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Developing an understanding of life history of a rare species is vital to formulating conservation strategies for its
management and protection. Current knowledge about Noturus stanauli, the Pygmy Madtom, includes morphology,
scant distribution data, and genetic analysis between populations in the Clinch and Duck rivers. In this study, we
assembled a list of standard (SL) and total (TL) lengths for 45 individuals from our observations, museum records, and
agency reports. Results using TL indicate two age classes (young-of-the-year and adult) throughout the year, a
spawning period in late June–late August, and maximum longevity of approximately 1.5 years. In our collections,
lengths ranged from 14–42 mm TL (n ¼ 41), with a mean of 30.5 mm TL.

N
OTURUS stanauli, the Pygmy Madtom, is one of the
smallest and rarest North American fishes. The
Pygmy Madtom inhabits isolated locations of the

Clinch and Duck rivers of Tennessee. Historically, individuals
have been collected from shallow shoals with moderate-to-
strong current over a substrate of pea-sized gravel or fine sand
(Etnier and Starnes, 1991; USFWS, 1994). In the Clinch River,
the Pygmy Madtom is known to occur only at or near Frost
Ford and Brook’s Island in Hancock County. This portion of the
Clinch River is in the Ridge and Valley physiographic province.
The nearest town to these locations is Sneedville, Tennessee.
The Pygmy Madtom’s distribution is more widespread in the
Duck River. It has been collected at Hurricane Mills near the
mouth of the Duck River, and locations extending upstream
beyond Centerville occurring across Hickman and Humphreys
counties. These reaches of the Duck River flow through the
Western Highland Rim Physiographic Province.

As of 1999, fewer than 20 studies had examined age and
growth of 16 madtom species (Burr and Stoeckel, 1999).
Madtoms, as a group, are understudied compared to other
non-game groups such as darters and minnows. Most of the
Pygmy Madtom’s life-history aspects are unknown, and very
little is understood about its ecology. However, laboratory
observations by Conservation Fisheries, Inc. (CFI) showed
the Pygmy Madtom spawned in captivity during mid–late
July and young grew to 18 mm TL in 21 days (Shute, 2001).
Personnel from CFI also observed crepuscular activity of the
Pygmy Madtom. In regard to its ecology, the Pygmy Madtom
was associated with Noturus eleutherus, the Mountain Mad-
tom, in the Clinch River (Starnes and Starnes, 1985) and in
our collections at Frost Ford.

The general objective of this study was to assemble and
analyze Pygmy Madtom body length data from field and
museum records dating from 1974–2017 in the Clinch and
Duck rivers. The specific objectives were to employ these
length data to (1) estimate spawning events, (2) determine
age-class structure, (3) estimate longevity based on length–
frequency histogram patterns, and (4) develop a linear model
of total length regressed on standard length. Our results will
provide a better understanding of the Pygmy Madtom’s age-
class structure and longevity.

MATERIALS AND METHODS

Length measurements for 45 individuals were obtained from
field collections and museum records for the Clinch and

Duck rivers. Field measurements were obtained from a
Tennessee Wildlife Resources Agency report (n ¼ 5) and our
study (n ¼ 19). Museum records (n ¼ 21) were obtained by
contacting or searching university online records and state
museum collections, including the North Carolina Museum
of Natural Sciences, Florida Museum of Natural History,
University of Michigan Museum of Zoology, and the
University of Tennessee Etnier Ichthyology Collection. These
45 records were reported as total length (TL), standard length
(SL), or both.

Collection efforts for our study occurred during June–
September of 2016 and May–November of 2017. Efforts
during the 2016 sampling season involved kick-seining in
three 100 m reaches at Frost Ford and one 100 m reach at
Brooks Island in the Clinch River, along with one 100 m
reach in the Duck River at Centerville. Kick-seining efforts
were repeated at these locations through the end of
September 2016. We determined the amount of kick-seining
effort required to collect Pygmy Madtoms in the Clinch and
Duck rivers. The evaluation of kick-seining effort was used to
guide our 2017 sampling protocol.

Efforts during the 2017 season followed a strict protocol
because we were concurrently measuring microhabitat
variables for Pygmy Madtom presence and absence data.
However, kick-seining was still used to collect fishes. At Frost
Ford in the Clinch River, three 100 m reaches and one 50 m
buffer reach were sampled along the north bank, and one
100 m reach was sampled on the south bank. These locations
were sampled repeatedly during May–November 2017. In
addition to the Frost Ford sampling, two 100 m reaches were
sampled at Kyles Ford during November 2017. A 1 m X 1.5 m
quadrat was kick-seined twice, approximately every 10 m
along a transect, within the 50 m or 100 m reach. One kick-
seine effort was near shore and the other was farther towards
mid-channel. Both quadrats were randomly placed within
their near-shore or mid-channel areas. A total of 20 kick-seine
efforts were conducted in each 100 m reach sampling event,
and ten kick-seine efforts were conducted within each 50 m
reach sampling event.

A database was created for Pygmy Madtom standard
lengths, total lengths, and combined lengths (Table 1). We
developed monthly frequency histograms of Pygmy Madtom
total lengths using the data analysis package in Microsoft
Excelt for Mac. A field observation of gravidity (female with
distended abdomen carrying eggs) combined with length–
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frequency data were used to determine which months
aligned with pre-spawning, spawning, and post-spawning
phases. Longevity was estimated based on length–frequency
histogram patterns informed by CFI hatchery data on growth
rates (Shute, 2001). Lastly, we performed a regression analysis
of TL on SL (n¼ 24) using Microsoft Excelt for Mac to enable
predictions of Pygmy Madtom length based on only one of
the two measurements.

RESULTS

All but three of the Pygmy Madtom observations in this
study came from the Clinch River, and most of these were
measured at Frost Ford. The months without length (TL) data
were January, February, March, May, and June. Months with
length (TL) data were April, July, August, September, October,
November, and December. Available length data were
grouped into three phases aligned with reproductive activity:
post-spawning in September–December (n ¼ 32); pre-spawn-
ing in April (n¼ 3); and spawning in July–August (n¼ 6).

Spawning in the wild most likely begins in June and ends
in August as informed by our collection of a large (41 mm
TL), gravid female on 12 July 2017 at water temperature of
278C in the Clinch River (Fig. 1). Hatchery spawning at CFI
was observed in July–August 2000 at 238C in a 208-liter
aquarium for one pair of Pygmy Madtoms collected in March
2000 from the Clinch River. The first clutch hatched on 18
July and the second clutch hatched on 8 August (Shute,
2001).

Two age classes were determined to be present throughout
most of the calendar year. The minimum length was 14 mm
TL, the maximum length was 42 mm TL, and the mean
length was 30.5 mm TL (n¼ 41; Table 1). Using July–August
histograms (Fig. 2), Age-0 individuals were ,28 mm TL and
Age-1 was .28 mm TL. Age-0 individuals can be tracked
throughout the year (Fig. 2) beginning in September–

December when lengths were in 20–45 mm TL intervals
(Fig. 2), continuing through winter into spring (April) when
Age-0 individuals were 35–40 mm TL (Fig. 2). After
completing their first year of life in July, Age-0 became Age-
1 individuals with one individual shown in the 45 mm TL
interval. Modal lengths through the cycle were 25 mm TL in
September–December, 40 mm TL in April, and 45 mm in
July–August. An additional mode of 35 mm TL for Age-1
individuals was found in the September–December panel
(Fig. 2). The maximum longevity of the Pygmy Madtom
appears to be ~1.5 years based on these data. The linear
model was described by TL¼ 1.0345(SL) þ 4.8227, with R2¼
0.72 (Fig. 3). The mean ratio of SL/TL was 0.835, indicating
that, on average, the Pygmy Madtom’s caudal fin makes up
approximately 16.5% of its total length.

DISCUSSION

Collection of the gravid female in mid-July 2017 confirms
earlier hatchery work that places the Pygmy Madtom
spawning in mid-summer (Fig. 1). According to Taylor
(1969), spawning within subgenus Rabida occurs during
May–June; however, collection of the gravid female indicates
that Pygmy Madtoms may also spawn later then generally
thought for species in this subgenus. For example, individ-
uals that measured 14 mm TL in mid-July were most likely
spawned in late June, and individuals that measured 14 mm
TL in August were most likely spawned in late July. In
addition, individuals that measured 22–24 mm TL in
November could have been hatched in late July–early August.
Shute (2001) documented rapid growth to a total length of
18 mm within 21 days in a hatchery setting. Burr and
Stoeckel (1999) predicted that Pygmy Madtom nesting dates
were mid-June to mid-July. Perhaps two or more spawning
events per female occur in the wild during this range of
nesting dates as seen in southern populations of Noturus

Fig. 1. Pygmy Madtom, gravid fe-
male (41 mm TL). Clinch River, 12
July 2017. Photograph by Jennifer
Caudle.
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hildebrandi, the Least Madtom, which has a possible
reproductive season from February–September (Bakar and
Heins, 1994). Individuals in the length range of 19–25 mm
TL in July, November, and December would indicate a
protracted spawning in Pygmy Madtoms. Shute (2001)
documented the discovery of eggs from two Pygmy Madtom
spawning events (11 July and 29 July) under controlled
conditions (208-liter aquarium; 238C) at CFI.

Management implications that follow from these findings
include minimizing habitat disturbance and field collections
during the Pygmy Madtom’s spawning season. Because we
have evidence for the Pygmy Madtom spawning period, this
evidence could direct environmental DNA (eDNA) sampling

during this time period because there would be additional
Pygmy Madtom DNA (gametes) in the water in addition to
their other cellular material. Environmental DNA methods
would be useful during the spawning period instead of
sampling with traditional gears, to avoid disturbing nests of
spawning individuals. Environmental DNA includes mito-
chondrial or nuclear DNA released into the environment
from an organism; the sources of eDNA are feces, gametes,
and mucous (Pilliod et al., 2013). Traditional fisheries

Table 1. Pygmy Madtom collections with measurements. Measure-
ments of millimeters total length (TL) and standard length (SL) with
collector(s) names or institutions (TVA, Tennessee Valley Authority; UT,
University of Tennessee).

TL SL Collection date River Collector

14 — 4 August 2016 Duck Wells
17 — 21 September 2016 Duck TVA
34 — 21 September 2016 Duck TVA
14 — 7 July 2017 Clinch Wells
19 — 6 December 1990 Clinch O’Bara
22 — 20 July 2016 Clinch Wells
22 — 17 November 1974 Clinch UT
23 — 19 July 2016 Clinch Wells
23 — 6 December 1990 Clinch O’Bara
23 — 6 December 1990 Clinch O’Bara
23 — 17 November 1974 Clinch UT
24 — 6 July 1975 Clinch Carson
24 — 4 November 1976 Clinch Bauer
25 — 6 December 1990 Clinch O’Bara
25 — 17 November 1974 Clinch UT
28 — 6 December 1990 Clinch O’Bara
30 26 29 November 2017 Clinch Wells
30.9 24.4 24 April 1977 Clinch Etnier
31 27 29 November 2017 Clinch Wells
31 27 29 November 2017 Clinch Wells
31 26 30 November 1975 Clinch Starnes
32 26 13 November 2017 Clinch Wells
32 27 29 November 2017 Clinch Wells
33 28 13 November 2017 Clinch Wells
34 28 29 November 2017 Clinch Wells
35 29 13 November 2017 Clinch Wells
35 31 29 November 2017 Clinch Wells
35 30 29 November 2017 Clinch Wells
35 29 29 November 2017 Clinch Wells
36 31 28 October 1986 Clinch UT
36 30 30 November 1975 Clinch Starnes
37 32 28 October 1986 Clinch UT
38 31 29 November 2017 Clinch Wells
38 29 9 November 1991 Clinch Starnes
38 32 30 November 1975 Clinch Starnes
39 36.2 21 April 1978 Clinch Batch
39 32 30 November 1975 Clinch Starnes
39.3 32.4 24 April 1977 Clinch Etnier
41 — 12 July 2017 Clinch Wells
42 30 9 November 1991 Clinch Starnes
42 35 30 November 1975 Clinch Starnes

— 20.5 9 April 1978 Clinch Starnes
— 36.1 9 April 1978 Clinch Starnes
— 26 8 November 1984 Clinch UT
— 30 8 November 1984 Clinch UT

Fig. 2. Frequency distribution of total lengths (TL) for the Pygmy
Madtom collected from the Clinch and Duck rivers. Lengths are 5 mm TL
intervals (i.e., 5¼ 0–5 mm TL and 10¼ 6–10 mm TL). Raw length data
are given in Table 1. Three putative phases are identified for post-
spawning in September–December (n¼32), pre-spawning in April (n¼
3), and spawning in July–August (n¼ 6). No length data were available
for January, February, March, May, and June for this species.

Fig. 3. Linear regression of total length on standard length for the
Pygmy Madtom (n ¼ 24) in the Clinch and Duck rivers, 1974–2017.
Twelve of the 24 sample points were from the current study.
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sampling techniques such as seining and electrofishing are
often labor- and time-intensive and may not detect rare
species (Huver et al., 2015).

The length–frequency data support prior speculation that
the Pygmy Madtom is an annual species with two age classes,
making it the smallest and one of the shortest-lived ictalurids
(Etnier and Jenkins, 1980; Mayden and Walsh, 1984; Burr
and Stoeckel, 1999). The Least Madtom, a very close relative
of the Pygmy Madtom, is another very small madtom species
that is ‘‘almost certainly’’ an annual species that does not live
beyond 18 months according to Burr and Stoeckel (1999) and
Mayden and Walsh (1984). However, most Least Madtoms
lived 12 months and then died shortly after reproducing
(Mayden and Walsh, 1984). Other similarities the Pygmy
Madtom shares with the Least Madtom include spawning
period (mid-June through July), gravidity found in females
during July, and body appearance (Etnier and Starnes, 1993).

The Pygmy Madtom’s life-history traits (short lifespan and
single spawning season) increase its vulnerability to anthro-
pogenic threats. Because the rare Pygmy Madtom is most
likely an annual species, if individuals had an unsuccessful
spawning season, then population sizes would decline.
Previously mentioned threats by the USFWS (2008) include
increased urbanization, coal mining, toxic chemical spills,
siltation, improper pesticide use, and streambank erosion.

An obvious limitation of our study was the limited sample
size (n¼45) for the Pygmy Madtom over a 40-year period, an
extremely low sample number for any species. In compari-
son, a study of Noturus lachneri, the Ouachita Madtom, a
species of special concern from Arkansas, had a sample size of
609 captures in an eight-month period (Tumilson and
Hardage, 2014). The Pygmy Madtom’s low numbers could
partially explain the R2 value (Fig. 3) that might be lower
than expected for a TL–SL regression model. For example, in
similar madtom studies (Clugston and Cooper, 1960;
Tumilson and Hardage, 2014), the authors had sample sizes
of 73, and 186 madtoms, respectively. Other explanations for
the R2 value include an unbalanced ratio of small individuals
to large individuals and measurements by different biolo-
gists. Future collections should include measurements of TL
and SL at the time of capture to expand this baseline
information into a more comprehensive understanding of
this aspect of Pygmy Madtom morphology.

Historic and current results indicate that the Frost Ford area
of the Clinch River, where all but three individuals came
from, provides a reliable locality for encountering Pygmy
Madtoms. Traditional sampling gear (seines and electrofish-
ing units) should not be used in spawning season.
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