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Species Statuassessment Report ftine
Canoe Creek ClubshelPleurobema athearhi

EXECUTIVE SUMMARY

This report summarizes the results of a Species Status Assessment completeddno¢he

Creek clubshel{Pleurobema athearhf(CCC)t o assess the spl@aeCC€sod ovVvel
is a narrow endemic musdéht is only known from Big Canoe Cre@CC), a western

tributary to the Coosa River in St. Clair and Etowah counties, Alaljgigare ES1) (Williams

et al.2008, pp. 505%07; MRBMRC 2010, p. 26)Current records and a paucity of museum

records suggests that this specit

has always been uncommim e A pntmte gl Lo
rare(Gangloffet al. 2006, pp. C—— R N | Sounty I

46-47; MRBMRC 2010, P. 26 | /xvsonus

SheltonNix 2017, p. 69; Fobian | 7y X : \ 7

et al.2017, pp. 910) | | Rraasay Etowan Countyy

To evaluate the viability of the
CCC, we characterized the
needs, estimated the current
condition, and predicted the
future condi ti «
in terms ofits resiliency,
representation, and redundancy
(togetherthe 3Rs) This species
has only been recently (2006)
recognized as a diact taxon

and little is known abolits
historic range outside of a small |, .../
number of museum records. A0
None of those older museum e jesinticien:
records occur outsidef the ; /
current occupied rangé&he
CCCoccurswithin T
approximately 32 km of the BCC & T
mainstem, from appramately 6
km NE of Springville to 1 km ‘ i /
NW of Ashville; and within

approximately 15 km of the Little Figure ES1. Canoe Creek clubshell subpopulations based on HaC
Canoe Creek (WeSt) 9 km SE of watershed boundaries and tributaries flowing into Neely Henry Lake or

. - \ . the Coosa River.
Springville, to its confluence with
BCC. TheCCC is also known to occur within approximately 5 kniitfle Canoe Creek (esd)
due east of Steele, Alabama (along the St. Clair and Etowah Countyitiriejal, the CCC is

extant in less than 52 km of river within the BCC watershiao sulpopulations were
delineated usinglydrologic Unit Code (HUC) 1#%vatershed boundariesaitributaries leading

Gadsden
L)

Calhoun
County
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to the Coosa River (Neely Henry Reservoir) (Figuree BSwhich includesa western
subpopulation near Springville and Ashville and an eastern subpopulation near Btecieo
subpopulations are isolated from one anobiyea stretch of unsuitable habitaind as a resultpn
genetic exchange is believed to be occurring between these two subpopulations.

The CCC is a medium sized mussel ugZonm in length, with a moderately thick ovate to-sub
ovate shell tawny to browin color and without rays (Gangloét al. 2006, p. 48; Williamst al.
2008, p. 505Fobianet al.2017, p. 1). TheCCC is found primarily in shoal habitat and prefers
gravel substrates (Willianet al.2008, p. 506).

Individual CCG need flowing water with appropriate water quality and temperature; stable in
stream substrates with appropriate sediment quality; and suitable host, food, and nutrients for
growth and reproduction. At the subpopulation and species levels, the CCGpaegsiate
abundance ieach subpopulatiowith appropriatedensity ofCCCwithin those bedsEach
subpopulatiomeeddo be healthy and resilient, with multiple age classes, and show evidence of
recent recruitmentFor eachsubpopulation to be resilierthere must be multiple mussel beds of
sufficient density such that local stochastic events do not eliminate most or all the be(s).
needs to be appropriatermectivity amonghemussel beds in a stream reaclorderto recover

and berecolonizedby one anothefollowing stochastic events. A ndimear distribution over a

large area (occurrence in tributaries, in addition to the mainstem) also helps buffer against
stochastic events that may impact subpopulations. Similarly, having multiplepsildaans

that are connected to one another protects the species from catastrophic events, such as spills,
because subpopulations can recolonize each other following events that impact one of the
subpopulationsMussel abundancdsofacilitates reproduadn; mussels do not actively seek
mates, rather males release sperm into the water column, where it drifesfantale hopefully
takes it into the incurrent sipho herefore, successful individual reproduction, and
subpopulation resilience, requiragficient numbers of female mussels downstream of sufficient
numbers of male musselddditionally, given their natural reproductive inefficiencies, it is

likely a minimum viable population size does exist and is required to maintain natural
recruitment. While this number is not currently known, tharrentlack of documeted natural
recruitment and the current skewed size class distribution towards older cohorts, is concerning.

We identified sedimentation, water quality, climagents (especially dught) connectivity and
conservation efforts abe primaryfactors influencing the viability of the CC. Development
and climate change wetleetwo primary sources of these facttinatwe identified. In addition,
havingsmallsulpopulation size (few numbers of collections despite survey effoarsjla lack
of recent recruitmemutsCCCat greater risk of extirpation from stochastic events.

To assess the current condition of the C®@€ developed a population model and described the
s p e cin termsf itgesiliency, representation, and redundancy (the.3Rs$¢ results of our
population model indicate that currently, the CCC subpopulations likely have reduced to little
ability to recover from a severe stochastic event, and thus havenageglresiliency. It is also
likely that the current observed size class distribution is indicative of recruitment failure across
the CCCOGs range. Current demographics may
debt, where one or both subpagtions are in a downward spiral from which they are unable to
recover naturally.
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The CCC is represented by a single watershed (the BCC watersdiedh that the CCC is so

limited in range and individuals of each subpopulation do not vary markettigir genetic,
morphology, ecology, or behavjdhe adaptive capacity of the species is likely very limited.
Although historical data on the species is limited, we believe the species has likely always been a
narrow endemic and that the current, limigethptive capacity of the CCC is likely similar to

that which the species had historically.

Similar to its adaptive capacitgurrentredundancy for the CCC likely remains relatively
unchanged from its historical state and is generally very limited. Th€6s r edundancy

currently characterized by two subpopul ations

However, the relatively recent structuring of the species into two subpopulations likely does not
provide a benefit to the species since itissult of a humacaused inundation, the Neely
Henry Reservoir, which creates a stretch of unsuitable habitat for the musgslhasd fish.

|l ndeed, we understand this unsuitable stretch

impact on tle species, as it is a cause of isolation and prevents genetic exchange and the

opportunity of recolonization among the subpo
redundancy iIis characterized by havingtstwo sub

range likely provides the greatest protection against catastrophic events. However, since the
range of the species is so limited, many catastrophic events, such as a severedflmaght

event, that may impact an entire subpopulation, are likelppact bothlsubpopulations Events

such as a contaminant spill would be unlikely to affect both subpopulations, as they do not occur
directly downstream of one another. However, if a subpopulation were to be extirpated as a
result of such an event, maal recolonization would be near impossible given its isolation from

its counterpart. Therefore, the CCC currently has limited redundancy to protect against
catastrophic events.

To assess the future condition of thEC, we forecasted what tli@&CC may have in terms of the
3Rs undethreeplausible future scenariogiabitat decline andlimate changee(g, severe
drought)were theprimaryfactors identified asfluencing the viability of th&CCC in the future.
Propagation was also examined as a way to recover the spattidsreescenarios assumed a
moderate (6%) or enhanced (11%) probabilitg@feredrought (PDSI <3), and either
propagation or no propagation of the spec\&®& modeledthe probability ofextirpationof CCC
subpopulationsinderthese threscenariost four time periods2045, 2070, 2095, and 2120
(Table ESL).

The three scenarios examined were:
9 Scenario 1: Static habitat availability with moderate probability of severe drought (6%)
andno propagation of the specjes
1 Scenario 2: Static habitat availability with enhanced probalafisevere drought (11%)
and no propagation of the speciaad
1 Scenario 3Statichabitatavailability with enhanced probability of severe drou(ftit%)
andpropagation ofhe species.

To quantify the future risk of extirpation of each subpopulation and the species as a whole under
these future scenariose ran a simpl@opulation modethatestimates the probabilitie$ one
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subpopulation or botBubpopulations becoming extirpate@ . extinction of the species)he
model predicted a high to extremely high probability that each or both subpopulations will be
extirpatedunderScenario JandScenario 2 (28.00 years{when CCC propagation is not
utilized). Scenario 3ndicatedthat propagation could likeiynprovedemographidactorssuch

that the species may circumvent tllewnward spiral that is likely an extinction debt (Haag
2012, pp. 384885).

TableES1. Summary of the qwbability of extirpation obne CCC subpopulatidine.,
subpopulation extirpatiorgnd both CCC subpopulatiorie(, species extinction) given future
scenarios Time periods 02045 2070 2095 and2120were used for thehreefuture scenarios.

R . Probability of | Probability | Probability of | Probability | Probability of
ecruitment . : . : ;
. Subpopulation| of Species | Subpopulation| of Species Species
Survival : : Lo : : g L
Year Coefficient Extirpation Extinction Extirpation Extinction Extinction
Scenario 1 Scenario 1 Scenario 2 Scenario 2 | Scenario 3
0.6 0.73 0.53 0.97 0.94 0
2045 0.4 0.84 0.71 0.97 0.94 0
0.2 0.80 0.64 1 1 0
0.6 0.89 0.79 1 1 0
2070 0.4 0.91 0.83 1 1 0
0.2 0.99 0.98 1 1 0
0.6 0.97 0.94 1 1 0
2095 0.4 0.99 0.98 1 1 0
0.2 1 1 1 1 0
0.6 0.99 0.98 1 1 0
2120 0.4 1 1 1 1 0
0.2 1 1 1 1 0

In the future, the model indicata high to extremely high probability of species extinction
(TableES-1) when introduced to future drought scenarios (Scenario 1 ahd@cies

propagation (Scenario 3) was not considered, across all year projectiek@0(g8ars).Both
subpopulations of CCC shows critically limited ability to withstand, or be resilient to, stochastic
events or disturbances into the futueeg(droughtmajor storms and flooding, spills, or
fluctuations in reproduction rates). It is extremely likely that extirpation of either or both
subpopulations will occur in the future and what little representatioinedundancy exists

within the CCC will bealsobereduced under all scenarios and time periods unless active
propagation is conducted.he recolonization of sites (or one of thépopulations) following a
catastrophic event would be very difficult given the loss of additional sites (and one or both
subpopulations) and reduced available habitat to the remaining population due to urban growth
and no connectivity between subpopulations
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Figure ES2. CCCin situ,displaying itsincurrentand excurrenapertures, photographed atittle Canoe CreekearSteele
Station Road, St. Clair/Etowah County line, Alabamalviay 29 2018 Photo credit:Lee Holt USFWS

VERSION HISTORY
V. 1.07 preliminary draft reflecting peer and partner review and submitted for manager
consideration (July 18, 2019)

V. 1.17 minor revisions including late suggestions following manager meeting, and
reported results of the host trial by the Alabama Department of Conservation and Natural
Resources (February 2020)
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CHAPTER 1 - INTRODUCTION

The Canoe Creek clubsheRleurobema athearm{CCC) is a freshwater mussel knowamly

from Big Canoe Cree{BCC), a western tributary to the Coosa River in St. Clair and Etowah
counties, AlabamaThe U.S. Fish and Wildlife Service (Service) is responsible for identifying
species in need of protection under the Endangered Specie§ 183 (ESA) as amended (16
U.S.C. 15311543). On April 20, 2010, the Service was petitioned by the Center for Biological
Diversity (CBD), Alabama Rivers Alliance, Clinch Coalition, Dogwood Alliance, Gulf
Restoration Network, Tennessee Forests CounaktWirginia Highlands Conservancy, Tierra
Curry, and Noah Greenwald (referred to as the CBD petition) to list 404 aquatic, riparian, and
wetland species from the southeastern United States under theTBEACCwas included

under the CBD petitionin 2011, the Service made a-8@y finding for theCCCindicating that
listing may be warranted, and initiated a status review (76 FR 59836 result of the
Servicebds stipul ated gAudustBOe20kK)he Servigerisaemuiredn t wi t
to submit a 12month finding to the Federal Register by September 30, Z0Rérefore, a

review of the status of the species was initiated to determine if the petitioned action is
warranted.Based on the status review, the Service will issuemd2th findng for the CCC.

As suchwe have conducted thiSpecies Status Assessment (SSA) to compile the best available
data regarding the speciesd biology and facto
SSA Report is a summary of the information asseohbhd reviewed by the Service and
incorporates the best scientific and commercial data availdbis. SSA Report documents the
results of the comprehensive status review for the CCC and will be the biological underpinning
of the Ser vi casidrsonwhether thecspenies warants @rotection und&She

The SSA framework (USFWS 2016, entire) is intended to be-dnerpt h r evi ew of t h
biology and threats, an evaluation of its biological status, and an assessment of the rasurces a
conditions needed to maintain leteym viability. The intent is for the SSA Report to be easily
updated as new information becomes available, and to support all functions of the Ecological
Services Program of the Service, from Candidate Assessmiastitmy to Consultations to

Recovery. As such, the SSA Report will be a living document that may be used toES6rm
decision making, such as listing, recovery, Section 7, Section 10, and reclassification decisions
(the former four decision types arelyprelevant should the species warrant listing under the

ESA). Therefore, we have developed this SSA Report to summarize the most relevant
information regarding life history, biology, and considerations of current and future risk factors
facing the CCC.In addition, we forecasted the possible response of the spepiesiicted
demographic and habitat factors includuggious future risk factors and environmental

conditions to formulate a complete risk profile for the CCC.

The objective of this SSA t® thoroughly describe the viability of the CCC based on the best
scientific and commercial information availabl€hrough this description, we determined what

the species needs to support viable populations, its current condition in terms of thosanukeds,
its forecasted future condition under plausible future scendnosonducting this analysis, we

took into consideration the likely changes that are happening in the enviranpeesit current,

and future’ to help us understand what factors dtive viability of the speciest-or the purpose

of this assessment, we define viability as the ability of the CCC to sustain populations in natural
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river systems over time9, 50,75,100years based on future scenariog)ability is not a

specific statebut rather a continuous measure of the likelihood that the species will sustain
populations over time (USFWS 2016, p. ®sing the SSA framework={gure1-1), we consider

what the species needs to maintain viability by characterizing the status of the species in terms of
its resiliency, redundancy, and representation (USFWS 2016, entiregWablf2015, entire).

Species Status Assessment Framework
SPECIES’ NEEDS

Current Availability
or Condition of
those Needs

CURRENT SPECIES'
CONDITION

Future Availability
== Or Condition of
those Needs

FUTURE SPECIES'
CONDITION

Figure 1-1. Species Status Assessmemtnrework.

A Resiliency describes the ability of a popul
events are those arising from random factors such as weather, flooding, or fluctuations in birth
rates. Resiliency is positively related to poptitan size and growth rate and may be influenced

by connectivity among populations. Generally speaking, populations need enough individuals,
within habitat patches of adequate area and quality, to maintain survival and reproduction in

spite of disturbanceResiliency is measured using metrics that describe population condition and
habitat; in the case of the CCC, developed a population modesed on demographic

information including speciesbundancandrecruitment.

A Repr esent at iility of a shecesto dddpetschanding engironmental conditions
over time. Representation can be measured through the genetic diversity within and among
populations and the ecological diversity (also called environmental variation or diversity) of

populd i ons acr oss Thhoeetically, he moeesepreserdation the species has, the
higher its potential of adapting to changes (natural or human cause®nmirsnment. In the

absence of speciepecific genetic and ecological diversityanhation, we evaluated
representationbased&u bpopul at i on Bbamtegesentdd by wmdiffgrent ar e a
physiographic provinces (Cumberland Plateau and Alabama Valley and Ridge), though all
portions of it present range occurs within the Alabaralley and Ridge.

A Redundancy describes the abil i tAcatasfropic spec.i
event is defined as a rare, destructive event or episode involving multiple sites (or populations)

that occurs suddenlyRedundancy is about spreading the risk among populations, and thus, is
assessed by characterizing the number of resilient populations across the range of the
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species.The more resilient populations the species has, distributed over a larger aretigthe b
chances that the species can withstand catastrophic et/enthe CCJa narrow endemigve
used the number of resiliestipopulations, and the geographic distribution of those
sulpopulations, to measure redundamgthin BCC.

To evaluate theiability of the CCC, we estimated and predicted the current and future condition
of the species in terms of resiliency, redundancy, and representation.

This SSA Report includes the following chapters:

1. Introduction
2. Individual and Species Needs: Lifstory, Biology, and Defining Population3 he life
history of the species and resource needs, historical and current range and distribution,
and populations;
3. Factors Influencing ViabilityA description of likely causal mechanisms, and their
relative degee of impact, on the status of the species;
4. Current ConditionA description of what the species needs across its range for viability,
and estimates of the speciesd current rang
5. Future Conditions and Viabilitypescriptions of plauble future scenarios, and
predictions of their influence, on CCC resiliency, representation, and redundancy.

This SSA Report provides a thorough assessment of the biology and natural history of the CCC
and assesses demographic risks, stressors, anddjif@titors in the context of determining the
viability and risks of extinction for the speciegsaportantly, this SSA Report does not result in,
nor predeterming any decisions by the Service underB&A. In the case of the CCC, this
SSA Report doesat determine whether the CCC warrants protections dE8% or whether it
should be proposed for listing as a threatened or endangered species uB&#t tlibat

decision will be made by the Service after reviewing this document, along with the swugpport
analysis, any other relevant scientific information, and all applicable laws, regulations, and
policies. The results of the decision will be announced ifFréaeral Register The contents of
this SSA Report provide an objective, scientific reviewhefavailable information related to the
biological status of the CCC.
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CHAPTER 21 INDIVIDUAL AND SPECIESNEEDS:
LIFE HISTORY, BIOLOGY , AND DEFINING SUBPOPULATION S

In this chapter, we provide biological information about@@C, including its taxonomic
history, morphological description, and known life histowye then outline the resource needs
of individuals Lasty, we review the information on the current and historical range and
distribution of the species, then defiteknownsulpopulatiors, and describe subpopulation
and specietevel needs

2.1 Taxonomy

The CCC belongs to the Famlljnionidae also known as unionids, the naiads, and pearly
mussels; a group of bivalve mollugkethave been in existence for over 400 million years and
now representing over 600 species worldwide and nearly 300 in North America (Stralyer
2004, p. 429; Bogan and Roe 2008, p. 350; Ldapet et al.2018, p. 3; Williamst al.2017, p.
33). This report on the CCC follows the most recently published and accepted taxonomic
treatment of North American freshwater mussels as provided by Wileaalg2017, entire).

The currently accepted classification of the CCC (Williaahal.2017, pp 35, 41) is:

Kingdom:  Animalia (Linnaeus, 1758)

Phylum: Mollusca (Linnaeus, 1758)

Class: Bivalvia (Linnaeus, 1758)

Intraclass:  HeteroconchigHertwig, 1895)

Cohort: Uniomorphi(Gray, 1854) [Paleoheterodonfa
Order: Unionida(Gray, 1854)

Superfamily: Unionoidea(Rafinesque, 1820)

Family: Unionidae(Rafinesque, 1820)

Subfamily:  Ambleminag(Rafinesque, 1820)

Tribe: Pleurobemin{Hannibal, 1912)

Genus: Pleurobema(Rafinesque, 1819)

Species: Pleurobemathearni(Gangloff, Williams, and Feminella, 2006)

The CCC was only recently (2006) described as a distinct species and was placed into the genus
PleurobemgGangloffet al. 2006, entire document)t was first collected by H. D. Athearn

(1967 and 1969), its namesaked later by J. C. Hurd973) Athearn mistakenly identified
CCCasthe gulf pigtogFusconaia cerinpand Hurd mistakenly identifieil asthe ovate

clubshell Pleurobemaerovatum (Gangloff and Feminella 2007, p. 43j.superficially

resembles the southern pigtédgurobemayeorgianum that also ceoccurs within theBCC
watershed (Williamet al.2008, p. 506 532. Gangloffet al.(2006) foundCCCto be
morphologically different from other similar taxa, adiifers in both shell width/length and
width/height ratios from southern pigtoe, Tennessee pifiagcOnaiabarnesiang, and gulf

pigtoe, which it superficially resembles and that also a;douhe same general geographic area
(Gangloffet al.2006, p. 8). Relatively small mtDNA(mitochondrial DNA differences

between CCC and southern pigtoe suggest these species may represent a recent evolutionary
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divergence (Ganglo#t al.2006, p. 52Campbellet al. 2005, p. 143Campbellet al. 2008, p.

717). Other Mobile Basin unionids also have relatively small genetic differences between
species (Mulvewt al. 1997, pp. 87877; Campbelet al.2008, p. 717; Campbell and Lydeard
2012, pp. 247). It is difficult to rely solely on the limitedvailablegenetc data to be certain of
CCC as a distinct species (Gangleffal. 2006, p. 52).However, given that is

morphologically quite distinct, in addition to the mitochondrial percent differences that are lower
than average for interspecies comparisons agigehithan average for intraspecies comparisons
(Campbellet al.2008, p. 719), the evidence supp@CC as a distinct species.

2.2 Specie®escription

The CCC(Figure 21) is a medium sized mussel upd@mm in length, with a moderately thick
shell, that is thickest anteriorly and thinnest posteriorly near the apertures (Gahgla?006,

p. 48; Williamset al.2008, p. 505Fobianet al.2017, p. 9. The shell outline is roughly ovate
or subovate, with slight scupturing on
the posteriodorsal third of the valves
(Gangloffet al.2006, p 48).The
periostracum of the shell is tawny to
brown in color and without rays
(Williams et al.2008, p. 505), with dark
yellow to faint green growth restaiidge
formed during an intermediate stage of
growth when this area was the edge of t
shell) present on smaller individuals (<
40 mm) (Ganglofkt al. 2006, p

48). Thenacre is also white, usually

iridescent posteriorly (Gangloﬁt al.20086, P Figu_re 21.A) AduIt_CCC collected from Little Canoe Creek, Steele
Station Road, SClair/Etowah County line, Alabama, on October 17,
2018; B) CCC conglutinates recovered from gravid specimen from E
Canoe Creek near the U.S. Highway 231 bridge crossing, St. Clair
County, Alabama, on May 26, 200d) CCC glochidia (larval mussels)
colleded from a gravid female on May 29, 201hob Credit: A) Todd
Fobian, ADCNRB) Paul Johnson, ADCNF) Michael Buntin, ADCNR.

The soft tissues are salmon orange in living animak
with the aperture margins appearing as brown to
black, but are typically reddigbrown or brown

(Gangloffet al.2006, p. 49).The mantle, visceral mass (some are rusty tan to grayish brown
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outside ofapertures), and foot are all pale tan in color (Williaghal.2008, p. 505).The

papillae are either single or bifid and usually larger along the margin of the incurrent aperture;
and large bifid papillae are interspersed with the smaller, singlepaifidlae along the apertures
(Figure ES2) (Gangloffet al.2006, p. 49).The inner gills are approximately 1.5 times larger (in
surface area) than the outer gills (Gangéifal. 2006, p. 49).Gravid femalefiave been
documented itMay and June in watéemperatures between 183 degrees CelciysC)

(Fobian 2019, p. 10kuggesting that the species is a stenrn brooder (similar to other
Pleurobema spp. The conglutinateare lanceolatshapedvith developed glochidia scattered
throughout unfertilized structural eggseasure 115 mm in length1-2 mm in width, and are
either cream white, orange, or pimkcolor (Gangloffet al.2006, p49; Fobian 2019, p.

5). Glochidiavary in color from viite to orangevere unhooked (Figure2) and measured

135.2 + 8.29nicrometer jim) in length 134.7+ 8.67 pum in heightwith alength/height ratiof

1.01 £ 0.07glochidial measurements are micrometers + standard deviation) (Fobian 2019; pp.
5-6, 16).

The CCC superficially resembles the southern pigtoe, but can be differentiated by the deeper
umbo cavity and is absent of the green rays on the upper part of the disk or posterior ridge, which
is present on the southern pigtoe (Williaetsl. 2008, p. 56; Gangloffet al. 2006, pp. 47

48). Additionally, CCC is typically more compressed and round than the southern pigtoe, and
less elongate and more compressed than the southern cluBsgibbema decisunor Georgia

pigtoe Pleurobema hanleyianunfothe Pleurobemaspp. that cebccur with CCC withirBCC)
(Gangloffet al.2006, p. 4748; Fobiaret al.2017, p 24).Additionally, Gangloffet al.(2006)

found variation in shell morphometry ratios of CCC to be significantly different when compared

to other similar species within the Mobile and Tennessee drainage basins (Getrgl&D06,

pp. 47, 4951).

2.3 Range and Distribution

The CCC is aly known to occur within the BCC watershed in St. Clair and Etawahties,
Alabama (Ganglofét al.2006, p. 53; Williamst al.2008, p. 506).BCC is a western tributary
of the Coosa River and encompasses 583(kynn et al. 2016, p. 6).The BCC watershed is
located in two physiographic provinces, the Cumberland Plateau in the north and the Alabama
Valley and Ridge to the soufRigure 22) (Wynnet al.2016, p. 7). TheBCC mainstem
originates in the Ridge and Valley Physiographic Province $pangville, Shelby County,
Alabama and flows northeast for 84 km before joining the Coosa River (H. Neely Henry
Reservoir) on the St. Clair and Etowah County line, Alabama (Gareglaff2006, p. 53; Wynn
et al.2016, p. 67). Historically BBC flowedunimpeded for another 15 km, prior to the
impoundment of this reach, before reaching the Coosa River mainstem (Gahglo2006, p.
53).

Limited historical distribution data is available for the CCC due to only recently being described
and the scaragjtof previously vouchered individuals within museum collections (Gangtdaf.

2006, p. 47, MRBMRC 2010, p. 26However the most recent comprehensive survey of BCC
mussels (Fobiaat al.2017, pp. 2629) verified the continued presence of C&@istoiical

locations (.e., individuals vouchered in museum collections) (Ganglotil. 2006, p. 47) and
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documented new range extensions withimer Little Canoe CreekL(CC-eas) on the St. Clair
and Etowah County line

The CCcCare currently known to be confined to 50.6 km of stream length within the BCC
watershed.Survey records of CCC are known franY km of stream length in LLC (east) along

the St. Clair/Etowah County lingvithin 31.3 kmof the BCC mainstepand 14.6 km whin

LCC (west), St. Clair CountyOccupied habitat consists of survey data from the past 20 years
(19992019), where live CCC or shell material (fresh dead, weathered dead, or relic shells) were
documented.

The type locality (Holotype, USNM 1078388, tgh 84 mm) of the CCC is BCC, approximately

1 km downstream of St. Clair County Road 36, near the mouth of Muckleroy Creek, St. Clair
County, Alabama (Collected: September 23, 2001) (Ganelaf. 2006, p. 47).
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2 4 Life History

There are no studies on the average life expectancy of the CCC. However, members of the tribe
Pleurobemini, to which CCC belongsgelong lived and slow growing (Reategfirenaetet al.
2013, p. 167). Haag and Rypel (2010, p. 6) reported multipleg@nmum ages for both
Pleurobema and Fusconaia species, these ages ranged betsédeyeals with a mean age of
32.5 years.The maximum documented age estimateddtleurobemaspeciesthe fuzzy pigtoe

(P. strodeanun) is 74.5 year§ReateguiZirenaetetal. 2013, p. 167). The closely related
southern clubshell (Campbeit al.2008, p. 717), which is also endemic to BCC and can obtain
a similar maximum size (Williamet al. 2008, pp505-506, 519523), has been found to live an
estimated 45 years (Haagd Rypel 2010, p. 6). At this time, the best available information
suggests that the CCC is a relatively ldivgd species estimated at 25 to 35 years, but possibly
up to 50 years given the large size it can attain.

No studies have been conducted or0a@ indicate sex ratiasr age at sexual maturity;
howeverwe do haveecentestimates of growthnd fecundity for CC@Fobian 2019, pers.
comm.) Using eternal shell annuli from CCC, we can estimate an animal is approximately 11
mm at the end of thierst growth season, 28m at the second, 3®@m at the third, 42nmat the
forth, 49 mm at the fifth, 55mm at the sixth (Figure-2) (Fobian 2019, pers. comm.$exual
maturity for CCC idikely somewhere between the 4th growth seasons, as growthveto
following the 4th growth seas@dRobian 2019, pers. commlikely indicating adiversion of
resources from growth to reproductigtiaag and Rypel 2010, p. 1@venthough theclosely
relatedsouthern clubshell has been shown to resmotual maturity Wwen as small as 26.3 mm
(Haag and Staton 2003, p. 212Fecundity was recenthgcordedor threeCCCfemales
(lengthsof 61, 75, and 76 mjntotal glochidia(larval musselsjangedbetweerb,50046,000
andtotal viable glochidia rangeiom 5,40617,400(Fobian 2019p. 12. Conglutinats were
orange or whitén color with each female producimgtween 6670 conglutinategach(Figure
2-1) (Fobian 2019, pers. compobian 2019, p.)5 The closely related southern clubshell has
even sex ratiofHaag ad Staton 2003, pp. 2122WWe believe that CCC also likely has similar
sex ratiosi(e., 1:1), given similar breeding strategies among tiosiee Pleurobemagenus

(e.g, pelagic conglutinates), and the similar sizes of these two species (CCC and southern
clubshell).
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2.4.1 Reproduction

The CCChasa complex life cycle that relies on fish hosts for successful reproduction, similar to
other musselsin general, mussels are either male or female (Haag 2012, pMags release
sperm into the water column, which is taken in by the female through the incurrent aperture
(Figure ES2), where water enters the mantle cavity. The sperm fertilizes egjgasréhheld
within the femal eds ¢The desgeloping larvale eemaimanrtre gilp i a |
chamber until they mature (called glochidia) and are ready for rel€aseFigure 25 for a
generalized freshwater mussel life cykl&reshwatemussels such as the CCC have a complex
life history involving an obligate parasitic larval life stage, which are wholly dependent on
suitablehod fish (Haag 2012, pp. 381).

The CCC is believed to be tachytictic (a skterin brooder) and gravid in spring and summer,
similar to othePleurobemaspecies (Williamt al.p. 506; MRBMRC 2010, p. 265angloffet
al. 2006, p. 4). Gravid CCChave beerollected from LCC (east) in MaandJune(2019) with
water temperatures between t8A0degrees CelsiusC ) (Fobian 2019p. 10). Similar to
other species in the tribe Pleurobemini, the G&Q@etdrift-feeding minnow specieg.@,
members oCyprinidag as their host fishy releasing glochidia contained in packets called
conglutinategFigure 21) (Haag 2012, p. 163)nore specificallypelagic conglutinates (Haag
2012, p. 148Williams et al. 2008, p. 50p(Figure 21). A host trial was coducted for the CCC
in May-June 2019andidentifiedthetricolor shiner(Cyprinellatrichroistia), Alabama shine(C.
callistia) as primary hostwith metamorphosis rates of 7&Bd73.6, respectivelyFobian 2019,
pp. 6, 13. Eight other species of fishere determined to be marginal hoststipgd shiner
(Luxilus chrysocephaly$ad the besnetamorphosis rai@4.6%)of themarginal hostgFobian
2019, pp. 6, 14 while the othersstoneroller Campostoma oligolepisCoosa shinemNotropis
xaenocephlas), silverstripe shinen\. stilbiug, longear sunfishLepomis megalotjsbronze
darter Percina palmari}, fathead minnowRimephales promelasand golden shiner
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(Notemigonus cysoleudasad less than 7% metamorphogibian 2019pp. 6, 14). Juvenile
CCC were recovered from host fish during this trial between 10 to 25 days post glochidial
attachment to fish with peak juvenile recovery occurring at 19 daysnmastlation (Fobian
2019, p. 6).

Mussels in the genlBleurobemge.g, southerrclubshel) have been shown forcefully eject
their conglutinates approximately 220 cm into the water colummhere they drift in the
current,usually in the midvater column of deep riffles and runs (Haag 2012, p. 1B8jt
feeding minnowge.g, Cyprinellaspp), which are sight feedeendforge predominately in the
mid-water column, will attdctheseconglutinates (Haag 2012, p. 163). At which tinhe, t
glochidia snap shuvhen they comé contact witlin thegills or fins ofthesefishes. Fomost
mussels, the glochidia will die if they do not attach to a fish within a short geribd days,
depending on species amdtertemperature, Haag 2012, p. 140nce on the fish, the glochidia
are engulfed by tissue from the host fishcyst) The cyst protects the glochidia and aids in
their maturation.The larvae draw nutrients from the fish and develop into juvenile mussels,
weeks to months after initial attachment (Arey 1932, p-21148 Haag 2012, p. 42)Glochidia
usually remain encystl on the hodor a variable period lasting2 weeks (especially for shert
term brooders lik€leurobemy, but can range to more than 100 days (Haag 2012, p. 42).
During the 2019 host trial of CC@henencystmentvas maintaineat 18 °C + 2 °C, peak
excystment (when juveniles mussels drop fribva fishhost)occurredl9 days post infection (M.
Fobian 2019, p®, 17. When the metamorphosis is complete, juvenile mussels exit the cyst,
fall to the stream bottom, and begin their ffi@eng benthic existnce for the remainder of their
lives (Haag 2012, p. 42).

glochidial
encystment

Host fish

Adult mussels

Figure 25. Generalized freshwater mussel life cycle. (Image courtesy of Shane Hanlon, USFWS)

2.4.2Recruitment Success
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Survivalof adult mussels is generally high with annual adult sunaotahore than 9% for

many mussel species, including closely reld&adconaiaspeciegHaag 2012, p. 218).
Conversely, lie survival from the glochidial stage is exceptionally low (to the order®f 10
(0.00001%Yo0 10°(0.00001%) with individual femalesuccessfullyproducing only 0.1 to 1.3
juveniles/yeafHaag 2012, p. 220), despite annual fecundity of many thousandHions of
glochidia(Haag and Staton 2003p.21222123 Haag 2013, pp. 74851). While no

information isavailable from the wild for survival of recruits immediately after settlement, it is
believed to be extremely low. Survival of newly settled juveniles in a hatchery setting has been
recorded at about 50% during the first 50 days after excy@tiaglon aml Neves 2006, p. 47

48). But, survival does increase significantly after settlemennglived mussekpeciesvithin
culture facilitiescan be as high as 83%fter reaching 4 mm in length (Haag 2012, p. 2ZIhe
closely related southern clubshell lrasecruitmensurvival of 98% and an adult survival of 88%
(Haag 2012, p. 221).

2.4.3Mussel movement and dispersion

Mussels are generally immobile but experience their primary opportunity for dispersal and
movement within the stream as glochidia attached to a mobile host fish (Smith 1985, p. 105).
Even though, mvement of théamily Cyprinidae(shiners and minnows) (A s | i Bisl y h o s
relativdy small (Radinger and Wolter 2014, p. 46 8n example of distance moved by a

member of that family was documented in a study of movement patternsiidyetshiner
(Cyprinella carulea). During that study, the blue shimaoved an average distance of just
130.7meterswith thelongest distanceoved by that species during the stu8®2 meters

(John$on 2000, pp. 170, 174)After being transported by the host fish,treavly transformed
juveniles drop to the substrate e bottom of the streanT hose juveniles that drop in

unsuitable substrates die because their immobility prevents them from relocating to more
favorable habitatJuvenile freshwater mussels burrow into interstitial substrates and grow to a
larger sizehat is less susceptible to predation and displacement from high flow events (Yeager
et al.1994, p. 220).Adult mussels typically remain within the same general location where they
aredropped off (excysted) of their host fish as juveniles.

2.4.4Feeding

Adult freshwater musselgcludingCCC,are primarily suspensiefeeders that filter water and
nutrients to eatFilter feeding also allows for oxygen uptake, waste excretion, and gamete
dispersal and acquisition through the inhalant and erhafeertures (Haag 2012, p. 2Filter

rates can be up to 1 liter/homdividual (Haag 2012, p. 28). Mussels may also shift to deposit
feeding, and the reasons for this are poorly known but it may depend on flow conditions or
temperature Deposit feethg can occur in two wayscluding uptake of material through the

shell gape by the suction created by the cilia on the foot and pedal feeding by the cilia on the foot
(Haag 2012, p. 28). For their first several months, juvenile mussels use peda {degivsit

feeding) extensively bygeeping their foot through the sediment, using the cilia on the foot to
uptake material (Haag 2012, p. 28), although they may also filter interstitial pore water and soft
sediments (Yeaget al. 1994, p. 221; Haag 201@, 26). The importance of pedal feeding

declines during the first year as the filtering mechanism (suspension feeding) becomes better
developed (Haag 2012, p. 28). During suspension or deposit feeding, it is necessary for the shell
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to be slightly agap® either filter water or extend the foot for deposit feeding (Haag 2012, p.
28).

Mussels are omnivores and their diehsists ok wide variety of particulate material (primarily

| ess t han ‘dudingalgae, bacteria, detrijus, and microscopic animals (Gaknby
al. 1996, p. 606; Haag 2012, p. 26).has also been surmised that dissolved organic matter may
be a significant source of nutrition (Vaugénal.2008, p. 411). Such an array of foods,
containing essential longhain fatty acids, sterols, amino acids, and other biochemical
compounds, may be necessary to supply total nutritional needs (Strayet004, p. 431).

25 Individual Needs

As discussed aboytheCCChas a multistaged lifecycle: fertilized eggs tglochidia to
juvenilesand sub adult® adults. Eachlife stagehasspecificrequirements (resource needs) that
must be met for the mussel to progress to thé stage. Table 21 outlines these resource needs
for each stage.

Table 21. Resource needs for CCC to complete each life stage.

Life Stage Resources needed Information Source

Fertilized Eggs
(early spring
broadcast sperm,
egg development,
to fertilization)

Berget al.2008, p. 397;

1 Clear, flowing water
Haag 2012, pp. 380

1 Sexually mature males upstream fror
sexually mature females
1 Appropriate spawning temperatures.

Glochidia { Clear, flowing water Strayer 2008, p. 65;
(late spring to early § Enough flow to keep glochidia or Haag 2012, pp.Gt42
summefi from conglutinatesdrift and to attract drit
attachment through  feeding host fisl{Pleurobemaspecies
excystment) utilize pelagic conglutinates (requires

sight feeding) to attract suitable host

fish).

1 Presence of host fish for attachment
where theyobtain nutrients from the
host 6s tissuefr ar
approximately2-4 weeks.

Juvenile and sub | {Clear, flowing water Williams et al. 2008, pp 505
through sexual 1 Appropriate interstitial chemistrytigh Dimmock and Wright 1993, pp
maturity) dissolved oxygerlow salinity, low 188-190; Sparks and Strayer
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Life Stage Resources needed Information Source

ammonia, low copper, and other 1998, p. 132; Augspurget al.
contaminants, high dissolved oxygen 2003, p. 2574; Augspurget
9 Appropriatesubstratéclean gravel, al. 2007, p. 2025; Stayer and

sand/cobble) for settlement Malcom 2012, pp. 1781788;
Adequate food availability Yeageret al. 1994, p. 221;
(phytoplankton, zoplankton, bacteria,| Nichols and Garling 2000, p.
and dissolved organic matfer 881, Cheret al.2001, p. 214,
 Appropriate water temperature. Spooner and Vaughn 2008, p.
308
Adults 1 Clear, flowing water Yeageret al. 1994, p. 221;

{1 Appropriate substrate (stable gravel | Nichols and Garling 2000, p.
andcourse sand free from excessive| 881; Cheretal. 2001, p. 214;
silt) Spooner and Vaughn 2008, p.

1 Adequate food availability 308 Haag 2012, p 2@8, 156
(phytoplankton, zooplankton, bacteri;
and dissolved organic mat}er

1 High dissolved oxygen

9 Appropriate water temperature.

25.1 Clean, Flowing Water

CCC habitaincludesrivers and streams with natural flow reginvaghin the BCC watershed
While manymussels can survive seasonally low flows padodicshortterm drying events,
intermittent stream habitats generally cannot support mussel populations.

Because a lotia.g., flowing water) environment is a critical need for @@C, perturbations
that disrupt natural flow patterns.¢, dams) hae a potential negative influence GCC
resilience metricsCCC habitat must have adequate flow to deliver oxygeaple passive
reproduction, and deliver food to filtéeeding mussels (see Tal@d, above). Further, flowing
water removes contaminamnd fine sediments from interstitial spapes/enting mussel
toxicity or suffocation. Stream velocity is not static over time, and variations masttouted
to seasonal changes (with higher flows in winter/spring and lower flosisnimer/fall) extreme
weather eventse(g, drought or floods), or anthropogenic influeneey( flow regulation via
impoundments).The CCCrelies on sighteeding fishes as part of iife cyclelike many other
mussels that use conglutingtéserefore, turbidity diing critical reproductive periods may
impact glochidiabttachment and ultimatetiecrease recruitment in any given population
(McLeodet al.2017,p. 348).

While mussels have evolved in habitats that experience seasonal fluctuations in discharge, global
weather patterns can have an impact on the normal reginge<€( Nifio or La Nifia).Even
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during naturally occurring low flow events, mussels can become stressed because either they
exert significant energy to move to deeper waters or they may sucoudabitcation (Haag

2012, p. 109).Droughts during the late summer and early fall may be especially-stdessng
because streams are already at their naturally occurring lowest flow rate during this time.

2.5.2 Appropriate Water Quality anfiemperatures

Freshwater mussels, as a group, are particularly sensitive to changes in water quality parameters,
including (but not limited to): dissolved oxygen (generally bel®® garts per million (ppm)),
ammonia (generally above 0.5 ppm total ammamigogen (TAN)), elevated temperature

(generally above 3€C), excessive total suspended solids (TSS), and other pollutants. Habitats
with appropriate levels of these parameters are considered suitable, while those habitats with
levels outside of the apmpriate ranges are considered less than suitable

Appropriate water temperature thresholds for@@C arestill largelyunknown;what

information does exisprimarily focuses on temperatunescessary for reproductioffhe host
fish trials for CCC condcted in MayJune, 2019, collected gravid females within LCC (east) at
stream temperatures betweer2l°C. Four gravidiemale CCC were brought back to the
laboratory where temperatures were raised to match natural temperaturantmin@C (east).
Conglutinates matured after being held at ZLC5and excystment occurred betweer22?C
(Fobian 2019, pp.-6; M. Buntin 2019 pers. comm.)Analogous species.€., Pleurobemini
specieyresponded in a similar manne&ravid southern clubshell released all of their glochidia
within 24-48 hours when brought back to a laboratory and placed within beaker@at’@1
(Haag and Stanton 2003, p. 2128)1986 1987 study of théine-rayedpigtoe (F. cuneolu¥in

the Clinch Rver suggests that glochidia are released betweem@27 °C, and metamorphosis
onfishes occurs at water temperatures between 22 and 25 °C (Bruendermvavesd 993, p.
86). In addition, the highest glochidial release densities were at 28&Rly median

temperature (at Slant, Virginia; Bruenderman and Neves 1993, p. 86).

2 5.3 Stableln-StreamSubstrate

Optimal substrate for theCCis predominantly gravel withowxcessive accumulation of silt
and detritugWilliams et al.2008, p. 506) Riparian condition strongly influences the
composition and stability of substrates that mussels inhabit (&llah1997, p. 149).

2 5.4 Food and Nutrients

Adult freshwater mussels, including t8€C, are filterfeeders, drawing in suspended
phytoplankton, zooplankton, rotifers, protozoans, detritus, and dissolved organic matter from the
water column (Strayeet al. 2004, p. 430) and from sediment; juvenile mussels are capable of
pedal and deposit feeding to collect food items from sedim¥atsghnet al. 2008, pp. 409

411). Glochidia can derive what nutrition they need from their obligate fish hosts (Baehhart

al. 2008, p. 372).Freshwater mussels must keep their shells open, or gaped, to obtain food and
facilitate gas exchange, but thefgen respond to water quality impairments by closing their

shells (Bonneet al.2018, p. 141).Food supply is not generally considered limiting in
environments inhabited by ti@&CC. However, food limitation may be important duritignes of
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elevated wadr temperature, as both metabolic demand and incidence of valve dlusaeses
concomitantly, resulting in reduced growth and reproduction (Bogiredr2018, p. 6).

2.6 Subpopulation- and Speciedevel Needs
2.6.1 Defining Subppulatiors

The CCC isa narrow endemiwithin the Big Canoe CregBCC) (0315010608Hydrologic

Unit Code (HUC) 10 (U.S. Geological Survey) watershed is comprised of two
subpopulationsSubpopulation West (Figure® and Subpopulation East (Figur&p
Subpopulatio'West includes the Middle Big Canoe Creek (031501060305), Upper Big Canoe
Creek (031501060303), Headwaters Big Canoe Creek (031501060302), and Little Canoe Creek
(031501060301) HUC 12 Units in St. Clair County, Alabama (Figese ZSubpopulation East
includes the Lake Sumatangdtle Canoe Creek (031501060304) HUC 12 unit in Etowah and

St. ClairCounties, Alabama (Figure-2).

Likely no genetic exchange ocalvetween these two subpopulatipgizen thesignificant
distance betweethem(~28 km)thatexceedthe dispersal range of aexpectedshiner hosts
(Radinger and Wolter 2014, p. 461). Additionablgcause both subpopulations empty idto
Neely Henry Reservoir near the confluence of LCC (eastdher subpopulation receives direct
flow from the otherwhich prevente&xchange ofjlametes.LCC (eastflows an additional 4.5

km downstream of Subpopulation East before readksngpnfluence with BCCBCC flows an
additional 23.5 km downstream ofil§population Wedbefore reaching the mouth of BJeast).
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Figure 26. Map of the West and East CCC subpopulation survey data. CCC subpopulations based ba Wai€rshed
boundaries and tributaries flowing into H. Neely Henry Lake. The-BCC East (East) subpopulation is highlighted in green;
the Little Canoe East (East) subpopulation is highlighted in yellow. The red stream lengths include the current and historica
known range of CCC. Survey data is provided as triangles. Red triangles represent historical surve$87{2p@ith CCC
present, green triangles represent current surveys (12989) with CCC present, and the smaller black triangles represent

mussel surveys where no CCC were present. CCC were considered present if they were found alive, or as a fresh dead,
weathered dead, oetic shell.
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CCC populations and time frame
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Figure 27. Map of the East CCC subpopulation survey data. CCC subpopulations based et2HuiHATershed boundaries and
tributaries flowing into H. Neely Henry Lake. The BCCC East (East) subpopulation is highlighted in green; the Litdadg

East (East) subpopulation is highlighted in yellow. Survey data is provided as triangles. Red triangles represent historical
surveys (19671973) with CCC present, green triangles represent current surveys-gra®) with CCC present, and the

smallerblack triangles represent mussel surveys where no CCC were present. CCC were considered present if they were found

alive, or as a fresh dead, weathered dead, or relic shell.
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2.6.2 Needs

Mussel abundance in a given stream reach is a product of the moinninessel beds and the
density of mussels within those beds (aggregations of freshwater musselspth
sulpopulations of CCC to be healthpd resilientindividuals must be numerous with multiple
age classes, and show evidenceegentrecruitment Forboth BCC supopulatiorsto be

resilient, there must be multiple mussel beds of sufficient density such that local stochastic
events do not eliminat@ost or allthe bed(s) Connectivity among beds within a subpopulations
is needed tallow mussel bds within a stream reachlierecolonizedy one another tcecover
from stochastie@vens. A nonlinear distribution over a large area (occurrence in tributaries, in
addition to the mainstem) also helps buffer against stochastic events that may impact
sulpopulations.Similarly, having multiple subpopulations that are connected to one another
protects the species from catastrophic events, such as spills, because subpopulations can
recolonize each other following events that impact one of the subpopglati

Additionally, mussel abundance facilitates reproduction; mussels do not actively seek mates,
rather males release sperm into the water column, where it drifts until a female hopefully takes it
in (Moles and Layzer 2008, p. 212). Therefore, successfulichdil reproduction, and
sulpopulationresilience requires sufficient numbers of female mussels downstream of sufficient
numbers of male mussels.

CHAPTER 31 FACTORS INFLUENCING VIABILITY

The following discussion provides a summary of the

factors both negative and positivihat are affecting or Note: This chapter contains
could be affectingiability of the CCC (outlined in summaries of factors and
Figure 31). Aquatic systems face a multitude of natura stresses that are or could be
andanthropogenic threats and stressors (Neves. affecting the CCC. For further
1997, p.44).Generally, these factors can be categorize| information and additional

as either environmental stressaegy( development, references, see the tables in
agriculture practicegyr forest management) or Appendix A.

systematic changes., climate change, barriers, or
conservation management practiceSurrent angotential future effects, along with current
distribution and abundance help inform viability atieirdore, vulnerability to extinction A
catastrophic event or the chance juxtaposition of several smaller natural or-imalnged
impacts to the mussel faurad, droughtflood, chemical spilland sedimentatigrcould reduce
populations to below minimumiable levels which, in the absence of sources-ablfenization,
couldresult in a slow but unrecoverable downward sg\Aghrren et. al 2004, p. 17)

Canoe Creek ClubsheliISA 30 February 2020



Environmental Stressors and Systematic Changes

Agricultural Forestry Coriaminants Climate Road

Reveiopient Practices Activities Change/Events | | Construction

Habitat Factors —— aE Ul Habitat Climate (Ambient
edimen ater Quality Connectivity Temperature and

Precipitation)
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/ Abundance
Suitable | | Adequate Appropriate Available Host Fish ‘
Habitat Flow Temperature Food Base Infestation and N Host Fish
Regime Dispersal Food
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Conservation

Management Current CCC Population

Size (Abundance and
Occupied Stream Length)

Demographic Adult Successful

Recruitment
and Survival

Factors Survival

Figure 3-1. Influence diagram illustrating how environmental stressors and systematic chiaflgesce habitat factors which in
turn influence breeding, feeding, and sheltering needs of the species; in turn, these affect demographic factors wigiyh ultima
influence mussel population growth and maintenance.

The primary factors influencing the tidity of the CCC are outlined in the following sections
and include sedimentation, water quality, climate, connectivity, and conservation efforts.

3.1 Sedimentation

Under a natural flow regime, a river or stream is in equilibrium in the context of esetdioad,

such that as sediments are naturally washed away from one to another and the amount of
sediment in the substrate is relatively stable. However, many current and past human activities
result in enhanced sedimentation in river systems and legdoyent, resulting from past land
disturbance and reservoir construction, continues to persist and influence river processes and
sediment dynamics leading to degradation of mussel habitats. XCeissese stream

sedimentation (or siltation) results fromilserosion associated with upland activitiey,
agriculture, forestry, unpaved roads, road construction, developnmstéple streambankand
urbanization) as well as activities that can destabilize stream channels thenesglvé®dging,
poorlyinstalledculverts, pipeline crossings, or other instream structuBesh(Box and Mossa
1999, p. 102Wynnet al.2016, pp. 362). The negative effects of increased sedimentation are
relativelywell understoodor musselgBrim Box and Mossa 1999, er; Gascho Landist al.

2013, entire; Poole and Downing 2004, pp.-1P4). Excessive sediments can cover the stream
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bottom and fill the interstitial spaces between bottom substrate partielesgnd, gravel, and
cobbles) and in severe cases also cause strea
substrate features including larger cobbigaye| and boulders are surrounded by, or buried in,
sediment.These mterstitial spaces (smalpenings between rocks and gravels) in the substrate

provide essentidlabitat for juvenile mussels. Juvenile freshwater mussels burrow into interstitial
substrates, making them particularly susceptible to degradation of this habitat fedhene.

cloggedwith sand or silt, interstitial flow rates and spaces may become reduced (Brim Box and
Mossa 1999. 100), thus reducing juvenile habitat availability/hile adult mussels can be
physically buried by excessive staichiomummionids @t he
are often sublethal o and include interference
and Mossa 1999, p. 101).

Sediments deposited by large scale flooding or other disturbancparsstfor several years

until adequate flavs can redistribute that sediment downstre&ihen water velocity decreases,
which can occur from reduced streamflow or inundation, water loses its ability to carry sediment
in suspension; sediment falls to the substrate, eventually smothering musselaptet! to soft
substratesWatters 2000p. 263). Sediment accumulation can be exacerbated when thete is a
increase in the sources of fine sediments in a watershexdeas with ongoing development,

runoff can transport substantial amounts of sedirfrem ground disturbance related to
construction activities with inadequate or absent sedimentation contvbite these

construction impacts can be transient (lasting only during the construction phase), ttezrtong
effects of development are longteng and can result in hydrological alterations as increased
impervious cover increases run off and resulting shear stress causes streambank instability and
additional sedimentation.

Streams with urbanized or agriculturatlpminated riparian corridors are subject to increased
sedimentloading as soil erodes from banks that do not have a dense network of roots holding

soil in place, or from the landscape in general in areas with@fidisnt ground cover. Streams

in urban areas may be subject to excessive runoff from impervious surfaces, which can
overwhel m a stream channel s capacity to carr
bank erosion. Excess sediment in streaattdes to the stream bottom, filling spaces needed by
juvenile mussels and host fish eggs. The result is a less suitatteam habitat for mussels

compared to habitat with forested corridors (Alédral. 1997, p. 156).
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Figure 32. Land use/lancover in the Big Canoe Creek watersh&burce: NLCD 2011 Homeret al.2015.

Approximately 596 of the BCC watershed is in evergreen or mixed deciduous forest, and
forestry activities are common in centBCC and LCC (West) (Figure-3) (Wynnet al.2016,

p. 9). Agriculture is common with pasture and small farm8&ajlahd cultivated crops (28
common throughout the BCC watershed (Wehil.2016, p. 9). Development is concentrated
near the cities of Ashville, Springville, and Steele, making¥mof the watershed. Urban

growth from Birmingham is focused near the Springville area near the CCC subpopulation in
upper BCC and LCC (West). LCC (East) is dominated by forespastdirelandWynn et al.

2016, p. 10)
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Wynn et al.(2016) lists habitat andater resource impairments throughout many of the
subwatersheds within BCC (Figure33. A

A rapid habitat assessment survey was completed statiorsin BCC from 20082013(Wynn

et al.2016 pp. 3#39). Habitat quality varied from poor to optimaithin LCC (east). Ten sites
scoredoptimal (>7%%6 of the maximum habitat score), 11 sites suboptimal range (634@75
the maximum habitat score), and 13 sites marginal to poor rang# @Efadhe maximum habitat
score) Of the 13 marginal to pooscokes, 6were from theLCC (west) near Springvilled were
from the main channel &CC,; 2 from LCC (east) near Steele; and one from Muckleroy Creek.

Impairment

Nutrients/E. coli
Roadside erosion
Urban development

Subwatershed

> | Agricultural runoff
> | Unstable stream banks

X | Biological
x| Fish barriers

1. Lower Big Canoe Creek

X | X [ Habitat

2. Little Canoe Creek (east)
3. Gulf Creek

4, Muckleroy Creek

5. Middle Big Canoe Creek
6. Pinedale Lake

7. Dry Creek

8. Little Canoe Creek {west)

X | X [ X [X|X| Sedimentation

9. Upper Big Canoe Creek

Explanation

Physiography

= = Physiographic section boundary

Cumberland Plateau Section Alabama Valley and Ridge Section
Murphrees Valley District Birmingham-Big Canoe Valley District
Wills Valley District Coosa Valley District
Blount Mountain District Cahaba Ridges District

=== County lines Highways —— Streams [l Lakes

[ subwatershed Boundaries

1. Lower Big Canoe Creek 6, Pinedale Lake

2. Little Canoe Creek (east) 7. Dry Creek

3. Gulf Creek 8. Little Canoe Creek (west)
4. Muckleroy Creek 9. Upper Big Canoe Creek
5. Middle Big Canoe Creek

Figure 33. Impairment matrix and map developed for the BCC watershed action Blaurce Wynnet al. 2016 (pp. 5152).
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3.2Water Quality

Water quality can be impaired through contamination or alteration of water chenGbiynical
contaminants are ubiquitous throughout the environment and are a major reason for the current
declining status of freshwater mussel species nationwide (Augspirgle2007, p. 2025).
Chemicals enter the environment through both point and nonpoint discharges, including spills,
industrial sources, municipal effluents, and agricultural rundiffese sources contribubeganic
compounds, heavy metals, pesticides, herbicides, and a wide variety of newly emerging
contaminants to the aquatic environmeftnmonia is of particular concern below water
treatment plants because freshwater mussels haneshee/n to be particularly sensitive to
increased ammonia levels (Augspurgeal. 2003, p. 2569) An additional type of water quality
impairment is alteration of water quality parameters suchsaslved oxygemand temperature
Dissolved oxygen levelsay be reduceftom increased nutrients in the water column from
runoff or wastewater effluent, and juvenik=em to be particularly sensitive to low dissolved
oxygen (Sparks and Strayer 1998, pp.ilI&3). Increased water temperature from climate
change and from low flows during drought caracerbate low dissolved oxygen levels as well

as have its own effects on both juvenile and atul$sels.
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Table 31. Summary of water quality information from the BCC watershed, 1966 to 2013 (USGS RbtRjvations: N
number of samples; rAdot detected or less than lower limit of detecti®aurce: Wynret al.2016 (p. 20).

Parameter Units
Stream flow ft%/s
Water temperature €
Dissolved oxygen (DO) meg/L
DO percent saturation %
pH standard units
Bicarbonate mg/L
Carbonate mg/L
Total hardness (carbonate) mg/L as CaCO;
Hardness (non-carbonate) mg/L as CaCO;
Alkalinity mg/L as CaCO;
Fluoride mg/L
Silica mg/L
Specific conductance uS/cm at 25°C
Total dissolved solids mg/L
Calcium mg/L
Magnesium mg/L
Sodium mg/L
Potassium mg/L
Sulfate mg/L
Chloride mg/L
Ammonia
Kjeldahl nitrogen
Nitrate
Nitrite
Nitrate + Nitrite
Orthophosphate
Phosphorus
Aluminum 107
Antimony 2.0 2.0 2.0 2.0
Arsenic
Cadmium nd nd nd nd
Chromium nd nd nd nd
Cobalt nd nd nd nd
Copper nd nd nd nd
Iron 37.2 0.031 140 43.7
Lead nd nd nd nd
Manganese 18.9 0.011 70.0 23.5
Mercury 0.150 0.100 0.400 0.175
Nickel nd nd nd nd
Selenium nd nd nd nd
Silver nd nd nd nd
Strontium 70.0 40.0 90.0 70.8
Thallium 2.60 1.80 3.40 2.60
Zinc 20.0 3.20 70.0 259
Chlorophyll a 2.67 0.300 6.41 2.56
Escherichia coli cfu/100mLt 166 18.9 1,000 286
Fecal coliforms cfu/100mL 59.0 2.00 10,200 658
BOD 5-day mg/L 1.00 0.100 9.2 1.34
Total Suspended Solids mg/L 7.00 1.00 72.0 10.2
Turbidity NTU? 5.00 0.50 138 9.14

Tcfu—colony forming units 2NTU—Nephlometric turbidity units

The Alabama Department of Environmental Management (ADEM) condant@ssessment of

LCC (east) near AL Hwy 7 in 2005. A bioassessment of the site showed the macroinvertebrate
community to be in faicondition but concluded that habitat degradation and nutrient

enrichment may contribute to degraded biological conditMedian concentrations of nutrients

and total and dissolved solids were within the expected rangiémtedian Chlorophyll a
concentration was higher than expected (ADEM 2005a,2). ADEM also looked at a site at
BCCatCounty Road 31. It was detemeid that this site was rated fair for the macroinvertebrate
assessment. Chlorophyll a and chloride found to be higher than expected for this stream type
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and sediment was also an issue within the reach. Median chlorophyll a and chloride
concentrations werhigher than expected but, all other parameters were within the expected
ranges.Additional water quality information for the BCC watershed is summarized in Teble 3
above for the years 196813 (Wynnet al.2013, p. 20).

3.3 Climate Events

Changing conditions that can influence freshwater mussels include increasing or decreasing
water temperatures and precipitation patterns that increase flooding, prolong droughts, or reduce
stream flows (Nobles and Zhang 2011 pp.i1418). An increase intie number of days with

heavy precipitation over the next 25 to 35 years is expectedreasecrossth€CCO s r ange
(https://science2017.globalchange.gov/chapter&hough theeffects of climate change have

likely affected theCCC, the timing, fregency, andxtent of these effects is currently unknown.

It is important to consider possible climate change impacts to CCC and its habitat. As mentioned
in the Poffet al.(2002, pp. iiv) report on Aquatic Ecosystems and Global Climate Change,
impacs of climate change on aquatic systems can potentially include:

1 Increases in water temperatures that may alter fundamental ecological processes, thermal
suitability of aquatic habitats for resident species, and their geographic distribution, thus
increasng the likelihood of species extinction and loss of biodiversity.

1 Changes and shifts in seasonal patterns of precipitation and runoff, which can alter the
hydrology of stream systems, affecting species composition and ecosystem productivity.
Aquatic orgarsms are sensitive to changes in frequency, duration, and timing of extreme
precipitation events such as floods or droughts, potentially resulting in interference of
reproduction. Further, increased water temperatures and seasonally reduced streamflow
canalter many ecosystem processes, including increases in nuisance algal blooms.

1 Cumulative or synergistic impacts that can occur when considering how climate change
may be an additional stressor to sensitive freshwater systems, which are already
adversely Hected by a variety of other human impacts, such as altered flow regimes and
deterioration of water quality.

1 Adapting to climate change may be limited for some aquatic species depending on their
life history characteristics and resource needs. Reduaniikéilinood of significant
impacts would largely depend on human activities that reduce other sources of ecosystem
stress to ultimately enhance adaptive capacity, which could include, but not be limited to:
maintaining riparian forests, reducing nutrieyading, restoring damaged ecosystems,
minimizing groundwater and stream withdrawal, and strategically locating any new
reservoirs to minimize adverse effects.

1 Changes in presence or combinations of native and nonnative, invasive species could
result in secific ecological responses to changing climate conditions that cannot be
easily predicted at this time. These types of charggs ihcreased temperatures that are
more favorable to a nonnative, invasive species compared to a native species) can result
in novel interactions or situations that may necessitate adaptive management strategies.

1 Shifts in mussel community structure, which can stem from cluinaligced changes in
water temperatures since sedentary freshwater mussels have limited refugia from
disturbances such as droughts and floods, and since they are-ttmriooners whose
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physidogical processes are constrained by water temperature within sppei@ic
thermal preferences (Galbraghal.2010, p. 1,176).

Severe drought and major floods have been documented to have significant impacts to mussel
communities with severe deaolis in mussel abundance (Haag and Warren, p. 1165; ldaatie
2001, p. 107; Hastiet al.2003, pp. 4845). The U.S. Drought Monitor documents the intensity
and impacts of drought with a rating scald@to D4(Table 32). These ratings include: DO
(Abnormally Dry), D1 (Moderate Drought), D2 (Severe Drought), D3 (Extreme Drought), and
D4 (Exceptional Drought). In the past 20 years, the state of Alabama has experienced four
droughts that have reached D4 in intengityee of these exceptional drougthtave been
documented within BC(.e., St. Clair County, Alabamd}igure 34).

Table3-2. Drought classification table showing range of drought inter{SBIyMC 2019 unpaginateyl

Palmer Objective
Drought Drought
Category [ Description | Severity| SoilMoisture | Weekly Standardized Indicator
Index Streamflow | Precipitation | Blends
(PDSI) | (Percentiles)| (Percentiles) Index (SPI) | (Percentiles)
DO Ab”gi;”a”y -1.0t0-1.9 21 to 30 21 to 30 -0.510-0.7 2110 30
D1 '\SOderate -2.010-2.9 111020 111020 0.810-1.2 111020
rought
Severe
D2 Drought 301039 6 t0 10 6 t0 10 -1.3t0-15 6 to 10
DXIeme 401049 3t05 3t05 1.6t0-1.9 3t05
rought
E)r)ceptlonal -5.0 or less Oto2 0to2 -2.0 or less 0to 2
rought
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Figure 34. U.S. Drought Monitor map of St. Clair County, AL (A), the State of Alabama (B), and Lawrence Cou@)y, AL (
(NDMC 2019 unpaginateyl

While impacts to the mussel fauna within BCC has not been studidthphets of théd4

drought of 2000 wre documented to mussels within five small stream sites in Bankhead
National Forest, Lawrence and Winston counties, Alabama (Haag and Warren 2008, entire).
Figure 34 aboverecords the severity of this drought and corapdo the drought observed in

BCC (St. Clair County, Alabamgafo that in Bankbad National Forest (Lawrence County,
Alabama),andAlabama statewide. Haag and Warren (2@08.169 found that mussels are

highly sensitive to the secondary effects of dttue.g, dissolved oxygen, warm temperatures,
and high biological oxygen demand) in addition to direct drying of mussel habitat. Additionally,
they found thatni small streams, overall mussel density before and after the drought declined by
65 83%,andthe magnitude of the decline did not differ among streams regardless of whether
the channel dried aemained wetteHaag and Warren 2008, p165) (Table 3).
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Table 33. Changes in mussel abundance of two Pleurobema mussels (small anddéegsheds) in Alabama and Mississippi
in response to severe drought in 2000 as reported in Haag and Warren 2008 (pp. 1166, 11-20,78)7BCC sites and the
same or similar Pleurobema species occurrence are reported at the bottom of the table forscomp&arrior pigtoe
(Pleurobema rubellum) could be considered an analog of CCC given the similar biology, habitat, and stream size.

Mussel Densities of Warrior pigtoe
Abundance (individualgm?)
Stream Drainage| Estimated _
Area Change | Predrought | Postdrought| Difference
(km?) (%)
Brown Creek 9 -83 (3695)
Brushy Creek 24 -83 (5497)
Flannagin Creek 24 -80 (6587) 0.12 0 -0.12
Rush Creek 30 -65 (2585) 0.08 0 -0.08
Sipsey Fork 267 -66 (4083) 0.48 0.18 -0.3
Densitiesof Southern clubshell
(individuals/nf¥)
Mussel
Drainage| Abundance
Stream Area Estimated| Predrought | Postdrought | Difference
(km?) Change
(%)
No
Sipsey River, Site 1 1,729 Significant 5.73 7.26 +1.53
Difference
No
Sipsey River, Site 2 1,765 Significant 7.61 10.49 +2.88
Difference
No
Little Tallahatchie River 4,002 Significant
Difference

BCC sitesthat are comparable in drainage size and taxa to #ioded

in Haag and Warren 2@.

Drainage
Big Canoe Creek (Sites) Area CanoeCreek Clubshell Southern Clubshell
(km?)

LCC (east) near Steele 58 Yes No

BCC near Springville at US 117 Yes No

Hwy 11

BCC.at US Hwy 231 in 365 Yes Yes
Ashville

BCC near Gadsden at 655 No Yes

Rainbow Drive

While the U.S. Drought Monitor database (FigBf&) only has data dating back to the year 2000
(NDMC 2019 unpaginateq the USGS has maintained a discharge station (02401390) on BCC
in Ashville at the U.S. Highway 231 bridge crosssigce 1966 This is the only continuous
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stream flow gauge currentbperating in the watershed (USGS 90dnpaginated Average
annual discharge f@CC at this site is 259 cubic feet per secgftéisec)from 1966 to 2018
(Figure 35, USGS 2019unpaginated This flow gauge (Figure-8) clearly shows significant
reduction in flows during thexceptional drought (D4br the years 2000 and 200B.
Additionally it shows 13 years with mean annual flow of less than 3B@dt 7 years of less
than 150 ft/sec(e.g, 1981, 1887, 2000, 2008hd 2 years of less thanQ.@®/sec {.e., 1986,
2007)

m mean flow (cfs)
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Figure 3-5. Average annual discharge’(fiecond) for USGS site 02401390, BCC at Ashville, Alabama, for year20266
(USGS 2019unpaginateyl

The Palmer Drought Severity INnd@RDSI) is a measurement of dryness based on
recentprecipitation and temperature and is kept by the National Oceanic and Atmospheric
Admini strationdés (NOAA) National I ntegrated
(www.ncdc.noaa.gov). The PDSI datak for Alabama goes back to 1895. PDSI value is a
standardized index that spai€ (dry) to +10 (wet(Table 32). In the past 100 years, 15 years
have been rated as moderate to extreme drgR§i$10-2) in the state of Adbama. The three
biggestdroughts (mean annual PDSI) in the past 100 years {2018) have beef8.01 (2000),
-3.07 (1954), an€3.95 (2007). Conversely in the past 100 years, 14 years have been rated as
moderate to extreme precipitatiddSlgreater than +2). The twargestfloodyears hadPDSI
values of +3.08 (1976) and +4.16 (1975). In the past 20 years, the most severe years for
precipitation have been 2003, 2009, and 2013, each with a PDSI value of +2.03 toH@ud8.

3-6 plots annual PDSI over the past 100 and pasea@s. The trend line for the past 100 years
(+0.04 PDSI trend/decade) represents a positive, but relatively even distribution of wet to dry
years. The trend line the past 50 yead28PDSI trend/decadehowever seems to trend more
toward drought, @d could indicate a climate shift with a higher frequency toward drought

Canoe Creek ClubsheliISA 41 February 2020



Alabama, PDSI
I PDE = 1818-2018 Trend +0.04/Dacade
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Figure 36. Palmer Drought Severity Index for the State of Alabama for the last 100 years2AB)3A) and for the last 50
years (B)(NOAA 2@0, unpaginated).
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Addi t i on alNatpnal CEnBeAfér &rsvironmental InformatiCEI) hasrecorded
temperature at the Birmingham Airport, approximately 35 miles to the southwest since 1930 to
present (Figur&-7). Four of the five highest mean annual temperaturengsithave occurred
within the past twenty years, possibly indicating a climate shift towards a warming trend.

Birmingham, Alabama

B 2016
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Figure 37. Annual mea temperature data at the NOAA NCition at the Birmingham Airport (Station ID: USW00013876)
between years 1938019(NOAA 2019, unpaginated).

3.4 Connectivity

The effects of impoundments and barriers on aquatic habitats and freshwater mussels are
relatively wellkdocumented (Watters 2000, p. 26This section is intended to be a summary of

the effects, as opposed te@mprehensive overview, dams and other barriers have on the CCC.
Extinction/extirpation of North American freshwater mussels can be traced to impoundment and
inundation of riffle habitats in all major river basins of the central and eastern United States
(Haag 2009, p. 107).

Humans have constructed dams for a variety of reasons: flood prevention, water storage,
electricity generation, irrigation, recreation, and navigation (Eissa and Zaki 2011, pD2533,
either natural (by beavers or by aggregatioinsoody debris) or mamade, have many impacts
on stream ecosystemReductions in the diversity and abundance of mussels are primarily
attributed to habitat shifts caused by impoundments (Netvas1997, p. 63).The survival of
mussels and their evall reproductive success are influenced:
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1 Upstream of damsthe change from flowing to impounded waters, increased depths,

increased buildup of sediments, decreased dissolved oxygen, and the drastic alteration in

resident fish populations.
1 Downstream of damsfluctuations in flow regimes, minimal releases and scouring

flows, seasonal dissolved oxygen depletion, reduced or increased water temperatures, and

changes in fish assemblages.

Interestingly, recent studies have shown that some musselations may be more temporally

persistent immediately downstream of small dams, more abundant and diverse, and attain larger

sizes and grow faster than do conspecifics in populations further upstream or downstream
(Gangloff 2013, p. 476)l n t oapidlycbasging landscape, itpsssible that these small
dams and their impoundments may perform some key ecoldgiezions that benefit mussel
and fish species, including filtration and detoxificatioranthropogenically elevated nutrient
loads, aygenating lowgradient streams during lewaterperiods, and stabilizing portions of
the stream beds (Gangloff 2013, pp. 47®). Additional benefits of impoundments may
include retention of fine sediments and associated toxidengediments to the spad of
invasive species, and attenuation of floods from urban or hagjrhrian watersheds (Gangloff
2013, p. 476).

The fragmentation of river habitat by dams and other aquatic baeigrsperched or

undersized culverts) is one of the primary tksda aquatic species in the U.S. (Martin and Apse
2014, p. 7). Dams (whether marade or naturenade €.g, from beaversastor canadensjs

or wind thrown debris)) have a profound impact ostieram habitat as they can change lotic
systems (flowing war) to lentic systems (stationary or relatively still water). Moreover,

fragmentation by dams or culverts generally involves loss of access to quality habitat for one or

more life stages of freshwater species. In the case of mussels, fragmentaticultam re

barriers to host fish movement, which in turn, may influence mussel distributions. Mussels that

use small host fishes such as darters (family Percidae) and minnows (family Cyprinidae), are

more susceptible to impacts from habitat fragmentatiorntairereasing distance between
suitable habitat patches and low likelihood of small host fish swimming over that distance as

compared to large host fishes (Vaughn 2012, p. 7). Barriers to movement can cause isolated or

patchy distributions of mussels, iwh may limit both genetic exchange and recolonizateg,(
after a high flow, scouring event) (Joretsal. 2006, p. 528).

The backwaters of H. Neely Henry Reservoir backs up into lower Big Canoe Creek past the
mouth of Little Canoe Creek (east). Construction of H. Neely Henry Dam, completed by the
Alabama Power Company in 1966, resulted in the loss of most of the mussedtidumzerine
habitat in the lower 12.5 km of BCC. Additionally, a small mill dam "Goodwin Miigure 3

8) was recently removed from th€C (west). This removal reestablished connectivity in a
portion of CCC range thatreviously had been blocked aadbarrier to mussel and fish
migraton A r api d habitat assessment conducted
had noted impairments in the form of embeddedness, velocity/depth regime, sediment
deposition, and riffle frequencyrollowing the renoval of the dam in 2013, this reach began to
restore itself to a higher quality stream halt&ynn et al.2016, p. 41)
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A survey of stream crossings was conducted in October 2012 to April 2013 within BCC. A total
of 366 stream crossing structures wsuweveyed. Twenty crossings were determined to be
barriers to fish. While a majority of these were on smaller tributaries and not habitat utilized by
the CCC, one crossing was located on LCC (west) within the range of the CCC. Additionally,
sedimentatio risk was evaluated at each of the 366 stream crossings. Fifteen si@swére
determined to be high risk for sedimentation, while 79 sites ¥@lu&re determined to be at
moderate risk for sedimentation (Wyahal.2016, pp. 4548).

3.5 Conservaion Efforts
35.1 State Protections

TheCCC is currently ranked as a priority 1 (highest conservation concern) species of greatest
conservation need in Alabama (Shefdix 2017, p. 51; ANHP 2017, p. 41), but is not currently
listed as state threatened or endangered (ADCNR 2015, p. 23, ANHPp2@1J. However, all
mussel species not listed as a protected species under the Invertebrate Species Regulation are
partially protected by other regulations of the Alabama Game, Fish, and Fur Bearing Animals
Regulations. Regulation 220.104 prohibitdshe commercial harvest of all but the 11 mussel
species for which commercial harvest is legal (ADCNR 2015, p. 438).

3.5.2 Alabama Rivers and Streams Network

The Alabama Rivers and Streams Network is a group ofnaiit organizations, private
companies, state and federal agencies and concerned citizensdpaizethe importance of

clean water and working together to maintain healthy veatepliesandinvestigate water

guality, habitat conditions, and biological quality in rivers and streams and make these findings
to the public (www.alh20.0rg/)BCC been designated as a Strategic Habitat Unit (SHU) by the
Alabama Rivers and Streams Network (ARSN) for the purpose of facilitating and coordinating

Figure38.Goodwi nés Mi | | Dam on BCC, St. CIl aier(B)@woavalhyyhe ARSN
partnership in 2013 Photo Credit: Eric Spadaenske. USFWS.

watershed management and restoration efforts as well as focus funding to address habitat and
water qualty issues (Wynret al.2016, p. 11, Wyneet al. 2018, entire). In total, ARSN has
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outlined a total of 60 SHUs or Strategic River Reach Units (SRRUS) where conservation

activities are critical for the management, recovery, and restoration of populdtrans fishes,
mussels, snails, and crayfishes in Alabama or adjacent states with joint drainage of these
watersheds. The SHU project was developed for species restoration and enhancement. In 2016,
the Geological Survey of Alabanf@SA) completed a watshed assessment of the BCC system

for the recovery and restoration of imperiled aquatic species (\&tyain2016, entire). This
assessment is being used by multiple federal, state, angovemmenbrganizations (NGOfo
contribute to restoration prajes that will improve habitat and water quality for at risk and listed
species like the CCCAn example obrganizations working to together under ARBNhe
removal of t he Figwedd8)in2@3on BICC, whiciorestored connectivity

to aportion of the range of the CG@thin LCC (west) Multiple agencies and groups came
together for this r eRetnesfor Fismand Wildlife RrggramtPkW) Ser v
Ecological Services, and Fisheries prograftiabama Department @onservation and Natural
Resources (ADCNR)GSA, ADEM, Alabama Power Comparifhie Nature Conservancy

(TNC), Coosa RiverKeeper, and Friends of Big Canoe Creek.

3.5.3 Mussel Propagation Effort

The Alabama Aquatic Biodiversity Center (AABB)located in Marion, Alabama, aigla
programof the ADCNR(www.outdooralabama.com/research/aqubtadiversitycentej and is
the largest statenepa me r ecovery program of its kind in
to promote the conservationdirestoration of rare freshwater species in Alabama. Between
2010and2017, AABC has propagated and released, 437 individuals 018 species afare

snail and mussel species. AABC coletgravid CCC during Springummer of 201@nd will
continue ths work during Springsummer of 202@n order to begin a host trail work for the
speciesfobian 2019, entird®. Johnson pers. comm. 2019iven the lack of recent
recruitment observed within BCC for the C(f&bbianet al.2017, pp. 910), propagation of
CCC will likely be required in order to recover this species (MRBMRC 2010, p. 26; Sikon
2017, p. 69).

3.5.4 GovernmentaPrograms Water and Habitat Quality Conservation

The U.S. Department of Agriculture (USDA) Farm Service Agency (FSA) spadstibe
Conservation Reserve Program under the Farm Bill. This is a voluntary program that contracts
with farmers and landowners to use their environmentally sensitive agricultural land for
conservation benefit (USDA 2016, p. 1). The USDA Natural Ress@oaservation Service
(NRCS) also administers conservation programs under the Farm Bill that work with private
landowners for the conservation of water and soil. These programs include the Environmental
Quiality Incentives Program (EQIP), Conservation@ielship Program (CSP), Emergency
Watershed Protection Plan (EWP), Watershed Protection and Flood Prevention program,
(www.nrcs.usda.gov/wps/portal/nrcs/main/abiprams3. These efforts are active in the range of
the CCC and may improve water quality ie tgricultural landscape within the BCC watershed.

USFWS PFWprovides technical and financial assistance to private landowners and Tribes who
are willing to work with us and other partners on a voluntary basis to help meet the habitat needs
of our FederTrust Speciegwww.fws.gov/partnens The BCC SHUis a priority watershed for
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the PFW andconservation efforts are focused on project opportunities WBGIG that improve
overall stream health and aquatic habitat. Currently several projects are in various
developmental stages and are expected to be completed within thelngxtehrs. The types of
projects include, but are not limited twank stabilizatia, exclusion fencing, and barrier

removal. Bank stabilization and exclusion fencing projects are being implemented to reduce
erosion and improve water quality within target streams. Barrier removal projects are being
implemented to improve connectivitgrfaquatic species and restore the natural hydrology of
target streamsTo identify, implement, and complete such projects, PFW coordinates with
various partners which include landownersn-governmental organizationslGO9, and local
municipalities.

3.5.5 Non-governmentaDrganizatiors - Water and Habitat Quality Conservation

The Nature Conservanty aglobal environmental conservation organization working to
conserve lands and watdveww.nature.oryy This organizations very active in Alabama, and

has listed Big Canoe Creek as a priority watershed for focused conservation Efferfiature
Conservancyas been awarded a National Fish and Wildlife Foundation (NFWF) grant to create
a watershed coordinator position the BCCwatershed that will work with landowners on
headwater protection through land acquisition and easenpeotsct water quality by restoring

and bolstering riparian buffers on public and private laimdsall on the ground restoration

projects thastabilize eroding streambanks and increase overall water quality and instream
habitat on public and private landsd promote public access and recreational use of the river
throughconservation and protection of the water resource.

TheFriends of BigCanoe Creek ia NGOthat was formed in 2008 for aowse of preserving

and protecting the BCC watershed through education and participation of on the ground
conservation effortévww.bigcanoecreek.ojg The group primarily focuses @ducational,
recreaibnal and communitgervice activitiedike; rain barrel workshops, float trips, and creek
cleanups However, they wermstrumental in advocating for amdminatng landalongthe
creekfor inclusion intoForever Wild a state program that buys land totect and preserve it

As of 2018there is a 382 acf®CC Nature Preserve with about a mile of creek frontaep
Springville in St. Clair CountyThe new preserve will be retained by the Alabama Land Trust
and maintained by the City of Springvillatchison 2018, entire)

The Coosa Riverkeeper aconservation NG@ounded in 201Qvith a mission to protect,
restore andpromote the Coosa River in Alabarfvavw.coosariver.ory The Coosa River
Riverkeeper i@n environmentadvocacy organizatioilocused on water quality. Their
programs focus on pollution issues, but ta&sp collect and maintain water quality ddteough
their Swim Guide program, which is activetire BCC watershed (Chitwood 2019, entire).

CHAPTER 4 - CURRENT CONDITION
In this chapter, welescribe the current conditionthie CCC. First, we assesknownsurvey

dataincluding (catch per unit effort and river km occupiadil occupancy of known sites.
Then,we develop gopulationmodel for the CCC talarify our understanding of mortality and

Canoe Creek ClubsheliISA 47 February 2020



survival of age classes within the specikastly, we describe the current condition of the CCC
in terms ofits resiliency,representation, and redundarfthye 3Rs)

4.1 Demographics and Distribution
4.1.1Abundance

Musselabundances indicated by the number of individuals found during a sampling event
(Table 41 and Table €). Mussel surveys rarely are a complete census of the population,
instead density is estimated by the nundfendividualsfound during a survey event using
variousstandardized quadratés a resultywe usel data orthe number of individuals captured
per standardized effors¢archtime) (ameasure otatch per unit effort (CPUIEjo estimate
CCCabundance

The most recent suryef mussels in the BCC watershednductedy Fobianet al. (2017,

entire) looked for mussels at 48 sites throughout BCC watershed. A total of 497 nfliabéds
4-2) were found during 45.4 persdrours, resulting in a CPUE of 10.9 mussels/petsaur.

Eight sites wersurveyedn LCC (east) for a total of 7 person hours and a single live CCC was
found. This search effort resulted in a CCC CPUE of 0.14 individuajsgpson hour.

Additionally, 29 sites in BCC proper were searched for a total of 32 person hours, and yielded
nine live CCC at 2 of 29 sites for a CPUE of 0.28 individuals per person hour. Ten sites were
surveyed in LCC West for 7.7 person hours, butltedwon no additional live CCC. A total

CPUE of CCC from the west subpopulation equals 0.125 individuals per persorThese low
CPUE results indicatthe abundancef CCCis very low. Fobiaret al. (2017, p. 10) noted that

the low abundance and ahbse of sub adults (SL < 50 mm) in the present survey suggests a
continued species decline.

If we consider theelative abundance of southern clubshell in BE®% relative abundance and
CPUE of 2.2 individuals per person hoas) a estimatdor a musskpopulation expected to be
in a moderate to healthy status in BCC, then the substantially lower relative abundtiece of
CCC(2% of all mussels collected) and CPUE (2.2 individuals per person hour) provides
additional support for the conclusions madéd-bpianet al (2017, p. 10) that the species is
currently not sustainable or in a state of decline.
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Table 41. Abundance (total number collected) and size (length) distribution for the CCC recently2@0D8)/collected within
BCC West and Eastibpopulations.Source: Fobiaret al.2017(pp. 910) and Fobian 2018pp. 1-2). * Single site was
resurveyed 4 times.

Number Sites Numb_er i Size
Subpopulation Number of with Live CCC Number  Juvenilesor Range
pop Sites Collections of Adults Subadults (mn?)
(<50 mm)
West 40 2 9 0 61-97
East 8 1* 16 0 57-80

Previous collections of CCC during the 25 years prior to this study equaled less than 15 live
individuals (Fobiaret al.2017, pp. 910). Subsequent surveys by Fobian (2018, #}.td the
comprehensive BCC watershedwy foundan additional 15 live CCC at a single location
(LCC (east) at the Steele Station Road crossiogha total of 25 individual CCC over the past
two years of survey effo(Table 41).

Table 42. Overall mussel gries abundance of BCC during Fobietnal.2017. Source: Fobiaret al.2017 (pp.23).

Species # Collected % Abundance

Tritogonia verrucosa 166 33.4%

Amblema elliottii 152 30.6%
Pleurobema decisum™ 103 20.7%
Lampsilis ornata 20 4.0%
2.0%
1.4%
1.4%
1.2%
1.2%
1.2%
1.2%
0.6%
0.4%
0.2%
0.2%
0.2%

—
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Pleurobema athearni

Villosa umbrans

Viliosa vibex
Hamiota altilis™
Leptodea fragilis

Obliquaria reflexa

Quadrula rumphiana

Megalonaias nervosa

Ptychobranchus foremanianus™

Lasmingona etowaensis

Pseudodontoideus connasaugaensis
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Villosa nebulosa
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Lampsilis teres

Lasmigona alabamensis
Utterbackia imbecillis

Elliptio arctata

Ligumia recta
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4.1.2 Recruitment

Size distributions of live CCC recovered iecent surveysuggestshe species is experiencing
recruitmentailure (.e., individuals are not able to survive into reproductive afes)le 41)
(Strayer and Malcom 2012, p. 1783)f sixteen CCC collected from LCC (east) in 2B/

sizes of live specimens have ranged betweeB(®Ginm, with a mean length of 67.5 mm (Fobian
et al.2017, pp 1611; Fobian 2018, p-2). The nine individual CCC collected from BCC/LCC
(west) have ranged between®2 mm in length, with a mean length of 79 mm (Folagal.

2017, pp 1611). Fobianet al.(2017, p. 10) noted that the low abundaand absence of sub
adults (SL <50 mm) in the recent survey suggests a continued species decline.
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Figure4-1. Size class distribution of CCC and southern clubg}$&ll) (for comparison with a moderately healthy species) from
recent survey data in BCC based on (A) the number of individuals found and (B) proportion of total animals found that fall
within each size class (BBtageclasses of CCC are estimated at thediwihg: Juveniles are > 35 mm, Salults are >50 mm,
and adults are 5@0+ mm. N=25 (CCC) and 64 (SC)Source datafFobianet al.2017, Fobian 2018, anBuntin2017.

Canoe Creek ClubsheliISA 50 February 2020



4.2 Population Model

Field observation§Section 4.1pf the CCC indicate thaulpopulations are low in abundance

and skewed toward larger and older animals. The CCC, like many other members of the
Pleurobemintribe are considered to exhibit an equilibrium life history strategy (Haag 2012, p
211). Such a lifdnistory strategy is anadjous to a Kselected vertebrate and is expected have a
high age to maturity, higher age to reproduction, typically low reproductive capacity, and low
growth rates (Haag 2012, p 210). Size class distributions for equilibrium species are expected to
be unformly distributed multiple cohorts tend to accumulate into fewer size classbese
populationgHaag 2012, p 217). Therefore, a skewed-siass distribution may indicate that
additional mortality is occurring to smaller size classes before they are able to recruit into the
population and may suggest a declining populaiirayer and Malcom 2@1 p. 1783)

To explore the potential of additional recruitment mortality in populations of CCC, we built a
simple agebased population model using Microsoft Excel 10 and the PopToois #ddod

2010, unpaginated)Additionally, we used our model &xplore population trends of the CCC

using estimated survival rates and considering the potential for environmental stochasticity from
droughtsand estimated quantities of available habitat to assess future con(iifaper 53).

4.2.1 Development

Little has been donan the CCC to further our understanding of its-hifstory. However,
considerable work has been done on related taxa within its gdaag and Rypel 2010, p. 6;
Haag and Staton 2003,21182125). Therefore, we used literature tliaports on demographic
estimatesuch as survival for oth&eurobemaspecies to inform the parameterization of our
population modelHowever, &cundity was recently recorded for three CCC females (lengths of
61, 75, and 76 mm); total glochidia rangexvireen 5,50@16,000 and total viable glochidia
ranged from 5,40Q.7,400 Fobian 2019p. 12. We calculated the mean infective (viable)
glochidia(9,543 infective glochidia per reproductive femalsing these recent dedad
incorporated it ithe model. Initial model parameterization was concluded whsimulated
population converged on a stable age distribution that matched the expected unifariassize
distribution of an equilibrium strategy mussel (Haag 2012, p 217).

The number of raaits per year was estimated in our population model by incorporating the
BevertonHolt stock recruitment model.

Equation 41. BevertonHolt stock recruitmenequation.

B asS
“1+bs°¢

The BevertorHolt stock recruitment model estimates the number of recruits (R) by considering
some measure of stock abundance (S), the number of recruits per spawner at very low stock
abundance (a), a maximum number of recruits produced (a/b) and nadisallyuted error

w

R
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(W). We parameterized the Bevertbiolt stock recruitment model with an estimate af 0.
juveniles produced per femalile median of the range reportedHaag 2012, p 220). The b
parameter was adjusted to reflentadundance that raadbetween approximateB000 and
6000(rangewide) andapproximately1500 to 300{persulpopulatior). These ranges provide

an approximation of the number of CCC that are present throughout the occupiedTiaege.
werecalculatedusingpopulation estimates of a related taxSouthern pigtoeRleurobema
georgianun), in Shoal Creek, labama(Warrenet al.2004, p. 27) This related taxon has been
observed at a relative abundance similar to @CBCC. In Shoal Creek, the Southern pigto
was estimated to occur at an abundance of 800 animals in an approximated 10 km stream reach.
If the CCC occurs at similar densitias the Southern pigt@eross its entire range
(approximately 50 kmthe CCCestimated population size is approxima#®dp0 animals.
However, initializing the population wittheseestimatel rangesassumes that the entire occupied
range of the CCC provides suitable habitat and the species is distributed evenly throughout.
Furthermore, Shoal Creek is located within National Forest boundaries and likely has more
higher quality habitatThereforea range of 3000 to0®0 islikely anoverestimateof the

number of CCChowever, it represents our best estimate for modedlimgoses

In this population model, we assume that a minimu®Ootproductive femaleger

sulpopulationare required for successful reproduction to occur within a particular year. This is
approximately two females per stream kilometer (density appedgign0.0002

individuals/square meter) in the current range of the CCC. We further use this estimate of 50
reproducing females psulpopulation (100 reproducing females raivgee) as an estimate of

the minimum viablesutpopulation. We consider thesdiemtes to be very conservative and

that much higher number of females are required to sustain natural populations. These estimates
are only used for modelling purposes.

To understand additional mortality on CCC recruits occurring and to what dexg we

iteratively ran the population model 100 times under scenarios that assumed 90%, 80%, 70%,
60%, 50%, 40%, 30%, 20%, 10%, and 1% survival of recruits. Mean lengths were calculated
under each recruitment survival scenario.

4.22 Results

Based orour population modeling exercise, we found that the modeled size class distribution
and mean length matched observed size class distributions and mean lengths under scenarios
where recruit survival varied between 6@% (Figure 43). This result indicats that

additional mortality idikely present on young CCC and that recruitment is limited in the wild
subpopulations.
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Figure 4 3. Estimated recruitment survival of CCC with modeled size class distribution and mean length against the observed
sizeclass distribution Source data: Fobiaet al.2017, Fobian 2018, and Btin 2017.

Later, we used these estimates of recruitment survival to explore the probability of CCC
persisting into the future. We considered scenarios in which droughihitdtchanged in the
future.

(Chapter 5)

4.2.3Assumptions

Addi ti

onal

Yy,

we

consi

dered how prop

1 Suitable habitat is uniformly distributed throughout the occupied range and the CCC is
uniformly distributed throuigout.
f CCC can reproduce at densities as low as 0.0002 femaleg f@famales per river
kilometer).

=4 =4 =4 -8 -8 _9_-9

4.24 Inputs

Canoe Creek ClubshelSA

Reproduction begins at year class 6.
Juvenile and adult survival is similar and high (approximately 90%) in natural conditions.
Survival after settlememns$ no greater than 50%.
CCC produced approximatedy543 infective glochidia per reproductive female
No additional natural mortality exists (no predation or disease).

Population growth is density independent.

Individual growth rates follow logisticurve.
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1 Juvenile Survival

1 Adult Survival

1 Settlement survival (stochastic with beta distribution with an alpha parameter of 3 and
beta parameter of 10)

1 BevertonHolt a: 07 (from literature)

1 BevertonHolt b: 0.0®8 (adjusted to reflec stable abundance rarjge

4.3 Summary ofCurrent Conditions and Viability based on Resiliency, Representation,
and Redundancy

4.3.1 SpeciesResiliency

TheCCCand each subpopulatiggast and We¥nheeds to be able to withstamu beresilient

to, stochastic events or disturban¢esy drought, major storms and floodirgpills, or

fluctuations in reproduction rafeg o be resilientthe species and eacutpopulation need to
have an adequate number of individuatsser a large enough argaultiple sites within a
populationor subpopulationthat a localized event does not eliminatugpopulation, and have
connectivityamong sites withieach supopulationsuch that areas could be repopulated if local
siteextirpations were to occufFhe resuls of our population model indicate that currently, the
CCCsubpopulatioslikely have reduced to little ability to recover from a severe stochastic
event and thus have very limited resiliencit is also likely that the current observed size class
distribution is indicative of recruitment failu(8trayer and Malcom 2012, p. 17&8)oss the
CCGd mange Currentdemographics may already indic#te speciess in anextinction deht
where o or both subpopulations are in a downward spiral from which they are unable to
recovematurally(Haag 2012, pp. 38385).

4.3.2 SpecieRepresentation

Representation e f | ect s a s p e ctoahan@ing andimpnientalcendiioaspeec | t y
time andcan becharaterizedby genetic an@cologicaldiversitywithin and among populations.

The CCC is represented hysingle watershed (the BCC watershéddhe two subpopulations

within the BCCdo not differ markedly in thegeneti¢c morphology, ecology, or behavidrhe

one distinction between the two subpopul ati on
represented by two different physiographic provinces (Cumberland P keaAlabama Valley

and Ridge)though all portion®f its present range occurs within the Alabama Valley and Ridge

as does all portions of the present range of the Subpopulation Gigen that the CCC is so

limited in range and individuals of each subpopulation do not vary markedly, the adaptive
capady of the species is likely very limitedAlthough historical data on the species is limited,

we believe the species has likely always been a narrow endemic and that the current, limited
adaptive capacity of the CCC is likely similar to that which trecgs had historically.

4.3.3 Species Redundancy
Similar to its adaptive capacity, redundancy for the CCC likely remains relatively unchanged

from its historical state and is generally ve
characterizedbytws ubpopul ati ons that exist withbhin the
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relatively recent structuring of the species into two subpopulations likely doksgedt
provide a benefit to the species since it is a result of a haaased inundation, thé. Neely
Henry Reservoir, which creates a stretch of unsuitable habitat for the mussels and host fish.

Il ndeed, we understand this unsuitable stretch
impacton the species, as it is a cause of isoladioth prevents genetic exchange and the

opportunity of recolonization among teebpopulations Therefore, while the
redundancy is characterized by having two sub

range likely provides the greatesbfection against catastrophic events. However, since the
range of the species is so limit@danycatastrophic events, such aseaxeredrought event, that
may impact an entire subpopulation, are likely to impath subpopulationsEvents such as a
contaminant spill would be unlikely to affect both subpopulations, as they do not occur directly
downstream of one another. However, if a subpopulation were to be extirpated as a result of
such an event, natural recolonization would be near impossibleitgvsalation from its
counterpart.Therefore, the CCCurrentlyhas limited redundancy to protect against catastrophic
events.
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CHAPTER 517 FUTURE CONDITIONS AND VIABILITY

We have considered what t@€C needs for viability and the current conditiohthose needs

(Chapters 2 and), and we reviewed the factors that are driving the historical, current, and future
conditions of the species (Chap®r. We now consi der what the spe
likely to be. We apply our future forecaststhe concepts of resiliency, redundancy, and

representation to describe the future viability of @&C.

5.1 Introduction to Projections and Scenarios

To assess the future condition of tbEC, we have forecasted what t6€C may have in terms
of the 3Rs undeahreeplausible future scenario®\s outlined in Chapter3 and 4 climate
eventg(drough), reducecdhabitat (sediment and water qualitailability and continued decline
and lack of natural recruitmemerethe primaryfactors identified as affectingge CCCin the
future Therefore, we projected how these factors would change over time in oddsetop

our future scenaridsy sulpopulationto assespropagation or no propagation and histalrar
enhancede\eredrought probabilitypy population afour time periodsyears2045, 2070, 2095,
and 220; or 25, 50, 75, and 100 years into the futliteesetime steps begin igear2020, as

this was the end of our current condition timefraha extenadthroughyear2019

Our population model is meant to represent one subpopulation of CCC and for the purpose of
this modeling exercise, we assume both subpopulations of CCC are equal inosszenmarize

the overallsulpopulation resiliency of th€CCin the future, wentroducedoothCCC
sulpopulationgo variousconditions(habitat degradation and drought frequency) and
propagation scenario that C@@ayface.

To assess future conditions and probability of extinctionysesl ssimpleage basegopulation
modelinitially developed to assess recruitment surv{&action 4.2) and we varied
environmentaktochasticity habitatavailability, and propagation alternatives under each
plausible recruitment survival estimate. The models were run 106 &intkextirpation was
recorded a5, 50, 75, and 100 years into the futpeg each iteration.

Demographic stochasticity was introduced in the population model in the first year class of our
population model. No studies have been conducted on mussels that were able to estimate
survival of wild freshwater mussels during settlement. However, oligersan hatcheries

indicated that approximately 50% of mussels survived in the first 50 days after excysting (Haag
2012, p. 220; Hanlon and Neves 2006, pp48). Because hatcheries are controlled
environments, we consider a 50% survival estimate stf yearclass mussels to overestimate
survival of that year class in the wild. Therefore, we included survivorship of the first year class
as a stochastic parameter that varied by year and was sampled from a beta distribution with an
alpha parameter oféd beta parameter of 10. This ensured that survivorship of new recruits
generally did not exceed 50%.

Environmental stochasticity was incorporated by considering the effesty@fedroughts

(PDSI <-3) on mussel populations. Drought conditionsehasubstantial effect of mussel
populations, with declines in mussel abundances observed betw88f¢6H small (<267 ki)
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watersheds (Table-3) (Haag and Warren 2008,1170). Based on these observations, we
incorporated survivorship of CCC duringpdght years as a fixed estimate26#6 (the median
Asur vi veportediby Haag and Warren 2008, p. 11d0)ng years ofeveredrought. The
probability that the entire simulated mussel population would be exposed to this level of
survivorship in a paicular year was approximated by calculating the percentage of years in
which severe droughfsa v er a g e a43)wararkcorfed Quting the period of record
(18952018) (Figure 4). Approximately 50% of the years between 1895 and 1999 exhibited
drought conditions in the State of Alabama aesleredrought (PDSD-3) occurred in
approximately 6% of recorded years (NOAA2DQunpaginated). Overall drought frequency did
not increase in the years between 2000 and 2018, howleedrequency oyearsthatexhibited
severadrought conditionslid increasédNOAA 2020, unpaginated). We assumed that the
probability of aseveradrought occurring in a particular year followed a binomial distribution
(sequence of independent pass/fail or drought/no drougktienents) For the purpose of this
model, we assumed a 6% (moderate) and 11% (enhanced) frequency of severe drought to
represent two plausibkevere drought frequency scenarios basegubsidrought data for the
State of Alabama (Figure4).

Alabama, PDSI

I

il | |
| HH l! ,mj_

Figure 4-4. Palmer Drought Severity Index for the State of Alabama for the period of recordZQ885NOAA 2020,
unpaginated).

5.1.1 Population Modet Assumptions
1 Suitable habitat is uniformly distributed throughout the occupied range and the CCC is

uniformly distributed throughout.
f CCC can reproduce at densities as low as 0.0002 femaleg (&famales per riverrk).
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Reproduction begins at year class 6.

Juvenile and adult survival is similar and high (approximately 90%) in natural conditions.
Survival after settlement is no greater than 50%.

CCC produced approximately 9,543 infective glochidia per reproductive female.
Survival duringseveredroughts affects all members of the population equallytiaad
survival rateduringseveredroughts i26%

No additional natural mortality exists (no predation or disease).

Population growth is density independent.

Individual growth rates follow logistic curve.

Abundance is related to habitat availability

= =4 =4 -8 A

= =4 =4 -4

5.1.2 Population Model Inputs

1 Juvenile Survival

1 Adult Survival

1 Settlement survival (stochastic with beta distribution with an alpha parameter of 3 and
beta parameter of 10)

1 BevertonHolt a: 07 (from literature)

1 BevertonHolt b: 0.0®8 (adjusted to reflect a stable abundance range)

1 Drought probabilities: 6%and 11%

1 Drought survival26%

1 Habitat parameteadjust the Bevertohlolt b parameter to reflect approximately half of
our original estimates (s&ection 4.2.3or themodelassumptions)

1 Propagation parameter: 500 animals offitst yearclass peyearfor the duration obur
time horizon

5.2 Projections
5.2.1Drought

Drought conditiongrereasonablygertain to occur into the futurand with climate change,

more intense droughts are expected to occur, especially-inapibal areas (Elizza and Zaki,

2011, p. 252).The Southeastern United States has been projected to experience more frequent
occurrences of summer precipitationighility that equates to enhanced flood/drought intensity
(Li et al.2013, pp. 340, 351)Warmer temperatures can amplify the impacts of drought (Center
for Climate and Energy Solutions 201@tps://www.c2es.org/content/drouegmdclimate

change). The CMIP5 shows hydrological modeling estimates of global drought variability, and
captures regional variation in drought frequency (Wuebdtles 2014, pp. 57&79). The

figures belov show the future CHIP5 projections of temperature and precipitation (Figure 5

and Figure B).
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* 85-100% of model changes are significant and in agreement

Figure5-1. Change in monthly averages of maximwm 2 meters above ground)r temperature for four time periods

(historical and future scenarios) bakeff of RCP 4.5 (left) and RCP 8.5 (right) simulations for St. Clair County, Alabama. The

average of 30 CMIP5 models is indicated by the solid lines and their standard deviations are indicated by the respettive shad
envelopes. Triangle, diamond and aggisymbols indicate the percent of models that simulate future minus present changes that

are of the same sign and significant. A{gided Studentstt e st i s used to establish significan
Hostetler 2013, NCCV USGS.
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Figure 52. Change in monthly averages of precipitation for four time periods (historical and future scenarios) based off of RCP
4.5 (left) and RCP 8.5 (right) simulations for St. Clair County, Alabama. The average of 30 CMIP5 models is indicated by the
solidlines and their standard deviations are indicated by the respective shaded envelopes. Triangle, diamond and square
symbols indicate the percent of models that simulate future minus present changes that are of the same sign andAsignificant.
two-sided Sidentstt est i s used to establish significance (p O 0.05).

Higher temperatures increase the wdtteiding capacity of the atmosphere and thus increase
potential evapotranspiratipas sucltglobal warming not only raises temperatures, but also
enhances drying near the surfameq iscaptured by the PDS&nd the increased risk of drought
duration, severity, and extent are the consequddaie=( al. 2004, p. 1129)

Drought severity has beeecorded for Alabama since 1895 (NOAA2RQ unpaginated and

hasa substantial effect of mussel populations, with declines in mussel abundances observed
between 683% in small (<267 ki) watersheds (Table-3) (Haag and Warren 2008, p 1170).
Approximaely 50% of the years between 1895 and 1999 exhibited drought conditions in the
State of Alabama anseveredrought (PDSID-3) occurred in approximately 6% of recorded

years (NOAA 2Q0, unpaginated). Overall drought frequency did not increase in the year
between 2000 and 2018, howewbe rate oincidence oseveredroughthas increased since the
beginning of this centurye(g, 2000 and 200ANOAA 2020, unpaginated) Given the

uncertainty in the proportion of years that will face severe droughitmrslin the future, we
developed two scenarios with varying probabilities of severe drought conditions: one scenario
assumes the probability of severe droughts continue at the rate observed historically (6%) and a
second scenario assumes the probalfityevere droughts continues at the ratee similar to

that seen imecent years (11%).
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5.2.2Habitat Changes

Habitat quality degradation reasonablygertain to occur into the futuggven the stressors
already occurring on the landscaperieulture,urban developmentonstruction activities,
unpaved roadgind forestry activities, and predicted growth (Wtal.2016, pp. 5662)
(Appendix A) Recent habitat assessments by ADEM and GSA indicate approximately half of
the habitat availaklfor CCC is already impaired (ADEM 2005a, entire; ADEM 2005b, entire,
and Wynnet al.2016, p. 17) and unlikely suitable for the C@€r surveyor observatiois.

Fobian pers. comm. 2019T.herefore, to assess habitat alteration in our simulated mussel
population, we adjusted the Beveribiolt b parameter to reflect a reduced carrying capacity
(approximately ondnalf of our original estimateseeSection 4.2.2 We did not evaluate a
continued change in this amount of suitable habitat for the CCC betauddficult to estimate
habitat declines by year. However, it is reasonably certain that habitat will continue to degrade.
Therefore, our models overestimataundances of the Cd@to the future andlkely projecs a
higher chancef a subpopulatio remaining extant.

Someof the primary influences on habitat quality degradaitiotne BCC Watershed are

associated with urban growgthigure 33). It is anticipated that the availability of suitable

habitat will continue to decline as human populations and subsequent urban development
continues to growThe human population in the southern United States has grown at an average
rate of38.3% since 20, making it the fastest growing region in the country (U.S. Census

2020). As a result, urbanization has been identified as a stressor to this species and its habitat.
Growth will continue at a rapid pace within Birmingham and the surrounding arbaesefore,
development and urban sprawl is expected to expand and influence areas that previously were
unaffected by urbanizatiorRapid growth in the Birminghamwreaand across the southeastern

U.S. as a whole is expected to be a major driver of changanaingportant consideration when
evaluating future viability of th€ CC. We used the SLEUTH (Slope, Land use, Excluded area,
Urban area, Transportation, Hillside area) modeltsider how land use acrd3€C is

predicted to change and develop.

The SLEUTH model, simulates patterns of urban expansion that are consistent with spatial
observations of past urban growth and transportation networks, including the sprawling,
fragmented, fleapfrogo devel opmentitediStates ha s
(Terandcet al.2014, p. 2).The extent of urbanized areas has been predicted to increase across

b

the southeastern United States by approximately100 2 % bas ed @%u stuhad o bus

(BAU) scenarig Figure 53) that expects future delpment to match current development rates
(Terandoet al.2014, p. 1).We use this range of percent change in urbanization to develop our
future scenarios described below.
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Figure53.a) @ Buasu :easlsd scenario for the Southeast Uniatad States
2014, p. 3); b) is the initial urban land cover as of 2009; and c) is the projected urban land cover in 2060.

The corridor between Gadsden d@idningham, Alabama is expected to urbanize according to
the SLEUTH model and will apply pressure to @@Cin both BCC subpopulatior{&igure 54
and 55). The areas surrounding Springvjlksshville, Steele, and Gadsdenll experience

further develoment which will negatively affect water quality ahdbitat quality within BCC.
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Figure5-4. SLEUTH Model projection @020in the BCC area.
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5.2.3Propagation

Active propagation of CC@as been identifiedy both the Mobile River Basin Mollusk
Restoration Committee (represented by multiple state, federal, argbmemmental natural
resource organizations) and the State of Alabastiiely to be required in order teecover this
species (MRBMRC 2010, p. 26; Shelhinx 2017, p. 69) The AABC begn conducting host
trials on CCQn 2019and will continue this work into 202®. Johnsopers. comm. 2019
Fobian 2019, entide At this time, thisurrentwork is only to felp identify gaps in our
knowledge of CCC life history and to develop culture methods for this spanoes long term
plan for CCC has not been developétbwever, mplementation of successful propagation
techniques will be required in the futurestaccessfully recruit and augmetiie subpopulations
of CCC in BCC. Likewise, futureconservation effortshouldalsofocus onremoving barriers
andconserving orestoring habitat and watgquality, asan important component of any
propagation/augmentatiotgm or natural recruitment scenario.

5.3 Scenarios
Theresults of the population model, summarized below, indicate the probability of a

subpopulation remaining extant under three future scenarios 25, 50, 75, and 100 years in the
future.
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5.3.1 Scenario 1: Static habitat availability watmoderate probability of severe drought (6%)
and no propagation of the species
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Recruit Survival: 0.6 Recruit Survival: 0.4 m Recruit Survival: 0.2

. Probability of
Recrw_tment Subpopulation .
Year Survival . Variance
Coefficient REMELE
Extant
0.6 0.27 0.20
2045 0.4 0.16 0.14
0.2 0.20 0.16
0.6 0.11 0.10
2070 0.4 0.09 0.08
0.2 0.01 0.01
0.6 0.03 0.03
2095 0.4 0.01 0.01
0.2 0 0
0.6 0.01 0.01
2120 0.4 0 0
0.2 0 0

Figure 56. Probability of subpopulation remaining extant (graph &atdale) given the conditions of Scenario 1 at year 2045,
2070, 2095, and 2120 into the future within a range of three probable recruitment survival estimates.

In Scenario XFigure 56), the population model assumestatic amount o$uitable habitais
uniformly distrituted throughout the range of the CCC, but is reduced by adjusting the model
carrying capacity by half to reflect a more realistic estimate of habitat alteration as documented
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by recent habitat assessments (ADEM 2005a, entire; ADEM 2066ke,and Wynret al.

2016, p. 17). This level of habitat alteration more likely reflects what is available to CCC as
suitable and isalsosupported by the numerous null surveys within the range of the(EiG@e

2-6 and 27) andsurveyor observationd. Fobian pers. comm. 2019l is likely suitable

habitat for the CCC will continue to degrade based on predicted development (Fijuaedb
climate changéFigure5-1 and 52), however from a modeling standpoint these declines are
hard to ascertain, so by reflecting static suitable habitat, we are likely underestimating the degree
to which CCC is likely to remain extant. Vesoassumeseveredrought(PDSIO-3) will

continueto occur at &% frequency during thenodeled years, similar tahe frequencybserved

in Alabama between years 1895 and 19H8ch severe drought event tiatun by the model

will incorporate asurvival rateof 26% for CCC, similar to theurvivalexperience by a related
taxon (Warrior pigtoe) in the Sipsey Fork drainage during the severe drought of 2000 (Table 3
3). The drought of 2000 had a mean annual PDS3.61, and had similar recorded drought
levels to BCC (Figure-3). It also hard to ditipate a frequency at which severe drought occur,
but we do know that climate change is predicted to result in increagesual maximum air
temperatures and precipitation in BQEgures 51 and 52) and result irmore intense droughts
(Elizza and Zak 2011, p. 252Li et al.2013, pp. 340, 351).
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Year

Probability Subpopulation is Exterpated

Recruit Survival: 0.6 ® Recruit Survival: 0.4 Recruit Survival: 0.2

Figure 5-7. Probability of subpopulatiohecoming extirpatediven the conditions of Scenario 1 at year 2045, 2070, 2095, and
2120 into the future within a range of three probable recruitment surestahates.

In summary, under Scenario Iyth subpopulationare likelyto be affected bylroughtin a

similar fashiondue to close geographic proximity. S@e assuméhe model output could
equallybe applied teithersubpopulations of CCCWhen the mdel ran amoderate probability
of severadrought (6%)and at three diffieent recruitment survival coefficients (0.2, 0.4, and,0.6)
the model estimated mean probability of either subpopulation remaining éxtane 56).

Given current demographicé CCC in both subpopulatiormsd the probability of this scenario
resulting extirpatiorfFigure 57), resiliencyof each subpopulatios critically low. Extinction

of the species as a whole is also likiyhighly likely (36100%)acrossall futuretime periods
evaluateqTable 51).
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