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Abstract
Instream habitat degradation and loss are major threats to freshwater fishes and critical conservation issues among

nongame species due to a lack of research and knowledge concerning their habitat requirements. Instream physical
cover is an important component of fish habitat, especially for benthic species that require cover for reproduction and
shelter from predators. One such species is the Carolina Madtom Noturus furiosus, a small, imperiled, nongame cat-
fish that is endemic to the Neuse and Tar River basins of North Carolina. To enhance understanding of instream
cover dynamics, we constructed artificial cover units from terra cotta materials and deployed them in rivers to (1)
evaluate whether they could be an effective passive-sampling technique to estimate detection and occupancy of the
Carolina Madtom and (2) determine their potential to enhance habitat in systems where instream cover has been lost.
Artificial cover units were deployed at eight sites in the Neuse and Tar River basins, and the units collected 30 Caro-
lina Madtoms at two sites in the Tar River basin. Occupancy modeling estimated a Carolina Madtom detection prob-
ability of 0.92 using artificial cover units. Compared to other standardized sampling methods, artificial cover units
were an efficient passive-sampling technique for detecting Carolina Madtoms. Observations also revealed that artifi-
cial cover units were occupied by Carolina Madtoms for reproduction. These findings provide an additional means by
which natural resource managers can assess the status of this imperiled species via an inexpensive passive-sampling
device that can provide spawning habitat and protection from predators as well as helping to mitigate the effects of
instream habitat degradation.
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Instream habitat occurrence and quality are essential
for biodiversity and aquatic organism survival in lotic
ecosystems (Gorman and Karr 1978; Schlosser 1982).
Degradation and loss of stream habitat have become com-
mon stressors affecting biota in regions with high freshwa-
ter diversity, such as the southeastern United States
(Angermeier 1995; Warren et al. 2000; Jelks et al. 2008).
Habitat loss directly leads to declines in freshwater fish
populations and community diversity (Ricciardi and Ras-
mussen 1999; Reynolds et al. 2002). Instream habitat rela-
tions and population declines due to habitat degradation
are well documented, yet many river systems lack habitat-
based management plans. In systems where stream habitat
is managed, conservation efforts are typically allocated to
more economically or recreationally important species,
leaving nongame species’ habitat requirements understud-
ied and poorly understood (Hubert and Rahel 1989;
Reynolds et al. 2002; Cooke et al. 2005). Furthermore,
nongame and sport fish species often have different habi-
tat affinities and requirements, potentially harming non-
game stream fish when habitat is strictly managed for
sport fish species (Aadland 1993; Kwak and Freeman
2010). Therefore, habitat management for nongame spe-
cies remains a vital conservation objective to help main-
tain stream system biodiversity.

Instream habitat may be defined as the place where fish
can find the physical and chemical features required for
life (Maddock 1999; Orth and White 1999). An important
feature of stream habitat is available instream cover,
which is any physical object or formation that offers con-
cealment or visual isolation (Orth and White 1999). Cover
is a critically important element of stream habitat for
many species, as instream cover provides a location for
fish to spawn and rear eggs and to seek shelter from
predators (Mann 1996; MacKenzie and Greenberg 1998).
Benthic species in particular rely on instream cover, as
their association with the substrate and related cover gives
them an ecological niche distinct from that of midwater
species (Rahel and Stein 1988; Magoulick 2004).

Benthic and endemic species are among the most
impacted by habitat degradation (Angermeier 1995). For
example, over 25% of fishes in the benthic-dwelling fami-
lies Percidae and Ictaluridae are classified as jeopardized
(Piller et al. 2004). Especially threatened members of
Ictaluridae are the madtoms—small, nongame fishes
belonging to the genus Noturus. Most madtoms are ben-
thic and endemic to restricted distributions, leaving them
especially vulnerable to habitat degradation and imperil-
ment. Robison and Harp (1985) found that anthropogenic
habitat degradation had negatively affected populations of
the Ouachita Madtom Noturus lachneri, while Etnier and
Starnes (1991) concluded that benthic species, such as
madtoms and darters (Ammocrypta, Crystallaria, Etheos-
toma, and Percina), were the most jeopardized fishes due

to loss of available instream cover for nesting and repro-
duction. One approach to mitigating instream habitat loss
is through the introduction of artificial cover or the aug-
mentation of existing instream cover of natural materials.
Introduction of artificial cover has been documented as
beneficial to salmonids and other sport fishes (Heggenes
and Traaen 1988; Moring and Nicholson 1994; Eklöv and
Greenberg 1998), and studies of benthic-dwelling nongame
darters have demonstrated that artificial cavities were suit-
able structures for nesting and spawning activities (Lind-
quist et al. 1984; Piller and Burr 1999).

The Carolina Madtom Noturus furiosus is a small, non-
game, cover-associated catfish that is endemic to two river
basins in North Carolina. Due to recent population decli-
nes and a shrinking distribution, the Carolina Madtom is
currently listed as threatened in the state of North Caro-
lina (LeGrand et al. 2008; NCNHP 2016). Suitable cover
is required for Carolina Madtom spawning and parental
care activities, and cobble, leaf packs, woody debris, and
native unionid mussel shells are used as cover items (Burr
et al. 1989; Midway et al. 2010b). Carolina Madtoms may
also occupy artificial structures for nesting. Burr et al.
(1989) found that the species inhabited 355-mL aluminum
cans, and Wood and Nichols (2008) collected individuals
from aluminum cans and glass beverage containers.
Midway et al. (2010b) conducted an intensive before–
after–control–impact study using constructed artificial
cover units to determine whether they increased the abun-
dance of Carolina Madtoms in river reaches; those
authors found that abundance was significantly higher in
experimental reaches augmented with artificial cover units
than in control reaches. Midway et al. (2010a) also con-
ducted laboratory cover preference trials during which
Carolina Madtoms were placed in aquaria and were pre-
sented with three natural cover objects and one artificial
cover unit. Carolina Madtoms selected the artificial cover
unit in 63% of the experimental trials, indicating a clear
preference for artificial cover over natural cobble, leaf
pack, and mussel shell cover.

Carolina Madtoms preferentially occupy artificial cover
units in the laboratory, and the units provide suitable
cover habitat in streams (Midway et al. 2010a, 2010b);
thus, they have the potential to serve as a sampling tech-
nique for the species in stream and river habitats. The
objective of this research was to assess artificial cover
units as an effective passive-sampling technique for Caro-
lina Madtom detection with a minimal amount of field
sampling effort relative to typical active-sampling tech-
niques (e.g., snorkeling or electrofishing). The Neuse and
Tar River basins have both experienced effects of urban-
ization and sedimentation (NCDEQ 2009; NCDWR
2010), and Carolina Madtoms have undergone drastic
population declines (Cope 2018). This evaluation may also
serve as a comparison with findings by Midway et al.
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(2010b), who deployed these same cover units during a
period (2007–2008) when the Carolina Madtom was more
widespread and abundant in the Neuse and Tar River
basins. If Carolina Madtom occupancy of artificial cover
units remains high at current reduced population levels,
the units may provide a simple and affordable method for
managers to use in sampling, monitoring, habitat enhance-
ment, and broodstock collection for captive propagation
to help conserve the species.

STUDY AREA
This research was conducted in the Neuse and Tar

River basins of the Piedmont and Coastal Plain physio-
graphic provinces of North Carolina. The Neuse River
flows approximately 325 km through North Carolina from
its headwaters originating in the Piedmont at the conflu-
ence of the Eno and Flat rivers to its mouth at Pamlico
Sound near the city of New Bern (NCDWR 2010). The
basin covers an area of 10,034 km2 and spans 18 counties.
Approximately 1.7 million people currently live in the
Neuse River basin, with the population expected to reach
3 million by the year 2050 (NCDWR 2010). The associ-
ated human activities in the river and over its watershed
impact the habitat and water quality of the Neuse River.
Currently, 13% of the basin is considered urban, 45%
is classified as forested, and 29% is designated as crop
and pasture land (NCWRC 2005). In 2007, the American
Rivers Foundation listed the Neuse River as one of the
10 most endangered rivers in the United States (American
Rivers Foundation 2007). Non-point-source pollution
from agriculture and forestry has degraded water quality
and habitats throughout the basin. Commercial farming
inputs, such as animal waste and fertilizers, contribute 60%
of the nitrates and phosphates in the system (NCWRC
2005). Due to the dense human population in the basin,
many municipalities have constructed dams and withdraw
water from the created impoundments for human use,
affecting river flow and connectivity. Habitat loss is also an
issue in the Neuse River basin, as the increasing human
population results in the loss of natural areas and leads to
increases in impervious surfaces (NCDWR 2010).

The Tar River runs through North Carolina from its
origin in Person County to the town of Washington,
where it becomes the Pamlico River and flows an addi-
tional 65 km to its mouth at Pamlico Sound (NCDWR
2001). The basin covers 8,755 km2 and spans 16 counties.
With a human population of only 415,000, the Tar–Pam-
lico River basin is more rural and less impacted by human
activities than the Neuse River basin. Currently, 55% of
the basin is classified as forest and wetland, 28% is catego-
rized as crop and pasture, and 7% is designated as urban
(NCDEQ 2010). The primary habitat problems affecting
the basin are erosion and sedimentation, which are due

mainly to channel dredging for crop and livestock irriga-
tion and drainage purposes (NCWRC 2005). Urbanization
is a concern but is not considered a serious cause of water
degradation.

We selected eight sites based on the surveying results of
Midway et al. (2010b), Wood and Nichols (2011), and
Cope (2018). Six sites were located in the Tar River basin,
and two were situated in the Neuse River basin (Figure 1).
All eight sites had Carolina Madtom occurrences in 2007,
which were confirmed through snorkel surveying efforts
(Wood and Nichols 2011). Sites in the Tar River basin
covered most of the extant range of the species, with mul-
tiple sites in Fishing, Swift, and Little Fishing creeks. Sites
in the Neuse River basin covered the remaining recent
range of the Carolina Madtom in the basin: Contentnea
Creek and Little River.

METHODS
We constructed artificial cover units by following the

design of Midway et al. (2010a, 2010b; Figure 2). We
deployed the units via a standardized protocol at eight
stream sites in the range of the Carolina Madtom and
then monitored their occupancy by the Carolina Madtom
and other aquatic species.

Construction.—Artificial cover units were built to the
specifications reported by Midway et al. (2010a, 2010b).
Due to a lack of availability of the exact original building
materials, artificial cover units were constructed using
materials similar to those used in the original design. The
enclosure cover was formed by the bottom 133 mm of a
150-mm-diameter, terra cotta clay pot that was removed
using a Dremel Model 4000 rotary cutting tool with a dia-
mond grit cutting wheel. An approximately 19- × 32-mm,
inverted-U-shaped “mouse hole” entryway and three 10-
mm vent slots were cut out of the enclosure. The cover
was then glued to an inverted, 133-mm-diameter planter
saucer to form the enclosure, and landscaping river rocks
(~20–30-cm diameter) were glued into the concave portion
of the planter saucer to serve as a weight and provide sta-
bility for the unit (Figure 2). To complete the unit, a rub-
ber stopper was inserted into the drain hole of the terra
cotta enclosure and was cut off flush with the top of the
unit. The stopper was then glued into place from the out-
side so as not to introduce any unnecessary chemicals
from gluing on the inside of the cover unit. All materials
were sourced from local hardware stores, and materials
for unit construction were inexpensive (<$5 per unit).

Deployment.—At each site, 150-m reaches were delin-
eated for snorkel surveying efforts. Twelve artificial cover
units were deployed along each 150-m reach in areas
deemed “quality habitat.” Quality habitat was determined
visually based on known microhabitat characteristics
related to Carolina Madtom occurrence from previous
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research findings (Burr et al. 1989; Midway et al. 2010b).
Our intent was to avoid deploying cover units in areas
where occupancy would be unlikely, such as deep pools or
areas that were prone to dewatering. Cover units were
placed in a cross-sectional grid pattern near the left bank,
central channel, and right bank to account for any micro-
habitat changes across the stream. Cover units were
deployed with the vent slots facing upstream and the
entryway facing downstream to avoid accumulation of
debris or sediment washing downstream in the unit. The
units were deployed during July–September 2016 and
June–November 2017. Sampling period was dependent
upon completed construction and weather conditions each
year. In 2016, construction and deployment occurred in
July and all units were retrieved from the rivers in
September before the impacts of Hurricane Matthew. In
2017, deployment began in June and the sampling period
extended into November until cold water and accumulated
fallen leaf packs made visual assessment impractical.

Monitoring.—Artificial cover units were deployed for at
least a 14-d soak period as weather conditions dictated;
they were then were checked to determine occupancy by
Carolina Madtoms and associated benthic, cover-oriented
species. In 2016, cover units were initially deployed at two
sites and were rotated to other sites after three soak peri-
ods. Additional construction of cover units in 2017
allowed for longer unit deployment duration, and some
units were checked up to six times during the sampling
period. All units in both 2016 and 2017 were deployed for
at least three soak periods. During each observation event,
artificial habitats were approached from downstream by a

snorkeling observer with a dip net. The observer then
gently grasped the cover unit with a finger over the entry-
way to confine any occupant, lifted the cover unit out of
the water, and emptied the contents of the unit into the
dip net. Area beneath the cover unit was also observed for
any animals that occurred under the unit rather than
inside it. Any other fish or amphibian species found in or
under the habitat unit was also recorded. The cover unit
was then re-deployed in the same location and was left for
another 14-d soak period. Collected Carolina Madtoms
were weighed to the nearest 0.1 g, and TL was measured
in millimeters. A right-side pelvic fin clip was taken for
genetic analysis. After data collection, each madtom was
released alive near the cover unit it had occupied. Micro-
habitat characteristics were measured at all Carolina Mad-
tom points of capture.

Depth (m), bottom velocity (m/s), mean column velocity
(m/s), dominant substrate composition, and subdominant
substrate composition were measured at the point directly
beside the occupied cover unit. Depth, bottom velocity, and
mean column velocity were measured using a top-set wad-
ing rod and a Marsh-McBirney Model 2000 flow meter.
Bottom velocity was measured directly on the substrate sur-
face, and mean column velocity was measured at 60% of the
total depth from the surface. Dominant and subdominant
substrate compositions were determined based on the great-
est and second-greatest percentages of substrate type at the
location according to a modified Wentworth particle scale
(Bovee and Milhous 1978).

Instream microhabitat surveys were performed at all sites
under base flow conditions by sampling cross-sectional

FIGURE 1. Map of artificial cover unit sampling sites in the Neuse and Tar River basins of North Carolina. Anecdotal collections of the Carolina
Madtom (CMT) came from Contentnea Creek (site 1) and Little River (site 2) in the Neuse River basin by using nonstandardized snorkeling (Little
River) or artificial cover unit sampling methods (Contentnea Creek).
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transects. At each 150-m reach, 10 cross-sectional transects
were spaced 15 m apart, starting from a random point
within the first 15 m moving upstream through the reach.
Each transect was sampled at a minimum of 10 evenly
spaced points, usually 1–3 m apart depending on stream
width. At each transect point, we measured depth, bottom
velocity, mean column velocity, dominant and subdominant
substrate, distance to the nearest cover, and cover type
according to the methods above.

Snorkel survey methods.—As part of a concurrent study
(Cope 2018), snorkel surveys were completed at all eight
reaches where artificial cover units were deployed. For this
protocol, each snorkeler (2–5, depending on stream width)
started at the downstream portion of the reach and slowly
surveyed upstream, upturning any leaf litter, woody deb-
ris, cobble, or litter present in the river to maximize detec-
tion potential. This method was standardized by effort,
with each snorkeler covering no more than a 5-m wetted
width of the stream. Each snorkeler sampled more than
one 5-m section of the stream if the river width was five

times greater than the total number of snorkelers. This
protocol was similar to that used by Wood and Nichols
(2008), who conducted intensive snorkel surveying to sam-
ple Carolina Madtom populations.

Statistical analyses.—Means were calculated for Caro-
lina Madtom length and weight and the depth, bottom
velocity, and mean column velocity at capture locations.
Modes were identified for dominant and subdominant
substrates. To determine the efficiency of artificial cover
units as a sampling technique, we fitted a single-season,
single-species occupancy model (MacKenzie et al. 2002) to
estimate the probabilities of occupancy (Ψ) and detection
(p) and compare them to occupancy and detection esti-
mates from previous Carolina Madtom studies. Detection
histories were created using each successive artificial cover
unit observation event as a repeat visit to the location. In
total, artificial cover unit surveying occurred at eight sites,
and the number of observation events ranged from three
to six per site, resulting in eight occupancy locations with
three to six visits serving as the detection history for each

FIGURE 2. Artificial cover unit construction using terra cotta saucers (upper left panel); instream placement of a cover unit in the Little River (Neuse
River basin), North Carolina (upper right panel); and biofilm-covered cover units, showing the opening created to allow fish access (lower left panel) and
vents on the opposite side (lower right panel). Numbered units on the measuring stick are centimeters. [Color figure can be viewed at afsjournals.org.]
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site. Occupancy modeling was completed using the pro-
gram PRESENCE (U.S. Geological Survey, Patuxent
Wildlife Research Center, Laurel, Maryland; https://www.
mbr-pwrc.usgs.gov/software/presence.html).

Using the cross-sectional transect and point-of-capture
microhabitat data collected from artificial cover unit sur-
veys, we examined the available instream habitat relative
to occupied artificial cover unit microhabitat to determine
whether microhabitat characteristics influenced the selec-
tivity of artificial cover units. Microhabitat variable distri-
butions were assessed for normality by using a Shapiro–
Wilk test. A majority of distributions did not conform to
the normality assumption; thus, available instream micro-
habitat and occupied artificial cover unit microhabitat dis-
tributions were compared using a Kruskal–Wallis one-way
ANOVA (on ranks) for all variables (depth, bottom veloc-
ity, mean column velocity, dominant substrate, and sub-
dominant substrate), with P < 0.05 (α) revealing significant
differences between available instream habitat and occu-
pied artificial cover unit microhabitat.

RESULTS
In total, 30 Carolina Madtoms were collected from

artificial cover units at two of the eight sites in which they
were deployed. These 30 captures included 21 unique col-
lections and 9 recaptures, as assessed by the presence or
absence of fin clips. Collections came from sites 3 and 4 in
the Tar River basin (Fishing and Swift creeks; Figure 1).
No Carolina Madtoms were collected from cover units
deployed at two sites in the Neuse River basin during the
study period. However, concentrated artificial cover unit
deployment (30 units per 150 m) by the North Carolina
Wildlife Resources Commission (NCWRC) in 2018
detected a Carolina Madtom at Neuse River basin site 1
(Contentnea Creek) after both standardized and nonstan-
dardized snorkeling methods failed to detect the species in
either 2016 or 2017. In snorkel surveys during 2016, 2017,
and 2018, Carolina Madtoms were captured at three of
the eight sites in which artificial cover units were
deployed. The species was detected at two sites (Tar River
basin sites 3 and 4) via the standardized snorkel survey
protocol. Carolina Madtoms were also detected at one
additional site (Neuse River basin site 2) during nonstan-
dardized intensive snorkel surveying with the NCWRC in
2017 and 2018. Comparison of Carolina Madtom detec-
tion between standardized snorkel surveying and artificial
cover deployment showed complete agreement between
the two methods (2 of 8 sites occupied). Our modeled p̂
for sampling with artificial cover units was 0.92, which
was similar to that obtained from snorkeling surveys (p̂=
0.81 and 0.94; Table 1). The Ψ̂ associated with artificial
cover unit sampling was 0.25, similar to that based on
recent snorkel surveys (Ψ̂ = 0.35; Table 1). Considering all

sampling (standardized and nonstandardized intensive
sampling) at eight sites, Carolina Madtoms were detected
at two sites by both snorkel surveys and artificial cover
units, at a third site only by snorkel surveys, and at a
fourth site only by artificial cover units.

Carolina Madtoms occupying cover units ranged from
72 to 121 mm TL and weighed 4.2–20.5 g. They occupied
cover units placed in microhabitats with a mean water
depth of 0.40 m, bottom velocity of 0.20 m/s, mean col-
umn velocity of 0.35 m/s, and substrates composed of sand
and gravel (Table 2). In addition to Carolina Madtoms,
other species occupied the cover units. Ictalurids, including
the Margined Madtom Noturus insignis, Tadpole Madtom
Noturus gyrinus, Channel Catfish Ictalurus punctatus, and
Flathead Catfish Pylodictis olivaris, were observed inside
cover units (Table 3). Other benthic and cover-oriented
fishes were also observed occupying cover units, including
a darter, a sunfish, and an American Eel.

By comparing available instream microhabitat with
occupied artificial cover unit microhabitat, we found that
the locations of artificial cover units occupied by Carolina
Madtoms were characterized by a specific nonrandom
subset of microhabitat characteristics in the reaches where

TABLE 1. Comparison of occupancy modeling results using snorkel sur-
vey methods from Wood and Nichols (2008) and Cope (2018) and using
artificial cover units in this study (Ψ̂ = estimated occupancy probability;
p̂ = estimated detection probability).

Method (study) Ψ̂ p̂

Snorkel
(Wood and Nichols 2008)

0.75 0.94

Snorkel (Cope 2018) 0.35 0.81
Artificial cover units
(present study)

0.25 0.92

TABLE 2. Length, weight, and microhabitat characteristics for Carolina
Madtoms (N= 21) collected in artificial cover units deployed within the
Tar River basin, North Carolina (modes are presented for substrates;
means are presented for all other variables).

Variable
Mean or
mode SD Range

TL (mm) 93.52 12.34 72.00–121.00
Weight (g) 9.69 3.92 4.21–20.54
Depth (m) 0.40 0.19 0.16–0.72
Bottom velocity (m/s) 0.20 0.14 0.02–0.54
Mean column
velocity (m/s)

0.35 0.23 0.07–0.77

Dominant substrate Sand Sand–gravel
Subdominant substrate Gravel Sand–gravel
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cover units were deployed. Microhabitat characteristics
were compared at two sites with occupied artificial
cover units (Tar River basin sites 3 and 4). At Tar
River basin site 3, all measured microhabitat character-
istics of occupied artificial cover units were significantly
different from those of the habitat available in the reach
where cover units were deployed (Kruskal–Wallis test:
P< 0.05; Table 4). At Tar River basin site 4, similar
results were found, with significant differences between
available instream microhabitat and occupied artificial
cover unit microhabitat for all measured variables
except depth (P< 0.05).

Descriptive observations regarding Carolina Madtom
occupancy of artificial cover units provided additional
insight. Artificial cover units that were originally
deployed by Midway et al. (2010b) during 2007–2008
were discovered at site 4 in the Tar River basin (Figure
1). Four units were found, still functional and free of
debris after 10 years. Carolina Madtoms were observed
occupying these units during snorkel surveys and moni-
toring events. Carolina Madtoms were also observed
guarding eggs inside these units, indicating nesting and
successful spawning within artificial habitats. Another

observation in the Tar River basin illustrated Carolina
Madtoms using an entire unit as cover, hiding between
saucer and substrate. Two individuals were captured from
that component of the cover unit during different obser-
vation events.

DISCUSSION
Our findings indicated that artificial cover units can be

an efficient passive-sampling device for detecting the pres-
ence or absence of Carolina Madtoms. Compared to our
standardized snorkeling effort, cover units were as effec-
tive at detecting the occurrence of madtoms at the sites
where both methods were employed. Modeling estimates
for detection probability using cover units were also simi-
lar to estimates from snorkel surveying. The probability
of detecting Carolina Madtoms by using artificial cover
units was 0.92. Compared to p̂ of 0.94 (Wood and
Nichols 2011) and 0.81 (Cope 2018) estimated from snor-
kel surveying, artificial habitats are similarly efficient at
detecting Carolina Madtoms. These findings may be in
accord with those of Midway et al. (2010b), where similar
cover units increased Carolina Madtom numbers in study
reaches. Midway et al. (2010a) also found that Carolina
Madtoms preferred artificial cover units over natural
cover in laboratory experiments, while Burr et al. (1989)
and Wood and Nichols (2008) observed Carolina Mad-
toms occupying beverage containers and other instream
litter.

Intensive snorkeling surveys and deployment of artifi-
cial cover units may both be effective methods for detect-
ing madtoms in areas of low abundance, as suggested by
our anecdotal findings associated with supplemental sam-
pling in the Neuse River basin. These results highlight the
difficulty in detecting rare species. For madtom population
surveys, where knowledge of sparse populations is critical,
employing both intensive snorkel surveys and artificial
cover unit deployment may be warranted.

Snorkel surveys and artificial habitat unit deployment
were both effective for detecting madtoms but differed
in associated properties. Snorkeling efforts are time con-
suming, require multiple trained personnel, and may not
be cost effective for routine monitoring. Artificial cover
units are inexpensive, are simple to construct, and can
be deployed and observed with much less effort than
snorkeling. Passive minnow trap sampling is currently
the standard protocol for population status assessment
of the Neuse River waterdog Necturus lewisi, another
rare endemic of the Neuse and Tar River basins (Bras-
well and Ashton 1985); likewise, deployment of artificial
cover units may be a time-efficient and cost-effective
method for monitoring the population status of the Car-
olina Madtom. Furthermore, our collection of four
Margined Madtoms and one Tadpole Madtom—the two

TABLE 3. Observation of co-occurring ictalurid species and other fishes
captured in artificial cover units deployed for use by Carolina Madtoms
in the Tar and Neuse River basins during summer 2016 and 2017.

Species Number

Channel Catfish Ictalurus punctatus 49
Margined Madtom Noturus insignis 4
Flathead Catfish Pylodictis olivaris 2
Tadpole Madtom N. gyrinus 1
Darter Etheostoma sp. 1
Sunfish Lepomis sp. 1
American Eel Anguilla rostrata 1

TABLE 4. Kruskal–Wallis test results (chi-square statistic [χ2] and P-
value) comparing microhabitat characteristics at the locations of artificial
cover units occupied by Carolina Madtoms in the Tar River basin, North
Carolina, and available instream habitat in the reach where cover units
were deployed.

Variable

Tar River
basin site 3

Tar River
basin site 4

χ2 P χ2 P

Depth 4.134 0.042 2.458 0.117
Bottom velocity 11.644 <0.001 17.352 <0.001
Mean column velocity 16.099 <0.001 12.751 <0.001
Dominant substrate 7.478 0.006 5.339 0.021
Subdominant substrate 9.185 0.002 6.822 0.009
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other co-occurring madtom species in the sampled
basins—and 51 other ictalurid individuals in artificial
cover units suggests that this method may be applicable
to other species.

Artificial cover units could also be used as long-term
habitat enhancement tools. While snorkel surveying site 4
in the Tar River basin during 2016, we captured Carolina
Madtoms inside four cover units that were originally
deployed by Midway et al. (2010b) in 2007. Through 10
years of substrate alterations and flow fluctuations, the
units remained operational and provided cover for mad-
toms. Even after the passing of Hurricane Matthew during
fall 2016, which was one of the most intense rainfall
events in eastern North Carolina and caused drastic flood-
ing and massive current flow through Swift Creek (~200-
m3/s flooding versus ~1.2-m3/s base flow), these units were
found in 2017, validating their durability and effectiveness
as long-term instream cover.

Physical instream habitat was likely an important fac-
tor in successful occupancy of artificial cover units. Our
findings revealed that microhabitat characteristics of cover
unit locations occupied by Carolina Madtoms were not a
random subset of those characteristics available in the
reach where cover units were deployed. Cover units were
placed in a cross-sectional grid pattern throughout the
reaches in varying depths, water velocities, and substrates.
However, occupied units were deployed in areas with sand
and gravel substrate, moderate depth, and low to medium
velocity. These microhabitat characteristics were similar to
those found most suitable for Carolina Madtoms by Mid-
way et al. (2010b) and a concurrent microhabitat study
associated with our deployments (Cope 2018). Cover units
deployed in areas with silt substrate or low velocities were
frequently found with sediment, and units deployed in
shallow areas were prone to dewatering as stream levels
receded. These observations suggest that random grid
placement of artificial cover units would not be the most
effective and that microhabitat analysis conducted prior to
placing the units would maximize occupancy potential if
that is the objective.

In addition to serving as an efficient sampling tech-
nique, artificial cover units can provide spawning habitat
and protection from predators for Carolina Madtoms.
Adequate cover is necessary for successful Carolina
Madtom nesting and spawning (Burr et al. 1989). Both
the Neuse and Tar River basins are degraded and have
experienced habitat alteration and loss, and madtoms
are especially at risk from habitat degradation, as sub-
strate, flow, and instream cover are some of the first
habitat components to become altered in impacted
streams (Warren et al. 1997). Both the Neuse and Tar
River basins contain limited instream cover. Cope
(2018) found that 41% of the measured microhabitat in
the basins contained no suitable cover within a 4-m2

area around each sampling point during cross-sectional
transect microhabitat analysis. One specific cover loss
for madtom occupancy and reproduction is the reduc-
tion of available empty mussel shells, a result of the
declines in freshwater mussel diversity and abundance
and the imperilment of the fauna as whole—locally (in
North Carolina waters) as well as globally (Keferl 1993;
Williams et al. 1993; Lydeard et al. 2004).

Deployment of artificial cover units may compensate
for lost habitat in the form of overhead cover that is
essential for madtom viability. Male Carolina Madtoms
were found guarding eggs inside artificial habitats, further
validating their function as spawning habitat. Cover is
also important in protecting prey species from predators
(Savino and Stein 1982; Johnson et al. 1988). The Neuse
and Tar River basins both contain nonnative Flathead
Catfish populations. Flathead Catfish are known to con-
sume native bullheads Ameiurus spp. as well as other
Noturus spp. in North Carolina (Pine et al. 2007; Bau-
mann and Kwak 2011), and cover to avoid predation may
be vital for survival of the species. Unlike other cover
types, which may be lifted or displaced during Flathead
Catfish foraging, these artificial units provide a single
small entryway that may prevent predators from gaining
access to the fish inside.

Carolina Madtoms represent an important component
of stream ecosystems: they not only provide important
functions but also add to the high fish diversity found in
the southeastern USA. Given recent declines of the Caro-
lina Madtom, proper conservation and management will
be vital to retain the species. Habitat loss is the greatest
threat to madtom conservation (Etnier and Starnes 1991),
and artificial cover units may enhance degraded habitat
in impacted basins. In addition to providing critical
spawning habitat and protection from predators, our
findings demonstrate that artificial cover units can also
serve as an efficient sampling device that may enhance
scientists’ ability to conserve this important but imperiled
species.
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