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Chapter I:
Introduction

Crayfish Conservation in the Coalfields of West Virginia

Background, Taxonomy, and Environmental Roles

Crayfish, also known as crawdads or mudbugs, are one of the largest and most
important freshwater benthic macroinvertebrates in waterways across the globe (Taylor and
Schuster, 2004; Taylor et al., 2007). They are members of the subphylum Crustacea in the Class
Malacostraca as well as the Order Decapoda, along with related crabs, shrimps, and lobsters.
Marine lobsters and freshwater crayfish form the infraorder Astacidea, and are further divided
into three families. North American and European crayfishes belong to the family Astacidae and
Cambaridae under the Superfamily Astacoidea, while the southern hemisphere’s family
Parastacidae falls under the Superfamily Parastacoidea, which contains all crayfish from South

America, Madagascar, and Australasia (Hobbs, 1974).

Within ecosystems, crayfish serve as an important food sources. Fish, hellbenders, owls,
gueen snakes, turtles, and raccoons all have diets high in crayfish (Roell and Orth, 1993; Lodge
and Hill, 1994; Dorn and Mittelbach, 1999; Swecker 2012). Crayfish also serve a role more
complex than a food source, as keystone species in streams and wetlands in which they occur
(Momot 1995, Dorn and Mittelbach, 1999, Whiteledge and Rabeni, 1997). Crayfish function as
opportunistic omnivores as well as detritivores, feeding on algae, macrophytes,

macroinvertebrates, fallen leaves, and dead or decaying organic matter in lentic (Chambers et



al., 1990; Lodge et al., 1998; Momot, 1995; Swecker, 2012), lotic (Huryn and Wallace, 1987;
Charlebois and Lamberti, 1996; Whitledge and Rabeni, 1997; Swecker, 2012), and semi

terrestrial (Loughman, 2010) habitats.

Crayfish are not only important for their role in food webs but also in their role as
ecosystem engineers. Within lentic and lotic waterways, crayfish are responsible for overturn
as well as creation of new microhabitats via burrows and shallow depressions under stones that
other macroinvertebrates depend on. Burrowing crayfish are particularly important in
terrestrial habitats such as marshes, swamps, floodplains, wet fields, and seeps due to their
creation of habitats that animals within these environs have coevolved to depend on. Some
examples of crayfish obligate taxa include Sisturus catenatus (Rafinesque, 1818) the
Massasauga Rattlesnake, Lithobates areolatus (Baird and Girard, 1852) the Crawfish Frog, and
Somatochlora hineana Williamson, 1931 the Hine’s Emerald Dragonfly (Phillips et al., 1999;
Ernst and Ernst, 2003; Pintor and Soluk, 2006). Burrows also aerate soils, preventing

compaction (Welch et al., 2008).

Crayfish are the third most endangered faunal group in North America with 43% ranked as
being imperiled (Taylor et al. 2007), and the third most endangered faunal group in the world
(Cordeiro, 2010) behind freshwater snails and freshwater mussels (Strayer, 2008). Reasons for
imperilment include, but are not limited to: extractive industry, land use, water pollution,
limited geographic range, disease and introduction of invasive species (Jezarinac et al., 1995;
Taylor et al., 2007). North America holds the highest diversity of crayfish species worldwide

with 363 species as of 2007 (Taylor et al., 2007). Of these 363 species, a large portion occurs



within the Appalachian Mountains of Eastern North America. Abundant forests with a highly
diverse range of habitats combined with millions of years of evolutionary seclusion through a
variety of geographic barriers has led to this area becoming a hotspot of biological diversity for
many groups of organisms including salamanders, fish, insects, plants, and crayfish through

allopatric speciation (Hobbs, 1969; Parker and Roane, 1969).

Land Use and Anthropogenic Activities within the Study Area

Diversity of plant life, particularly trees, combined with a vast expanse of forest along
the Appalachians naturally grasped the attention of logging companies. Starting in the early
1800’s and continuing to the present, Appalachian forests were and are heavily logged. West
Virginia received its heaviest logging pressure from 1850- 1920 (Lewis, 1998). Vast tracts of
forests were cut as railroads began to open the interior of the state to outside commerce
(Lewis, 1998). At one point, West Virginia was one of the leading producers of timber,
exporting 15 billion board feet of lumber in its peak production year of 1910 (Lewis, 1998).
White Oak (Quercus alba), Black Walnut (Juglans nigra), Red Spruce (Picea rubens), and many
other mesophytic trees and conifers were sought after for their prized wood to be used for
planks, building materials, and furniture (Lewis, 1998). Outside of plank and lumber
production, other timber related industries began to flourish including tanneries which utilized
bark from West Virginia’s wealth of Eastern Hemlock trees (Tsuga canadensis) to make their
tannins (Lewis, 1998; Michael, 2002). West Virginia’s Southwestern Coalfields most notorious

lumbermen were the Hatfields of West Virginia, a family of timberers and colliers widely known



for their bloody feud with the McCoy family of Kentucky along the banks of the Tug River during

the late 1800’s (Riddel, 2008).

While an economic boom took place in the state at this time, it was not without
consequence. Clear cutting large tracts of forest lead to heavy siltation inputs into streams and
decreased riparian buffer zones (Lewis 1998). Although not noted or known at the time, today
it is documented that this leads to increased embeddedness of stream substrates and
decreased temperature buffering for streams, resulting in increased water temperature (Hauer
and Lamberti, 1996; Johnson and Jones, 2000). In addition to these factors, it is also noted that
lumber mills were built downstream of towns due to black water resulting from milling
processes, which made water unfit for consumption by humans (Lewis, 1998). This black water,
in addition to containing contaminants from the milling process, also contained increased
tannins within the water from trees such as hemlocks. Tannins increase acidity, resulting in very
acidic water through leachates of humic materials contained within organic material of fallen
and milled trees (Thurman, 1985). While high alpine streams and some coastal plain swamp
systems have species evolved to live within such acidic waters, it is unlikely West Virginian
streams found within the Appalachian plateau and organisms living therein were able to fully

cope with such a drastic shift in acidity.

In addition to timber, southwestern West Virginia’s landscape contained another highly
sought after resource in coal buried beneath the forested mountains. Coal was initially
discovered within West Virginia as early as 1742 (Lewis, 1998). Although a valuable resource, it

was mostly used to heat homes or sparingly for blacksmithing until the early 1800’s when it



became a common fuel for furnaces, heating, and powering steamboats and trains (WVGES,
2004). Coal production continued to grow throughout the state until the outbreak of the Civil
War in 1861 when coal mines along the Kanawha River Valley closed due to blockades and
destruction of locks and dams which prevented shipping (WVGES, 2004). Following the Civil
War, coal mining continued to increase throughout West Virginia, and peeked in 1947 when
production reached 173.6 million tons of coal (WVGES, 2004). Coal production has continued
throughout West Virginia, particularly in the area of emphasis for this study. In recent decades,
extreme surface mining in the form of mountaintop removal has begun to replace traditional
deep mining methods. While deep mining involved extracting coal from subterranean coal
veins and removing coal slowly, mountaintop removal allows for relatively quick acquisition of
coal by removing the top layers of a mountain which then fills an adjacent valley. This process
allows for large tracks of coal located beneath the Earth to be removed and at an expedited

rate by huge excavation machines.

Both deep and surface mining have played a role in the current health of West Virginian
streams. Deep mining requires outward production of effluent known as mine water. This
water is frequently saturated with salts and heavy metals, particularly iron, which leads to what
is referred to as acid mine drainage (Moore et al., 1991). Acid Mine drainage occurs when the
iron in mine water effluent oxidizes, forming yellow boy, giving the water a yellowish to deep
rust orange color. Conductivity, pH, and salinity levels increase and eventually alter the biota of
the associated stream. Fish are heavily affected by heavy metal accumulation, particularly
aluminum, within epithelial tissue of their gills, which leads to decreased oxygen uptake and

decreased survivability (Youson and Neville, 1987). Sensitive species of invertebrates,



specficially EPT taxa (Ephemeroptera, Plecoptera, and Trichoptera) and unionid mussels begin
to die off due to conductance issues (Hartman, 2005; Pond et al. 2008). As higher levels of
heavy metals and salts are reached, cascades can take place throughout the stream system
until little to no life can survive within the stream, eventually leading to possible extirpation of
crayfish through direct effects of physiochemical interactions or lack of food resources directly

caused by these interactions (Gallaway, 1991).

Mountaintop removal poses its own unique set of environmental problems. Associated
valley fills bury headwater streams which feed larger streams and tie directly into biota and
energy inputs in water located downstream of impacted sites (Pond et al., 2008). This siltation
causes embededness within effected streams and leads to decreased habitat within the
streambed as the substrate’s matrix is filled in by silt. This causes decreased habitat for crayfish
and other macroinvertebrates, and can lead to localized extirpations due to lack of habitat for

some species.

Stream input processes aforementioned in mining and timber also take place through
additional land use, particularly during road construction. Blasting and bulldozing can create
large amounts of siltation, often laden with heavy amounts of metals, salts, and chemicals from
equipment maintenance and operation, or from blasting. In accordance with the Clean Water
Act, all agencies practicing in land use are required to take steps in order to prevent byproducts
from these processes from entering nearby streams (Clean Water Act of 1972). Preemptive
measures to prevent siltation of streams include implementing silt fences along stream banks

within the construction site. Silt fences along with creation of settlement ponds where overland



flow is channeled catch fine particulate matter and allow it to settle. While these measures do
aid in preventing large siltation inputs into nearby streams, failures of these measures can

occur.

Justification of Study Efforts

All previously mentioned factors could have severely impacted Appalachia’s crayfish
fauna throughout West Virginia and possibly lead to declines in, or extirpations of, species
before a baseline list of species present in West Virginia was documented by Raymond
Jezarinac in 1995. Within West Virginia is a geographic region known as West Virginia’s
Southwestern Coalfields. The area is considered separate from West Virginia’s interior coal
basin, situated within the Kanawha drainage system. The Southwestern Coalfields have
received few focused efforts towards crayfish fauna documentation despite housing Cambarus
veteranus, the state’s most imperiled crayfish species (Jezarinac et al., 1995). Mining and
extractive industry still plays a heavy role within the region as many coal mines are currently in
operation. Due to continued impacts of extractive industries, large future land alteration
projects, and very little data on crayfish within the region, targeted sampling during the
ongoing West Virginia state crayfish survey was focused in the region from 2009-2012. Analysis
of these data to date has resulted in description of two new species of crayfish in the genus
Cambarus (Loughman et al., 2013; Loughman et al. in press) and a life history description for
one of these species, Cambarus theepiensis. Life history data for C. theepiensis as well as

knowledge of all known crayfishes located within the study area is presented within this thesis.
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