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1 | INTRODUCTION

Abstract

1. Crayfish represent one of the most imperilled animal groups on the planet. Habitat degradation,
destruction and fragmentation, introduction of invasive crayfishes, and a lack of applied biological
information have all been identified as agents thwarting crayfish conservation.

2. Cambarus callainus was warranted federal protection by the United States Fish and Wildlife
Service (USFWS) in April, 2016. As part of the USFWS listing procedure, a survey for C. callainus
in the Big Sandy River catchment was conducted to determine points of occurrence with a sec-
ondary objective of determining reach level physical habitat and physicochemical correlates of
C. callainus presence and absence.

3. At each site, physicochemical and physical habitat data were collected to determine the influ-
ence of abiotic covariates on the presence of C. callainus. Cambarus callainus presence or absence
and associated site covariates were modelled using logistic regression.

4. Survey results recorded C. callainus at 39 sites in the Upper Levisa Fork (ULF) and Tug Fork (TF)
drainages of the Big Sandy River; no C. callainus were collected in the Lower Levisa Fork (LLF). An
additive effects model of physical habitat quality (Basin + Boulder presence/embeddedness) was
the only model selected, supporting an association of C. callainus with slab boulders, open inter-
stitial spaces, and moderate to no sedimentation. All sites lacking C. callainus were experiencing
some degree of sedimentation. Physicochemical covariates were not supported by the data.

5. Results indicated that good quality habitat was lacking in the LLF, but was present in the ULF
and TF catchments, with ULF supporting the most robust populations and most suitable habitat.
Effective conservation for C. callainus should focus on efforts that limit sedimentation as well as

restore good quality instream habitat in the greater Big Sandy catchment.
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2015; Richman et al., 2015). Both Taylor et al. (2007) and Richman

Freshwater crayfish conservation has witnessed a surge of activity
over the past decade. Spurred by crayfish conservation reviews
(Richman et al., 2015; Taylor et al., 2007), interest at national (Kozak,
Fureder, Kouba, Reynolds, & Souty-Grosset, 2011; Taylor et al.,
2007) and international scales (Richman et al., 2015), and through
the activity of conservation-minded astacologists and freshwater
biologists, a foundation to foster active crayfish conservation has been
created that is gaining scientific momentum (Loughman & Fetzner,

et al. (2015) identified broad-scale conservation concerns, as well as
strategies to rectify means of crayfish imperillment, with both reviews
identifying the degradation and fragmentation of habitat as the most
pressing concerns affecting North American crayfish.

Another concern for crayfish conservation involves the ‘taxonomic
impediment’ (Coleman, 2015), where undescribed taxa are not yet rec-
ognized, and thus do not receive conservation and management atten-
tion. The assumption that cambarid crayfish taxonomy is stable and
determined is simply not true. Over the past 10 years, 38 species have
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been described from North America, several of which are local
endemics worthy of conservation efforts. If the true extent of crayfish
diversity is going to be understood, and that diversity conserved, then
efforts to describe crayfish species in North America should garner the
same level of attention as those needed to understand the distribution
and conservation of nominal taxa. This issue is not limited only to
cambarid crayfish and is a concern for parastacid species as well
(Lukhaup, Panteleit, & Schrimpf, 2016; Patoka, Blaha, & Kouba, 2015).

An example of this dynamic in practice is the recent description of
the Big Sandy crayfish, Cambarus callainus (Thoma, Loughman, &
Fetzner, 2014), a species warranted federal protection by the United
States Fish and Wildlife Service (USFWS) in April, 2016. Before the
species description of C. callainus, this taxon was masquerading as
Cambarus veteranus, with a distribution limited to the Big Sandy and
Upper Guyandotte river basins of Kentucky, Virginia, and West
Virginia (Hobbs, 1989; Jezerinac, Stocker, & Tarter, 1995; Loughman,
2014; Taylor & Schuster, 2004). Analysis of morphometric and genetic
data from across the range of what was perceived to be C. veteranus
determined that significant morphological and genetic differences
existed between Big Sandy and Guyandotte river populations,
warranting formal description of the Big Sandy taxon as C. callainus
(Loughman, Welsh, Fetzner, & Thoma, 2015; Thoma et al., 2014).

The description of C. callainus led to immediate conservation impli-
cations for C. veteranus, because the global distribution of C. veteranus
was then limited to a single stream in Wyoming County, West Virginia,
USA. Additional surveys during summer 2015 discovered another C.
veteranus population, although even with the addition of this popula-
tion, C. veteranus remained one of the most imperilled crayfishes in
North America (Loughman et al., 2015; Loughman, Welsh, Sadecky,
Dillard, & Scott, 2016). Given the extremely limited distribution of C.
veteranus, it too was given federal protection and listed as endangered
in April 2016 by the USFWS.

Ironically, more was known about the distribution and conserva-
tion standing of the ‘new’ species C. callainus at the time of its descrip-
tion than its sister species C. veteranus (Loughman et al., 2015). Status
surveys and reviews of C. callainus populations were previously con-
ducted for Kentucky (Taylor & Schuster, 2004; Thoma, 2009), Virginia
(Thoma, 2010), and West Virginia (Loughman & Welsh, 2013). These
authors noted that C. callainus was associated with large slab boulders,
sediment free substrates, and moderate to high velocity runs and rif-
fles. Land-use practices in the Big Sandy River basin (BSRB) have led
to the current imperillment status C. callainus bears today (Loughman,
2014; Thoma, 2009, 2010; Thoma et al., 2014). Extractive industries
including anthracite coal mining, timbering, and most recently natural
gas extraction are the predominant economic drivers within the BSRB
(Loughman 2015; Merriam, Petty, Merovich, Fulton, & Strager, 2011).
Timber production has been present in the BSRB longer than any other
extractive industry, beginning in the early to mid-1800s. With the
onset of the 20th century, coal mining became the dominant extractive
industry, and still is to this day (Bernhardt & Palmer, 2011; Palmer
et al., 2010). Coal mining within the catchment before the late 1960s
and early 1970s was mostly limited to subsurface deep mines
(Loughman, 2014). By the mid-1970s the bulk of new mines within
the BSRB were surface mines, frequently referred to as ‘mountain

top mines’. Surface mining first involves the elimination of forest lands

during preparation of mountain ridges for mining. The mining exercise
itself eliminates mountain ridges with the aim of exposing a subsurface
coal seam, at which time coal is harvested by large drag lines, frontend
loaders, and other heavy machinery (Bernhardt et al., 2012). Unused
geological material, termed overburden, is moved from the mine site
to neighbouring valleys creating ‘valley fills’. This form of mining proved
to be much more economical for industry, and faster in practice,
resulting in a conversion from deep mining to surface mining within
the region over the past three decades. The possible impacts on
aquatic habitats in the BSRB include sedimentation, elimination of
headwater streams, and increased physicochemical pollutants from
mine wastes (Bernhardt & Palmer, 2011; Merriam et al., 2011).

Arguably the most potent stressor allied with extractive industry
and human land-use is the introduction of sediment to the BSRB
(Merriam et al., 2011). Sedimentation eliminates interstitial spaces
between all rock size-classes, smothering stream benthic communities
and eliminating overall benthic habitat and biological diversity (Hitt &
Chambers, 2014). For benthic organisms such as crayfish, the net
result is the elimination of habitat and increased intra- and inter-
specific competition for now limited resources (Loughman et al,
2016). In addition to sedimentation, habitat degradation and frag-
mentation of riparian corridors due primarily to land-use practices
are prevalent throughout the region (Bernhardt & Palmer 2011;
Merriam et al., 2011).

As part of the C. callainus listing process, a range-wide survey was
completed in 2015, with the objectives of determining its current dis-
tribution and objectively determining the physicochemical and physical
habitat correlates associated with the presence of C. callainus at a
reach scale. In this study, C. callainus was present in a total of 23
streams within the Upper Levisa Fork (ULF) and Tug Fork (TF) river
catchments, but the species was not detected in the Lower Levisa Fork
(LLF) catchments of Kentucky and Virginia (Loughman, 2015). Results
of Loughman (2015) were similar to those of Thoma (2009, 2010) for
Kentucky and Virginia, and resulted in the discovery of previously
unknown populations in West Virginia. Although new populations
were discovered, more than 90% of sites maintained low catch per unit
effort (CPUE) values, with the only sizeable CPUEs being recorded in
the ULF Russel Fork catchment (Loughman, 2015). This paper focuses
on the second objective, with the goal of describing instream habitat
covariates associated with C. callainus in an effort to inform conserva-

tion planners.

2 | METHODS

2.1 | Species and sampling protocol

Cambarus callainus is endemic to wadeable streams in the Levisa Fork
and Tug Fork of the BSRB, which encompasses eastern Kentucky,
south-western Virginia, and south-western West Virginia. Within this
catchment C. callainus occurs in riffles, fast-flowing runs, and occasion-
ally in sand or gravel bottom runs under slab boulders and large boul-
ders in streams with average wetted widths >10 m (Loughman, 2014;
Taylor & Schuster, 2004; Thoma et al., 2014). The USGS National
Hydrography Stream layer aided sample site selection, as streams



LOUGHMAN ET AL.

WILEY—2Z

depicted in this layer are large, wadeable streams, and are the most
likely to maintain habitat with high velocity riffles and large slab boul-
ders conducive to C. callainus presence (Jezerinac et al., 1995;
Loughman, 2014; Thoma et al., 2014). Sample reaches on these
streams were selected to ensure approximately equidistantly spaced
sites across the aforementioned catchments (Figure 1). Sample sites
included riffle, run, or both riffle and run habitats within a 125 m
stream reach. Elevation (m) was recorded for each sample site.

At each site, crayfish were sampled using seine nets (2.4 x 1.3 m
seine with 3.2 mm mesh) placed within 1 m of the downstream margin
of slab boulders, boulders, large cobbles or other substrate debris. Sub-
strate items were dislodged from the stream benthos to enable cray-
fish to pass downstream into seines at 10 locations within a 125 m
stream reach. Where rocks were too large to overturn by one person,
peavey hooks were used by several people to overturn large rock slabs.
Slab boulders were given sampling priority, owing to the association of
C. callainus with this rock size-class (Loughman, 2014; Loughman &
Welsh, 2013; Loughman, Skalican, & Taylor, 2013; Taylor & Schuster,
2004; Thoma, 2009, 2010; Thoma et al., 2014). If slab boulders were
absent at a sample site, then the following substrate features were
given sampling priority: boulders, large cobble, coarse woody debris,
and artificial cover. One or two adult males of C. callainus were
vouchered at a few sites, and all other individuals were released at
the site of capture. Cambarus callainus were released following data
acquisition; all other crayfish species (Cambarus hatfieldi, Cambarus
theepiensis and Orconectes cristavarius) were combined into a single
sample and preserved in 80% ethanol in the field, and assessed using
the West Liberty University Crayfish collection.

Water quality data were collected mid-channel at each stream site,
and included stream site measurements of pH, temperature, percentage
dissolved oxygen, and turbidity. Two additional water quality parame-
ters were measured - conductivity and sulphate (SO,4) - which are often

Kenmucky |

elevated in Central Appalachian streams in association with mining
activity (Cormier, Suter, & Zheng, 2013). Conductivity was measured
at each location using a Yellow Springs Instrument YSI 6920 V2 data
sonde. Sulphate was determined in the laboratory (Hach DR 2800 spec-
trophotometer, wavelength 450 nm) from water samples (250 mL) col-
lected from 10 cm below the stream surface at mid-channel.

Physical habitat quality data were also evaluated for each site
based on the Qualitative Habitat Evaluation Index (QHEI; Ohio Envi-
ronmental Protection Agency [OEPA], 2006), a commonly accepted
method of stream physical habitat assessment (Burskey & Simon,
2010; Gazendam, Gharabaghi, & Whiteley, 2011; Rankin, 1995). The
QHEI has been used previously for crayfish research in central Appala-
chia (Loughman et al., 2016; Thoma, 2009, 2010; Welsh & Loughman,
2014). QHEI scores (maximum score = 100) are the sum of seven phys-
ical habitat metrics: substrate, instream cover, channel morphology
(sinuosity, development, channelization, and stability), riparian zone
(width, quality, and bank erosion), pool/current (maximum depth, cur-
rent, and morphology), riffle/run (depth, substrate stability, and sub-
strate embeddedness), and stream gradient. QHEI scores are often
assigned as general narrative categories to qualify physical habitat con-
ditions of streams as follows: ‘excellent’ (270), ‘good’ (55-69), ‘fair’
(43-54), ‘poor’ (30-42), and ‘very poor’ (<30).

Additional data included the presence and embeddedness of
instream boulders. The presence and level of embeddedness of boul-
ders were important habitat covariates in a recent QHEI-based study
of C. veteranus (Loughman et al., 2016), but these data are somewhat
obscured in QHEI habitat metrics. Thus, for this study, boulder pres-
ence and embeddedness were combined as a nominal site covariate
with five categories: (1) boulders absent, (2) deeply embedded/
immoveable boulders present, (3) embedded/moveable boulders pres-
ent, (4) embedded/moveable and unembedded boulders present, and
(5) unembedded boulders present.

e Cambarus callainus +
® Cambarus callainus -

FIGURE 1
West Virginia

- Lower Levisa Fork

" ] Tug Fork
' - Upper Levisa Fork

Locations of sites sampled for Cambarus callainus during 2015 in the Levisa Fork and Tug Fork river basins of Kentucky, Virginia, and
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2.2 | | Data analysis

Logistic regression models were used to analyse presence/absence
data of C. callainus by fitting 28 candidate models with single covariate
or additive basin effects of stream habitat and water quality. Models
for the logistic regression analysis were fitted with a binomial distribu-
tion and a logit link function (SAS, 2015; PROC GENMOD). Before
analysis, water quality and physical habitat covariates were examined
with Pearson correlation coefficients, which supported near collinear-
ity between conductivity and salinity (r = 0.98), conductivity and total
dissolved solids (TDS) (r = 0.99) and salinity and TDS (r = 0.98). Con-
ductivity was retained as a covariate; salinity and TDS were excluded
as model covariates. Percentage dissolved oxygen was not used as a
covariate because it had little among-site variation (mean = 95.4,
SD =2.7).

The candidate model set included 13 single covariate models
based on physical habitat (boulder presence/embeddedness, channel
morphology, instream cover, pool/current, riffle/run, riparian zone,
stream gradient, substrate, QHEI), water quality (conductivity, SOy,
water temperature), and elevation. These 13 models were also
repeated with an additive basin effect, where three basins were rep-
resented: LLF, ULF (including Upper Levisa Fork and Russell Fork
drainages), and TF. An intercept model was fitted to the data and a
global model (additive effects) that included a basin effect and 13
covariates.

An information-theoretic approach was used for model selection
and inference, where each model represented an alternative hypothe-
sis. Selection of the best approximating model (or set of competing
models) was based on the small sample size correction of the Akaike
Information Criterion (AIC;; Burnham & Anderson, 2002). AIC. was
reported, where the AIC. is the distance between each model and
the best approximating model (AAIC.), and AIC. model weights (wt;
Burnham & Anderson, 2002). Global model fit was tested with the
Hosmer-Lemeshow Goodness-of-Fit statistic. Receiver operating
characteristic (ROC) curves were used to depict graphically the predic-
tive accuracy of each supported model. A steep rise to the ROC curve
and a large area under the curve (AUC) supports a model with high pre-
dictive accuracy (Hosmer & Lemeshow, 2000). Probability of occur-
rence plots were created for covariates as a visual aid for
interpretation of model selection results. In addition, descriptive statis-
tics (means and standard errors) are provided for covariates to aid
interpretation of modelling results. For descriptive statistics, QHEI
metric scores were scaled between O and 1 based on the maximum
score of each metric, which allowed for comparison between sites with

presence and non-detection of C. callainus.

3 | RESULTS

3.1 | Sampling results

In total, 81 individual C. callainus were present at 39 of 155 sampling
sites (Figure 1; Table 1). For the sub-basins, C. callainus was found at
23 of 56 sites in ULF (n = 54 individuals), and 16 of 66 sites in TF
(n = 27 individuals); C. callainus was not found in LLF. Orconectes
cristavarius, C. hatfieldi, and C. theepiensis were present at 128
(n = 1598), 54 (n = 373), and 57 (n = 354) of the 155 sampling sites,
respectively. For sub-basins, they were recorded at 31, 6, and 16 of
33 sites in LLF (n = 621, 37, and 101, respectively); 45, 0, and 36 of
56 sites of ULF (n = 564, 0, and 226, respectively); and 52, 46, and 5
of 66 sites inTF (n = 413, 312, and 27, respectively; Table 1). Cambarus
callainus was sympatric with O. cristavarius, C. hatfieldi, and C.

theepiensis at 32, 11, and 14 sites, respectively.

3.2 | Logistic regression model results

The goodness-of-fit statistic supported a good fit of the global model
to the data (Chi-Sq = 4.37, df = 7, P = 0.74). For the logistic regression
analysis, data supported a single additive effects model: Basin + boul-
der presence/embeddedness (AAIC, = 0.0, wt = 0.99; Table 2). The
ROC curve (AUC = 0.90) supported high predictive accuracy for the
supported model (Figure 2). A positive beta value for the boulder pres-
ence/embeddedness covariate was consistent with a higher value of
this covariate at sites with species presence (Tables 2 and 3). The prob-
ability of occurrence of C. callainus was positively associated with the
boulder presence/embeddedness covariate (Figure 2). For ULF and
TF, the predicted probability of occurrence for C. callainus was 0.004
and 0.002 when boulders were absent, 0.03 and 0.02 when boulders
were present but deeply embedded and immoveable, 0.20 and 0.18
when boulders were present but embedded and moveable, 0.67 and
0.72 when some boulders at a site were embedded and moveable
and others were unembedded, and 0.94 and 0.97 when all boulders
at a site were unembedded (Figure 2).

Although QHEI-based models were not AlC -selected, C. callainus
was not present at sites with QHEI <60. For ULF and TF, QHEI scores
ranged from 42.5-90.5 and 44.0-90.0, which

encompassed the narrative categories of fair, good, and excellent phys-

respectively,

ical habitat quality. For ULF and TF, the probability of occurrence for C.
callainus was 0.15-0.29 and 0.03-0.09 for fair physical habitat quality
(QHEI range = 43-54), 0.31-0.43 and 0.10-0.34 for good physical
habitat quality (QHEI range = 55-69), and 20.45 and 20.37 for

TABLE1 Capture rates for Cambarus callainus and syntopic crayfish species pooled by basin (ULF = Upper Levisa Fork, LLF = Lower Levisa Fork,

and TF = Tug Fork)

>/% ULF > Captured >/% LLF > Captured >/% TF > Captured /% sites > Captures
Species sites ULF sites LLF sites TF pooled pooled
Cambarus callainus 23 (41.1%) 54 0 0 16 (24.2%) 27 39 (25.1%) 81
Cambarus hatfieldi 0 0 6 (18.2%) 37 46 (69.7% 312 52 (33.5%) 349
Cambarus theepiensis 36 (64.2)% 226 16 (48.5%) 101 5(7.8%) 27.0 57 (36.8%) 354
Orconectes cristavarius 45 (80.4%) 564 31 (94.9%) 621 52 (78.8%) 413.0 128 (82.6%) 1598



LOUGHMAN ET AL.

WILEY—22

TABLE 2 Model selection statistics from logistic regression models of
Cambarus callainus presence/absence data, including Akaike Informa-
tion Criteria corrected for small sample size (AIC,), the distances
among models (AAIC,), and AIC. model weights (wt)

Model AlCc AAICc wt
Basin + boulder presence/embeddedness 92.9 0.0 0.99
Boulder presence/embeddedness 103.0 10.0 0.01
Global model 104.9 12.0 0.00
Basin + riffle/run metric 147.1 54.2 0.00
Basin + QHEI 147.6 54.7 0.00
Basin + substrate metric 149.4 56.5 0.00
Basin + pool/current metric 150.2 57.3 0.00
Basin + instream cover metric 152.5 59.6 0.00

154.6 61.6 0.00
Basin + gradient metric 154.6 61.7 0.00
Basin + water temperature 155.5 62.6 0.00
156.7 63.7 0.00

Basin + riparian zone metric

Basin + channel morphology metric

Basin + elevation 156.9 63.9 0.00
Basin + conductivity 157.1 64.1 0.00
Basin + SO, 157.2 64.3 0.00
QHEI 160.0 67.1 0.00
Riffle/run metric 162.6 69.6 0.00
Substrate metric 164.2 71.3 0.00
Pool/current metric 165.5 72.6 0.00
Instream cover metric 170.5 77.6 0.00
Riparian zone metric 171.9 79.0 0.00

174.8 81.8 0.00
175.6 82.7 0.00

Elevation

Channel morphology metric

Gradient metric 175.9 82.9 0.00
Water temperature 176.4 83.5 0.00
Intercept 176.9 84.0 0.00
Conductivity 177.4 84.5 0.00
SO4 178.5 85.6 0.00

excellent physical habitat quality (QHEI >70). For both ULF and TF, the
probability of occurrence was 0.50 for a QHEI value of 80 (Figure 2).

4 | DISCUSSION

An understanding of relationships among species presence/absence,
physical habitat quality, and physicochemical conditions is a crucial
component for the conservation and management of endangered
aquatic species. This study supported a positive relationship between
the presence of unembedded instream boulders and the presence of
federally threatened C. callainus. Specifically, C. callainus was associ-
ated with stream sites in the Upper Levisa Fork and Tug Fork river
catchments containing large rock-sizes (i.e. slab boulders), riffles and
fast-flowing runs, and low substrate embeddedness. No individuals
were observed in heavily sedimented stream reaches with embedded
substrates. The findings are consistent with those of Loughman
(2014) and Thoma (2009, 2010) who proposed that C. callainus popu-
lations are dependent on the presence of large slab boulders with open
interstitial spaces that are not embedded in the substrate. This study

found also that the species was not detected at stream sites with QHEI

values <60. Thus, data support the association of C. callainus with
stream sites containing unembedded boulders and QHEI-categorized
habitat quality of ‘good’ to ‘excellent. Mean values of water quality
parameters at sites where C. callainus was present were similar to
those at sites where the species was not detected, further suggesting
that the measured water quality variables were not influential in deter-
mining presence or non-detection of C. callainus.

Slab boulders with open interstitial spaces are critical components
of the stream bottom for C. callainus, and other larger tertiary
burrowing Cambarus species (Jezerinac et al, 1995; Loughman &
Welsh, 2013; Taylor & Shuster, 2004). Loughman et al. (2013) deter-
mined by using radio telemetry that Cambarus chasmodactylus exhib-
ited preference for slab boulders, using them both as temporary and
resident refugia, and avoided habitats lacking these features. Cambarus
callainus displayed the same dependence as C. chasmodactylus on slab
boulders; more than 90% of captures occurred from these habitats
compared with other stream habitat classifications. Moreover, C.
callainus was collected only under large unembedded slabs relatively
or completely free of excessive sedimentation and siltation. Given this
apparent dependence on sediment-free substrates, efforts that limit
stream sedimentation throughout the catchment should aid effective
C. callainus conservation.

These results contribute to understanding the relative importance
of physical habitat quality and water quality as factors affecting the
presence of cambarid crayfish (Loughman & Welsh, 2014; Loughman
et al., 2016). Welsh and Loughman (2014) found that physical habitat
models were supported for six species (four Cambarus species and
two Orconectes species) in West Virginia's Coal River catchment; how-
ever, additive effect models of physical habitat and physicochemical
covariates were also supported for three species. Specifically, additive
effects models including conductivity were selected for native
Cambarus carinirostris and Cambarus bartonii cavatus, where species
were present at sites with high habitat quality coupled with low con-
ductivity. For non-native Orconectes virilis, however, species presence
was associated with stream sites of high conductivity (Welsh &
Loughman, 2014).

Habitat destruction and degradation has been identified as one of
two major causes of crayfish imperillment worldwide by Richman et al.
(2015) and is not limited to North American cambarid crayfish alone.
Dependence on high instream habitat quality lacking anthropogenic
mediated siltation specifically is also a global area of crayfish conserva-
tion concern. Recent work by Churcholl and Schrimpf (2015) on the
astacid Austropotamobius torrentium showed that heterogeneous sub-
strates coupled with the absence of invasive Pacifasticus leniusculus
was directly associated with robust A. torrentium populations. In
Australia the parastacid Euastacus armoratus reached highest densities
in moderate velocity streams with large boulder substrates lacking
extensive sedimentation (Noble & Fulton, 2016). Euastacus is consid-
ered by many students of crayfish to be an ecological equivalent to
North American Cambarus (Richman et al., 2015); this correlation
between genera is not surprising, and demonstrates the need globally
for healthy stream benthic communities with sediment-free diverse
substrates in catchments maintaining high crayfish diversity.

Recently, Loughman et al. (2016) performed a similar study to the

present one for C. veteranus, a sister species to C. callainus, in the
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FIGURE 2 Probability of occurrence plots based on presence of Cambarus callainus, boulder presence/embeddedness, and the Qualitative Habitat
Evaluation Index (QHEI) for Upper Levisa Fork River basin and Tug Fork River basin. Embeddedness scores = (1) boulders absent, (2) deeply
embedded/immoveable boulders present, (3) embedded/moveable boulders present, (4) embedded/moveable and unembedded boulders present,
and (5) unembedded boulders present. QHEI scores = excellent (270), good (55-69), fair (43-54), poor (30-42), and very poor (<30)

TABLE3 Mean values, standard errors (SE), and ranges of physical habitat and water quality variables from three basins (Lower Levisa Fork, Upper
Levisa Fork, and Tug Fork) and sites with presence and non-detection of Cambarus callainus. QHEI = Qualitative Habitat Evaluation Index,
SO, = sulphate

All sites C. callainus present C. callainus not detected
Variable mean SE Range mean SE Range mean SE Range
Lower Levisa Fork
Conductivity [uS cm™] 477.7 45.5 87.0-949.0 * * * 477.7 455 87.0-949.0
Dissolved oxygen [%] 96.8 0.35 92.9-102.8 * * * 96.8 0.35 92.9-102.8
Elevation [m] 209.7 4.6 171.3-314.6 * * * 209.7 4.6 171.3-314.6
pH 8.0 0.05 7.6-8.8 * * * 8.0 0.05 7.6-8.8
QHEI 59.9 23 32.0-81.5 * * * 59.9 2.3 32.0-81.5
Salinity 0.23 0.0 0.04-0.47 * * * 0.23 0.02 0.04-0.47
SO, 139.8 17.8 10.9-369.3 * * * 139.8 17.8 10.9-369.3
Total dissolved solids 3104 29.6 57.6-617.0 * * * 3104 29.6 57.6-617.0
Water temperature [°C] 221 0.30 18.5-25.4 * * * 221 0.30 18.5-25.4

Upper Levisa Fork
Conductivity [uS cm™] 658.6 41.2 168.0-1555.0 658.2 54.8 206.0-1224.0 658.9 59.3 168.0-1555.0

Dissolved oxygen [%] 95.3 0.28 90.4-101.6 95.8 0.45 91.6-101.6 95.0 0.36 90.4-100.8
Elevation [m] 385.6 12.8 194.2-558.7 387.5 184 222.2-490.7 384.2 17.6 194.2-558.7
pH 8.3 0.02 8.0-8.7 8.3 0.0 8.0-8.5 8.3 0.03 8.0-8.7
QHEI 71.9 1.3 42.5-90.5 74.2 1.8 60.0-90.5 70.2 1.8 42.5-88.5
Salinity 0.32 0.02 0.08-0.79 0.32 0.03 0.10-0.61 0.32 0.03 0.08-0.79
SO4 223.0 24.1 19.0-952.0 2191 30.3 24.0-550.0 225.7 353 19.0-952.0
Total dissolved solids 428.4 26.8 109.0-1011.0 428.4 357 134.0-796.0 428.4 38.5 109.0-1011.0
Water temperature [°C] 22.5 0.31 17.1-27.3 22.5 0.42 19.3-27.3 224 0.44 17.1-26.3

(Continues)
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All sites C. callainus present C. callainus not detected

Tug River
Conductivity [uS cm™] 692.9 36.0 147.0-1667.0 727.9 65.6 392.0-1327.0 681.6 42.9 147.0-1667.0
Dissolved oxygen [%] 94.7 0.40 76.1-99.5 94.4 0.78 84.0-98.1 94.9 0.47 76.1-99.5
Elevation [m] 293.1 12.6 161.5-566.0 272.0 20.4 161.5-420.0 299.9 15.3 185.9-566.0
pH 8.2 0.04 6.3-9.0 8.4 0.06 8.1-9.0 8.2 0.05 6.3-9.0
QHEI 65.7 1.2 44.0-90.0 71.7 1.8 61.5-88.5 63.8 14 44.0-90.0
Salinity 0.35 0.02 0.07-0.85 0.37 0.04 0.19-0.66 0.34 0.02 0.07-0.85
SOy 1953 19.9 11.5-991.7 193.7 34.8 33.5-628.0 195.9 24.0 11.5-991.7
Total dissolved solids 449.6 234 96.0-1083.0 473.3 42.6 255.0-863.0 442.1 27.9 96.0-1083.0
Water temperature [°C] 21.2 0.23 15.9-25.4 22.0 0.34 19.0-24.1 20.9 0.27 15.9-25.4

TABLE4 Mean values, standard errors (SE), and ranges of scaled (0-1) scores of the boulder presence/embeddedness covariate and metric scores
of the Qualitative Habitat Evaluation Index from three basins (Lower Levisa Fork, Upper Levisa Fork, and Tug Fork), and sites with presence and
non-detection of Cambarus callainus

All sites C. callainus present C. callainus not detected
Variable mean SE Range mean SE Range mean SE Range
Lower Levisa Fork
Boulder presence/embeddedness 0.44 0.04 0.20-0.80 * * * 0.44 0.04 0.20-0.80
Channel morphology metric 0.59 0.02 0.25-0.8 * * * 0.59 0.02 0.25-0.8
Instream cover metric 0.66 0.03 0.30-0.95 * * * 0.66 0.03 0.30-0.95
Pool/current metric 0.50 0.02 0.17-0.75 * * * 0.50 0.02 0.17-0.75
Riffle/run metric 0.49 0.04 0.0-0.94 * * * 0.49 0.04 0.0-0.94
Riparian zone metric 0.47 0.02 0.20-0.75 * * * 0.47 0.02 0.20-0.75
Stream gradient metric 0.64 0.02 0.20-0.80 * * * 0.64 0.02 0.20-0.80
Substrate metric 0.68 0.05 0.0-1.0 * * * 0.68 0.05 0.0-1.0
Upper Levisa Fork
Boulder presence/embeddedness 0.65 0.03 0.20-1.0 0.87 0.03 0.60-1.0 0.49 0.04 0.20-1.0
Channel morphology metric 0.68 0.02 0.15-1.0 0.65 0.03 0.15-0.95 0.69 0.02 0.40-1.0
Instream cover metric 0.75 0.02 0.25-1.0 0.78 0.03 0.55-1.0 0.73 0.03 0.25-1.0
Pool/current metric 0.63 0.02 0.25-1.0 0.68 0.03 0.50-1.0 0.59 0.04 0.25-1.0
Riffle/run metric 0.63 0.02 0.0-0.94 0.66 0.03 0.38-0.88 0.62 0.03 0.0-0.94
Riparian zone metric 0.57 0.02 0.25-0.80 0.57 0.03 0.25-0.80 0.57 0.02 0.25-0.75
Stream gradient metric 0.73 0.01 0.30-1.00 0.72 0.03 0.30-1.0 0.73 0.01 0.50-0.90
Substrate metric 0.87 0.02 0.25-1.0 0.89 0.02 0.55-1.0 0.86 0.03 0.25-1.0
Tug Fork
Boulder presence/embeddedness 0.56 0.02 0.20-1.0 0.74 0.04 0.40-1.0 0.50 0.02 0.20-0.80
Channel morphology metric 0.60 0.01 0.35-0.85 0.67 0.02 0.50-0.85 0.58 0.01 0.35-0.78
Instream cover metric 0.71 0.02 0.35-1.0 0.76 0.04 0.35-1.0 0.70 0.02 0.40-1.0
Pool/current metric 0.57 0.02 0.25-1.0 0.64 0.04 0.33-1.0 0.55 0.02 0.25-1.0
Riffle/run metric 0.57 0.02 0.0-0.88 0.70 0.02 0.63-0.88 0.54 0.02 0.0-0.81
Riparian zone metric 0.49 0.02 0.20-0.80 0.56 0.03 0.40-0.80 0.47 0.02 0.20-0.80
Stream gradient metric 0.69 0.01 0.50-0.9 0.67 0.01 0.60-0.70 0.69 0.01 0.50-0.90
Substrate metric 0.80 0.02 0.20-1.0 0.90 0.02 0.80-1.0 0.76 0.03 0.20-1.0

Upper Guyandotte River catchment of West Virginia. For this study,
data on the presence or non-detection of C. veteranus supported

models with stream conductivity and overall physical habitat quality,

indicating that both high quality habitat as well as lower values of con-
ductivity (< 400 uS) were associated with the presence of C. veteranus.

Consequently, it is important to emphasize that among-species
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differences occur in the tolerance levels of physical habitat quality and
water quality. Both O. cristavarius and C. theepiensis occurred
syntopically with C. callainus, and were encountered throughout the
UL and LL catchments at sites lacking C. callainus, giving credence to
their higher ecological tolerance. Furthermore, O. cristavarius had the
highest CPUE values recorded in this study at sites in excess of 1500
uS. Thus, species-specific studies within catchments globally are
needed to understand crayfish conservation ecology, and community
assessments should not treat crayfish species as a biological
conglomerate.

Determination of sediment point sources in the greater Big
Sandy drainage is a convoluted and difficult issue. Merriam et al.
(2011) concluded that residential areas along Pigeon Creek’s riparian
corridor in West Virginia’'s Tug Fork catchment, a confirmed C.
callainus stream, had impacts on instream habitat quality more so
than surface mines, and proposed that the interactive effects of min-
ing together with residential development probably affected instream
habitat adversely. Very little of the region’s terrain is suitable for
human habitation except floodplains associated with high-order
streams (>10 m wetted width), also suitable for C. callainus habita-
tion. Owing to poor land-use practices, much of the coalfields stream
banks have high walls with little to no erosion controls, lack riparian
vegetation, and consequently represent a confirmed source of
sedimentation (Merriam et al., 2011).

Bernhardt and Palmer (2011) determined that sediment transfer
from surface mines within a catchment had a higher cumulative effect
in high-order streams than previously thought. Bernhardt et al. (2012),
Bernhardt and Palmer (2011), and Palmer et al. (2010) concluded that
active mine sites lead to systemic stream sedimentation in mined
catchments in central Appalachia. Subsequently, in the case of the
BSRB, these larger streams experiencing cumulative sedimentation
impacts are likely to be those occupied by C. callainus, given its prefer-
ence for larger streams. Effective regulatory practices are lacking
throughout the region, and those in place are rarely enforced leading
to the sedimentation rates observed throughout the catchment, and
the greater central Appalachian coalfields of Kentucky, Virginia, and
West Virginia (Bernhardt and Palmer, 2011).

The duality of stream degradation from mining and urban develop-
ment across the ULF and TF catchments probably contribute to sedi-
mentation and subsequent habitat degradation and C. callainus
imperillment across the BSRB. Regardless of its source or cause,
stream degradation is the most pressing concern for C. callainus.
Modelling results supported a basin effect where habitat quality in
LLF (where C. callainus was not detected) was low relative to that of
ULF and TF where C. callainus was present.

Future C. callainus conservation efforts should focus on stream
restoration that flushes excess bedload sediments from stream chan-
nels, creates slab boulder clusters, and broadly reduces basin-wide
stream degradation. The above can be completed by standard stream
remediation and restoration processes. Stream selection for restora-
tion efforts could focus on streams with low C. callainus CPUE values,
as well as historical stream sites now depleted of C. callainus, and
streams within the ULF and TF that could increase connectivity
between disjunct isolated populations. In addition to stream restora-

tion, development and initiation of a captive rearing programme to

produce animals that could be released into streams following restora-
tion is imperative. To date the above actions have not been completed
for any North American crayfish species, although a conservation
strategy similar to that proposed has been used successfully in Europe
for Austropotamobius and Astacus species (Kozak et al, 2011;
Woodlock & Reynolds, 1988). Given the new-found status of C.
callainus as a Threatened species by the USFWS, funding mechanisms
are now in place with the ultimate goal of restoring C. callainus to the
rivers and streams of Central Appalachia.
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