts, from simple 
arithmetic to higher-level applications. In lower-level classrooms, 
stitching can aid counting practice and constructing geometric 
shapes can help to develop spatial understanding by modeling 
proportion and scale. At a middle school level, students 
learn about rate and slope and the Cartesian plane, which 
can be imposed upon a knitted grid. And so on throughout 
mathematical education – using the same basic practices, fiber 
craft takes us all the way to hyperbolic geometry. 
Adele Diamond,” 2009, retrieved from https://vimeo.com/7708845.
46. N. Ulaby, “Girls’ Legos are a hit, but why do girls need special Legos?” NPR 
Weekend Edition Saturday, 2013.
47. Mendick, H. (2006). Masculinities in mathematics. Maidenhead, Berkshire, 
England: Open University Press. 
48. Melissa Gresalfi and Katherine Chapman, “Recrafting Manipulatives: To-
ward a Critical Analysis of Gender and Mathematical Practice,” Paper present-
ed at the 9th International Mathematics Education and Society Conference, 
Volos, Greece, April 2017. 
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In a 2017 study, KnitLab explored these mathematical 
education potentials by using GoPro video cameras to observe 
middle school students knitting.49 They aimed to show the 
“overlap of complex mathematics, problem solving, and 
textile arts like knitting and crochet” could be beneficial to the 
classroom.50 The students were of varying math and knitting 
skill levels, yet all of them demonstrated a development of 
problem-solving skills over the course of the study. Ventures 
such as this demonstrate the potential for developing education 
practices aided by mathematical tools made of yarn. Recognition 
of the capabilities fiber offers in constructing physical models 
and illustrating mathematical concepts provides exciting 
opportunities for these materials to facilitate inclusion and deeper 
engagement across all levels of mathematical education. 

•

49. Melissa Gresalfi and Katherine Chapman, “Recrafting Manipulatives: To-
ward a Critical Analysis of Gender and Mathematical Practice,” Paper present-
ed at the 9th International Mathematics Education and Society Conference, 
Volos, Greece, April 2017. 
50. Ibid.
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Just Transition and a Post-Coal Future for 
Central Appalachia

Abstract: With a dirty past and an unpromising future, one 
could argue that the coal industry has failed the people of 
Central Appalachia. From another perspective, the coal industry 
was never intended to serve the people of Appalachia, yet 
exploit them and their land while creating cheap energy for the 
rest of the country. Indeed, it is no coincidence that the coal 
towns have remained underdeveloped while development in 
other parts of the country has soared. Employment in the coal 
mines has plummeted over the last thirty years. Today, the entire 
Central Appalachian coal industry is in decline, and mountaintop 
removal mining is leaving a wake of pollution, poverty and 
irreversible environmental damage. In this thesis I provide a 
hopeful inquiry into a future beyond coal, where mountain people 
earn their living by working collaboratively to heal the land, 
manage their environmental resources, and produce energy 
sustainably. My research contributes to a growing blueprint of 
the region's 'just transition,' characterized by a diverse, localized 
and restorative economy where the wealth produced in Central 
Appalachia stays there. 
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Introduction
Poverty may refer to a lack of wealth, but it doesn’t mean 

that a place and its people aren’t rich. What many people consider 
to be the poorest region in the United States, Central Appalachia 
is home to a rich culture and some of the most biologically 
diverse forests in the country. Central Appalachia denotes the 
central region of the Appalachian mountain range, and consists 
of primarily rural Southwestern Virginia, Southern West Virginia, 
Eastern Kentucky, and Northeastern Tennessee. The Appalachian 
mountains which run through the region comprise one of the 
oldest mountain ranges in the world and provide a significant 
cultural and environmental resource for the region.1 However, the 
coal underneath these mountains is of high value to the rest of 
the country, and the development of the region’s economy around 
coal mining has led to the devaluing of its people and land.

Decades of resource and labor exploitation in the Central 
Appalachian mountains have degraded the social, economic 
and ecological conditions of the region, leaving both people 
and the natural environment in a state of distress. Today, coal 
seams are running thin and regional employment in the coal 
industry has plummeted.2 Yet while coal’s era may be coming to 
an end, mountaintop removal mining continues to level ancient 
mountains and pose threats to the health of people, nature 
and the global climate. Furthermore, the region’s legacy of coal 
mining has serious implications which still affect the population 
of the Central Appalachians. Historical absentee land ownership 
and corporate control over mining has allowed the wealth 
produced through the extraction and sale of coal to flow out of 
the communities from which it is extracted. This has resulted in 

1. Glynis Board, “Appalachian Mountains: A Story of Their Own,” West Virgin-
ia Public Broadcasting, June 24, 2019, https://www.wvpublic.org/news/2019-
06-24/appalachian-mountains-a-story-of-their-own.
2. Eric Bowen et al., “An Overview of Coal and the Economy in Appalachia: 
Fourth Quarter 2020 Update” (West Virginia University, n.d.), https://www.
arc.gov/wp-content/uploads/2021/04/Coal-and-the-Economy-in-Appalachia_
Q4_2020-Update.pdf.
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structural poverty and an undiversified, “one-resource economy” 
within Central Appalachia.3 

Almost 20% of Appalachian communities are deemed 
‘distressed’ by the Appalachian Regional Commission, and 
another quarter is ‘at-risk,’ within the poorest 25% of the nation’s 
population.4 It is no wonder that authors and activists have 
referred to the Central Appalachian region as a ‘mineral colony’5 
and ‘sacrifice zone’6 for decades. These rural communities have 
been pushed to the fringe of popular society, what’s referred 
to as the ‘periphery’ in Immanuel Wallerstein’s World Systems 
Theory. As opposed to the ‘core’ regions where power and wealth 
is concentrated, the periphery is kept weak and poor and is 
exploited for the benefit of the core. The people and environment 
of Central Appalachia have paid the true costs for the energy 
which fuels homes and cities in the core regions of the nation 
while experiencing little of the resulting development. Yet today, 
the industry they have depended on for employment for so long 
is in a state of decline.

The mechanization of the coal industry in the latter half 
of the twentieth century caused a steady but drastic decline in 
mine employment within Central Appalachia, and as coal seams 
get thinner and cheap, abundant natural gas puts pressure on the 
coal industry, many coal companies have had to lay off workers 
or declare bankruptcy.7 Only a small portion of the region’s 
3. Burns, Shirley Stewart, Bringing Down the Mountains: The Impact of Moun-
taintop Removal Surface Coal Mining On Southern West Virginia Communities, 
1970-2004, (Morgantown, W.Va.: West Virginia University Press, 2007), 11.
4. Appalachian Regional Commission. “Classifying Economic Distress in 
Appalachian Counties.” Accessed February 7, 2021. https://www.arc.gov/classi-
fying-economic-distress-in-appalachian-counties/.
5. Weller, Rev. Jack. “Appalachia: America’s Mineral Colony.” In Colonialism 
in Modern America, 48. The Appalachian Case. Appalachian State University, 
1978. https://doi.org/10.2307/j.ctt1xp3n1t.8.
6. Purdy, Jedediah S. “Rape of the Appalachians.” The American Prospect, no. 41 
(December 1998).
7. Gwynn Guilford, “The 100-Year Capitalist Experiment That Keeps Appa-
lachia Poor, Sick, and Stuck on Coal,” Quartz, accessed February 14, 2021, 
https://qz.com/1167671/the-100-year-capitalist-experiment-that-keeps-appa-
lachia-poor-sick-and-stuck-on-coal/.
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population is presently employed by the coal industry, and with 
disproportionate effects on the ecological and human health of 
the region, a diversified economy for Central Appalachia has 
become exceedingly important.

Organizations and entrepreneurs pioneering the 
possibility of alternative economic opportunities within the 
region – initiatives centered around forestry, agriculture and 
the generation of renewable energy – promise economic 
development and increased local employment while promoting 
land reclamation and addressing issues including climate change 
and food insecurity. Collectively, these initiatives comprise a “just 
transition” away from coal dependence. Transitioning away from 
coal will entail foundational societal changes on the regional and 
national scale, and take a tremendous amount of collaborative 
effort. As such, a just transition within Central Appalachia is 
neither inevitable nor impossible. It will take decades of work 
to remediate the land affected by mountaintop removal mining 
and establish an economy based around sustainable land 
management. 

By understanding the approaches of various organizations 
working to facilitate a just transition for Central Appalachia, 
I will contribute to the developing conversation around the 
challenges and opportunities for growth within the region – a 
roadmap towards its post-coal future. I examined a diversity of 
organizations and initiatives involved in the transition, including 
non-profits, for-profit businesses, corporations, governmental 
agencies, advocacy groups and grassroots networks. I collected 
data on current and past economic transition projects through 
a variety of primary and secondary sources. I identified 
organizations to examine and individuals to talk to during my 
preliminary research, while looking specifically for groups that 
are making on-the-ground efforts to diversify the economy of the 
Appalachian region. I had the opportunity to speak with a couple 
of leaders in the region’s just transition to better understand 
their work and their perspectives. I also drew on information 
that I gathered from virtual conferences and webinars, televised 
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interviews, news reports and the websites of organizations 
and governmental agencies. In an analysis of the data that I’ve 
collected, I discuss how various factors, including the scale, 
approach and profit management strategies of such organizations 
influence their effectiveness in creating successful economic 
transition projects. Ultimately, I argue that a broad post-coal 
transition will require a networked approach, with organizations 
working together across all sectors of the economy and at every 
level of society to affect profound social and economic change. 

After a review of the existing literature on the history 
of resource dependence and structural poverty in Central 
Appalachia, I discuss some of the sustainable development 
initiatives in the region. My analysis of organizations 
constituting the region’s just transition is divided by sector 
(forestry, agriculture, renewable energy and creative enterprises) 
and by approach (specifically, advocacy interest groups and 
grassroots networks vs. government agencies). Analysis of the 
aforementioned considerations (profit management strategies, 
scale and approach) are woven into the discussion of such 
initiatives. Observation of any of these factors in isolation would 
be limiting, as it would ignore how organizations which operate 
at different scales and in different ways interact with each other. 
Thus, my discussion of the interactions between various groups 
working to promote a post-coal future brings me back to my 
central argument that the region’s just transition will require a 
networked approach.

The history of Central Appalachia tells a story of 
structural poverty, dependence on a waning natural resource, 
and a degrading landscape. Yet history doesn’t determine where 
Central Appalachia is headed in the future. In the presence of 
contemporary pressures and changes – to the economy, the 
climate and the people – the region’s future is in limbo. At once 
concerning and hopeful, the future of Central Appalachia is 
in the hands of many. Those working to envision and create 
a socially just, economically diverse and environmentally 
friendly future for the region are faced with plenty of challenges. 
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Understanding those challenges, and the strategies that people 
and organizations are using to advance their goals for a more 
sustainable future for the region, provides deep insight into the 
potential for a post-coal transition in Central Appalachia.

Structural Poverty, Resource Dependence and 
Underdevelopment in Central Appalachia
The poverty experienced within Central Appalachia can 

be understood through the lens of World Systems Theory. First 
developed by Immanuel Wallerstein, World Systems Theory 
divides the world’s economy into three zones: the core, the 
periphery, and the semi-periphery. These three zones exist along a 
spectrum. Core ‘states’ are more confined geographic areas where 
wealth and power (both political and economic) are concentrated. 
These areas are characterized by their high level of economic 
development and complexity. Periphery states are characterized 
by their comparatively low level of economic development. Semi-
periphery states are somewhere in between, often having a greater 
level of industrialization than the periphery.8

 Peripheral regions are locations where natural resources 
(such as coal) are extracted, semi-peripheral regions are where 
natural resources are processed, and core regions are where 
a majority of the finished products are used and consumed. 
Peripheral regions are formed and exploited to support the 
development of industry and society within core states. Thus, 
their underdevelopment is “not an earlier stage in [their] 
‘transition’ to industrialization” but rather “the result of being 
involved in the world-economy as a peripheral, raw material 
producing area.”9 The Central Appalachian region has been 
purposefully underdeveloped. Referred to as a “mineral colony” 
and a “sacrifice zone” for decades, the region and its inhabitants 
have been essentially ‘sacrificed’ to support economic growth and 
prosperity in the rest of the country.10

8. Burns, Bringing down the Mountains, 2.
9. Wallerstein, “The Rise and Future Demise of the World Capitalist System,” 
392.
10. Weller, “Appalachia,” 48.
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The impacts of coal mining in Central Appalachia reflect 
the two contradictions of capitalism, first described by Karl 
Marx in 1867: overexploitation of labor and over extraction 
of natural resources.11 Years before the decline of coal began, 
Marx predicted that the contradictions which plague capitalism 
would ultimately lead to the decline of the capitalist system. 
The poor mining communities of Central Appalachia are no 
strangers to the impacts of overexploitation. Furthermore, as 
coal is a nonrenewable resource, any rate of extraction is greater 
than what can naturally be replenished. As the coal supply 
has diminished, the practices used to mine coal have become 
increasingly destructive. Over the past 50 years, mountaintop 
removal mining (MTR) has become the primary method used 
to mine coal in Central Appalachia. As a result, the amount of 
land disturbed by mining has multiplied, even as the rate of coal 
production (measured in total short tons per year) has dropped 
from its historic figures.12 

MTR entails the deforestation and detonation of 
Appalachian mountaintops which are subsequently pushed aside 
into the surrounding valleys to expose seams of coal. The coal 
mined from mountaintops are of higher quality and contain 
lower levels of sulfur than coal mined at lower elevations, yet 
these seams of coal are far thinner than those once mined 
underground.13 While producing lower yields of coal, MTR 
results in the loss of topsoil, forests and biodiversity and the 
permanent disfiguration of natural landforms, destroying 
important natural and cultural resources. MTR also leads to 
the burial of headwater streams and pollution of surface and 

11. Karl Marx, Capital: A Critique of Political Commentary, ed. Frederick En-
gels, trans. Samuel Moore and Edward Aveling, vol. 1 (Public Domain Books, 
1867).
12. Bowen et al., “An Overview of Coal and the Economy in Appalachia: 
Fourth Quarter 2020 Update.”
13. John McQuaid, “Mining the Mountains,” Smithsonian Magazine, January 
2009, https://www.smithsonianmag.com/science-nature/mining-the-moun-
tains-130454620/.
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groundwater, which detriments the health of aquatic organisms. 
It causes the release of air pollutants and greenhouse gases which 
contribute to global climate change, as well.14 The list of negative 
externalities goes on, and MTR causes more than environmental 
impacts. The practice produces great human costs, too.
	 Historically, coal mining has been closely associated 
with miner mortality.15 The annual rate of deaths associated 
with work-related accidents has greatly decreased as mining 
has shifted above ground,16 although there has recently been a 
large increase in the number of Central Appalachian coal miners 
who suffer from black lung disease.17 This fatal condition is 
caused by breathing in contaminants released by mining. Still, 
coal miners represent only a portion of those whose health is 
directly impacted by mining activities. People living close to mine 
sites have increased exposure to water- and airborne pollutants 
released through surface mining, and experience increased rates 
of cancer, heart, lung and kidney disease as a result.18 Even babies 
born in mining areas are significantly more likely to be born with 
health defects than babies born outside of mining regions.19

14. “Mountaintop Removal and Strip Mining,” Kentuckians For The Com-
monwealth, 2021, https://www.kftc.org/campaigns/mountaintop-remov-
al-and-strip-mining.
15. Bradley, “Coal Miners Helped Shape America’s Labor Landscape. Their 
Industry Is Fading, But That History Is Worth Remembering,” Time, October 
13, 2020, https://time.com/5899318/coal-mining-danger-history/.
16. “Coal Fatalities for 1900 Through 2020” (U.S. Department of Labor - Mine 
Safety and Health Administration, 2021), https://arlweb.msha.gov/stats/centu-
rystats/coalstats.asp.
17. Thomas E. Shriver and Aysha Bodenhamer, “The Enduring Legacy of Black 
Lung: Environmental Health and Contested Illness in Appalachia,” Sociology 
of Health & Illness 40, no. 8 (2018): 1361–75, https://doi.org/10.1111/1467-
9566.12777.
18. Michael Hendryx and Benjamin Holland, “Unintended Consequences of 
the Clean Air Act: Mortality Rates in Appalachian Coal Mining Communi-
ties,” Environmental Science & Policy 63 (September 1, 2016): 1–6, https://doi.
org/10.1016/j.envsci.2016.04.021.
19. Melissa M. Ahern et al., “The Association between Mountaintop Mining 
and Birth Defects among Live Births in Central Appalachia, 1996–2003,” 
Environmental Research 111, no. 6 (August 1, 2011): 838–46, https://doi.
org/10.1016/j.envres.2011.05.019.
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One study which examined mortality in Central 
Appalachia found that mining areas have experienced an average 
of 1,200 excess deaths per year since 1990, when amendments 
to the US Clean Air Act ironically sparked an increase in the 
practice of MTR in the region. This mortality rate was adjusted 
for covariates such as smoking, age, and obesity, so it accurately 
represents the number of deaths correlated with proximity 
to mines.20 In addition to MTR, poverty was independently 
associated with increased mortality rates among Central 
Appalachians, and the regions with MTR experience consistently 
elevated rates of poverty.21 This shows a correlation between the 
three variables of mining, poverty and mortality. 

Where there is more mining, there are increased rates 
of mortality and poverty, and while mining poses its own 
health implications, subsequent poverty compounds the issue 
of mortality. Hendryx found that the value of statistical life lost 
due to coal mining’s impacts was far greater than the revenue 
generated by the industry, and this statistic didn’t even account 
for the costs of environmental degradation within the region.22 
The only way that the coal industry has remained profitable is 
through the externalization of these costs; in other words, the 
passage of these costs onto people and the natural environment.

The people and environment of Central Appalachia 
have paid the price for the coal mined there, yet little of the 
profits from the sale of coal even remain in the region. Absentee 
ownership of land skyrocketed prior to the development of the 
region’s coal industry, which meant that people and corporations 
from outside of the region controlled the extraction and sale 
of natural resources, and the resulting flow of wealth.23 As coal 
20. Hendryx and Holland, “Unintended Consequences of the Clean Air Act.”
21. Michael Hendryx, “Poverty and Mortality Disparities in Central Appa-
lachia: Mountaintop Mining and Environmental Justice,” Journal of Health 
Disparities Research and Practice 4, no. 3 (March 21, 2012), https://digitalschol-
arship.unlv.edu/jhdrp/vol4/iss3/6.
22. Michael Hendryx and Melissa M. Ahern, “Mortality in Appalachian Coal 
Mining Regions: The Value of Statistical Life Lost,” Public Health Reports 
(1974-) 124, no. 4 (2009): 541–50.
23. Weller, “Appalachia,” 50.
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corporations and absentee landowners often own rights to the 
minerals underneath the region’s surface, they can also determine 
what happens to the land beneath residents. This has often led 
to displacement and damage to people’s private property, with 
little repercussions for coal operators. Since those who own the 
mineral rights live outside of the region, what happens to the 
surface when coal is mined has no effect on them.24  

The coal industry is accompanied by a history of 
corruption and political intervention. Multiple factors, including 
the vertical integration (conglomeration) of coal corporations, 
the corporate influence of coal on local governance, and the 
historical absence of a coal tax in the Central Appalachian states 
ensured that wealth generated through the production and sale 
of coal could flow out of the region. As a result, money from 
coal lined the pockets of the wealthy elite instead of enriching 
the communities from which the coal was mined. This lack of 
internal prosperity resulted in chronic underdevelopment within 
Central Appalachia’s mining towns.25

The dominance of the highly extractive coal industry in 
Central Appalachia has prevented alternative industries from 
developing in the region, even as the coal market falters. While 
Northern Appalachia industrialized throughout the 20th century, 
Central Appalachia’s economy was honed on coal production and 
kept non-diverse by the powerful corporations which controlled 
the region’s industrial profile. This made the people of Central 
Appalachia dependent on the extraction of this resource for 
their economic survival. The presence of coal can be considered 
a “resource curse,” as dependence on the resource makes the 
Central Appalachian people financially impotent and vulnerable 
to shifts within the coal market.26

Coal undergoes boom and bust cycles, meaning that 
production, profits, and employment have historically fluctuated. 
24. Weller, “Appalachia,” 50.
25. Guilford, “The 100-Year Capitalist Experiment That Keeps Appalachia 
Poor, Sick, and Stuck on Coal.”
26. Guilford, “The 100-Year Capitalist Experiment That Keeps Appalachia 
Poor, Sick, and Stuck on Coal.”
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Since the coal boom which resulted from two oil crises in the 
1970s, coal production in the region has fallen to an all time low.27 
Contemporarily, rising competition from natural gas has led to 
massive layoffs of workers in the coal industry. In addition, the 
mechanization of mining processes and the increasing usage of 
MTR has led to a significant decline in mine employment in the 
recent past. In fact, the development of MTR was driven in part 
by the fact that coal operators don’t need to hire as many workers 
for this method of mining as were previously required to mine 
coal underground. Today, the coal industry employs fewer than 
two percent of Central Appalachians, and it’s difficult for people 
living in the region to find a decent source of income outside of 
the mining sector – Central Appalachia’s unemployment rate of  
8.6% is 1.7% higher than the national average, and many who are 
employed work for low wages at big box stores like Walmart.28

Due to the politicization of coal mining, a historically 
‘blue’ region of the country has turned “deep red.”29 Many Central 
Appalachians blamed the Obama administration and the EPA, 
with their increasing regulation of the coal industry, for the loss 
of their jobs. Trump’s promise to ‘bring back coal’ brought hope 
and inspiration to many Central Appalachian people who have 
a deep and historical cultural affiliation with (and economic 
dependency on) the coal industry. Yet the coal industry’s decline 
has continued throughout Trump’s presidency, with more major 
coal corporations declaring bankruptcy.30 The region’s role in 
the US periphery as a supplier of cheap coal energy has nearly 
expired, and certain academics, activists and entrepreneurs in 
Appalachia support the notion of a just transition towards a post-

27. Guilford, “The 100-Year Capitalist Experiment."
28. Guilford, “The 100-Year Capitalist Experiment."
29. Mason Adams, “In Coal Country, a Political Journey from Blue to Deep 
Red,” Virginia Center for Investigative Journalism, November 1, 2020, https://
vcij.org/stories/blue-to-deep-red.
30. Adams, “In Coal Country, a Political Journey from Blue to Deep Red.”
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coal future for the region.31 
MTR has led to surmounting social and environmental 

consequences as the coal industry attempts to mine the 
remaining coal in the Appalachian mountains. Costs to human 
health and the natural environment are far greater than the profit 
generated through coal mining, and the wealth has led to little 
economic growth or prosperity within the region. If nothing 
else, poverty and economic deterioration have elevated the need 
for a change within the region. Companies and organizations 
centered around land-reclamation, forestry, agriculture, policy 
advocacy, social networking and more are working to diversify 
the Central Appalachian economy and bring stable employment 
in the wake of the declining coal industry. Below, I will discuss 
my own research about these initiatives and the conversations I 
had with leaders of businesses and organizations to demonstrate 
how they are working to create change, and what they will need 
to overcome to create a socially just, economically stable and 
environmentally sustainable future for the region.

Just Transition in Central Appalachia
The surmounting need for a more diverse economy in 

Central Appalachia is reflected in a growing movement towards 
a ‘just transition’ for the region. The advocacy interest group 
Kentuckians for the Commonwealth (KFTC) defines a just 
transition as an “all-in, inclusive, and place-based process to build 
economic and political power to shift from an extractive economy 
to a regenerative one.” A just transition within Central Appalachia 
implies a shift away from a coal-based economy towards an 
economy based on regenerative industries that will restore the 
ecological, social and economic conditions of the region. 

In the following pages, I organize my research into 
four sections: forestry, creative enterprises, agriculture and 
renewable energy. Initiatives within each of these economic 
31. Mark Hand, “Trump’s Empty Pledge to Revive Coal Is Only Punishing Ap-
palachia,” Think Progress (blog), February 13, 2019, https://archive.thinkprog-
ress.org/appalachia-kentucky-west-virginia-just-transition-coal-trump-e5bd-
d40065c5/.
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sectors involve some of the components of KFTC’s description 
of a just transition: local inclusion and participation, job 
creation, workers’ rights and safety, social justice, environmental 
protection and long-term economic stability and growth.32 
One of the most pressing issues to the movement as a whole is 
the passage of the federal RECLAIM Act, which was passed by 
the House of Representatives in 2020 but dismissed in Mitch 
McConnell’s senate.

Once passed, the RECLAIM Act would stimulate the 
release of two billion dollars from the Abandoned Mine Land 
[AML] Fund, acquired through a tax on coal, to promote 
economic development and job creation through mine 
reclamation projects. The AML Fund was first created by the 
federal Office of Surface Mine Reclamation and Enforcement 
(OSM), “to provide support for economic revitalization, 
diversification and development in economically distressed 
mining communities through the reclamation and restoration 
of land and water resources adversely affected by coal mining.”33 
This act addresses the damage caused by mining prior to the 
passage of the Surface Mine Control and Reclamation Act 
(SMCRA) of 1977, before there was any comprehensive federal 
legislation or governmental body regulating the operation or 
cleanup of surface mines.

While the SMCRA mandates that mined lands be restored 
to their approximate original contour and reclaimed to a state of 
physical stability and ecological health,34 historical reclamation 
efforts done in accordance with this act have failed to restore 
native vegetation or create suitable habitats for animals. Mine 
reclamation entailed mechanically compacting soils to prevent 
32. “Just Transition,” Kentuckians For The Commonwealth, 2021, https://www.
kftc.org/campaigns/just-transition.
33. Matt Cartwright, “H.R.2156 - 116th Congress (2019-2020): Revitalizing the 
Economy of Coal Communities by Leveraging Local Activities and Investing 
More Act of 2019,” webpage, October 4, 2019, 2019/2020.
34. “30 U.S. Code Chapter 25 - SURFACE MINING CONTROL AND REC-
LAMATION” (Legal Information Institute), accessed November 27, 2020, 
https://www.law.cornell.edu/uscode/text/30/chapter-25.
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erosion and rockslides, and hydroseeding monocultures of non-
native grasses to rapidly revegetate the land, thereby preventing 
erosion. Although erosion control on these sites is essential, 
compacted soils make it almost impossible for trees to regrow, 
and this method of reclamation seldom leads to any form of 
economic development for locals.35 

Forestry
Patrick Angel, the former leader of the OSM, realized the 

drawbacks of traditional surface mine reclamation techniques 
after he visited an experimental reforestation plot on an MTR site 
in 2002.36 The plot was planted by students from the University 
of Kentucky, who seeded a variety of tree species on strip mined 
land. Through years of research, these students have proven that 
the forests retain water from rainfall, thereby preventing erosion. 
Soon after witnessing this successful forestry-based reclamation, 
Angel helped create the Appalachian Regional Reforestation 
Initiative (ARRI) to educate mine operators about this technique 
and to promote reforestation as an approach to reclamation.37

During the Obama administration, Angel and his 
colleague Chris Barton, who oversees the experimental forestry 
plot, created a proposal for a government-funded, forestry-based 
conservation core which would employ former miners to plant 
trees on abandoned mine lands and retired MTR sites. When Van 
Jones, a friend of Angel and advisor to Obama, resigned, they 
lost their connection to the president and had to rethink their 
approach. They brought the proposal to the Appalachian Regional 
Commission (ARC), an economic development agency of the 
federal government, instead, and the ARC provided them with 
35. “Reclamation with Trees: The ‘Dark Ages’ and the ‘Renaissance,’” Interna-
tional Journal of Mining, Reclamation and Environment 23, no. 1 (March 2009): 
1–3, https://doi.org/10.1080/17480930902734053.
36. Gabriel Popkin, “Kentucky Was Devastated for Decades by Mountaintop 
Removal. Now Scientists Have Figured out a Way to Undo the Damage — One 
Tree at a Time,” Washington Post, February 13, 2020, https://www.washington-
post.com/graphics/2020/lifestyle/magazine/appalachia-kentucky-reforesta-
tion/.
37. Popkin, “The Green Miles.”



164

a small grant. This grant funded the creation of the non-profit 
Green Forests Work, which became one of the first reclamation-
based economic transition projects in the region in 2009.38

Green Forests Work (GFW) is a KY-based non-profit 
working to restore the environment and bolster the economy 
of Central Appalachia through reforestation projects. GFW 
restores AMLs and other degraded landscapes using the ‘deep 
ripping’ technique first developed and implemented on Barton’s 
experimental plot. During this process, contract workers bulldoze 
sites to remove non-native and invasive vegetation and score the 
soil to prepare it for new plantings. Afterwards, volunteers and/or 
paid workers plant a variety of native tree saplings on the ripped 
land. According to Michael French, the lead director of GFW, 
the organization has planted over 3.1 million trees across 5,000 
acres of land since 2009, and seeks to plant another 1 million 
trees on 1,400 acres in 2021.39 They’ve also brought in over a 
million dollars into the local economy and engaged Appalachian 
communities in the process.40

GFW is funded through a mix of federal grants and 
contracts, corporate sponsorships, public and philanthropic 
donations and partnerships with organizations including the 
Arbor Day Foundation. Their 501c3 (non-profit) status has 
allowed them to scale up since their start as an initiative in 2009, 
as it allows them to directly solicit donations and apply for grants. 
In turn, this money is used to hire workers from the Appalachian 
region, including professional tree planters, construction workers 
and former coal miners, to prepare the land and plant trees. 
The funds are also used to purchase local materials such as 
tree saplings. Secondary industries including retail, hospitality, 
restaurant and transportation businesses also benefit when 
laborers are brought in from other parts of the region to plant 
trees. Volunteers comprise about 20% of GFW’s labor force for 
planting trees. Volunteer groups have included Boy Scouts and 
Girl Scouts, public school groups and college students, corporate 
38. Popkin, “The Green Miles.”
39. Michael French, personal communication.
40. Popkin, “The Green Miles.”
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sponsors, environmental groups and more.41 
As a result of volunteers’ participation in tree plantings, 

GFW has had the opportunity to educate the public about the 
importance of forests and current threats to the wellbeing of the 
natural environment. However, the organization is young and 
they lack the brand recognition of other environmental groups, 
making it difficult to raise awareness on a broader scale. French 
believes that the organization will require more exposure and 
funding to continue scaling up their operation and expand the 
social, environmental and economic impacts of their work. 
More funding from private investors and federal grant programs 
(like the RECLAIM Act) would allow GFW to undertake more 
tree plantings as well as hire and train permanent employees to 
monitor and maintain reforestation sites year round.42

According to French, GFW has two major advantages. 
The organization’s approach to promoting a just transition is 
based around a renewable and sustainable resource: trees. Unlike 
coal, trees will replenish naturally and in a short period of time. 
If stewarded correctly, they will provide a consistent and reliable 
source of income for landowners who choose to capitalize on 
the timber and non-timber forest products that come from 
reforestation. In conversation, French remarked on how he hopes 
that as Central Appalachia transitions away from coal, the region 
will transition back to it’s historic economy, based around forestry 
and agriculture. This transition is essentially what GFW and other 
reclamation organizations are attempting to create.43

French emphasized how such a transition will require a 
“coalition of organizations with overlapping missions, working 
in cooperation” to instill change. This correlates with the second  
advantage of GFW’s approach – that they work collaboratively 
with other organizations. GFW has “always been… willing 
to share resources and leverage funding, and help other 
organizations achieve their goals.”44 GFW works with a diverse 
41. French, personal communication.
42. French, personal communication.
43. French, personal communication.
44. French, personal communication.
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array of partners in the non-profit, corporate and governmental 
sectors, including the Appalachian Conservation Corps, US 
Forest Service, ARRI and even Komatsu. 

Komatsu is a Japanese multinational corporation (MNC) 
which produces construction, mining and forestry equipment. 
GFW’s partnership with Komatsu is aiding the MNC in achieving 
their corporate sustainability goals while bringing in funding 
for GFW’s projects. This funding is supporting GFW’s mission 
to “spread proper reclamation efforts on a [regional, and even] 
global scale.”45 This example demonstrates how collaboration 
between different types of organizations can be mutually 
beneficial, and more specifically how reforestation projects 
benefit from grassroots participation and ownership and the 
support of large, for-profit entities. 

Creative Enterprises
The Coalfield Development Corporation (CDC) is a 

pertinent example of a local nonprofit that’s working to promote 
the growth of for-profit businesses within Central 
Appalachia. Since 2011, the WV-based organization has been 
training and hiring a local workforce while supporting the 
development of creative enterprises. Students who go through 
the CDC’s employee development program acquire several 
professional certifications in addition to earning a degree and 
gaining traction within a career. 

The CDC owns or co-owns multiple employment-based 
social enterprises that are “designed to diversify the regional 
economy to be less dependent on coal.”46 These enterprises 
often hire graduates from the CDC’s training program, and 
provide revenue which allows the organization to be “less grant-
dependent and more financially sustainable.”47 As opposed to 
45. Dr. Chris Barton, cited in “Komatsu Launches Reforestation Partnership 
with Green Forests Work” (Komatsu, April 22, 2019), https://www.komatsua-
merica.com/our-company/press-releases/2019-04-22-green-forests-work.
46. Brandon Dennison, “10 Years,” Change in the Coalfields: A Podcast by 
Coalfield Development, accessed May 3, 2021, https://coalfield-development.
org/media/..
47. Dennison, “10 Years.”
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nonprofits like GFW that are dependent on grants for their 
funding, the CDC remains largely self-sufficient due to the 
revenue from their for-profit social enterprises. This funding goes 
to the CDC’s economic development programs and SEED fund.

The CDC’s Social Enterprise and Economic 
Diversification (SEED) Fund “makes equity investments in social 
entrepreneurs with viable ideas… to hire local people facing 
barriers to employment.”48  Through the SEED Fund, the CDC 
is distributing wealth to new and creative businesses and thus to 
people in need of employment. The CDC’s Workforce Readiness 
and Professional Success (WRAPS) program is dedicated to 
partnering with “community-based organizations willing to 
implement [their] job training and personal development 
curriculum for local people facing barriers to employment.” 
Through the WRAPS program, the CDC’s employee development 
curriculum has been implemented by several other local 
organizations. Their triple bottom line – people, planet, profit 
– emphasizes social and ecological well-being first, while still 
recognizing the importance of generating revenue. 

Agriculture
Subsistence and commercial agriculture have been a part 

of Appalachia’s economy for generations, and it has its own role 
in the region’s post-coal transition. One company in particular 
is determined to harness the region’s agricultural potential: 
AppHarvest is a public, for-profit agricultural company that seeks 
to “feed the future, from the heart of Appalachia” while turning 
the economically-distressed Eastern Kentucky into a major 
regional hub for fruit and vegetable production.49 Like Reclaim 
Appalachia, AppHarvest planned to farm on top of MTR sites, 
but the process proved to be “too costly.”50 Nevertheless, the 
48. “Meet Our SEED Partners,” Coalfield Development, 2020, https://coal-
field-development.org/meet-our-seed-partners/.
49. AppHarvest. “AppHarvest,” 2021. https://www.appharvest.com/.
50. Leigh Kamping, “The Indoor Farmer Who Wants to Remake Appalachia’s 
Agriculture,” The Toronto Star, August 15, 2019, https://search-proquest-com.
proxy191.nclive.org/docview/2273334785?pq-origsite=summon.
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company is building three massive 40 to 60-acre greenhouses in 
the Eastern KY, where tomatoes and other crops will be grown. 
The agricultural model used by AppHarvest allows for crops to be 
grown year round and without the use of pesticides, which means 
that it pollutes less and is more resilient to varied environmental 
conditions resulting from climate change than conventional, 
commercial agricultural practices.

AppHarvest’s large scale confers advantages over small-
scale food production models because they are able to produce 
fruits and vegetables at scale and market directly to grocers and 
supermarkets. They are also able to cut down their up-front 
capital costs, which pose barriers to entry for small farmers. 
While they use organic farming methods, AppHarvest refrained 
from becoming certified organic, as to reduce the amount of 
competition they put on small organic farmers in the region. 
Their goal is to bolster the local economy and outcompete 
commercial farms which rely heavily on pesticide use.51

Smaller-scale agricultural organizations are also doing 
their part to turn Appalachia into a regional hub for food-
production. Generally grassroots, these organizations consist of 
alliances, cooperatives and collectives that are working to support 
a network of small farmers in the region. Appalachian Harvest 
(not to be mistaken with AppHarvest) is a rural food hub owned 
by a larger non-profit, Appalachian Sustainable Development. 
The group has been helping bolster small farms, providing a 
multitude of services from training farmers for GAP (Good 
Agricultural Practices) certification and organic certification 
to providing technical support and farm inspections. The 
organization also aggregates, stores, markets and distributes small 
farmers’ produce, selling to large buyers such as supermarkets 
or to secondary markets when the produce is imperfect. These 
services help reduce the barriers that prevent small farmers 
from selling their produce and making a living from organic 
agriculture.

Similar organizations such as Community Farm Alliance 

51. AppHarvest, 23rd Annual ICR Conference.
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and the Turnrow Appalachian Farm Collective also provide 
marketing and distribution services to help small farmers sell 
their produce. This is referred to as value chain development 
because value is added to the produce through marketing. 
Through developing a value chain, these organizations are 
expanding and strengthening the region’s agricultural network, 
helping form buyer-supplier relationships and increasing 
the exchange of products and money between farmers and 
consumers. Yet to do work in forming a regional agricultural 
network, these nonprofit organizations need sources of money. 

The United States Department of Agriculture (USDA) 
promotes value chain development through their Local Food 
Promotion Program (LFPP). The federal program “funds projects 
that develop, coordinate and expand local and regional food 
business enterprises” like the previously mentioned cooperatives 
and collectives.52 They provide the funding that makes it possible 
for nonprofit organizations to do value chain development work. 
There are also non-governmental organizations doing similar 
work.

Farm Aid, a non-profit, raises money for farmers and 
organizations through their annual music festival and by 
soliciting donations, and they provide financial aid in the form of 
grants. The Natural Capital Investment Fund (NCIF) has a similar 
goal to Farm Aid, but they acquire funds from a different base of 
donors, including major banks, corporations and governmental 
agencies. These organizations are essentially funneling money 
from outside sources into Central Appalachian businesses, 
thereby promoting the development of value chains and a local 
economy. This model demonstrates how economic development 
in the agricultural sector of Central Appalachia benefits from 
a network of groups and individuals who donate, transfer and 
appropriate development money.

Renewable Energy
	 The discussion of Central Appalachia’s post-coal 
52. “Local Food Promotion Program | Agricultural Marketing Service,” ac-
cessed April 9, 2021, https://www.ams.usda.gov/services/grants/lfpp.
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transition would be incomplete without considering the role 
of renewable energy production. Gaps left in the economy 
by the decline of the coal industry are necessitating both 
diversified energy sources and economic opportunities. While 
the people of Central Appalachia can no longer depend on coal 
for employment, the rest of the nation can no longer depend 
on the region for cheap and abundant coal energy. For this 
reason, serious consideration must be given to the possibility of 
expanding the region’s renewable energy profile. AMLs could 
potentially provide arable land for biofuel production, yet wind 
and solar energy farms may be the most scalable solutions. AMLs 
are often suitable and opportune locations for solar and wind 
farms, as MTR leaves flat and open landscapes which are ideal 
for this type of development. In addition, the existing energy 
infrastructure (grid) built for coal would reduce the up-front 
costs to implement solar and wind projects in the region. 

Renewable energy development has the potential to 
produce an array of environmental and economic benefits for 
the region. The creation of solar and wind farms necessitates 
that AMLs be remediated, which means that renewable energy 
projects would leverage the funding necessary to do reclamation 
work and prevent any further water contamination from those 
sites. Transitioning away from coal energy and towards renewable 
energy would address the specific impacts of the coal industry 
on human health and the natural environment of Central 
Appalachia, as it would curtail the environmental degradation 
caused by MTR and prevent continued release of pollutants 
into the region’s air and water. In general, a greater reliance on 
renewable energy sources would result in reduced fossil fuel 
usage and thus reduced emissions on a local, regional, national 
and global scale. The economic benefits of renewable energy 
development include local job creation, increased revenue, 
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economic development and energy security.53 
A major challenge and critique of solar and wind farming 

is that they produce energy intermittently (meaning they don’t 
constantly produce energy). The Tennessee Valley Authority 
(TVA) is working to address this issue at the Buffalo Mountain 
Wind Park in Tennessee by creating facilities to store the energy 
produced by wind turbines. Built in 2000, Buffalo Mountain was 
the first commercial wind farm in the Southeast. Yet for years, 
locals voiced their concerns about the construction of Buffalo 
Mountain wind park and others in the region. This is because 
wind turbines create auditory and visual disturbances. Besides 
bothering residents, some people fear that this would lessen their 
property values and/or diminish local revenue from tourism.54 
Wind farming has also received criticism for its potential impact 
on wildlife, although this must be viewed comparatively to its 
primary alternative, MTR mining.

Another challenge to the development of wind and 
solar farms in the region are the complicated permitting 
procedures55 and lack of legal incentives. Federal policies and 
programs including tax incentives and grant programs are key 
for stimulating wind and solar development. These policies have 
been essential in driving down the cost of solar and wind energy 
projects and making them more competitive against fossil fuels.56 

Multiple stakeholders are intertwined in the process 
of developing wind and solar farms on AMLs, including 
government regulators, landowners, mining companies, 

53. “A Breath of Fresh Air for America’s Abandoned Mine Lands: Alternative 
Energy Provides a Second Wind,” March 2012, https://semspub.epa.gov/work/
HQ/176038.pdf.; “Shining Light on a Bright Opportunity: Developing Solar 
Energy on Abandoned Mine Lands,” December 2011, https://semspub.epa.gov/
work/11/176032.pdf.
54. Jenna Portnoy, “After Coal, Appalachia to Wind Farm Proposal: ‘It Is 
Insulting, Really.,’” The Washington Post, August 20, 2015, https://search-pro-
quest-com.proxy191.nclive.org/docview/1705669354?pq-origsite=summon.
55. “A Breath of Fresh Air”; “Shining Light on a Bright Opportunity."
56. Alan A. Campoli et al., “Adaptive Reuse of Mined Lands for Solar Energy,” 
Mining Engineering; Littleton 71, no. 6 (June 2019): 18,20,22,24,26-31.
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corporations and energy utility companies.57 This is exemplified 
in the proposal of a solar farm on Bent Mountain, Kentucky, the 
development of which will be carried out by a trio of companies: 
Toyota, EDF Renewable Energy and Edelen Strategic Ventures. 
In addition, development on Bent Mountain is dependent on the 
site’s reclamation, which will be completed by Kentucky Fuel, 
a coal company, and overseen by Kentucky state government 
regulators.58

Nonprofit organizations have also been major 
contributors to the development of Central Appalachia’s 
renewable energy industry. For example, the Nature Conservancy 
is working with local organizations such as the Coalfield 
Development Corporation and Downstream Strategies, a WV-
based private consulting firm, to identify, map, and purchase 
AML’s which are suitable for the development of solar and wind 
farms, and raise funds for development. Amidst the network of 
various stakeholders involved in renewable energy development 
throughout Central Appalachia, the importance of involving local 
workforces and landowners cannot be overlooked.

Organizational Approaches to a Just Transition for 
Central Appalachia

Advocacy Interest Groups
	 There are dozens, if not hundreds of grassroots and 
community-based organizations working to facilitate a just 
transition within Central Appalachia; organizations which focus 
on economic development, social justice, energy democracy 
and environmental protection. Advocacy interest groups play a 
particularly important role in the region’s just transition due to 
their ability to combine, organize and lift up the voices of local 

57. Joey James et al., “A Roadmap for Solar on Mine Lands in West Virginia: 
Emerging Opportunity to Grow the West Virginia Economy, Attract New 
Employers, Increase Investment and Create Jobs,” February 7, 2020, https://
www.nature.org/content/dam/tnc/nature/en/documents/WV-roadmap-solar-
on-minelands.pdf.
58.  Will Wright, “Toyota Provides ‘final Step’ for Big Solar Farm,” Cincinnati 
Enquirer, March 21, 2019, sec. News.
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people advocating for change, as well as raise funds, network 
people and businesses, and coordinate broad-scale campaigns 
to promote a post coal future for the region. Two primary 
interest groups, Appalachian Voices and Kentuckians for the 
Commonwealth (KFTC), are useful to examine because of their 
influential roles in the region’s just transition.

KFTC is made up of 14 chapters from around KY, and 
the nonprofit has the distinct advantage of operating on both 
the community and state levels to build momentum for their 
campaigns. KFTC’s platform includes bolstering voting rights 
and racial and economic justice, transitioning to clean energy 
and protecting communities from the impacts of coal mining. 
The organization’s approach is both social and political in its 
nature and incorporates “strategic communications, voter 
empowerment, [and] non-violent direct action,” (eg. lobbying and 
protesting), along with “grassroots fundraising, alliance building 
and litigation.”59 KFTC directly interfaces with the government in 
their approach to promoting a just transition for the region. 

As an organization, KFTC recognizes the intersection 
between racial and economic injustice and environmental issues. 
By working to restore voting rights to all Kentuckians, they seek 
to improve the function of the state’s democracy and increase 
representation for those who have been systematically oppressed, 
disenfranchised and impacted by poverty and environmental 
degradation. The organization actively opposes MTR and its 
impacts on people and the natural environment by organizing/
conducting citizen science (eg. testing water sources impacted 
by acid mine drainage), conducting education and outreach 
about MTR, publishing informational media and holding public 
forums, organizing protests and even litigating against coal 
companies in court to hold them accountable for their pollution 
and legal violations. KFTC’s goal is “to stop and punish illegal 
mining practices that endanger people and the... environment.”60

59. “Our Approach,” Kentuckians For The Commonwealth, 2021, https://kftc.
org/about-us/our-approach.
60. “Litigation,” Kentuckians For The Commonwealth, 2021, https://kftc.org/
issues/litigation.
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Appalachian Voices is another advocacy interest 
group, similar in its goals and mission to KFTC, which focuses 
specifically on fighting against the expansion of coal mining 
and natural gas in Central Appalachia and on campaigning 
for the expansion of the region’s renewable energy industry. 
The organization’s mission highlights the centrality of energy 
democracy to economic, environmental and racial justice, 
emphasizing the role of renewable energy in the region’s just 
transition. Through community organizing, outreach, policy 
advocacy, litigation and funds acquisitions, the nonprofit is 
working to protect people from the negative impacts of fossil 
fuel industries and to increase local access to renewable energy 
resources. 

Appalachian Voices has been organizing protests against 
the construction of the Mountain Valley natural gas pipeline 
and has litigated against companies involved in the project in 
court. The group’s direct action has led to a federal hold on the 
pipeline’s permit and put a temporary stop to its construction. 
Appalachian Voices is also challenging corruption in the energy 
sector and campaigning for democratic reform in government 
agencies including the Tennessee Valley Authority (TVA). The 
organization has teamed up with several nonprofits to plan and 
fund new solar development projects on AMLs in seven counties 
in Southwestern Virginia, with the goal of revitalizing the local 
economy and bolstering people’s access to energy from solar. 

As their name suggests, Appalachian Voices represents 
a collective voice of the people of Central Appalachia. Their 
newspaper, The Appalachian Voice, provides “well-researched 
journalistic news coverage” of environmental issues which 
impact the region61 and also celebrates the region’s rich cultural 
and natural landscape. Appalachian Voices’ sister webpage, 
“ILoveMountains.org.,” is where members upload photos, videos 
and maps produced through Geographic Information Systems 
(GIS) tracking the extent of land degradation caused by MTR. 

61. “About The Voice,” The Appalachian Voice (blog), 2021, https://appvoices.
org/thevoice/about/.
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This page is used to educate the public about the environmental 
and social externalities of MTR and expose fraudulent and 
improper mine reclamation practices. ILoveMountains.org has 
become a platform for several member organizations of the 
Alliance For Appalachia.62

Grassroots Networks vs. Government Agencies
The Alliance For Appalachia is one of several grassroots 

networks working to facilitate a just transition in Central 
Appalachia. Others include the Central Appalachian Network 
(CAN) and the Reclaiming Appalachia Coalition. These 
coalitions are composed of multiple nonprofit and for profit 
organizations collaborating to advance a regional transition. 
The Alliance For Appalachia is composed of 15 different 
organizations, including Appalachian Voices and KFTC, which 
each have their own role in promoting a just and sustainable 
future for the region. The CAN is composed of groups including 
the Coalfield Development Corporation, Appalachian Sustainable 
Development and the NCIF. Through diverse partnerships, these 
organizations are working to orchestrate and advance systemic 
change, addressing social and environmental issues while 
promoting economic development and mutual aid. Together, 
these grassroots networks form a network of networks; a regional 
coalition composed of dozens of organizations, linked together 
in a combined effort to restore the environment and economy of 
Central Appalachia. 

Grassroots networks are especially important in the way 
they interface with state and federal governments, facilitating 
collaboration and promoting democratic reform. According to 
members of the Alliance for Appalachia, “existing governmental 
development structures are deeply fragmented” which makes it 
difficult “to build an adequate support structure for economic 
transition projects” and provides an “entry point for corporate 

62. “About ILoveMountains.Org,” ILoveMountains.Org (blog), accessed April 
16, 2021, https://ilovemountains.org/about.
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power.”63 Through collaborative projects and efforts, these 
powerful grassroots networks aim to fill the gaps within 
governmental development structures to support a regional 
economic transition and prevent corporate powers from using 
those gaps as an opportunity to maintain their hegemony. 

The Alliance for Appalachia and its member organizations 
have campaigned for the passage of the RECLAIM Act for over 
a decade to stimulate the release and appropriation of money 
from the AML fund for mineland restoration projects throughout 
Central Appalachia. They have also campaigned for reform 
within the Appalachian Regional Commission (ARC), a federal 
economic agency which appropriates funds from Congress to 
invest in education, job creation and infrastructure development. 
Reformation ensures that money from the ARC goes “to 
benefit local organizations, businesses, and communities rather 
than continuing to support existing infrastructure expansion 
projects.”64 

Top-down development sometimes fails to meet the 
actual needs of communities, and grassroots organizations 
can work to direct the flow of money, aid and resources to 
those who need it the most. Brandon Dennison, founder of the 
Coalfield Development Corporation, emphasizes that “it is a 
strong collaboration from the grassroots to the highest levels of 
leadership that can truly advance a land restoration economy in 
Central Appalachia.”65 

Conclusion
	 Home to vibrant social and ecological communities, 
Central Appalachia is a resource rich but economically poor 
region of the eastern United States which has long existed 

63. Betsy Taylor et al., “Economic Transition in Central Appalachia: Knowl-
edge/Power Mapping for Bottom-up Policy,” Practicing Anthropology 36, no. 4 
(2014): 13–18.
64. Taylor et al., “Economic Transition in Central Appalachia.”
65. “Many Voices, Many Solutions: Innovative Mine Reclamation in Central 
Appalachia,” November 13, 2018, https://appvoices.org/resources/AML-RAC/
AML_RAC_report_Many_Voices_Many_Solutions-11-13-18-lo-res.pdf, 51.
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at the periphery of mainstream society. Having been denied 
the opportunity to industrialize beyond coal mining, the 
region’s economy has been kept depressed and non-diverse by 
corporations which own the land and control the extraction and 
sale of natural resources. As the region’s coal mining industry 
becomes increasingly destructive, decreasingly productive, 
and hires fewer Appalachian miners, the need for a just, post-
coal transition for the region has become ever more prevalent. 
Transitioning away from coal mining and towards a restorative, 
land-based economy will entail profound social and economic 
change in the region, including the diversification of the region’s 
industrial profile and reform of the region’s energy sector.
	 Organizations working to promote a just transition within 
Central Appalachia operate at a variety of scales, with differing 
profit management strategies and diverse approaches. A mix of 
small-scale, commercial, local, regional, and national actors and 
organizations intersect in this combined effort to diversify the 
region’s economy. Economic revitalization and social justice is 
advanced through the actions of both nonprofit and for-profit 
organizations and through a collaboration between grassroots 
and top-down actors. Differing individual approaches to a just 
transition have varied advantages and disadvantages, yet any 
one approach in isolation wouldn’t be sufficient or successful 
at affecting profound change. A just transition for the region is 
neither inevitable nor impossible, but it will require a networked 
approach, with organizations working at a variety of levels and 
within multiple sectors of the economy to create a future beyond 
coal.

 Future research should delve into the discussion of 
Central Appalachia as a microcosm of global environmental 
and social issues and transitions which are occuring around 
the world. Central Appalachia shares parallels with several 
other coal mining regions across the planet, including Wales, 
United Kingdom, which has already transitioned away from coal 
mining, and New South Wales, Australia, which is at a similar 
stage in their post-coal transition. Many regions will follow in 
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the footsteps of those who have already transitioned from coal, 
and Central Appalachia can “share [its] toolbox” to aid other 
regions who are making the shift.66 Analyzing these international 
interactions would help us to understand what a just transition 
will look like on a global scale, and provide an opportunity to 
extrapolate on the argument for a networked approach.

•

66. Michael French, Personal Communication.
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A Comparative Analysis of Benthic Macroinvertebrate 
Populations Before and After Stream Restoration in 

Two Warren Wilson College Streams

Abstract: Several Warren Wilson College streams were 
restored as a result of stream mitigation banking. The streams 
had become channelized over time as a result of intensive 
agriculture in the area. The streams’ geomorphology was 
reconstructed to increase habitat heterogeneity and restore flow 
patterns to a more natural state. Two particular streams were 
studied both one year prior and one year following restoration. 
In these two streams, benthic macroinvertebrate communities 
were studied in order to compare taxon richness and abundance 
of pollutant intolerant insects before and after restoration. 
After restoration, both streams showed a decrease in EPTs 
(Orders: Ephemeroptera, Plecoptera, and Trichoptera) in the 
downstream sites, suggesting that strides have not been made 
in respect to increased biodiversity or abundance, despite the 
successful restoration of habitat heterogeneity throughout the 
new channels. The author suggests continued research in order 
to determine project success as well as additional management 
strategies for future endeavors.
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Introduction
River restoration and stream mitigation are gaining 

increasing attention in the world of habitat conservation and 
wildlife management (Palmer et al., 2007). Stream mitigation 
banking is one of the sources for the rising numbers of restorative 
projects that are being seen across the country, especially in the 
Southeast (Lave et al., 2008). Stream mitigation banking allows 
developers to offset the ecological damages to waterways caused 
by their construction (i.e. roads, bridges) by purchasing credits 
that are used to restore streams and wetlands elsewhere so there is 
no net loss to the environment (Lave et al., 2008). 

Warren Wilson College in Buncombe County, NC, is one 
of the places in the country where this type of exchange is taking 
place. Warren Wilson College currently operates a 300 acre 
farm and the institution itself boasts a rich history of agriculture, 
with the school forming in 1894 as the Asheville Farm School. 
Agriculture is one of the primary causes for stream degradation 
and is often one of the main contributors to channelization of 
streams throughout the world (Allan, 2004, Riseng et al., 2011, 
Vörösmarty et al., 2010). Channelization causes problems for 
many streams especially during heavy rains, because sediment 
and water flow very rapidly, causing erosion and loss of substrate, 
plant matter, and animals. In addition to the increased ecological 
cost of flooding, channelization decreases habitat heterogeneity, 
a measure of habitat diversity in ecosystems. A decrease in 
habitat heterogeneity is thought to result in decreased diversity of 
microhabitats and as a result a decrease in biodiversity (Lepori et 
al., 2005). Due to intensive farming practices in the past, many of 
the streams on Warren Wilson campus have become channelized. 

When contractors unchannelize a stream in an attempt to 
restore it to its natural state, they are altering what’s referred to as 
the geomorphology of the stream. Stream geomorphology focuses 
on the physical aspects of the stream and includes assessment of 
the stream’s curvature, elevation differences, flow patterns, and 
geology. Geomorphological restoration can produce an array 
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of favorable outcomes such as lessening the impact of erosion 
and maximizing habitat diversity (Tullos et al., 2009). By adding 
boulders and small stones, additional habitat is created resulting 
in an increase in ecological surface area within restored streams 
(Spänhoff  & Arle, 2007). Stream restoration projects primarily 
focus on the geomorphology of streams, because it is typically the 
easiest to assess and fi x, despite scientists stating how important 
water quality is to the survival of many aquatic species (Jahnig et 
al., 2010; Sundermann et al., 2011). Restoring the geomorphology 
of a stream is a step in the right direction but ultimately a healthy 
ecosystem will be limited by poor water quality not its physical 
features (see Figure 1.) (Langford et al., 2009; Robinson et al., 
2014). 

Th e logic behind restoring a stream’s geomorphology 
stems from niche theory, which theorizes that increased habitat 
heterogeneity should yield increased biodiversity as a variety 
of habitat niches would allow many diff erent species the ability 
to coexist with one another. Much of the research that supports 

Figure 1. The Stream Restoration Pyramid, also known as the 
Functional Lift Pyramid, shows the physical, chemical, and biolog-
ical components of a stream, each step being dependent on the 
steps below it. US Fish and Wildlife Service, 2012.
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this however comes from terrestrial ecosystem studies and the 
impacts of increased habitat heterogeneity in aquatic systems 
are poorly understood with the results of channel restoration, 
bank enhancement, and addition of habitat for the most part, 
inconclusive (Lepori et al., 2005). 

Despite geomorphologicz al restoration occurring 
throughout the country, many restoration efforts are 
understudied or possess poor study designs. The majority of 
projects do not include data from prior to restoration which 
limits the conclusions that can be made. Even when studies do 
include both pre- and post-restoration surveys, a significant 
portion of them are only “snapshot” looks at the invertebrate 
communities. “Snapshot” study designs, which typically only 
monitor once before restoration and again several years after 
construction, give limited insight into the effects of restoration. 
The importance of good study design prior to restoration as well 
as long-term research efforts cannot be understated (Louhi et al., 
2011). 

BACI experiments are one of the best examples for 
studying restoration efforts due to their simple but effective 
design. BACI, which stands for Before After Control Impact 
is an acronym that implies the occurrence of surveying efforts 
both before and after restoration, as well as in different sites. The 
different sites consist of the control sites, which are not altered 
with respect to stream mitigation and provide a template for 
successful restoration, as well as impact sites, that have been 
altered with respect to stream mitigation. These impact sites 
will give us the most insight in how restoration has fared for the 
macroinvertebrate communities. For this project, I participated 
in a BACI experiment in order to determine how populations 
of pollutant sensitive invertebrates have changed with respect to 
restoration.

Several exhaustive studies with BACI experimental 
designs or designs similarly rigorous, have been done around 
the world. Despite their comprehensive study designs however, 
it is still unclear whether morphological stream restoration 
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results in increased biodiversity, with most studies yielding less 
than promising results (Albertson et al., 2011, Lepori et al., 
2005, Louhi et al., 2011). These studies show that the effects on 
benthic macroinvertebrate communities are incredibly varied 
with the aftermath of restoration efforts becoming seemingly 
unpredictable (Albertson et al., 2011, Lepori et al., 2005, Louhi 
et al., 2011). Some long-term studies have shown rapid increases 
in macroinvertebrate abundance following initial plummets after 
reconstruction but these same studies found that diversity did not 
increase as a function of time (Spänhoff & Arle, 2007). Further, 
Palmer et al. found upon examining 78 restored streams, only 2 
of them demonstrated an increase in macroinvertebrate diversity, 
indicating there was absolutely no evidence of a correlation 
between habitat heterogeneity and invertebrate diversity, further 
suggesting that restoring stream geomorphology should not 
always be the primary goal for mitigation projects (2010). Not 
only are some scientists rejecting the notion that restoration 
efforts do not improve macroinvertebrate biodiversity, some are 
even taking a step further, suggesting that not only is channel 
reconfiguration ineffective, it is actively harmful to the stream 
inhabitants that it is aiming to sustain (Tullos et al., 2009).

For this study, pre-restoration benthic macroinvertebrate 
data was collected by a previous Warren Wilson College 
student in the fall of 2018 with the use of Hester-Dendy 
multiplate samplers (Maxfield, 2019). The samplers, which 
provided information about specific invertebrate groups and 
their relative abundances, were compared to post-restoration 
macroinvertebrate data in hopes to assess whether or not stream 
restoration efforts indeed had positive effects on the benthic 
macroinvertebrate community. This research is meant to be 
a continuation of a long-term research project on the WWC 
restored streams and serves as a first look at the aftereffects of 
restoration.

Aquatic macroinvertebrates provide vital ecosystem 
services within streams by circulating allochthonous organic 
matter, regulating in-stream vegetation, and being vital food 
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sources for fish and other vertebrates (Spänhoff & Arle, 2007). 
Aquatic macroinvertebrates are typically viewed as ideal 
indicators for water quality and are particularly useful in 
determining success within stream mitigation projects (Jahnig 
et al., 2010, Li et al., 2018). Due to the fast flowing nature of 
waterways, short pulses of pollution can occasionally be missed 
via traditional water quality monitoring (Rubin et al., 2017). 
Because of this, macroinvertebrates often give a more nuanced 
insight into water quality and stream health than simple 
water chemistry analyses, making them a useful tool for water 
scientists and managers. In addition to this, utilizing benthic 
macroinvertebrates as indicator organisms for water quality can 
be advantageous because they are readily abundant, relatively easy 
to collect and identify, they are more sensitive to pollution than 
fish, and pollution tolerances are known for most taxa, which 
can give us a comprehensive picture of stream health (Barbour 
et al., 1999). Ephemeroptera, Plecoptera, and Trichoptera 
(EPTs) are orders of insects most notable for good water quality 
because they are relatively pollution intolerant compared to other 
macroinvertebrate groups (Righi-Cavallaro, 2010). 

How drastically macroinvertebrate communities respond 
to restoration efforts is typically dependent on how intense 
restoration measures were (Spänhoff & Arle, 2007). The ability 
of species to recolonize the newly restored habitats are entirely 
dependent on the life histories of each individual species as well 
as their abundance in surrounding ecosystems. In other words, an 
increase in biodiversity can only be possible if there are reservoirs 
of novel species in surrounding habitats. For this reason, entire 
watersheds should be assessed during restoration initiatives to 
ensure the best chance at success for future projects (Spänhoff & 
Arle, 2007).

In order to have the best chance at success, project 
managers should take into account both the biotic and abiotic 
factors that affect stream invertebrates. One of the major factors 
in building a healthy aquatic invertebrate community is good 
stream substrate (Sheldon, 1968, Mazão & da Conceição, 2016). 
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A common practice for stream restoration is to add coarse gravel 
to the channel in order to improve in-stream habitat (Kristensen 
et al., 2011, Mueller et al., 2014). On Warren Wilson College’s 
campus, contractors added various sizes of stone in the riffles, 
and where they could, excavated riffle material from the pre-
restored channel in order to give the already existing benthic 
macroinvertebrate community an advantage for recolonizing. It 
should be noted however that this recycling of substrate did not 
occur in either of the streams monitored by the author.

In addition to substrate, vegetation within the stream 
is also important for the success of benthic macroinvertebrate 
communities. Aquatic plants, periphyton, and allochthonous 
material such as leaves and wood, are all very important for the 
survival of benthic invertebrates because they provide a good 
food source, better water quality, and important habitat (Burdett 
& Watts 2009). Specifically shredder insects which “shred” 
organic matter for food, are most targeted by restoration efforts 
as channel reconfiguration often results in a decrease in both 
in-stream and riparian vegetation (Louhi et al., 2011). In an 
experiment by Kaenel et al., the authors found when vegetation 
was removed from a stream, the number of invertebrates 
decreased by 65%. They also found it took 4-6 months for the 
plant matter within the stream to reestablish itself to pre-study 
conditions (1998). This research suggests that even after river 
restoration, a realistic amount of time should be expected before 
the plant and invertebrate communities are intact, and broader 
conclusions about the effects of river restoration on benthic 
invertebrates can be made.

It may take 4-6 months for primary production to be 
reinstated after restoration but this certainly isn’t true for all 
stream autotrophs. More research as of late has been focused 
on the relationships between macroinvertebrates and aquatic 
bryophytes, or mosses, which many species are thought to be 
greatly dependent on. Aquatic bryophytes can be incredibly slow-
growing and their recolonization abilities are poorly understood. 
Following reconstruction, moss abundance greatly decreases as 
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a result of heavy machinery use during channel reconfiguration 
(Louhi et al., 2011). It is possible that in restoration studies with 
low success, growth of invertebrate diversity may be limited by 
slow bryophytic reemergence not restoration failures (Louhi et 
al., 2011). 

On Warren Wilson campus, eight streams were restored 
as a result of stream mitigation banking. The streams were 
excavated, remeandered to what they may have historically 
looked like, and substrate and plants were added. For this thesis, 
benthic invertebrate communities will be examined after stream 
restoration at four sites in two streams on Warren Wilson College 
campus by use of both qualitative and quantitative methods. 
The goal for this study is to compare pre-restoration populations 
to populations found a year after restoration in order to assess 
changes in water quality as a result of mitigation efforts. 

Methods
Study Site

This study took place on two restored streams at Warren 
Wilson College. Warren Wilson College is located in Buncombe 
County of Western North Carolina, USA and sits within the 
Swannanoa valley of the Blue Ridge mountain range. Two 
streams, Farm Core (5D) and White Barn (5B) were examined. 
These streams are shown below in Figures 2, 3, and 4. For each 
stream, sampling was done in both the upstream and downstream 
sections. GPS coordinates for all site locations are displayed 
below in Table 1. 

Location of 
Upstream Site

Location of 
Downstream 
Site

Farm Core -82°26’20.61”, 
35°36’38.47”

-82°26’27.71”, 
35°36’29.9”

White Barn  -82°27’9.37”, 
35°37’17.84”

-82°27’7.24”, 
35°36’51.66”

Table 1. Coordinates for upstream and downstream sites at Farm 
Core (5D) and White Barn (5B) streams.
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Figure 2. Map of streams being restored at Warren Wilson College 
in Buncombe County, NC. The two streams featured in this study 
are White Barn stream (5B) and Farm Core stream (5D). Axiom 
Environmental, 2018.

Figure 3. Map of White Barn stream (5B) and the proposed plans 
for restoration at Warren Wilson College in Buncombe County, NC. 
Axiom Environmental, 2018.
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 Th e streams being restored are very small (1st or 2nd 
order) and are tributaries to the Swannanoa River. Both streams 
in this study have been unchannelized as a result of the stream 
restoration project. At White Barn, the stream was entirely 
rerouted and a new channel was excavated. Substrate was added 
to the new channel to increase habitat heterogeneity and induce 
colonization while outside of the channel a large riparian buff er 
was created to enhance overall ecosystem health (Figure 3). Th e 
Farm Core stream was excavated, then had riffl  e material, such 
as rocks and boulders, added. Many trees and a powerline were 
removed and a large riparian buff er was also created (Figure 4).

Sampling Methods
 Sampling took place in September 2020, approximately 
one year aft er restoration and two years aft er pre-restoration 
data was collected, to analyze the eff ects of stream restoration 
(Maxfi eld 2019). Kick net sampling, visual sampling, leaf pack 
sampling, and artifi cial substrate samplers were all used in order 

Figure 4. Map of Farm Core stream (5D) and the proposed plans 
for restoration at Warren Wilson College in Buncombe County, NC. 
Axiom Environmental, 2018.
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to capture representatives from all different habitat types. Multiple 
sampling methods were used in order to make conclusions 
on both qualitative and quantitative aspects of restoration. All 
sampling techniques were done according to the North Carolina’s 
Standard Operating Procedures for the Collection and Analysis of 
Benthic Macroinvertebrates (NC Department of Environmental 
Quality, 2016) in the upstream and downstream of each of the 
restored sections. 

Qualitative Sampling
For qualitative sampling, kick net, visual, and leaf pack 

sampling were used in compliance with Rapid Bioassessment 
Protocols to assess all different habitat types (Barbour et al., 
1999). For kick net sampling, a standard D-frame dip net with 
standard mesh size of 500 μm screen was used. Five minutes 
of kick sampling took place in each section of a stream. Kick 
sampling consists of “kicking” or disrupting substrate so 
organisms become unattached and drift into the D-frame dip 
net. Kick sampling took place over five minutes in each site in 
an effort for increased standardization. Visual sampling took 
place for ten minutes at each site, where rocks, leaves, and 
other substrate were visually inspected within the stream for 
macroinvertebrates. Due to the small size of these streams and 
the relative absence of decaying leaf matter, leaf pack samples 
consisted of just three handfuls of leaves from different sources 
within the stretch. By utilizing all three different techniques, we 
can gain the most comprehensive measure of biodiversity in each 
site by allowing us to exploit all of the many different habitats that 
can exist within a single stretch of stream.

Quantitative Sampling
For quantitative sampling, Hester-Dendy samplers, a 

type of multi-plate artificial substrate sampler, were used. Ten 
Hester-Dendy multiplate samplers (Hester & Dendy, 1962) were 
used in each section of each stream sampled. Samplers were 
placed approximately five meters apart from each other but in 
some sections their placement was limited to areas where stream 
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depth was sufficient and access to samplers could be made. Each 
sampler was fixed to the shore with heavy duty fishing line and 
left out in the stream for three weeks before being removed and 
sorted on site. Samplers were retrieved in October of 2020.

Despite their extensive use in this project, many aquatic 
ecologists argue against the use of Hester-Dendy samplers as a 
mode of biomonitoring because samples are typically not fully 
representative of macroinvertebrate communities as certain taxa 
prefer habitat types that are not artificial substrate samplers, and 
as a result Hester-Dendy samplers often misrepresent relative 
abundances in streams (Barbour et al., 1999). One study however, 
found that Hester-Dendy samplers actually yielded higher species 
richness of Ephemeroptera, Plecoptera, and Trichoptera, the three 
orders most often used for indicating water quality (including 
in this paper) than kick sampling (Letovsky et al., 2019). This, in 
conjunction with their statistical abilities, make Hester-Dendy 
samplers a preferred method for analyzing EPT abundances in 
BACI experiments such as this one.

Preservation and Identification
	 All specimens were collected in the field and placed 
into appropriately labeled jars. Macroinvertebrate samples from 
each Hester-Dendy replicate were put into their respective jars 
while macroinvertebrates from kicknet, visual, and leaf pack 
sampling were collected into a single jar for each of the four sites. 
Specimens were preserved in 70% ethanol until identification. 
They were then brought back to the lab where they were 
examined using a dissecting microscope and identified to family 
using An Introduction to the Aquatic Insects of North America by 
Merritt & Cummins (2008). 

Data Analysis
Qualitative data from kick net, leaf pack, and visual 

sampling were assessed using the Hilsenhoff Family Biotic 
Index (HFBI) in order to analyze water quality in each of the 
four sites (Hilsenhoff, 1987). Data from the three different 
sampling measures were assessed for taxon richness, diversity, 
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and dominance. Diversity was calculated using the Shannon 
Diversity Index and dominance was calculated from Simpson’s 
D (Spellerberg & Fedor, 2003). Quantitative data from Hester-
Dendy multiplate samplers was analyzed using statistical 
comparison. A two-way ANOVA was used to measure 
differences in EPT (Orders Ephemeroptera, Plecoptera, and 
Trichoptera) abundances between restoration as well as for the 
differences between upstream and downstream sections. The 
quantitative data obtained from post-restoration was compared 
to pre-restoration data in order to evaluate how the benthic 
macroinvertebrate communities in each site have changed since 
restoration was enacted.

Results
Qualitative

Qualitative data was obtained from each of the four 
sites post-restoration. Alpha diversity measures were calculated 
to obtain data regarding taxon richness, dominance, and 
diversity for each of the four sites. The results from each of these 
calculations are displayed in Figure 5 on the next page. 

Alpha diversity metrics found that the downstream 
section of Farm Core had the lowest diversity, taxon richness, 
and highest dominance index of all four sites. Trends between 
upstream and downstream sections do appear to exist in each 
stream. The upstream sections of both streams were remarkably 
similar to one another with near identical metrics for diversity, 
richness, and dominance. Significance was not calculated for 
alpha diversity metrics due to a lapse in judgment by the author 
and further time constraints. 

Benthic macroinvertebrate communities from before 
restoration were not qualitatively studied in addition to being 
identified to the higher functional taxonomic group of order. 
This discrepancy means there are not adequate accounts of prior 
biodiversity in the restored streams, thereby reducing our ability 
to compare alpha diversity with respect to restoration. Alpha 
diversity metrics from post-restoration instead serve to describe 
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the present state of these two streams. Future researchers 
studying the impacts of restoration should consider 
identifying sampling methods that provide both qualitative 
and quantitative data so comparisons of biodiversity can be 
done. 

In addition to alpha diversity, qualitative data from 
the Rapid Bioassessment Protocols were assessed by use of 
the Hilsenhoff  Family Biotic Index (HFBI) in an attempt to 

Figure 5. A) Simpson’s Diversity Index (1-D) for each of the four 
sites (wbu = 0.1714, wbd = 0.2895, fcu = 0.1799, fcd = 0.4183). 
B) Simpson’s Dominance Index (c) for each of the four sites (wbu 
= 0.8286, wbd = 0.7105, fcu = 0.8201, fcd = 0.5817). C) Shannon 
Diversity Index (H) for each of the four sites (wbu = 2.011, wbd = 
1.616, fcu = 2.012, fcd = 0.8676). D) Taxon richness for each of 
the four sites. Organisms were identifi ed to the lowest practical 
taxon. For most organisms this was to family with the exception 
of snails and oligochaetes. Taxon richness is simply the number 
of taxa present in each of the sites (wbu = 13, wbd = 10, fcu = 
14, fcd = 3). (fc = farm core, wb = white barn, u = upstream, d = 
downstream).
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determine water quality for each of the four sites (Hilsenhoff, 
1987). The HFBI works by first recording all the families present 
in a given site and the number of individuals representing each 
family. Each family is assigned a tolerance value indicating how 
pollutant tolerant or intolerant they are. A water quality index 
score is given on the basis of how tolerant the organisms present 
are and the respective abundance of each. Scores range from 0-10, 
with 0 representing the best water quality and 10 representing the 
worst. The formula to calculate the water quality index score is 
given by the equation: 

FBI = Σ(x*t)/(n), 
where FBI = family biotic index, x = number of organisms in a 
given family, t = tolerance value of a given family, and n = total 
number of organisms in the sample. The water quality scores can 
then be paired with a table in order to interpret the results.

Family Biotic 
Index

Water Quality Degree of Organ-
ic Pollution

0.00-3.75 Excellent Organic pollution 
unlikely

3.76-4.25 Very good Possible slight 
organic pollution

4.26-5.00 Good Some organic pol-
lution probable

5.01-5.75 Fair Fairly substantial 
pollution likely

5.76-6.50 Fairly poor Substantial pollu-
tion likely

6.51-7.25 Poor Very substantial 
pollution likely

7.26-10.00 Very poor Severe organic 
pollution likely

Table 2. Interpretation of water quality from FBI scores generatedby 
using the Hilsenhoff Family Biotic Index (HFBI) (Hilsenhoff, 1987).
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White Barn
	 Results from the HFBI found that the White Barn stream 
was considerably healthy after restoration. The upstream site 
possessed a water quality score of 3.9 denoting “very good” water 
quality with unlikely pollution present. The downstream site had 
only marginally worse water quality with a water quality score of 
4.6 denoting “good” water quality with possible but improbable 
pollution present. The families present and their relative 
abundances are outlined in Tables 3 and 4 below.

Family # Tolerance value Product
Simuliidae 2 6 12
Heptageniidae 7 3 21
Baetidae 1 5 5
Leuctridae 2 0 0
Hydropsychidae 13 4 52
Glossosomatidae 1 1 1
Elmidae 1 4 4
Aeshnidae 2 3 6
Tabanidae 1 5 5
Tetrastemmatidae 1 8 8

Psephenidae 3 4 12
Stratiomyidae 1 7 7
Leptoceridae 15 4 60
Total 50 Sum 193
FBI = Σ(x*t)/(n) 3.86 “Very good”

Table 3. The macroinvertebrate community composition for the 
upstream site of White Barn stream. The biotic index score was 
calculated from the equation FBI = Σ(x*t)/(n) where FBI = family biotic 
index, x = number of organisms in each family, t = tolerance value, 
and n = total number of organisms in the sample. The score for the 
upstream site is 3.86 indicating “very good” water quality with a low 
likelihood of pollution present.
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Family # Tolerance 
value

Product

Sialidae 1 4 4
Baetidae 9 5 45
Heptageniidae 6 3 18
Siphlonuridae 1 4 4
Hydropsychidae 50 4 200
Philopotamidae 5 3 15
Chironomidae 11 6 66
Simuliidae 14 6 84
Culicidae 1 8 8
Physidae 2 8 16
Total 100 Sum 460
FBI = Σ(x*t)/(n) 4.60 “Good”

Table 4. The macroinvertebrate community composition for the 
downstream site of White Barn stream. The biotic index score was 
calculated from the equation FBI = Σ(x*t)/(n) where FBI = family biotic 
index, x = number of organisms in each family, t = tolerance value, 
and n = total number of organisms in the sample. The score for the 
upstream site is 4.60, indicating “good” water quality with possible but 
improbable pollution present.

Farm Core
Macroinvertebrates in the downstream section of Farm 

Core consisted of only three taxa - chironomid larvae1, blackfly 
larvae, and oligochaete worms. For Farm Core’s upstream site, 
the water quality was also “good” with a score of 4.5 while its 
downstream site ended up being denoted as “poor” with a 
whopping score of 7. This is unsurprising though, given just how 
murky and polluted the downstream site looks in this photo I 
took. At this site the majority of the invertebrates downstream 

1. It is important to note that none of the chironomids present in any of the 
samples belonged to red-blooded species whose dominance is indicative of 
very poor water quality.



205

were aquatic worms or midge larvae, so coming to this 
conclusion was not a shock to me.

Family # Tolerance 
value

Product

Aeshnidae 14 3 42
Baetidae 1 5 5
Chironomidae 1 6 6
Dixidae 3 1 3
Elmidae 4 4 16
Gomphidae 2 3 6
Heptageniidae 2 3 6
Hydropsychidae 15 4 60
Leptoceridae 2 4 8
Leuctridae 2 0 0
Odontoceridae 2 0 0
Right-handed 
snail

24 7 168

Simuliidae 1 6 6

Tabanidae 1 5 5

Total 74 Sum 331

FBI = Σ(x*t)/(n) 4.47 “Good”
Table 5. The macroinvertebrate community composition for the 
upstream site of Farm Core stream. The biotic index score was 
calculated from the equation FBI = Σ(x*t)/(n) where FBI = family biotic 
index, x = number of organisms in each family, t = tolerance value, 
and n = total number of organisms in the sample. The score for the 
upstream site is 4.47 indicating “good” water quality with possible but 
improbable pollution present.
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Family # Tolerance 
value

Product

Chironomidae 8 6 48
Oligochaeta 9 8 72
Simuliidae 1 6 6
Total 18 Sum 126
FBI = Σ(x*t)/(n) 7.00 Poor

Table 6. The macroinvertebrate community composition for the 
downstream site of Farm Core stream. The biotic index score was 
calculated from the equation FBI = Σ(x*t)/(n) where FBI = family biotic 
index, x = number of organisms in each family, t = tolerance value, 
and n = total number of organisms in the sample. The score for the 
upstream site is 7.00 indicating “poor” water quality with a presence of 
pollution likely.

Quantitative
Quantitative data for three orders Ephemeroptera, 

Plecoptera, and Trichoptera, was analyzed via R Studio by use of 
a two-way ANOVA. The two-way ANOVA tested three things, it 
compared EPT abundance between sites, EPT abundance before 
and after restoration, as well as the interaction between site 
location and time of sampling. The P-value used to determine 
significance was 0.05. The source code for both ANOVAs are 
located in the appendix of this publication. 

In addition to the two-way ANOVA, taxon richness for 
the samplers was also examined in order to compare community 
compositions with respect to restoration. Because Hester-Dendy 
samplers are skewed towards certain groups of organisms, the 
results from taxon richness for quantitative data should not 
be interpreted literally as any actual measure of biodiversity 
or abundance. It serves to instead show gross differences in 
community structures with respect to both time and site location. 
By examining the number of taxonomic groups present, it was 
found in both streams that there were fewer taxa present in the
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downstream sites compared to the upstream sites both before and 
restoration, though signifi cance is not known.

Data for each of the sites outlining what orders were 
present in each replicate sampler and their total abundances can 
be found in Tables 8, 9, 11, and 12.

White Barn
EPT abundance decreased greatly in the downstream site 

as a result of mitigation, though this diff erence is not statistically 
signifi cant, likely as a result of a small sample size. EPT 
abundance was statistically the same in up- and downstream sites 
following restoration with a t-test returning a P-value of 0.99.

 Th e two-way ANOVA found no signifi cant diff erence 
in EPT abundances with respect to site (0.09>0.05) or time of 
sampling (0.24>0.05). Th e interaction eff ect characterized  by 
“time:site” was also found to be insignifi cant (0.10>0.05) (Table 
7).

Figure 6. White Barn EPT abundance before and after restoration 
for both up- and downstream sites. Error bars denote the standard 
error for each of the sites.
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White Barn P-value Significant?
Time 0.2427 No
Site 0.0875 No

Time:Site 0.1010 No

Table 7. Significance table showing results from the two-way 
ANOVA for White Barn stream. The two-way ANOVA (1) analyzed 
the difference in EPT abundance before and after restoration, (2) 
analyzed the difference in EPT abundances between sites, and (3) 
analyzed the interaction effect between site location and time of 
sampling (before or after restoration). Significance was determined if 
the P-value was less than 0.05.

	 Taxon richness was slightly lower in the downstream site 
both before and after restoration in the White Barn stream (2018 
7>6, 2020 8>6). Taxon richness did not change greatly in either 
of the sites from before to after restoration (upstream 7 to 8, 
downstream 6 to 6). Before restoration, the downstream section 
of White Barn was dominated by EPTs, with fly larvae, aquatic 
worms, and dragonflies making up the other present taxa. After 
restoration, the downstream site had these same six taxa with 
EPTs being the dominant orders. This implies that community 
composition did not change after restoration with respect to 
Hester-Dendy multiplate samplers. 
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Table 8. Macroinvertebrate orders and their abundances collected
via Hester-Dendy multiplate samplers in the upstream section of 
White Barn. 
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Table 9. Macroinvertebrate orders and their abundances collected 
via Hester-Dendy multiplate samplers in the downstream section of 
White Barn.
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Farm Core
 No EPTs were found in the downstream section of 
Farm Core aft er restoration. Th is is not a signifi cant diff erence 
from before, however, as there was only a single EPT (Order: 
Trichoptera) found downstream of Farm Core prior to restoration 
resulting in an average abundance of 0.125 EPTs per sample 
(Figure 7).  EPT abundance was statistically very diff erent in up- 
and downstream sites following restoration with a t-test returning 
a P-value of 0.0002.

Figure 7. Farm Core EPT abundance before and after restoration for 
both up- and downstream sites. Error bars denote the standard error 
for each of the sites.

Th e two-way ANOVA found signifi cant diff erences 
between EPT abundances with respect to site (9.19*10-7<0.05) 
and time of sampling (0.004<0.05). Th e interaction eff ect 
characterized by “time:site” was also signifi cant (0.01<0.05) 
(Table 10). Th e three P-values are likely heavily skewed due to 
the considerable increase in EPTs upstream before and aft er 
restoration. EPT abundances doubled in the two years following 
pre-restoration sampling with an average of 12 EPTs per sampler 
in 2018 to an average of 30 EPTs per sampler in 2020. Because 
upstream sites should be unaff ected by restoration, this increase 
is not important to the study and is likely an eff ect of climatic 
diff erences between years. 
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Farm Core P-value Significant?

Time 0.00376 Yes

Site 9.19 x 10-7 Yes

Time:Site 0.01103 Yes
Table 10. Significance table showing results from the two-way 
ANOVA for Farm Core stream. The two-way ANOVA (1) analyzed 
the difference in EPT abundance before and after restoration, (2) 
analyzed the difference in EPT abundance between sites, and (3) 
analyzed the interaction effect between site location and time of 
sampling (before or after restoration). Significance was determined if 
the P-value was less than 0.05.

Taxon richness was slightly lower in the downstream site 
both before and after restoration in the Farm Core stream (2018 
7>6, 2020 8>4). Taxon richness increased after restoration by 
one taxa group in the upstream site and decreased by two taxa 
groups in the downstream site (upstream 7 to 8, downstream 6 to 
4). Before restoration, the downstream section of Farm Core was 
dominated by snails and dipterans EPTs, with beetles, dragonflies, 
and a single caddisfly making up the other present taxa. Based 
on the taxa present, the downstream section of Farm Core was 
likely moderately polluted prior to restoration. After restoration, 
the downstream site had four taxa present: left-handed snails, 
dipteran larvae, tubifex worms, and amphipods, all of which are 
pollutant tolerant groups characteristic of degraded streams. 
After restoration, pollutant tolerant organisms were more favored 
and the macroinvertebrate community composition changed 
negatively with respect to Hester-Dendy multiplate samplers.
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Table 11. Macroinvertebrate orders and their abundances 
collected via Hester-Dendy multiplate samplers in the upstream 
section of Farm Core. 
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Table 12. Macroinvertebrate orders and their abundances collected 
via Hester-Dendy multiplate samplers in the downstream section of 
Farm Core.

Discussion
 Aft er restoration, there was no increase in EPTs 
downstream in either of the studied streams (Figures 6 and 7). 
Th ere are several possible explanations for why EPT abundance 
and taxa richness are not increasing even aft er successful 
restoration of habitat heterogeneity. Some of these include 
limitations due to slow-growing bryophyte communities, external 
climatic eff ects, limitations in dispersal abilities amongst species, 
and previous historical disturbances (Louhi et al., 2011). It is also 
incredibly possible that just simply not enough time has passed 
since restoration was enacted.
 Th ere is an idea among stream restoration eff orts that 
sometimes it “has to get worse before it gets better.” Szymańska 
et al. echoed this in their study when they examined one species 

Table 12. Macroinvertebrate orders and their abundances collected 



215

of Ephemeroptera for the purpose of determining success 
in stream restoration projects. They found that immediately 
following reconstruction, local mayfly populations plummeted, 
but as time went on, the species was able to adapt and colonize 
sections within the stream they weren’t present in prior (2020). 
Morphological restoration often requires heavy equipment like 
tractors and backhoes in order to remeander streams and restore 
habitat heterogeneity. The process of channel reconstruction 
is very unnatural as stream disturbances go, and is often more 
stressful than the initial channelization or habitat degradation 
it aims to resolve. As a result, invertebrate abundance and 
biodiversity are typically expected to plummet initially after 
restoration (Szymańska et al., 2020). Still, the hope is that by 
excavating and rerouting streams to their more natural state, over 
time they will become healthier and more productive than before 
restoration.
	 One of the major factors affecting recovery times in 
restored streams is the varying recolonization abilities for 
each macroinvertebrate species. There are many avenues for 
recolonization to occur but species reintroduction is largely 
dependent on refuge populations in healthy unrestored streams. 
This requires organisms to migrate actively or passively from 
either up- or downstream of the restored channel. Novel species 
can also colonize the newly restored stream via aerial dispersion 
as well as passive transport by wind, water, or animal vector 
(Spänhoff & Arle, 2007).
	 Immigration of novel species is not only limited to the 
dispersal capabilities of the species in question but also by the 
amount of habitat available in the stream as well as competition 
from already established populations (Spänhoff & Arle, 2007). 
As a result, a shift in community structure should be expected 
in the years following restoration as disturbance-adapted 
species typically arrive first and dominate before the community 
stabilizes, resulting in a more heterogeneous community 
composition (Spänhoff & Arle, 2007). This typically manifests 
as a shift in dominance from one functional feeding group to 
another. For example, Albertson et al. found that in one restored 
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stretch of river, the dominance drastically shifted from filter-
feeding caddisflies to highly-sensitive grazing mayflies (2011). 
	 Refuge populations near restored streams are vital for 
macroinvertebrate recolonization. Restoration at Warren Wilson 
College is occurring on a relatively large scale, which is sensible 
because of the importance of considering entire watersheds 
rather than single stretches of degraded stream, but could hinder 
a timely recolonization, as many of the macroinvertebrate 
reservoirs near campus will be disturbed as a result of the 
mitigation. Assuming there are healthy reservoirs of organisms 
near the streams on campus, benthic macroinvertebrate 
communities still typically undergo a shift in community 
structure in the years following restoration as disturbance-
adapted species typically arrive first and dominate before the 
communities stabilize, resulting in a more heterogeneous 
community composition (Spänhoff & Arle, 2007).
	 Another explanation for delayed improvements could be 
a result of slow vegetation growth. This research was performed 
only one year after restoration, meaning only one growing 
season was able to take place. There is the possibility that despite 
improved habitat heterogeneity, streams could simply not have 
enough plant life in or around the stream necessary to support 
these invertebrates. A lack of vegetation is certainly possible in 
both restored streams as all the surrounding trees and shrubs 
were cleared in order to maneuver heavy equipment for channel 
restoration. This surely resulted in a decrease in allochthonous 
material which many “shredder” insects which as their name 
implies, shred organic matter for food, require to survive. 
	 A delay in results could simply be an issue of timing and 
not a restorative failure, but the possibility that pollution sources 
outside of the restoration project are contributing to the decline 
in EPT abundance in restored streams, should not be ignored. 
Poor water quality can easily limit the success of these ecosystems 
and outweigh any effects from restored heterogeneity. In other 
words, restored habitat heterogeneity may be achieved but as 
long as water chemistry is suboptimal, habitat heterogeneity 
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doesn’t have the opportunity to work (Palmer et al., 2010). This 
very well could be happening to the restored streams on campus, 
especially Farm Core, which flows through the college’s farm, 
autoshop, recycling and composting facility, and horse paddock. 
Each of these establishments are strong contenders for nutrient, 
sediment, and inorganic pollution. Pollution occurring from any 
one of these sources could be sufficient enough to explain the 
absence of EPTs downstream of Farm Core. For streams with 
multiple stressors at work, restoration efforts must go beyond 
morphological and structural changes (Palmer et al., 2010).
	 Any of the reasons mentioned earlier could be limiting 
EPT success in the restored streams, but there is of course the 
possibility that recovering habitat heterogeneity simply isn’t 
beneficial. In a study by Lepori et al., it was found that habitat 
heterogeneity was indeed higher in restored sites compared to 
unrestored, channelized stretches, which makes sense as this 
is the primary goal of most river restoration projects targeting 
channelized waterways (2005). Despite habitat heterogeneity 
being significantly higher in these restored sites, fish and 
invertebrate diversity was no greater than the reference sites 
being used as controls (Lepori et al., 2005).
	 Another study, Louhi et al., echoed this and theorized 
that habitat heterogeneity may not be playing as large of a role 
as previously thought (2011). The study suspected that northern 
European streams channelized for the transport of logs in the 
sixteenth century, resulted only in a partial decline of overall 
habitat heterogeneity. It is also theorized that in the 20-30 year 
period between the suspension of log driving and the first 
surveys, enough time passed for stream invertebrate populations 
to recover without anthropogenic assistance (Louhi et al., 2011). 
This suggests that in affected streams, a need for increased habitat 
heterogeneity is overrepresented and in fact it may be better to 
simply let “nature do the healing.”
	 Results of restoration projects may not always fulfill 
the goals they set out to achieve, but this isn’t to say positive 
outcomes don’t exist. For example Jähnig et al. found that despite 
a lack of response from benthic macroinvertebrate communities, 
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there was a strong improvement for both riparian beetles and 
vegetation after morphological restoration (2009). This suggests 
that an increase in benthic macroinvertebrate diversity should 
not be the only measure of success in restored streams and more 
attention should be given in the future to additional in-stream 
taxa as well as riparian species (Louhi et al., 2011).
	 One problem with many of the studies done on 
restored streams is that success for restoration efforts aren’t 
always agreed on, and the majority of projects lack realistic 
goals for the actions that are taking place (Rubin et al., 2017). 
Both scientists and managers studying the efficacy of stream 
restoration should be sure to maintain realistic goals throughout 
the years following stream restoration (Spänhoff & Arle, 2007). 
Due to the complexities amongst each species and their varying 
recolonization abilities, an increase in biodiversity is first, never 
guaranteed, and second, should only be expected after several 
years, assuming all conditions necessary for success are met. 
Spänhoff & Arle conclude that mitigation projects can only serve 
as a “template for enhancement of macroinvertebrate diversity, 
but the dynamic nature and the individuality of the streams will 
[ultimately] determine the result” (2007).
	 For increased success, several authors made suggestions 
for future restoration efforts. Palmer et al. suggested gentler 
restoration attempts instead of whole channel reconstruction. 
More moderate efforts include improving storm-water treatment 
systems and establishing robust riparian buffers (2010). These 
solutions may bring about more success and as a result would 
likely be more cost effective in the long-term. Louhi et al. urged 
for the use of a “double-control” in restoration projects, meaning 
that two control sites would be used to compare communities in 
restored streams, one site exemplifying target water quality and 
community compositions and another that is degraded similarly 
to the restored channel pre-mitigation (2011). By using a double-
control, the impacts of restoration can be addressed with much 
more confidence.
	 If Warren Wilson College students participate in more 



219

stream restoration projects in the future, they should be sure 
to consider gentler restoration attempts and a more rigorous 
study design consisting of a double-control. Warren Wilson 
College students continuing research on the White Barn and 
Farm Core streams could also learn from some previous studies. 
For example, in the study by Louhi et al., macroinvertebrate 
composition and salmonid abundance was examined both 
three years before and three years after restoration via a 
BACI experimental design (2011). To make this project more 
comprehensive, data from previous years should be investigated. 
Warren Wilson classrooms have a long history of experiential 
learning in the two restored streams and future research should 
synthesize any available datasets or past collections.
	 Future studies should also be sure to include climate data 
as a part of their research. Climatic variability is continuing to 
increase as a result of climate change and flooding events are 
expected to become even more commonplace. As this shift takes 
place, research on the effects of restoration on macroinvertebrate 
communities will become increasingly more important but 
additionally, even more muddled as another confounding factor 
is added to an already poorly understood system (Louhi et al., 
2011).

Conclusion
	 The importance of long-term monitoring for the White 
Barn and Farm Core streams cannot be overstated. Downstream 
sections in both of these streams did not show an increase in EPT 
abundances, which could be occurring for any of the reasons 
previously discussed. In order to determine if morphological 
restoration has had any effect on macroinvertebrate communities, 
surveys should be conducted at least every fall for the next 
10 years. Only with patience will we understand the full 
consequences of restoration efforts on Warren Wilson’s streams.

•
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Appendix

R Source Code
# two-way ANOVA for Farm Core stream
farm<-aov(ept ~ time + site + time:site)
> summary(farm)
            Df Sum Sq Mean Sq F value   Pr(>F)    
time         1    892     892   9.931  0.00376 ** 
site         1   3453    3453  38.455 9.19e-07 ***
time:site    1    662     662   7.375  0.01103 *  
Residuals   29   2604      90                     
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

# two-way ANOVA for White Barn stream
> White_Barn_ANOVA<-aov(wept ~ wtime + wsite + 
wtime:wsite)
> summary(White_Barn_ANOVA)
            Df Sum Sq Mean Sq F value Pr(>F)  
wtime        1  138.6  138.63   1.434 0.2427  
wsite        1  306.7  306.67   3.173 0.0875 .
wtime:wsite  1  281.1  281.12   2.909 0.1010  
Residuals   24 2319.4   96.64                 
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
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Abstract

In the summer of 1934, during the Great Depression, a small 
but scrappy local branch of the Teamsters Union used Trotskyist 
tactics to battle police in the streets of Minneapolis and win 
concessions from their employers. Despite a lack of support 
from both the Teamsters bureaucracy and other communist 
agitators, the leaders of Local 574 mobilized a large swath of 
Minneapolis’ working class for their cause. Seeking increased 
wages and union recognition, the Teamsters drew from the 
Trotskyist roots of their leaders in developing their strategy. They 
found success through the idea of the transitional program in 
combination with some very creative tactics, including teenage 
motorcycle couriers and spying secretaries. This research 
explores the role of Trotskyism in the American context of 
union socialism and seeks to explain Local 574’s success. 
Furthermore, this research situates the strike within a broader 
view of labor history by examining the national mood leading up 
to the strike, the resulting interactions with police and employers 
during the strike, and the far-reaching consequences on both 
state and federal legislation.
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Introduction
The summer of 2020 began with death. After 

George Floyd died at the hands of the Minneapolis Police 
Department, the response was near instantaneous. Protests and 
demonstrations began in Minneapolis but spread across the 
nation, eventually even the world. Minneapolis is a city with a 
strong history of radicalism and militant action, but when did 
that begin? How did a city in the upper Midwest come to be a 
hub for leftists? A Teamsters strike during the Great Depression 
is one place to look. The streets of Minneapolis would have 
looked eerily similar in 1934. Enormous brawls between strikers 
and the police broke out on multiple occasions, injuring dozens 
of people and killing a handful. The National Guard mobilized 
and patrolled the streets to enforce a city-wide curfew. Why was 
this strike so consequential? Because it had experienced leaders, 
utilized creative tactics, established a large network of supports, 
and developed systems of support outside of both the state and 
the Teamsters bureaucracy. 

The climate of labor relations in Minnesota in the early 
1930s was not favorable to labor organizers. Minneapolis was 
the distribution hub of the upper Midwest, with large industries 
like coal or agriculture employing thousands of drivers each. In 
Minneapolis, the Citizens Alliance had a strong membership and 
maintained the city’s open shop status. The Citizens Alliance, a 
group of local business owners supported by many in the local 
government, effectively functioned as the inverse of a union— it 
represented employers and their interests against those of their 
employees. They enjoyed the support of the Minneapolis Police 
Department, whom they often called upon to interfere in labor 
disputes. They employed a variety of tactics to maintain control in 
Minneapolis, including keeping files on organizers, cooperating 
with the FBI, and using spies to discover unionization attempts 
in their infancy.1 Until 1933 or so, Minneapolis’ open shop 

1. Donna T. Haverty-Stacke, Trotskyists on Trial: Free Speech and Political Per-
secution since the Age of FDR, (New York: NYU Press, 2016), 32. 



230

status2 seriously inhibited the recruitment of potential union 
members across the city. The passage of the National Industrial 
Recovery Act (NIRA) in 1933, however, ushered in a wave of 
support for unions. Title I of NIRA authorized the President 
to establish industrial regulations which would aid economic 
recovery, as well as protecting the collective bargaining rights 
of unions.3 Membership increased for many national unions 
including the Teamsters. The renewed pro-union sentiment 
combined with the disheartening conditions in Minneapolis 
pushed the city and its workers towards their limits. The battle 
to transform Minneapolis would be fought uphill, every victory 
hard-won.

The Teamsters
	 The term “teamster” originally referred to men who drove 
teams of animals for deliveries but expanded to include truck 
drivers in the early twentieth century. The current International 
Brotherhood of Teamsters (IBT) was formed in 1903 after 
a merger of the Team Drivers International Union and the 
Teamsters National Union. The first president of the IBT was 
Cornelius Shea who served from 1903 to 1907. He was replaced 
in August 1907 by Daniel J. Tobin, an Irish immigrant then living 
in Boston. Tobin would serve as the president until 1952. 
	 Under Tobin’s leadership, the IBT developed its reputation 
as a conservative union, one which is generally averse to striking 
and more willing to cooperate or negotiate with employers. 
Teamsters strikes were uncommon when compared to other 
unions, in large part because a two-thirds vote was required to 
approve any strike action, and because the president could deny 
benefits to the strikers if he thought they had acted too quickly. 
Between the internal bureaucracy and domination of the Citizens 

2. “Open shop” refers to a workplace in which a union represents all employ-
ees but does not require potential employees to join or financially support the 
union as a condition of employment. 
3. NIRA was a very controversial act. As the regulations increased, support 
from business owners decreased. The Supreme Court declared Title I unconsti-
tutional in 1935. It is generally considered to be a policy failure. 
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Alliance, Minneapolis hardly seemed ready for a major strike. 
	 Teamsters Local 574 was small in 1933, less than 200 
members representing only a sliver of the companies operating 
in Minneapolis. At the time, the union was led by Carl Skoglund 
and Ray Dunne. Both  men were Trotskyists and members 
of the Communist League of America (later renamed the 
Socialist Workers Party), the American branch of Leon Trotsky’s 
International Left Opposition. Skoglund had immigrated to 
the United States two decades earlier after being expelled from 
Sweden for organizing a soldier’s mutiny.4 Dunne was the child 
of immigrants and got his start in agriculture, but bounced from 
job to job for most of his early life. He was introduced to the labor 
movement as a teenager by a branch of the Industrial Workers of 
the World (IWW) in North Dakota.5 Dunne was one of the most 
visible communists operating in Minnesota at the time. Skoglund 
and Dunne were considered outsiders within the Teamsters due 
to their radical beliefs— Tobin was quite clear that he would 
not welcome communists into the Teamsters’ ranks. He created 
much distance between “rank-and-file” Teamsters and radical 
organizers like Skoglund and Dunne.6 Skoglund and Dunne 
had both been founding members of the Communist Party in 
America but were expelled in the 1920s because of their support 
for Leon Trotsky over Joseph Stalin. They were outsiders both 
in the American communist movement and in the IBT, which 
would later cause them to forge unique alliances. Despite the 
odds being stacked against them from the beginning, they saw an 
opportunity to radically change the lives of their fellow workers. 

Rising Tension
	 The first real victory of Local 574 occurred in the winter 
of 1933-34. Leading members of the union— Carl Skoglund, Ray 
Dunne, and the newly arrived Farrell Dobbs— began organizing 
drivers at a coalyard in the city. Dunne was working in a coal 
4. Bryan D. Palmer,  “Red Teamsters.” Jacobin, Oct. 14, 2014.
5. Lila Johnson Goff,  “Oral History Interview with Vincent Raymond Dunne,” 
27 Apr. 1969, Minnesota Historical Society.
6. Palmer, “Red Teamsters.” 
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yard at the time and felt like that had a serious opportunity to 
increase wages, though it took two years to actually initiate a 
strike.7 Their other goals were union recognition and the right 
to organize “inside” workers. Skoglund was also working in 
coal and drumming up support for a union. In autumn 1933, 
Skoglund’s employers warned him that he was risking his job 
by agitating fellow drivers. This warning backfired- Skoglund 
doubled down on his commitment to unionizing the coal yard 
and began planning a strike in conjunction with the Dunne 
brothers.8 They orchestrated the strike outside of both the IBT’s 
internal bureaucracy and the mediation procedures established 
by the National Industrial Recovery Act. A warm snap had 
depressed the coal industry that winter but a sudden cold front 
in early February, 1934 gave them the leverage they needed.9 The 
strikers locked up half of the trucks in their coal yards and used 
the other half to patrol Minneapolis, targeting scab drivers. They 
seized coal from the scab drivers and delivered it to working 
class neighborhoods at no cost to the residents. Within hours, 
65 of the 67 coal yards in Minneapolis shut down. The same 
strategy was used again for the next two days. Jeopardizing the 
heating supply during a bitterly cold week predictably caused 
significant opposition from the city and the Citizens Alliance. 
They attempted to find scab drivers to deliver coal, but Skoglund 
and Dunne had beat them to the unemployed. The Teamsters had 
ensured that unemployed drivers in the city would support the 
strike rather than scab for the coal companies.10 Since they could 
not hire scab drivers, the coal owners partially capitulated to the 
strikers’ demands for wage increases and union recognition in 
only two and a half days. Coal drivers would receive a small pay 
raise and recognition of the union. This small strike was hard won 
and ultimately successful beyond its goal. The victory legitimized 
Local 574 in the eyes of many drivers across the city, increasing 
7. Johnson, “Interview with Dunne.” 
8. Bryan D. Palmer, Revolutionary Teamsters: The Minneapolis Truckers Strike of 
1934, (Leiden: Brill, 2013), 50. 
9. Haverty-Stacke, Trotskyists on Trial, 33. 
10. Johnson, “Interview with Dunne.” 
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membership sharply. However, local coal companies still kept 
wages relatively low and withheld the union’s right to exclusive 
collective bargaining.11 
	 Buoyed by their victory in the coal yards and with few 
other options left to unionize inside workers, Local 574 began 
preparing for a general driver’s strike. Members rented out a large 
hall that could be used as a hub- a combination headquarters, 
infirmary, and kitchen. They also created a Women’s Auxiliary to 
run the headquarters, composed of the wives, sisters, mothers, 
and daughters of the Teamsters. The next step was reaching 
out to farmer’s organizations in the surrounding area to get 
their support for a potential strike. Without Teamsters, farmers 
would have fewer ways to transport or sell their products, so 
reaching an understanding between the two parties would be 
crucial in keeping Minneapolis fed. Farmers would be allowed 
to deliver directly to grocers and supply the strikers with food as 
well. One of the most important farmers’ organizations was the 
Hennepin County branch of the National Farm Bureau, which 
provided meat, produce, and milk to the strike commissary.12 The 
Teamsters also made contact with organizations representing the 
unemployed, to deter scabbing once the strike began. Many of the 
unemployed joined the picket lines in support and discouraged 
scabbing within their ranks.13  

Strike
	 Local 574 issued their demands on April 30, 1934. They 
were few and straightforward: official recognition of the union, 
a wage increase to an average of $27.50 per week, overtime 
pay, shorter working hours, and right to represent “inside 
workers,” those who work in distribution centers but do not 
drive. The last demand marked a very important break from 
the IBT’s official party line of craft unionism (organization of 
“skilled” workers only); they would instead advocate for militant 
11. Palmer, “Red Teamsters.” 
12. “3 Farm Organizations Now In Agreement With 574,” The Organizer, July 
18, 1934. 
13. “Unemployed Support Strike,” The Organizer, July 18, 1934. 
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industrial unionism which included workers of all skill levels. By 
taking a stance of industrial unionism, they were acting against 
not just the bosses, but the IBT bureaucracy as well. Trucking 
companies resisted immediately, less than a dozen at first but 
quickly growing to 150 companies throughout the city. The union 
overwhelmingly voted to strike in response. The strike began 
on May 16, 1934. They then established a Strike Committee 
of 100 men representing most of the distribution companies 
in Minneapolis which coordinated all major actions, handled 
the day-to-day business of striking, organized relief to strikers’ 
families, and ran the strike’s newspaper, The Organizer. 
	 Most commercial transportation in Minneapolis was 
shut down in days, with the exception of certain farmers who 
managed their own deliveries. They had made a deal with the 
Teamsters to allow delivery directly to grocers, rather than 
to the market district as was standard. Situated close to the 
Mississippi River and major roadways, the market district was the 
heart of commerce in Minneapolis. Strikers and their allies ran 
picket lines, demonstrations, and speeches outside of the strike 
headquarters and in the market district. Just three days later, the 
first incident of police violence occurred. Strikers attempted to 
prevent scabs from unloading a truck in the market district, but 
instead were beaten by the Minneapolis Police and a number of 
hired private guards. The injured strikers were carried back to 
574’s headquarters, closely followed by the police. The police were 
refused entry and beaten on the sidewalk. Two of them were left 
unconscious on the street.14 
	 In response, the Minneapolis police deputized a few 
hundred members of the Citizens Alliance. The following 
Monday, the police and Citizens Alliance attempted to open the 
market district for deliveries. Hundreds of strikers and members 
of the Women’s Auxiliary arrived at the scene to prevent the 
delivery, armed with clubs. Police prepared to shoot. But before 
they could, a truck full of strikers drove into their midst, ensuring 
14. Unfortunately Local 574 had not yet started publishing their strike bulletin 
when this incident occurred. As a result, firsthand, detailed accounts are very 
difficult to come by. 
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that they could not shoot strikers without also shooting each 
other. The next day, May 22, the strikers drove the police out 
of the market district and away from their headquarters. A riot 
ensued, which resulted in the death of two deputies and the 
injury of over 20 police and strikers. 
	 Shortly thereafter, the Strike Committee approached Chief 
of Police Mike Johannes to negotiate a truce. They were aided 
by the Building Trades Council, the Central Labor Council, and 
the Teamsters Joint Council. The truce they signed promised an 
end to picketing for 24 hours, so long as the police and Citizens 
Alliance did not attempt transportation of goods. However, 
Johannes declared that the police would resume transportation 
when the truce expired, so Local 574 declared that they would 
resume picketing. The truce was to be very temporary. The city 
government expected more violence and appealed to Governor 
Olson for help. Olson mobilized the 34th Infantry Division of the 
National Guard, though he did not go so far as to deploy them. 
Olson was a member of the Minnesota Farmer-Labor Party15 so 
he hesitated to risk alienating his labor supporters. On May 25 the 
strikers and employers agreed to a contract which would reinstate 
the fired union members, officially recognize the union, establish 
seniority, include “inside” workers in the union, and create a 
no-discrimination clause in their contracts. The union members 
approved it by a high margin. The situation in Minneapolis 
calmed down until July. It was at this point that the employers 
went back on their agreement to include “inside” workers in 
the union recognition. The Strike Committee remobilized and 
resumed picketing on July 17. This time, strikers were ordered 
by their leadership to be unarmed. The police, however, began 
carrying riot guns which used buckshot instead of regular bullets. 
Governor Olson once again mobilized but did not deploy the 

15. The Minnesota Farmer-Labor party was a left-wing political party which 
operated between 1918 and 1944. It was related to the Progressive and Populist 
movements and dominated Minnesota politics during the Great Depression. In 
1944 it was merged with the smaller Minnesota Democratic Party to create the 
new Minnesota Democratic-Farmer-Labor Party which still operates today as 
the state’s affiliate to the national Democratic Party. 
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National Guard. 
Friday, July 20, was by far the most violent day of the 

strike. The Minneapolis Police Department announced that it 
would transport a scab truck to make a delivery and shoot to kill 
any strikers who attempted to interfere. Word circulated amongst 
the strikers who then rushed to the scene. Police escorted two 
scab trucks to the Slocum Bergren Company on Third Street 
North to unload merchandise, then escorted the trucks away. As 
the patrol of strikers arrived in their truck to prevent delivery, a 
third scab truck also turned onto Third Street, escorted by twelve 
police cars. The strikers blocked the third truck, intending to 
prevent any further delivery of goods, but over 100 police officers 
fired on them. They shot at the strikers’ truck with shotguns, 
then turned to fire into the crowd on the surrounding streets. 
The workers attempted to move their injured comrades out of the 
line of fire to safety, but the police sprayed them with buckshot 
indiscriminately. By the time the shooting had ended, 67 people 
were injured and two lay dying.16 
	 Henry Ness and John Belor died of their injuries shortly 
after the shooting. Ness was well known within the labor scene 
of Minneapolis after 16 years of service in various unions, several 
of those years with Teamsters Local 574. Other strikers donated 
blood and provided emotional support as doctors worked to 
remove the 38 slugs in Ness’ chest and back. His last words were 
“Tell those boys not to fail me now!”17 Because of his popularity 
with fellow workers in Minneapolis, Ness became a martyr for the 
cause. That Monday’s edition of The Organizer declared him “the 
first martyr of [Local] 574,” proving that leadership believed more 
workers would die before the fight was won. His death galvanized 
the strike. On July 24, 40,000 people attended his funeral and 
100,000 lined the streets of Minneapolis in solidarity.18 Local 574 
erected a temporary monument on the street corner where Ness 

16. “The Testament of Henry Ness,” The Organizer, July 23, 1934. The details in 
this section are all drawn from this account. 
17. “Testament of Henry Ness.” 
18. “40,000 Attend Ness Funeral,” The Organizer, July 25, 1934. 
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was shot to commemorate his sacrifice.19 
	 After the shooting, labor organizers in Minneapolis began 
referring to Chief of Police Michael Johannes as “Bloody Mike.” 
He would only serve two years in the role before retiring in 1935. 
Many members of the public called for his impeachment, along 
with Mayor A. G. Bainbridge. A public commission ordered by 
Governor Olson later determined that the police had shot to kill 
despite their safety never being endangered. No weapons were 
found in the possession of strikers at the scene, nor did they 
attack the police. 
	 On July 26, Olson again mobilized the National Guard 
and declared martial law. The National Guard began to issue 
permits to truck drivers allowing them to make deliveries, as 
well as enforcing a curfew and patrolling the city. On August 1, 
the National Guard raided then seized the strike headquarters, 
arrested the leadership of Local 574, and detained the leaders in a 
stockade at the St. Paul fairgrounds. They were released the next 
day thanks to the lobbying of other strikers and their supporters. 
The National Guard returned the headquarters to Local 574 
and performed a raid on the Citizens Alliance office, though no 
arrests or seizures were made there. This raid was more to create 
an appearance of equal treatment than anything else. In the wake 
of the raids, employers rejected a proposed contract written by 
federal mediator Father Francis J. Haas.20

By mid-August, the National Guard had issued permits 
to thousands of drivers. The strike continued anyway. On August 
21, the Citizens Alliance accepted a new proposal written by 
Father Haas which would accept most of the union’s demands. 
Local 574 also accepted the conditions and the contract was 
ratified. The final contract ended the strike immediately, 
guaranteed the reinstatement of all strikers on seniority without 
discrimination, established a preferential list of strikers to be 
rehired before companies could make new hires, ensured a clause 
of nondiscrimination for the union, set a date and procedure for 
19. John Belor never achieved the same martyr status as Henry Ness. His fu-
neral was a smaller affair but still drew thousands of attendees. 
20. “Bosses Turn Down Haas Proposal,” The Organizer, July 27, 1934. 
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a union election, and raised the minimum hourly wage of drivers 
to 50¢ (40¢ for inside workers and helpers).21 The Teamsters had 
won.

Strategies and Ideology
	 Local 574 developed a few new tactics during the strike 
which would be utilized by other unions later on. The first was 
the “flying picket,” a driver who patrolled the city looking for scab 
drivers. It also allowed them to keep an eye on the police. 574 
practically had a fleet of flying pickets spread across Minneapolis. 
More crucially, though, the strikers cultivated a strong 
relationship with the unemployed and organizations for the 
unemployed. It is important here to remember the wider national 
context for the strike- the United States was deep in the throes of 
the Great Depression, and the national unemployment rate was at 
nearly 25% going into 1934. Finding scab drivers would normally 
be very easy under those conditions. But because the Teamsters 
had the foresight to foster relationships with the unemployed, 
hiring scab drivers became more difficult. The initial lack of 
widespread scabbing gave the Teamsters a serious advantage in 
negotiating. 
	 Having a hub for strike organizing proved crucial as well. 
Because they had fostered a relationship with farmers and created 
a Women’s Auxiliary, they were able to run a functioning cafeteria 
to feed the strikers and their families. The “hospital wing” of the 
headquarters was staffed by the Women’s Auxiliary in conjunction 
with sympathetic doctors and nurses who volunteered their 
free time.22 Treating injured strikers from the relative safety 
and privacy of their headquarters prevented them from being 
turned away or arrested at the city hospitals. They also developed 
relationships with secretaries at the various trucking companies 
who would then report back to the Strike Committee about the 
bosses’ plans.23 Fascinatingly, they hired a gaggle of teenagers on 
motorcycles to relay messages and reports to strikers across the 
21. “The Settlement Terms,” The Organizer, August 22, 1934. 
22. Palmer, “Red Teamsters.” 
23. Palmer, “Red Teamsters.” 
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city.24 
Unlike most Teamsters, Local 574 was composed of 

communists, Trotskyists in particular. 574’s leaders during the 
strike- Carl Skoglund, Farrell Dobbs, and the Dunne brothers 
(Ray, Miles, and Grant)- were all known and celebrated within 
the Trotskyist movement, especially in Minneapolis.25 Trotsky 
himself had once called Ray Dunne the most effective labor 
leader in the United States.26 Their political beliefs are incredibly 
important to understanding the course of the strike and its 
fallout. Trotskyists believe in the theory of permanent revolution 
rather than two-stage revolution, meaning that the revolutionary 
class must pursue its own goals without forming alliances with 
opposing classes as was dictated by Vladimir Lenin and Joseph 
Stalin. Had they been followers of Lenin or Stalin, the theory 
of two-stage revolution would dictate that they ally with the 
bourgeoisie to achieve a fully industrialized society then break 
that alliance to pursue a communist revolution for the working 
class. However, their belief in permanent revolution discouraged 
the leaders of Local 574 from allying with the broader IBT, 
who in their minds represented capitalist bureaucracy and 
the petite bourgeoisie. They believed that mass mobilization 
of the working class towards democracy would create social 
revolution, so they formed relationships with farmers and the 
unemployed to engender class solidarity. Trotskyists believed 
in proletarian internationalism rather than the “socialism in 
one country” theory of Stalin, and advocated for a transitional 
program between capitalism and socialism, one which would 
meet the needs of the working class while striving towards actual 
24. Palmer, “Red Teamsters.” 
25. The younger Dunne brothers, Miles and Grant, are not as well remembered 
as Ray. However, they were also considered leaders in the Minneapolis labor 
movement and were heavily involved with the 1934 strikes. Miles was a charm-
ing public speaker, while Grant was known for his quiet toughness. For more 
information about the Dunne brothers, see Bryan D. Palmer, Revolutionary 
Teamsters, 46. 
26. Anja Witek, “Dunne, Vincent Raymond (1889–1970),” Minnesota Histori-
cal Society.
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workers’ control of the state. The methods they employed while 
striking, first in February then again in the summer, were akin to 
a transitional program. They created a large network of support 
which would meet the strikers’ material needs for food and 
medical care as they fought to gain real power in Minneapolis. 

Their method of striking exemplified Trotskyist thought 
put into practice. This is why the strike was so effective and so 
threatening. They weren’t looking to create alliances outside 
of the working class and directly questioned the validity of 
the Teamsters’ national leadership. They refused to accept 
the authority of the Communist Party or the Communist 
International that had expelled and betrayed them.
	 Despite their victory, Local 574 was expelled by the IBT 
in March of 1935 by Tobin and replaced by a new chapter with 
new leadership, Local 500. Because the Teamsters were (and 
still are) a mostly conservative union, their actions were seen as 
deeply out of line. Six months later, the IBT passed a resolution 
which explicitly prohibited communists from union membership. 
After serious pressure from other Teamsters, Tobin brokered a 
deal to merge Locals 500 and 574 into the new Local 544. The 
members of Local 544, under the leadership of Skoglund, Dobbs, 
and Dunne, assisted in organizing efforts across the Twin Cities 
in a variety of other industries. They remained under socialist 
control27 until 1941.
 

Subsequent Repression
	 Broader criminal syndicalism laws had arisen during 
World War I to quell anti-war sentiment, but they also targeted 
radical labor unions and parties throughout the Great Depression 
and World War II. “Criminal syndicalism” was defined vaguely 
to mean advocating for criminal behavior (sabotage, assault, 
terrorism) to achieve political or social goals. Loose definitions 
allowed police, prosecutors, and judges to apply the laws as 
they saw fit. Minnesota specifically allows state courts and the 
27. It was not uncommon during this time for American radicals to use 
socialist and communist interchangeably. Ray Dunne, for example, described 
himself as a socialist, a communist, and a Trotskyist. 
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governor to interfere in the actions of labor unions when acts of 
criminal syndicalism are allegedly being carried out.28 In response 
to this strike and others, both the state and federal governments 
began drafting new legislation which targeted the Teamsters, 
alongside other militant labor unions. 
	 The Alien Registration Act, more commonly known as 
the Smith Act, criminalized advocation for the overthrow of the 
United States government, either by force or by violence, and 
required all non-citizen adult residents to register their status 
with the federal government. It was enacted in June 1940. The 
act was used primarily to target “extremists,” who ranged from 
socialists and anarchists to fascists. The first serious trial resulting 
from the Smith Act came after a raid of the Socialist Workers 
Party (SWP) offices in Minneapolis and St. Paul on June 27, 
1941. The FBI seized some boxes of papers, two red flags, and a 
photograph of Leon Trotsky.29 

The SWP had splintered from the Communist Party 
of the United States of America (CPUSA) as part of the larger 
schism between followers of Leon Trotsky and followers of 
Joseph Stalin. Its membership saw it as a vanguard party with 
the goal of creating working class unity.30 They controlled Local 
544 of the Teamsters union, which angered Tobin. Tobin first 
sought to break the Local from the inside. He befriended a 
splinter group within the union called the “Committee of 100” 
which opposed the Trotskyist leadership.31 When that proved 
ineffective, he turned to the state government of Minnesota 
and to the Federal Bureau of Investigation for support.32 The 
resulting legal troubles weakened the union’s ability to defend 
itself. In 1941 he removed from power the remaining Trotskyists 
leading Local 544 by leveraging the power of the Minnesota 

28. Mn. Code Ann. § 186-6 (1917).
29. Witek, “Dunne, Vincent Raymond,” Minnesota Historical Society.
30. Haverty-Stacke, Trotskyists on Trial, 32. 
31. Barry Eidlin, “’Upon this (Foundering) Rock’: Minneapolis Teamsters and 
the Transformation of US Business Unionism, 1934-1941,” Labor History 50, 
no. 3 (2009): 256.
32. Eidlin, “Upon this Foundering Rock,” 257. 
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Labor Review Board. When it appeared that the Congress of 
Industrial Organizations (CIO) would incorporate the former 
leadership, Tobin used his government contacts to orchestrate 
a raid on Local 544’s headquarters and ensure federal sedition 
charges under the Smith Act. Twenty-nine party members and 
Teamsters union members were indicted a month later by a 
federal grand jury. Those arrested included Carl Skogland, Ray 
Dunne, and Farrell Dobbs. The trial began in late October. Five 
of the 29 defendants were acquitted due to lack of evidence, one 
committed suicide, and 18 were found guilty of violating the 
Smith Act. They received sentences between 12 and 16 months.33 
Skoglund was placed under deportation orders until his death in 
1960, though the actual deportation was never carried out. The 
arrests and convictions broke socialist control of Local 544 and 
seriously weakened the Trotskyist presence in Minneapolis. It also 
demonstrated the enormous divides between local and national 
union organizers, craft unionism and industrial unionism, 
and the various sects of communism all vying for power and 
influence. 

Conclusion
	 The Teamsters strike was a much needed breath of fresh 
air for the labor movement. After years crippled by the Great 
Depression, it was a restoration of the militant union activity 
seen before the stock market crash. Despite the police violence, 
state repression, and factional politics, the Teamsters triumphed 
so soundly that Minneapolis became a haven for organized labor 
instead of scabs. A small, scrappy group of Trotskyists took on a 
seemingly impossible challenge and won because they utilized 
creative tactics and experienced leadership. They refused to 
compromise their political stances even when ostracized by other 
leftists, recognizing that they could achieve their goals through 
militant class solidarity instead of leftist unity. They proved that a 
movement doesn’t need the support of the rich or the powerful, 
just the support of the people it’s fighting for. A sentiment 

33. Eidlin, “Upon this Foundering Rock,” 257. 



243

expressed in the inaugural run of The Organizer will sound 
familiar to those who followed the events of the summer: “We 
help our own.”34 The struggle hasn’t changed, only evolved. 

•

34. Ladies Auxiliary Give Benefit Dance,” The Organizer, June 25, 1934. 
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Submit to Auspex!

	 We are now taking submissions of senior capstone work 
in any media for next year’s volume of Auspex. Submit your work 
via the Writing Studio website on My WWC. Please note that we 
require a recommendation email from your capstone advisor. 
A committee including faculty and students from across the 
disciplines will review the submissions for entry into the journal. 
If your piece is selected, the Auspex sub-crew of the Writing 
Studio will work with you during the following academic year to 
prepare your piece for publication.

	 The submission deadline is May 20th. Please note that 
if you have a written thesis accepted, you will need to edit your 
piece down to 8,000 words or fewer as you work with our crew.

Journal Crew

	 Interested in working on design or editing for Auspex 
next year? Contact Julie Wilson at the Writing Studio for more 
information.






