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A B S T R A C T

A R T I C L E

The saddleback crayfish, Faxonius medius (Faxon, 1884), is endemic to a single drainage in eastern
Missouri, USA, that is affected by heavy metals mining, and adjacent to a rapidly-expanding urban
area. We studied populations of F. medius in two small streams for 18 months to describe the annual
reproductive cycle and gather information about fecundity, sex ratio, size at maturity, and size-class
structure. We also obtained information about the species’ density at supplemental sites. The species,
though rare in a geographic context, is locally abundant; we captured a monthly average of more than
75 F. medius from each of the two study populations. Densities of F. medius were high relative to several
sympatric species of Faxonius Cope, 1872 and Cambarus Erichson, 1846. The species exhibited traits
of an r-strategist life history; it was relatively short-lived and early to maturity. Its fecundity and egg size
were comparable to Ozark congeners. Breeding season occurred in autumn, perhaps extending into
early winter. Egg brooding occurred primarily in April. Young-of-year first appeared in samples in June.
We estimated that these populations contained 2 to 3 size-classes, and most individuals became sexually
mature in their first year of life. Life history information presented herein will be important for future
conservation efforts.
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such approaches inform assessment of water quality and variation
in flow regimes, species’ proclivity for extinction or invasion risk,
and the effects of large-scale disturbance such as climate change
(Crozier et al. 2008; Larson and Olden 2010; Resh and Rosenberg
2010). Life history information is also an essential component of
any comprehensive conservation status review, species recovery
plan, and subsequent management, particularly for narrow-range
endemic or imperiled crayfish species (U.S. Department of Interior
and National Oceanic and Atmospheric Administration 1996; U.S.
Department of Interior 2004; De Grammont and Cuarón 2006;
Moore et al. 2013). Unfortunately, published life histories exist for
only 12% of all 347 U.S. and Canadian crayfish species (Moore et
al. 2013).

INTRODUCTION
Knowledge of a species’ life history traits and patterns are
pivotal to understanding and appreciating the species’ ecosystem
role and to inform management and conservation. Traits are strongly
shaped by selective forces in the species’ environment. A species’
life history, therefore, informs us about habitat interactions and how
they might vary temporally and spatially (Stearns 1976). Further,
life history information is essential to inform evolutionary and
advanced ecological research (Greene 2005; Resh and Rosenberg
2010; Moore et al. 2013). Pragmatically, such knowledge can be
used to clarify taxonomic relationships, improve sampling designs/
protocols, and understand population dynamics, thereby improving
the ability to manage exploited or disturbed populations (Adams
1980; Resh and Rosenberg 2010; Moore et al. 2013). Knowledge of
species’ life histories has become increasingly important in traitsbased approaches and evaluations. For aquatic species specifically,

The importance of crayfish to the structure and functioning
of freshwater ecosystems is well-established. Crayfishes typically
assume the role of a “keystone species” or “ecological dominant”
1
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Figure 2. Figure 1. Geographic range (gray shading) of Faxonius medius (from: Pfleiger 1996; Missouri Statewide Crayfish Database,
Missouri Department of Conservation 2017), and location of Mill Creek and Fourche Renault study streams in Missouri, USA. Black dots
represent locations of the four supplemental sites where density information was obtained.
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(Momot 1995; Parkyn et al. 1997; Simberloff 1998). They often
contribute substantial biomass (Huryn and Wallace 1987; Rabeni et
al. 1995), hold an important trophic position in which they provide
substantial prey for hundreds of aquatic, terrestrial and avian
predators (Nyström 2002; DiStefano 2005), and play major roles
in organic matter processing and nutrient cycling (Rabeni et al.
1995; Dodds et al. 2000; Montemarano et al. 2007). Unfortunately,
crayfish are also among the most threatened taxa, both globally
(Richman et al. 2015) and in North America (Taylor et al. 2007;
NatureServe 2010), which could have dramatic consequences for
lotic ecosystem functioning. Much of their perceived imperilment
is due to restricted and fragmented ranges that increase vulnerability
to disturbances related to human population encroachment (i.e.,
physical habitat degradation and loss, water quality degradation,
invasive crayfishes, etc.) (Taylor et al. 2007; Richman et al. 2015).
“Narrow-range endemic” crayfish species, therefore, particularly
concern conservationists (Kilian et al. 2010; Larson and Olden
2010; Loughman and Welsh 2010). Recent studies have linked
imperilment or extinction risk of North American crayfishes
with specific life history traits such as low fecundity, small egg
and body size, and habitat specialization (Adamowicz and Purvis
2005; Larson and Olden 2010).
Faxonius medius (Faxon) (saddleback crayfish, formerly
Orconectes medius; Crandall and De Grave 2017) is described
as a “medium-sized crayfish with broad, powerful pincers and
two conspicuous blackish saddle marks,” spanning the dorsal
surface of the carapace (Pflieger 1996). It is endemic to the
Meramec River drainage of the Missouri Ozarks Ecoregion
(Omernik 1987), where multiple crayfish sampling efforts have
documented its capture from 22 named streams (Pflieger 1996;
Engelbert 2013; Missouri Statewide Crayfish Database, Missouri
Department of Conservation 2017). One conservation analysis
(Crandall 1998) recommended placing F. medius on the Rare and
Endangered Species of Missouri Checklist (Missouri Department
of Conservation 1991) as a “Watch List” species (this status was
reserved for species that “may soon become rare or endangered”)
due to its narrow range near the quickly-developing St. Louis
metropolitan area. Additionally, water quality and instream
physical habitat of the Big River subdrainage (of the Meramec
River drainage) are significantly degraded by mining activities,
adversely affecting crayfish populations for about 60 river km
(Allert et al. 2013). Despite these concerns, no specific ecological
research on F. medius has occurred.
Efforts are underway in Missouri to gather basic data
(distribution, habitat associations, population genetics, and life
history) on crayfish species of conservation concern and narrowrange endemics likely to require future conservation planning and
action. We were studying the sympatric Cambarus maculatus
Hobbs and Pflieger (DiStefano et al. 2016) and were motivated
to also study F. medius based upon its narrow-range endemism,
current habitat and water quality degradation, and its proximity
to a rapidly-developing urban area. We also believed it would be
interesting to provide life history information for this Faxonius
species to compare to the sympatric Cambarus. Our intent was
to examine spatial and temporal variation among life history
characteristics of two F. medius populations. Possible spatial
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variation was examined by surveying F. medius populations from
two streams, and temporal variation was investigated by extending
the study through two reproductive seasons (18 months total).
The specific objectives were to: 1) describe these populations’ life
cycles by collecting data on timing of reproductive-related events,
size at sexual maturity, realized fecundity, egg size and timing
of juvenile recruitment; 2) document trait patterns important to
population management, including frequency and timing of adult
molts, sex ratios, size structure and maximum body size; and 3)
estimate summer densities of multiple populations.
MATERIALS AND METHODS
Study Sites
We conducted routine monthly life cycle sampling from April
2014 through September 2015 at two stream reaches (on two
streams) in the Meramec River drainage in Washington County,
of the Missouri Ozarks Ecoregion (Figure 1); Mill Creek at the
Tiff Road crossing in Tiff (38.016524, -90.650404, WGS-84) and
Fourche Renault at the Fourche Renault Road crossing west of
Latty (38.000504, -90.889343, WGS-84). These were fourth order
(Strahler 1957) streams of moderate gradient, with mostly gravel/
pebble surficial substrate and well-forested riparian corridors. Both
sites are described in more detail in DiStefano et al. (2016). Both
sites also harbored Faxonius luteus Creaser, Faxonius harrisoni
(Faxon), Faxonius punctimanus Creaser and C. maculatus.
Cambarus diogenes Girard, was also found at Mill Creek.
Life Cycle Field Sampling
We sampled during diel hours near the middle of every month.
Kick-seining (1.5 m-wide seines, 3 mm Delta mesh) throughout
rocky habitats was conducted by 3–4 workers for 5–6 h at each
site. Our goal was to collect a minimum of 50 F. medius; there
were four months when we did not meet that goal at Fourche
Renault. Water temperatures were recorded continuously at both
sites using remote Tidbit_v2 temperature loggers (Onset Computer
Corporation, Cape Cod, MA, USA) to provide additional temporal
context for life cycle patterns (i.e., previous studies have associated
timing of crayfish life history events with temperature, etc.). Both
Mill Creek loggers and their April 2015 data were lost to a flood.
Data recorded for captured F. medius included sex, carapace
length (CL, from tip of rostrum to the posterior border of the
thoracic region, to nearest 0.1 mm), evidence of recent adult
molting (judged by softness of exoskeleton or very clean and
slippery exoskeleton; Muck et al. 2002a, 2002b), male reproductive
form (Form I = reproductively active, Form II = reproductively
inactive or immature; Riggert et al. 1999) and indications of
female reproductive maturity such as copulation, mucilaginous
sperm plugs in the annulus ventralis indicating successful mating
(Andrews 1904; Fielder 1972), active glair glands around the base
of pleopods and/or on uropods (Stephens 1952), and successful
oviposition (presence of external pleopodal eggs; Stechey
and Somers 1995). All processed crayfish were then released
throughout the study reach.
We estimated realized fecundity (Corey 1987; Stechey and
Somers 1995) (hereafter “fecundity”) by counting numbers of
pleopodal eggs in the field for a subset of 29 ovigerous (carrying
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at same sites during same sampling periods), a species that was
previously determined to exhibit a life history strategy resembling
“K-selection” (DiStefano et al. 2016).
Densities

Figure 2. Reproductive state of mature (adult) male and female Faxonius
medius in Mill Creek and Fourche Renault, Missouri, USA., with superimposed mean monthly water temperatures (oC). Percentage occurrence
is the percentage of crayfish in a reproductive state from April 2014–
September 2015 relative to all mature individuals found in that sampling
period. Mature F. medius included all crayfish exceeding the minimum
size of sexual maturity (see Table 1). Dashed line for mean temperature
profile in Mill Creek indicates data loss during March, April, June, July of
2015, due to flooding.

pleopodal eggs) females (16 and 13 from Mill Creek and Fourche
Renault, respectively) captured in April/May of 2014 and 25
ovigerous females (20 and 5, respectively) from April 2015, whose
clutches appeared to be intact (not damaged during our collection).
These females were packaged individually and transported to
the laboratory alive (but subsequently sacrificed). Eggs were
removed, counted again, and mean egg diameters (to nearest 0.1
mm) were estimated based on measurements of 10 of the roundest
eggs (Muck et al. 2002a). Biomass (wet weight to nearest 0.01
g) was determined separately for females and their egg clutches
after drip drying on paper towels and weighing with a digital
scale. Subsequently, we used and reported only laboratory counts
of pleopodal eggs after a previous study reported that field count
estimates averaged only 87% of laboratory counts (Mabery et al.
2017).
We estimated the proportion of reproductively mature females
(potential reproducers) based upon these related indicators of
maturity; proportion of sampled females showing active glair
glands, and/or carrying ovarian (internal) eggs (Hamr 1997) during
the four months preceding peak oviposition, and proportion of
ovigerous sampled females during the peak month for oviposition.
We also compared these results to similar, simultaneous results
for sympatric C. maculatus (i.e., data obtained for both species
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We estimated summer densities of F. medius based on data
originally collected as part of a previous study (DiStefano et
al. 2016), in which four additional F. medius populations were
sampled from July 30 to August 6, 2013. Sites for repeated life
history sampling were selected based upon results of a 2012
pilot study, when widespread sampling took place throughout
Big River tributaries. Study reaches measuring about 200 m long
were located on Hazel Creek (at Palmer Road and Hazel Creek
Campground [37.841065, -91.019373, WGS-84]), Coonville
Creek at St. Francis State Park (37.973521, -90.533105, WGS-84),
Shoal Creek at Little Shoal Creek Road (37.871242, -91.146187,
WGS-84), and Shibboleth Branch at the Tiff Lane railroad bridge
(38.017813, -90.652230, WGS-84). Four distinct high current
velocity (HCV, riffles) and four low current velocity (LCV, runs/
pools) habitat units < 0.75 m in water depth were located at each
site. Units were as follows: Shibboleth Branch, 4 HCV and 3 LCV
units; Coonville Creek, 4 HCV and 4 LCV units; Shoal Creek, 3
HCV and 2 LCV units; Hazel Creek, 3 HCV and 3 LCV units.
Upstream and downstream bounds of habitat units were flagged
and GPS points recorded, and their lengths and wetted widths (at
randomly located transects) were measured with a measuring tape
to estimate unit area. Fifty 1 m2 samples per site were allocated
proportionately among the habitat units, based on total areas of
each habitat type (HCV vs. LCV), and located randomly within
those units, insuring that no sample occurred within 1 m of any
other. Kick seine samples (1 m2) were obtained using a 1.5 m-wide,
1.5 m high seine (3-mm Delta mesh) and a 1 m2 pvc quadrat frame
following Allert et al. (2013). Recorded data for each sample
included sample number, habitat unit/type, and crayfish species.
Data Analysis
Life cycle analyses focused mostly on adult F. medius;
therefore, adult CL “thresholds” were established for the
smallest crayfish exhibiting sexual maturity (females indicating
reproductive activity and Form I males) within each population
(Payne and Price 1983). Descriptive statistics and frequency
histograms summarized temporal life cycle changes. We used
CL-frequency histograms (R version 3.4.2; R Core Team 2017)
including all sizes of crayfish to determine seasonal changes in
size-class structure.
Separation between size classes was agreed upon by two
independent observers. We assessed separation as the lowest point
between two parabolic shapes (a method providing at least 80%
accuracy for Faxonius spp. [Momot 1967]), but also followed
progression of suspected age classes (particularly the easilyidentifiable young-of-year [YOY] class) through the entire study’s
monthly histograms to validate our assessments. We determined
that interannual variation in size structure was small; thus months
were pooled across years to facilitate visual delineation of size
classes. Final analysis relied primarily on data from May, June and
August, but also from other months. May was selected because it
showed size/age classes prior to recruitment of the new YOY class.
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Table 1. Carapace lengths (CL) of various life history stages for Faxonius medius in Mill Creek and Fourche Renault. Data
provided are mean CL (mm, to nearest 0.1) ± standard error (SE), and range. Adult females were designated as those larger than
the smallest to show signs of reproductive activity; Fourche Renault ≥ 13.0 mm CL), Mill Creek were ≥ 12.6 mm CL. Adult
males were designated as those larger than the smallest Form I; Fourche Renault ≥ 13.5 mm CL), Mill Creek ≥ 12.7 mm CL.

Mill Creek
Life cycle stage
All individuals
All adult females
Nonreproductive females (adult-sized)
Females with glair
Ovigerous females
Females with hatchlings
All adult males
Form I males
Form II males (adult-sized)

CL ± SE (range)

N

CL ± SE (range)

N

17.2 ± 0.1 (6.7–29.7)
18.2 ± 0.1 (12.6–29.5)
18.3 ± 0.2 (12.6–29.5)
18.1 ± 0.2 (13.0–29.0)
18.2 ± 0.3 (12.6–24.6)
17.4 ± 1.1 (13.5–26.1)
18.4 ± 0.1 (12.7–29.7)
18.2 ± 0.2 (12.7–29.2)
18.5 ± 0.2 (12.7–29.7)

1809
801
503
201
74
15
755
316
439

18.5 ± 0.1 (4.1–35.1)
19.4 ± 0.1 (13.0–35.1)
19.2 ± 0.2 (13.0–35.1)
19.9 ± 0.3 (13.0–27.8)
18.5 ± 0.7 (14.0–28.2)
21.1 ± 1.1 (18.0–22.7)
19.7 ± 0.2 (13.5–29.7)
18.5 ± 0.2 (13.5–28.6)
20.2 ± 0.2 (13.5–29.7)

1366
645
452
167
27
4
572
176
395

June showed first recruitment of YOY. When compared with May
and June, August size classes displayed the marked changes that
would be expected given crayfish growth over summer months.
Linear regression was used to explore the relationship between
CL and laboratory counts of pleopodal eggs (R version 3.4.2; R
Core Team 2017). We compared realized fecundity between the
two populations using ANCOVA (SAS v9.2; SAS Institute, Cary,
North Carolina), accounting for CL of females. Potential egg size
(diameter) differences between populations were also examined
using ANCOVA (SAS v9.2; SAS Institute, Cary, North Carolina),
accounting for CL of females. We examined the relationship
between egg size and CL using linear regression (R version 3.4.2;
R Core Team 2017). Proportion of reproductively mature female
F. medius was estimated by calculating simple percentages for
1) those showing active glair glands or ovarian eggs in the four
months preceding peak oviposition, and 2) pleopodal eggs during
the peak month of oviposition. These percentages were then
compared to similarly-calculated estimates for C. maculatus.
Sex ratios (M:F) of captured adult crayfish were calculated
for each season of the year and tested (R version 3.4.2; R Core
Team 2017) for differences from the null hypothesis of an equal
(1:1) ratio with chi-square analysis (Larson and Magoulick 2011).
Seasons were defined as winter (December, January, February),
spring (March, April, May), summer (June, July, August), and
autumn (September, October, November) and represented
relatively homogenous periods in the molting and reproductive
cycles. Estimated densities of F. medius from the two habitat
unit types at the four supplemental sites were compared using
means and 95% confidence intervals. Statistical significance was
evaluated using α = 0.05 throughout. Unless otherwise stated,
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Fourche Renault

comparison of F. medius to “congeners” refer to reports of only
stream-dwelling Faxonius species.
RESULTS
Annual Reproductive Cycle
We sampled 1,809 and 1,366 F. medius from Mill Creek and
Fourche Renault, respectively (Table 1). We collected monthly
means of 100 (Standard error [SE] = 5) and 76 (SE = 8) at Mill
Creek and Fourche Renault, with generally the lowest numbers in
winter (December through February). Males were reproductively
active (Form I) in both populations and both years for much of
the year (generally mid-September to mid-April). Copulation was
observed in a collection bucket on one occasion in September 2015
at Mill Creek. Males in both populations began molting to Form
I in September 2014 with increasing numbers in October (Figure
2). Fourche Renault males were Form I again in September 2015;
however, a few Form I Mill Creek males were observed earlier
in both July (6% of all males) and August (2% of all males). The
relative proportion of Form I to Form II males was high (ratio
= 2.17 in Mill Creek, 1.76 in Fourche Renault) from October
through April, peaking in December in Mill Creek and April for
Fourche Renault. Form I males averaged 18.2 mm CL (SE = 0.2)
and 18.5 mm CL (SE = 0.2) for Mill Creek and Fourche Renault
populations (Table 1); whereas adult-sized Form II males averaged
18.5 mm CL (SE = 0.2) and 20.2 mm CL (SE = 0.2), respectively.
The onset of visible female glair development, an often-used
sign of reproductive activity, was consistent between populations,
beginning in September 2014 (Figure 2). Active glair glands
peaked in Mill Creek in January when the percentage of maturesized females with glair (relative to all mature-sized females) was
92%; visible glair glands peaked in Fourche Renault in November
(91%). Estimates suggested that 87% (n = 136) of all females
exhibited reproductive maturity (active glair glands or ovarian
eggs) during the four months prior to peak oviposition (December
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for both populations by August (both years), when only 5% of all
F. medius were < 9 and all were > 7 mm CL.
Molting
Both F. medius populations appeared to show a synchronous
spring molt for both sexes in May, just after brooding of the year’s
young and as water temperatures warmed to just below 20°C
(Figure 3). It was most apparent in May 2014 when 29% (Mill
Creek) to 57% (Fourche Renault) of captured crayfish showed signs
of recent molting. Another generally synchronous late summer/
early autumn molt, particularly apparent with males, occurred just
before and as water temperatures decreased in August/September.
We observed no molting activity in either population during
November (2014) – April (2015), when water temperatures were
below 15°C.
Fecundity

Figure 3. Monthly molting activity of Faxonius medius (both sexes,
all ages) in Mill Creek (top) and Fourche Renault (bottom), Missouri,
with super-imposed mean monthly water temperatures (°C). Data points
represent proportion of recently molted crayfish collected relative to all
crayfish collected for each sex during that sampling period. Dashed line
for mean temperature profile in Mill Creek indicates data loss during
March, April, June, July of 2015, due to flooding.

– March); 72% (n = 208) then became ovigerous in the peak month
of oviposition (April).
Ovarian eggs were first observed in September and visible
through April in both populations, although we did not consistently
begin recording all observations of them until November 2014.
Ninety-nine percent of crayfish with visible glair observed from
November 2014 to April 2015 (and including September 2015)
had ovarian eggs. No sperm plugs were found on any female
F. medius. A subset of fifty-four ovigerous females were analyzed
from these populations during our study; 36 in Mill Creek, 18
in Fourche Renault (Table 2). Ovigerous females were observed
from late March to early May when water temperatures ranged 9 –
19°C, but most were concentrated in April (12 – 15°C), when we
also found ovigerous F. luteus, F. harrisoni and one C. maculatus.
Eggs were colored olive green, dark brown or black. We observed
19 females bearing hatchlings, all in May as water temperatures
approached 20°C.
Faxonius medius YOY were first observed in June (4 – 11 mm
CLs) at both sites in both years. They constituted 15% of June
2014 and 10% of June 2015 samples. Recruitment was completed
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Ovigerous F. medius (populations combined) ranged in size
from 12.6 to 28.2 mm CL ( = 18.3 [±0.3 SE], Tables 1, 2) with
means of 18.2 (±0.3) and 18.5 (±0.7) for Mill Creek and Fourche
Renault. They carried 21 – 134 pleopodal eggs (laboratory egg
counts, = 78 [±4]; Table 2). The mean egg mass was 16.1% (±0.7;
range 5.0 – 28.9) of total female biomass. The overall ANCOVA
was significant (F(2,51) = 47.7, P < 0.001) and indicated that CL
was a strong predictor of fecundity (F = 92.8, P < 0.001) and that
Fourche Renault females carried significantly more eggs (F =
4.7, P = 0.035) than Mill Creek females at a given CL. Fourche
Renault females carried a mean of 85 (±4, n = 36) eggs; Mill Creek
females carried 75 (±3, n =18). There was a positive relationship
between the total number of pleopodal eggs and CL (eggs = 6.77
[CL] - 47.38; P < 0.001, R2 = 0.61).
The overall ANCOVA examining egg diameter between
populations was significant (F(2,51) = 14.0, P < 0.001) and indicated
that CL predicted egg size (F = 27.9, P < 0.001) but that there was
no difference in egg size between populations (F = 0.0, P = 0.98).
Mean egg diameter at Mill Creek was 1.9 (±0.0) and 1.9 (±0.1) at
Fourche Renault (Table 2). There was a positive linear relationship
between CL and egg diameter (Egg diameter = 0.05(CL) + 1.01; P
<0.001, R2 = 0.34, F = 28.6(1,52)).
Sex Ratios
The total sex ratio (populations and seasons combined) of
sampled F. medius did not favor either sex (M:F = 0.9; χ2 = 3.2, P
= 0.073), but differed seasonally. We captured significantly more
males in spring (M:F = 1.4; χ2 = 20.7, P <0.001), but females
dominated summer (M:F = 0.8; χ2 = 12.9, P <0.001) and autumn
samples (M:F = 0.8; χ2 = 13.5, P <0.001). We saw no differences
in winter (M:F = 1.0; χ2 = 0.0, P = 0.956).
Size at Maturity
It appeared that many or most F. medius had the potential
to reproduce in their first year Table 1, Figure 4). The smallest
sexually mature crayfish were 12.6 and 13.0 mm CL for females
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Figure 4. Example of Fourche Renault (left panels) and Mill Creek (right panels) Faxonius medius population size structure as depicted by carapace
length-frequency distribution histograms from May, June and August 2014–15 (years pooled). Sample size for each location indicated in upper right
corner of each panel.
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Table 2. Summary of fecundity data for subset of 54 Faxonius medius from Mill Creek and Fourche Renault, Missouri, April/May 2014 and April
2015. Data include sample size (N), mean plus standard error and range (SE, range) carapace length (CL, mm) and biomass (g) of ovigerous females,
pleopodal (external) mean egg biomass (g), pleopodal mean fecundity based upon egg counts in laboratory, and mean egg diameter (mm).

Site

N

Female CL

Female biomass

Egg biomass

Egg count

Egg diameter

Mill Creek, 2014

16

18.9 (0.9, 14.4–25.1)

2.1 (0.3, 0.8–4.8)

0.4 (0.1, 0.1–0.9)

82 (7, 40–132)

2.1 (0.1, 1.8–2.5)

Mill Creek, 2015

20

18.5 (0.6, 12.6–23.6)

2.4 (0.3, 0.6–5.6)

0.4 (0.1, 0.1–0.7)

71 (4, 37–113)

1.8 (0.0, 1.5–2.1)

Fourche Renault, 2014

13

17.7 (0.1, 13.6–26.4)

2.1 (0.3, 0.8–4.8)

0.3 (0.1, 0.1–0.7)

79 (8, 33–121)

2.0 (0.1, 1.8–2.5)

Fourche Renault, 2015

5

19.9 (1.6, 14.9–23.3)

2.7 (0.6, 1.0–4.4)

0.6 (0.2, 0.1–1.0) 93 (21, 21–134)

1.7 (0.1, 1.6–1.9)

Sites/years combined

54

18.6 (0.4, 12.6–26.4)

2.2 (0.2, 0.6–5.9)

0.4 (0.0, 0.1–1.0)

1.9 (0.0, 1.5–2.5)

and 12.7 and 13.5 mm CL for males in Mill Creek and Fourche
Renault.
Size-class Structure
Carapace lengths ranged from 6.7 to 29.7 mm and 4.1 – 35.1
mm in Mill Creek and Fourche Renault (Table 1, Figure 4). The
May CL-frequency distributions (Figure 4), prior to recruitment
of YOY, suggested two age classes. They indicated substantial
variation in growth of the previous year’s YOY at both sites. Some
had not grown past 11 mm CL, whereas others had grown past 21
or 22 mm CL. However, August distributions (with confirmation
from other months) suggested the presence of three size classes
during summer. The peak of the second size class at that time
appeared to be about 20 – 23 mm CL, and the peak of the third
size class was 24 – 27 mm CL. One female at Fourche Renault had
reached 35.1 mm CL in August 2014, and suggests the possibility
that the species could live three years (age class 3+) or longer.
However, it was difficult to distinguish more than two size classes
in CL-frequency distributions throughout autumn, winter and
spring.
Densities
We captured and estimated densities for F. medius at all
four supplemental study streams. They were sympatric with C.
maculatus (all streams), F. punctimanus (all streams), F. luteus
(Hazel Creek, Shibboleth Branch, Shoal Creek), F. harrisoni
(only Shibboleth Branch), Faxonius hylas (Faxon) (only Coonville
Creek) and Faxonius virilis (Hagen) (only Hazel Creek).
Faxonius medius mean densities ranged from < 1 to nearly
11 m‑2 (Table 3). We captured greater absolute numbers of F.
medius in high velocity habitat units than in low velocity units at all
sites, but mean densities differed significantly at only Shibboleth
Branch.
DISCUSSION
Faxonius medius followed a general life history template
exhibited by, and successful for, several small-to-mediumbodied Faxonius species in the Ozarks Ecoregion, such as
Faxonius eupunctus (Williams), F. luteus, Faxonius neglectus
(Faxon), Faxonius ozarkae (Williams), Faxonius peruncus
Creaser, Faxonius quadruncus Creaser and Faxonius williamsi
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78 (4, 21–134)

(Fitzpatrick) (Riggert et al. 1999; DiStefano et al. 2002; Muck et
al. 2002a, 2002b; Larson and Magoulick 2008; DiStefano et al.
2012; Mabery et al. 2017). Crayfish species’ life history patterns
are partially explained by multiple life history theory models
(MacArthur and Wilson 1967; Stearns 1976; Winemiller and Rose
1992) where individual species are located at various points along
identified continuums based upon their life history traits (Reynolds
et al. 2013). Faxonius medius showed several traits generally
associated with r-selected (on the r/K continuum; Reynolds et al.
2013) or “opportunistic” (Winemiller and Rose 1992) species,
such as relatively smaller body size, short generation time, early
reproductive maturity, and relatively high fecundity and smallto-average egg size, comparable to many other Faxonius species
(Mabery et al. 2017), and contrasting with K-selected traits
identified for the sympatric C. maculatus (DiStefano et al. 2016).
Annual Reproductive Cycle
We saw few differences in timing of F. medius annual
reproductive cycle events between populations or years (Figure
2). They appeared to breed in autumn. This was signified by males
molting to Form I, females showing active glair glands (which
coincided nearly perfectly with presence of ovarian eggs), and
the only observed copulation, starting in September (although
possibly later in 2015 at Fourche Renault) as water temperatures
cooled to or below 20°C. Pflieger (1996) observed one copulation
event and males molting to Form I also by the end of September.
This schedule simulated reports for males of several Ozark
congeners (Muck et al. 2002a; Larson and Magoulick 2008;
DiStefano et al. 2012), although female congeners began showing
glair earlier (DiStefano et al. 2002) and later (Muck 1996; Larson
and Magoulick 2008). Most sampled females showed glair during
November through March; one-third to one-half of males were
simultaneously Form I. Oviposition was synchronous with spring
rising water temperatures (late March), like many Ozark Faxonius
species (e.g., Riggert et al. 1999; Muck et al. 2002a; Larson and
Magoulick 2008).
Ours is not the only study of a Faxonius species that did
not observe mucilaginous sperm plugs on females. These plugs
have been considered confirmation of breeding season for many
Faxonius in North America (Andrews 1904; Fielder 1972; Riggert
et al. 1999). However, some Ozark Faxonius studies reported
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Table 3. Estimated mean densities (number per m2 ± 95% confidence interval) for Faxonius medius (all ages combined)
in high and low velocity habitat units of four supplemental sample streams during July 30 – August 6, 2013 in Missouri,
USA. Data based upon 50 1m2 randomly-located kick seine samples at each stream site.

Habitat

Shibboleth Branch

Coonville Creek

Shoal Creek

Hazel Creek

High velocity

3.3 ± 1.2

8.7 ± 2.8

10.6 ± 4.0

5.9 ± 1.8

Low velocity

0.4 ± 0.8

7.0 ± 2.4

9.3 ± 1.7

3.3 ± 1.7

no (DiStefano et al. 2012) or low occurrence (DiStefano et al.
2002; Larson and Magoulick 2008) of plugs. Studies of several
congeners outside of the region also reported no such plugs (e.g.,
Boyd and Page 1978; Payne and Price 1983; Corey 1988), so we
caution against using this as the sole evidence of successful mating
in this genus.
June recruitment of YOY F. medius mirrored reports of late
May to June recruitment for regional congeners (Riggert et al. 1999;
Muck et al. 2002a, 2002b; Larson and Magoulick 2008; DiStefano
et al. 2012). Two Ozark congeners released YOY slightly earlier
(DiStefano et al. 2002; Flinders and Magoulick 2005), but most
displayed a pattern of spring to early summer recruitment.
Nearly all (51 of 54) observations of ovigerous females in our
populations over two spring seasons occurred in April and were
generally associated with water temperatures reaching near or
above 10°C (Figure 2). Pflieger (1996) observed two ovigerous
females during late March and mid-April and hatchlings in early
May. April oviposition was slightly later than what was reported
for some Ozark congeners that were ovigerous as early as January
or February (DiStefano et al. 2002; Muck et al. 2002b; DiStefano
et al. 2012), whereas several others oviposited from March to May
(e.g., Riggert et al. 1999; Muck et al. 2002a; Larson and Magoulick
2008). The few studies observing Ozark Faxonius with hatchlings
reported them in April – June (Riggert et al. 1999; Muck et al.
2002a, 2002b; DiStefano et al. 2012).
Faxonius medius fecundity was about average relative to
results reported for 20 congeners, including several from the
Ozarks (see Table 1 in Mabery et al. 2017). However, fecundity
comparisons among species can be problematic because many
reports are based on small sample sizes, and estimates vary widely
among populations within species (Mabery et al. 2017). Also,
previous studies might have relied upon field fecundity estimates
which underestimate true values (unpublished data; Mabery et
al. 2017). An individual crayfish’s fecundity is also a function of
body size, as well as condition and partitioning between growth
and reproductive demands (Reynolds 2002). This proportional
relationship was evident for F. medius as it was for most Faxonius
(Mabery et al. 2017).
Most females in our study populations from October through
May were reproductively mature and active; 87% of sampled
females had active glair glands or ovarian eggs during winter
and 72% were ovigerous during April (Figure 2). In contrast,
corresponding estimates for C. maculatus were slightly lower with
72% reproductively active in winter and only 35% ovigerous during
peak oviposition in May (DiStefano et al. 2016). The difference
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between estimates of reproductive maturity/activity during winter
versus ovigerous females during peak oviposition in April can
be attributed simply to limited female sample sizes during these
months, or alternatively to several possible biological factors
including 1) resorbtion of ovarian eggs, 2) incomplete fertilization,
3) egg extrusion failure, and 4) destruction/loss of pleopodal eggs
after oviposition (Reynolds 2002). Alternatively, eggs may have
been oviposited in March, hatched, and resulting YOY were
recruited to the population, or oviposition occurred later than we
observed in our samples. Some crayfish species delay reproduction
until they are several years old and in other species, relatively
small proportions of populations reproduce annually (Reynolds
2002). Our large estimates for reproductively active females
suggest that these F. medius populations reproduce annually, but
because participation in annual reproduction is variable in crayfish
(Skurdal et al. 2011), results should be interpreted with caution.
Molting
Observations of synchronous molting periods in spring and
late summer/early autumn were based primarily on adult crayfish
because YOY showed signs of molting activity throughout much
of the summer (Figure 3). Determination of molting activity
is somewhat subjective, thus distinct synchronous molts were
reported for some Ozark Faxonius populations (Riggert et al.
1999; Muck et al. 2002a; Muck et al. 2002b) but not for others
(Muck et al. 2002b; DiStefano et al. 2012).
Size-class Structure and Sexual Maturity
Faxonius medius had a maximum size near 36 mm CL (Table
1), indicating it is medium-sized relative to Ozark congeners
whose maximum sizes range from about 23 to 71 mm CL (Pflieger
1996; Missouri Department of Conservation 2017). It appears to
be a short-lived species, showing 3 size classes but with very few
individuals in the oldest class (Figure 4). Its lifespan resembles
several Ozark congeners (Muck 1996; Muck et al. 2002a, 2002b;
DiStefano et al. 2012), whereas some Faxonius from outside the
region live longer (Weagle and Ozburn 1972; Price and Payne
1984; Corey 1988). Our data suggest most F. medius become
sexually mature in their first year of life. Most studies of Ozark
congeners reported at least some population members matured in
their first year (e.g., Muck et al. 2002a; DiStefano et al. 2012). It
is possible that our estimates are more accurate than other studies,
at least for females because we examined them for ovarian eggs
beginning in early autumn of their first year rather than relying
solely upon production of glair. In contrast to F. medius, sympatric
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C. maculatus showed 4 – 6 age classes and matured in their second
year (DiStefano et al. 2016).

a wider range of habitats than some species (e.g., C. maculatus;
DiStefano et al. 2016).

The observed F. medius’ reproductive strategy (as depicted
by time to maturity, fecundity, and egg size) suggests long-term
adaptation to multiscale climatic and environmental conditions and
variability, system productivity, and biotic interactions (Momot
1984; Reynolds 2002). Little is known about their specific habitat
requirements, but they and several Ozark Faxonius are often
found in medium- to higher-velocity habitats (riffles and runs; see
Table 3) in small- to medium-sized streams (Riggert et al. 1999;
DiStefano et al. 2003; Westhoff et al. 2006; DiStefano et al. 2016)
subject to “unpredictability” (Reynolds et al. 2013) or frequent
short-term fluctuations in flow and temperature as well as periodic
shifting substrates (Jacobson and Gran 1999). The short time to
maturity, moderate fecundity and small egg size of F. medius
resembled several of these congeners (see Table 1 in Mabery et al.
2017) and generally reflected traits associated with r-selected or
“opportunistic” species. Conversely, ovigerous females of regional
species described as exhibiting K-selected traits, Cambarus hubbsi
Creaser and C. maculatus, were older, appeared to extrude slightly
fewer eggs and C. maculatus had larger eggs (C. hubbsi eggs
were not measured) (Larson and Magoulick 2011; DiStefano et al.
2016). Faxonius medius appears to live through only one or two
reproductive cycles, an attribute also tending toward opportunism
(Stearns 1976).

Faxonius medius exhibited patterns that favored an
opportunistic life history strategy. Sympatric C. maculatus
provided a contrast in that regard. Several Ozark stream-dwelling
Faxonius species exhibit similar life history strategies to F. medius.
However, differences exist, particularly in slight shifts in timing of
reproductive events.

Densities
Faxonius medius summer population densities were variable
among habitats and streams, typical for Ozark Faxonius (Riggert
et al. 1999; DiStefano et al. 2003; Flinders and Magoulick 2007;
Herleth-King et al. 2015). Densities were higher for F. medius
than for all sympatric species at all four study streams, and similar
to estimates by Williams et al. (2014) for the species (5–9 m-2).
Engelbert et al. (2016) reported F. medius to be present and
common at 4 of 12 streams sampled in the Big River subdrainage
of the Meramec River drainage. Crandall (1998) estimated it
to have a narrow distribution and restricted habitat specificity,
although locally abundant (though he provided no density data),
when he recommended it for state “Watch List” status. Pfleiger
(1996) reported it to be the “most abundant crayfish in many small
creeks” in its range. Our densities were within species density
ranges reported for at least eight Ozark congeners (Riggert et al.
1999; DiStefano et al. 2003; Herleth-King et al. 2015; Flinders and
Magoulick 2007), and relatively higher than many reported from
outside the Ozarks (Momot et al. 1978; Nyström 2002; DiStefano
et al. 2003).
Conclusions
Comprehensive life history studies have been conducted
on less than 25% of the known Faxonius species (Moore et al.
2013). Annual life cycle patterns vary temporally among the
genus across North America, but also within the Ozark Region.
Faxonius medius appears to be a narrowly-distributed species
that is relatively abundant at some sites. It possibly prefers higher
velocity habitats, but generally occupied and perhaps can exploit
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Given concern about conservation of this endemic species due
to its proximity to the rapidly-developing St. Louis metropolitan
area, mining activities in one sub-basin of its range (Allert et al.,
2013), and a recently discovered invasive crayfish species in its
drainage (DiStefano et al. 2015), our study results, combined
with an ongoing drainage-wide crayfish community survey, will
provide information to enable more accurate conservation status
assessments. Future studies focused on this species’ population
genetics and drainage- and local-scale habitat requirements would
provide managers with additional information required to make
informed conservation decisions.
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