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Summary of Version Updates

The change from versiahO (April 2017 and1.1(November 2018yvasminor and ¢ not
changehe SSAAnalysis for Carolina Madtom. The changasv
1) Removed mention of SmithEnvironmeBibg in Section 4.6 under Regulatory Reform in
North Carolina.
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Species Status Assessment Report For
Carolina MadtomNoturus furiosu
Prepared by the
U.S. Fish and Wildlife Service

EXECUTIVE SUMMARY

This species status assessn{&&A)reports the results of the comprehensive status review for

the Carolina Madton{Noturus furiosugJordan and Meek 1889 documenting he speci es
historical condition and providing estimates of current and future condition under a range of
different scenarias TheCarolina Madtonis a freshwatefish species endemio theTar-

Pantico and Neuse Rivatrainagsin North Carolina. The species occursiffles, runs, and

poolsin medium to largestreams and rivesgith moderate gradient in both the Piedmont and

Coastal Plairphysiographic regions

The SSAprocess can be categorizatb three sequentigtage. During the first stagayve used
theprinciples of resiliency, redundancy, and representdtagether, the 3R1d evaluate

individual madtomilife historyneedqTable ES1). The next stage involdean assessment of the
historical and current condition of spec@®emographics and habitat characteristics, including

an explanation of how the species arrived at its current condition fiffddestage of the SSA
involved making predictions aboutteep e c i e s 6 r eiwe pra negaiwe envimnmemat |t
and anthropogenic influenceshis process usdtie best available information to characterize
viability as the ability of a species to sustain populations in the wild over time.

To evaluate theurrent and futurgiability of the Carolina Madtomwe assessed a range of
conditions to allow us to consider tHer speci e
the purposes of this assessment, populations were delineated using the three river basins that
Carolinra Madtoms have historically occupied (i.e.,-Pamlico, Neuse, and Trent River basins).
Because the river basin level is at a very coarse scale, populations were further delineated using
Management Units (MUs). MUs were defined as one or maaigit HUC (hydrologic unit
code)watersheds that species experts identified as most appropriate for assessing population

level resiliency.

Resiliency, assessed at the population ledelscribes the ability of a population to withstand
stochastic disturbanceents A speciesneeds multiple resilient populations distributed across
its range to persist into the future andhimize the risk okextinction. A number offactors
including (but not limited tojvater quality, water quantity, habitat connectivityg amstream
substratemayinfluence whethe€arolina Madtonpopulations willoccupyavailable habitat

As we considexdthe future viability of the species, more populations with high resiliency
distributed across the known range of the spex@adeas®ciated with higher species viability.
As a species, th€arolina Madtonhasvery limited resiliency, with th@ne population in
moderate condition, one populatiorvery low condition, and one ipresumed extirpated
condition.

Redundancydescribes the ability of the species to withstand catastrophic disturbance events; for
the Carolina Madtomwe considered whether the distribution of resilient populations was
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sufficient for minimizing the potential loss of the species from such an eVaeCarolina
Madtomhasan endemicangein the Tar-PamlicoRiver and the Neuse Rivéncluding the
Trent River)basirsin North Carolinabut both theabundancand distribution omadtoms
occupying that historical range has declioedr the past 60ears

Representationc har act eri zes a speci e gdéograpdiageneticy e pot er
ecologica) and nichevariability. TheCarolina Madtonhas exhibited histora variability in the
physiographic regionis inhabited, as well athe siz and range of thever systems it inhabited.
Thespeciedhas been documented fronediumstreams to large rivers two physiographic

provincesjn the Piedmont and into the Coastal PlaMuch of the representation of the

Carolina Madtonhas been lost; physiographic variability has been lost&@# loss in the

Coastal Plain and4% loss in the Piedmontnd those occurrences are represented by very few
individuals in very few occupied localities.

Together, the 3Rs comprisethekeyr ar act eri sti cs that contribute
populations in the wild over timge., viability). Using the principles of resiliency, redundancy,

and representation, we char act dorecagtéditdfutor®t h t he
viability over a range of plausible future scenari®s. this end, we ranketthe condition of each
populationby assessinthe relative condition of occupiedatershedsising the best available

scientific information

The anal y sdusentedndit®rprevealeatisabCarolina Mad@abundance and
distributionhas decline@onsiderablywith the species currently occupyiagproximately26%

of its historical range. Ae remaining populations are small and fragmerdely,occupyinga
fraction ofreacheghatwere historically occupied. This decrease in abundance and distribution
has resulted in largely isolatedrrentpopulations.Evidence suggests that the range reduction
of the species correspondshi@bitat degradatioresultingfrom the cumulative impacts land

use changand associatedatershedevel effects onwater quality, water quantity, habitat
connectivity, and instream habitat suitabilias well predation by the invasive Flathead Catfish
The effects of climate chge have begun to be realized in current Carolina Madtom range and
may have contributed to habitat degradation.

Current Viability Summary

The historical range of the Carolina Madtom included streams and rivers in the Tar, Neuse, and
TrentRiver drainages wh the documemd historical distribution in 184Us within three former
populations. The Carolina Maditois presumed extirpated from%A7) of the historically

occupied MUs. Of the remainirigur occupied MUsone isestimated to havieigh resilierty,

onewith moderate resiliezy, one with low resiliencyandonewith verylow resiliency. Scaling

up from the MU to the population level, one of three formewufaiwns (the Tar populations i
estimated to haveoderateoverallresiliency, while the remaing extant population (Neuse i
characterized byerylow resiliency. The Trent Population is presumed to be extirp&2xa.

of watershedshatwereoncg ar t of t h eresspmated tebe i loweey oy e  a
condition or likely extirpated, gentially putting the Caralia Madtom at risk of extinction

Once known to occupy streams in two physiographic regions, the species has also lost substantial
physiographic representation, with an estimatek 4#,s in Piedmonwatershedandan
estimated6% loss in Coastal Plain watersheds
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Future Viability

To assess the future condition of the Carolina Madtowariety ofstressorsincludingpollution,
reducedstream flow andcontinuedhabitat fragmentatigrand their (potential) effects on

population resiliency wereonsidered. Populations witlery low andow resiliency are
considered to be more vulnerable to extirpati
representation and redundancy. hEp addressincertaintyassociated with the degree and

extent of potential future stress@sdt hei r | mpact s othe 3Rswereassesséd r e g U
using fourplausiblefuturescenariogTable ES2). These scenarios were based, in part, on the

resuts of urbanization (Terando et. al. 2014) and climate models (International Panel on Climate
Change 2013) that predict changes in habitat used by the Carolina Madtom.

An important assumption of the predictive analysis was that fpapalationresiliencg is
largely dependerdan water qualitywater flow, and riparian andstream habitat conditions.
Our assessment predicted that all curreattantCarolina Madtonpopulationsvould
experiencanegativechanges tohese important habitat requisites; pogeld viability varied
among scenarios and is summarized belowd in Table ESS and Figure ES.

GivenScenario 1 tSkatis uo o p & substantial loss of resiliency, representation, and
redundancys expected Under this scenario, waredicted that ndMUs would remain in high
condition one in moderate conditioanein low condition, and the remaining MUs would be
likely extirpated. Reéundancywould be reducetb two MUs in only onepopulation.
Representation would be reduced, vatily one(33%) of the formetthreeriver basins occupied
and with reduced variability in the Piedmont and Coastal Plain.

GivenScenario 2thefiPessimistio worse caseption,we predicted anear complete loss of
resiliency, representation, and redumcla There is no@dundancyas only one MWvithin one
populationis predicted to persistAs such, all but one MWerepredicted to be extirpated, and
the remainingvU is predicted to be low condition. All measures of representation are
predictedto declineunderthis scenario, leaving remaining Carolina Madtom populations
underrepresented in River Basin and Physiographic variability.

GivenScenario 3  tOptanistito better caseption,we predictedonly slightly higher levels of
resiliency,representation, and redundancy thas estimated under the Status @uenario
OneMU is predicted tdoe in high conditionpnein moderate condition, one low condition,
andthe remaining MUs would be likely extirpate®espitepredictions opopuldion persistence
in the Tar River Basirthis population is expected tetainonly a moderatéevel of resiliency
Existing levels of representation are predicted to decline under this sositaribe Neuse and
Trent River populations predicted to bleelly extirpated

GivenScenario 4theAOpportunistico moderate caseption,we predictedreduced levels of
resiliency, representation, and redundancy.Mlis would be in high conditiortwo would be

in moderatecondition andninewould belikely extirpated. Redundancyvould be reduceby

two thirds with twoof thethreepopulations predicted to be extirpatddnder the Opportunistic
Scenario, representation is predicted to be reduced witrooelyf threeformerly occupied

river basins remaingoccupied and with reduced variability in the Piedmont and Coastal Plain
Physiographic Regions.
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Table ES-1. Summary results of the Carolina MadtomSpecies Status Assessment.

(Large populationg
able to withstand
stochastic events

coarse sands and pea graV
w !odzyRIyld OfF
w adzZf GALX S 2
management units per
population

3Rs Needs Current Condition Future Condition (Viability)
Projections based on future scenarios in 50 years:
w {0Fddza vdz2Y ¢KNBI Ga O2yiAydzs§
= = A A o maintains current level of response. Two populations (9 MUs) are
w 9EOSftf Syu , , . . . L
w Ct2sAy3d N w H 02F o0 LJ2 Liexpected to be extirpated; remaining population has low resiliency
w {dAGl ot S 5 (extant w tSAaAYAAGAOY KAIKSNI f S@St 217
Resiliency w |/ dINNBydGf & SE {Two populations (10 MUs) are expected to be extirpated; remaining

the 11 Management Units
W t 2Lz FGA2Y
1 moderate resiliency
1 very low resiliency

a U

population has low resiliency

®w hLIGAYAAGAOY YAYAYIFfE & S@St
Two populations expected to be likely extirpated; one population
maintains moderate resiliency condition

@ hLILRNIdzyA&aGAOY Y2RSN}YGS t S@S
response. Two populations (8 MUs) are expected to be extirpated;
remaining one has reduced resiliency

2 7

Representation
(genetic and
ecological diversit
to maintain
adaptive potential

w DSYySGAO @I
assumed to exist between
river basin populations

w 902f 23A0! f
between small streams and
larger rivers, and between
physiographic provinces

Compared to historical
distribution:

w cT: 2F NAGSNI
retained, however one populatior]
is in very low condition, one
population is in moderate
condition

w [26 3ASYySGiAO0
to very low abundances) in
remaining populations

w [AYAOGSR LK®&aA
in Piedmont and Coastal Plain

)

Projections based on future scenarios in 50 years:

w {GFddza vdz2Y cm: 2F NAGDSNI ol &
physiographic variability in Piedmont (67%), substantial loss in the
Coastal Plain (91%)

w tSaaAYAAaGAOY cTt: NRAGDSNI OF &Ay
physiographic variability in Piedmont (89%) and Coastal Plain (959
w hLIGAYAAGAOY cm2 2F NRAOGSNI ol 3
physiographic variability in Coastal Plain (14%) and moderate in th
Piedmont (46%)

@ hLILRNIdzyA&dGAOY ctm: 2F NAGSNI
in physiographic variability in Piedmont (56%) and substantial loss
Coastal Plain (91%)

Redundancy
(number and
distribution of
populations to
withstand
catastrophic
events)

w adzZ GALX S LK
each area of representation

w =SSN
population
®w ¢l NJ wiA @SNJI LR I
MUs currently occupied

w h@SNItt f23aa
across range (8 out of 31 HUCs
currently occupied)

f26 ydzro

Projections based on future scenarios in 50 years:
w {dlQddAa vdz2Y 2yfte 2yS
likely extirpated

LJ2 LJdz | G

w tSAAAYAAGAOY y2 NBRdzyRI yOeT
w hLIAYAAaGAOY 2yS LRLMA I GA2Yy N
extirpated
®w hLILRNIdzyAadAOY 2yS LRLMzZE I GA 2
extirpated
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Table ES-2. Future scenario and condition category descriptions for each of four scenarios used to prediarolina Madtom

viability.

Scenario Name

1) Status Quo Scenario

2) Pessimistic Scenario

3) Optimistic Scenario

4) Opportunistic Scenario

Climate Future

Current Climate effects
continue on trend into
the future, resulting in
increased heat, drough
storms and flooding

Moderate to Worse
Climate Future (RCP&)5
exacerbated effects of
climate change
experienced related to
heat, drought, storms an
flooding

Moderate to Improved
Climate Future (trendin
towards RCP 2p
resulting in minimal
effects of heat, drought
storms and flooding

Moderate Climate Futur
(RCP4.5/% - some
climate change effects
experienced; some are
impacted more than
others by heat, drought
storms and flooding

Urbanization

Urbanization
continues on trend
with current levels

Urbanization rates a

high end of BAU
model (~200%)

Urbanization rates
realized at lower
levels than BAU
model predicts

(<100%)

Moderate BAU
urbanization rates
(~100%) realized

!Representative concentration pathway 8.5
2 Representative concentration pathway 2.6
3 Representative concentration pathway 4.5/6

4Business as usual
SWater quality
8Interbasin transfer

Species Condition

Current level of species respon

to impacts on landscape; curre
levels of propagation &
augmentation and/or
translocation capacity

Species response to synergist
impacts on landscape result i
significant declines coupled wi
limited propagation capacity
and/or limited ability to
augment/reintroduce propagule

Optimistic species response t
impacts; targeted propagation
and/or restoration efforts
utilizing existing resources an
capacity

Selective improved species
response to impacts as a result
targeted propagation and/or
restoration efforts utilizing
current resources and capacit

Future Condition Category Descriptions

Water Quality Condition
Current level of regulation an
oversight, including limited
protective W@ standards
requirements and utilization @
basic technologies for efflue
treatment

Declining water quality
resulting from increased
impacts, limited regulation an
restrictions, and overall
reduced protections

Slightly increased impacts
tempered by utilizing improve
technologies and implementi

protection strategies

Moderate increase in WQ
impacts resulting from

continued levels of regulatior

protection, and technology

Water Quantity Condition

Current level of regulation an
oversight, including sustaine
IBTS and irrigation withdrawals
current flow conditions

Degraded flow conditions
resulting from climate change
effects, increased withdrawal

and IBTs, limited regulation, a
overall reduced protections

Improved flow conditions
through increased oversight ar
implementation of flow
improvement strategies

Targeted strategies to improv
flow conditions in priority area;

Habitat Condition

Current level of regulation,

barrier improvement/removal

projects, and riparian buffer
protections

Degraded instream and riparig
habitat conditions from
increased impacts, limited
regulation, fewer barrier
improvement/removal projects
and overall reduced riparian
buffer protections
Existing resources targeted t:
highest priority barrier
removals; riparian buffer
protections remain intact;
targeted riparian connectivity,
projects; regulatory mechanisn
remain the same

Targeted increase in riparian

connectivity and protection off

instream habitat in priority aree

through targeted conservatio
efforts
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Table ES 3. Predicted Carolina Madtom population conditions under each of 4 plausible scenarios. Predictions were made

using a 50year time interval.

POPULATIONS: Management Uni

Current

Future Scenarios of Population Conditions

#1
Status Quo

#2
Pessimistic

#3
Optimistic

#4

Opportunistic

Tar: Upper Tar Low Likely Extirpated Likely Extirpated Low Likely Extirpated
Tar: Middle Tar Likely Extirpated Likely Extirpated Likely Extirpated Likely Extirpated Likely Extirpated
Tar: Lower Tar Likely Extirpated Likely Extirpated Likely Extirpated Likely Extirpated Likely Extirpated
Tar: Fishing Ck Moderate Low Likely Extirpated Moderate Moderate
Tar: Sandy-Swift High Moderate Low High Moderate
Neuse: Upper Neuse Likely Extirpated Likely Extirpated Likely Extirpated Likely Extirpated Likely Extirpated
Neuse: Middle Neuse Likely Extirpated Likely Extirpated Likely Extirpated Likely Extirpated Likely Extirpated
Neuse: Lower Neuse Likely Extirpated Likely Extirpated Likely Extirpated Likely Extirpated Likely Extirpated
Neuse: Little River Very Low Likely Extirpated Likely Extirpated Likely Extirpated Likely Extirpated
Neuse: Contentnea Likely Extirpated Likely Extirpated Likely Extirpated Likely Extirpated Likely Extirpated
_ Likely Extirpated Likely Extirpated Likely Extirpated Likely Extirpated Likely Extirpated
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Current Distribution

Most Recent Record {years from 2015) .
- <5 vears River Basin: )
yea Tar-Parmilico I:l Morth Caralina
I s-10years [ Meuse Physiographic Provinces:
11-15 years Carolina Madtom 2011-2016 u PIEDMONT
[ 16-20years ® Carolina Madtom pre-2011 Trent COASTAL PLAIN
Major Hydrology

Carglina Madtom Below Detection

- =20 years x

Current Condition:

Status Quo Condition:

MU Resiliency:
I +igh
D Moderate
. o
B very Low

Population Resiliency:
Moderate
Low

| Very Low

__
D Presumed Extirpated

I:I Morth Carolina

Physiographic Provinces:
PIEDMONT
COASTAL PLAIN
Major Hydrology

- Presumed Extirpated

Pessimistic Condition:

Optimistic Condition:

)

Opportunistic Condition:

Figure ES-1 Maps of current distribution, current condition, and predicted Carolina Madtom population conditions under

each scenario (see Table ES)
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Overall Summary

Estimates of current and future resiliency for CaroM@dtom are low, as are estimates for
representation and redundancy. The Carolina Maékoss a variety ofthreatsfrom declines in
water quality, loss of stream flow, riparian and instré@gmentationgdeterioration of instream
habitats and expansioof the invasive predator Flathead Catfisthesehreats, which are
expected to be exacerbated by urbanization and climate chegrgeimportant factors in our
assessment of thature viability of theCarolina Madtom Given current and future decreages
resiliency,populations becommore vulnerable to extirpatidnrom stochastic events turn,
resulting inconcurrent losses in representation and redunddP@dictions of Carolina Madtom
habitat conditions and population factors suggest possibtpaion of one of two currently
extant populations. The one populat{@iar) predicted to remain extant is expected to be
characterized by low occupancy and abundance.
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CHAPTER 1- INTRODUCTION

TheCarolina Madtoms a freshwatefish that is endemic to th&tlantic Slope drainagesf the
Tar-Pamlico and Neuse River basindNorth Carolina. The species was petitiof@dfederal

listing under the Endangered Species Act of 1973, as amended (Act), as a part of the 2010
Petition to List 404 Aquatic, Riparian and Wetland Species from the Southeastern United States
by the Center for Biological Diversity (CBD 2010783).

The Species Status Assessment (SSA) framework (USE)YG entire) is intended to be an in

depth review of the species6 biology and thre
assessment of the resources and conditions needed to maintaierfongability. The intent is

for the SSA Report to be easily updated as new information becomes available and to support all
functions of the Endangered Species Program from Candidate Assessment to Listing to
Consultations to Recovery. As such, the S8%ort will be a living documetihat may be used

to inform Endangered Species Act decision maksugh as listing, recovergection 7, Section

10, and reclassification decisions (the former four decision types are only relevant should the
species warnat listing under the Agt

Because the Carolina Madtd®SA has been prepared at the Candidate Assessment plgase, it
intended to provide the biological support for the decision on whether to propose to list the
species as threatened or endangered fad, whether to and where to propose designating

critical habitat. Importantly, the SSA Rep@tota decisioal documenby the Servicerather;

it provides a review of available information strictly related to the biological status of the
Carolina Matom The listing decision will be made by the Service after reviewing this

document and all relevant laws, regulations, and policies, and the results of a proposed decision
will be announced in thEederal Registenyith appropriate opportunities for plibinput.

For the purpose of this assessment, we define viability as the ability of the species to sustain
resilient populations in natural stream ecosystems for at least 50 years. Using the SSA
framework (Figure 1.1), we consider what the speciedseemaintain viability by
characterizing the status of the species in terms of its redundgones
representation, and resiliendy3FWS2016 entire;Wolf et al. [ SPECIES NEEDS l

2015, entire).
14. et
- Condition of

thoss Nesds

0 Resilierty is assessed at the level of populationsrafidcts a
speciedability to withstand stochastic events (arising from
random factors) Demographic measures that reflect | SPECIES CONDITION ]
population health, such as fecundity, survieald population l

Furture
o Availability or
== Condition of
thoks Neada

size are the metrics used to evaluate resilieriRgsilient

populations are better abdto withstand disturbances such as
random fluctuations in birth rates (demographic stochastici
variations in rainfall (environmental stochasticitghdthe [ SPECIES VIABILITY ]
effects of anthropogenic activities.

Figure 1-1 Species Stats
Assessment Framework
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0 Representationi@s sessed at t he spetheabilsy®fabpecieetd and ch
adapt to changing environmental conditioMsetrics that speak to a spe@asdaptive

potential, such as genetic and ecological vdrighbcan be used to assess representation.
Representatinisd i r ect |l y corr el ataeapttacbanges (sapmlori es d abi
humancaused) in its environment.

0 Redundancy iglso assessed at the level of the species and reflgpexi@éability to

withstand catastrophic events (such as a rare destructive natural event or episode involving
many populations). Redundancy is about spreading thefrslkch an event across multiple,
resilient populations. As such, redundancy can be mealyrdegnumberand distribution

of resilientpopulations across the range of the species.

To evaluate theurrent and futurgiability of the Carolina Madtomwe assessed a range of

conditions tocharacterizé¢ he s peci esd r edun cesiliencyy(tpgethee the esent a
3Rs). This SSA Report provides a thorough account of biology and natural history and assesses
demographic risks, threats, and limiting factors in the context of determining viability and
extinctionrisk for the species.

This SR Report includes: (1& description of Carolina Madtorasource needs both

individual and populatiotevels(Chapter 2); (2) aharacterization ahehistoric and current
distribution of populations across thep e crangeq@hapter 3); (&N assessent ofthefactors

that contributed to theurrent and future status of the speciesthrdegreeo which various

factors influenced viabilityChapter 4)(4) asynopsis of the factors characterized in earlier
chapters as a means of examining the &hiological status of the specighapter 5)and a
Summary (Chapter 6)This document is a compilation of the best available scieatific
commerciainformation(and associated uncertainties regarding that information) used to assess
the viability ofthe Carolina Madtom
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CHAPTER 2- INDIVIDUAL NEEDS:
LIFE HISTORY AND BIOLOGY

In this section, we provide basic biological information about the Carolina Madtolnding its
taxonomic history and morphological description, and life history traits such as reproduction and
nesting, diet, age, growth, population structure, and habitat. We then outline the resource needs
of individuals and populations. Here weoet those aspects of the life histories that are

important to our analyses. For further information about the Carolina Madtom, refer to Burr et
al. (1989).

2.1 Taxonomy

The type specimen (USNM 39932) of the Carolina MadtNiotifrus furiosuswas collected by
Professors Jenkins and Meek frtme Neuse River aflillburnie, near Raleigh, North Carolina
in 1888 The species was formaltiescribed by Jordan and Meek in 1889 (Jordai®,118351
2). The Carolina Madtom is in the subgeRabidg and while Jordan originally alignei
furiosuswith N. miurus(Brindled Madtom) andN. eleutherugMountain Madtom)), it is
currently a member of tHeriosusspecies group which includés placidusNeo$o Madtom)
N. stigmosugNorthern Madtom)andN. munitus(Frecklebelly MadtomjTaylor 1969, p.16)/
and the more recently describdgladiator(Piebald MadtomjThomas and Burr 2004).

In the early 1980s there was some question of the taxonomic st&ufuabsus(e.g.,
LeGrandg(198]) did notincludeN. furiosusin an analysis of the chromosomal evolution of the
genusNoturusand Taylor (as noted in Burr et al. 1989, p.58) suggestedlttiatiosusmight be

a geographic subspecific populatiomNofstigmosugas noted in Burr et al. 1989, p)58
HoweverGrady analyzed allozymes of all extant membematfirusand found that the species
N. furiosushas several fixed alleles andn bedistinguishecelectrophoreticallfrom other
members of théuriosusgroup (Grady and LeGrande9R p.747777).

The currently accepted classification is (Integrated Taxonomic Information System 2016):
Phylum: Chordata
Class: Actinopterygii
Order: Siluriformes
Family: Ictaluridae
Genus:Noturus
SpeciesNoturus furiosus

2.2Description

Characteristic oéll madtoms, the Carolina Madtom has its adipose fin fused to the caudal fin. It

has a short, chunky body with welévelopedientationson both anterior and posterior edges of

pectoral spinesFuriosusme ans fimado or fAr agi ngtemosastronglyhe Car
armed of the North Americasatfisheswith poison inthetips of theserrae that is more potent

than that of any other species (Jordan9l§8352). Thenoderatesized fish reaches a maximum

length of nearlyfive inches and has alistinctcolor pattern includinghreedark saddles (the

adi pose fin has a dark blotch that does not ¢
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fourth saddle) along its back and a wide black stripe along its side, extending from its snout to
the bas ofits tail (Figure2-1). In betweerthe saddles are yellow/tan blotches, and the belly is
not speckled.Thetail has crescerghaped brown bands near the edge and center. As in other
species of the genidoturus there is no marked sexual dimorphisotside the breeding season

Figure 2-1 Carolina Madtom; top drawing by Jordan (1888); bottom image byR.Bryant &
W.C.Starnes (1999)

2.3 Reproduction and Nesting

Burr noted that female Carolina Madtoms reached reproductterity by 2 years, although the
vast majority of gravid females observed wengearolds (Burr et al. 1989, p.72)Age at first
spawning for males is unknowhowever malebave been found guarding nests or nest sites at
age 24 yearsorlonger than 2.5 inclse Females produce 800 eggs per breeding season
(NCWRC 2009, p.2).

Reproductively mature malésve enlarged epaxial (dorsal) muscles, swollen lips, and swollen
genital papillae The swollen headsf malesare presumed to help with nest guarding and
possibly in nest preparation (Burr et al. 1989, p. ®Rgproductively matureemales have
distended abdomens and swollen genital papillae.

The nesting season extends from aboutk&y to late July (Burr et al. 1989, p.75). Nest sites
are often foundinder or in relic freshwater mussel sh@hgyure 22), under large pieces of
waterloggedtree bark, or in discarded beverage bottles and cans partially buried on the stream
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bottom. Most nest sites are in runs above riffles or in pools with currentéBair 1989, p.76).

All nests with embryos or larvae are guarded by solitary m2kes4 years old. Embryos adhere

to one another in a mass but not to other surfaces, and clutch sizes average 152 larvae (Burr et al.
1989, p.7677). Hatchlings exhibitightly cohesive schooling behavior (Burr et al. 1989, p.78).

@ “ i “

Figure 2-2 Left: Adult Carolina Madtom in a relic freshwater mussel shell (credit: Jason
Robertshaw); Right: Juvenile Carolina Madtom in relic Asian clam shell (credit: C.Wood)

24 Diet

The Carolina Madtom is a benthic insectivore that feeds primarily during the night, with peaks at
dawn and dusk (Burr et al. 1989, p.79). Burr observed that more than 95% of the food organisms
in the Carolina Madtom stomachs were larval midges, maytagddisflies, dragonflies and

beetle larvae (Burr et al. 1989, p.78).

2.5Age, Growth, Population Size Structure

The largest observed specimens were approximately 4 inches in, mgjtged from pectoral
spines to be 4 years old (Burr et al. 1989, p.72). In May,I®&% noted thatas expected in a
healthy population experiencing normal recruitment, populations seemed skewed towards
younger age classes (Burr et al. 1989, p.B)tr also noted that the large number of individuals
collected in May that were under 1.5 inches indicated that growth was slow in the winter and
early spring. Therwasno significant deviation from a 1:1 sex ratio (Burr et al. 1989, p.75).

months

Spring U

Spawning
4+ years

Figure 2-3 Life Cycle of the Carolina Madtom
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2.6 Habitat

The Carolina Madtom isndemic to medium to larglwing streams of moderate gradient in

both the Piedmont and Coastal Plahysiographic regions ithe Neuse and Tar River basins

(see Figure-1 below). Suitable instream habitats have been described as riffles, runs, and pools
with current, and during the warm months the madtoms are found in or near swift current at
depths of 1 to 3 feet (Burr et al. 1989, p.63). Juveniles inhabit slower cungingsme overlap

with adults does occur. Stream bottom substrate composition is imdortém benthic

Carolina Madtom; leditter, sand, gravel, and small cobble are all common substrates associated
with the speciesalthough the species is most often fdwver sand mixed with pesazedgravel

and leaf litter (Burr et al. 1989, p.63; Midway et al. 2010, p.Fafure 22). During the

breeding season (May thru July), the Carolina Madtoms shift to areas of moderate to slow flow
with abundant cover used foesting (Burr et al. 1989, p.63).

Table 2.1 Life history and resource needs of the Carolina Madtom.

Life Stage Resources and/or circumstances needed | Resource Information
for INDIVIDUALS to complete each life Function Source
stage (BFSD*)
9 Clear, flowing water
Sexually mature males and females
Egg/Embryo 1 y . - Burr et al. 1989,
- May-July 1 Appropriate spawning temperatures B 0.75
1 Nest sites (rocks, bottles, shells, cobble)
1 Adequate flow for oxygenation
_ 1 Clear, flowing water Burr et al. 1989
Hatchling f Cohesive schooling behavior to avoid B, S S ’
- late summer predation P-
) 91 Clear, flowing water
Juveniles 1 Adequate food availability (midges
- 2 to 3 years; gual . y ges. - Burr et al. 1989,
. caddisflies, mayflies, etc.) F, S
>2.5 inches . p.78
| 1 Cover (shells, bottles, cans, tires,
ong )
woody debris, etc.)
1 Clear, flowing water 1 to 3 feet deep
91 Appropriate substrate (leaf litter, sand,
Adults gravel, cobble) - Elgg etal. 1989,
- 3+ years i Ad;(jq'u:'te food ?{allablllty (midges, F. S D - Midway et al.
- >4 inches long caddisflies, mayflies, etc.) . 2010, p.326
1 Cover (shells, bottles, cans, tires,
woody debris, etc.)

* B=breeding; F=feeding; S=sheltering; D=dispersal
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CHAPTER 31 POPULATION AND SPECIES NEEDS AND CURRENT CONDITION

In this chaptewe consider th€arolinaMadtod s hi st or i c al

di stri

andthe factors that contribute to the species current conditide first review the historical

information on the range and distribution of the speddssxt we evala t e

speciesbo

butii

consider their relative influence to Carolina Madt@siliency, representation, and redundancy
Through the lens of the 3Rsge then estimate theurrent condition o€arolina Madtom

populations.

3.1 Historical Range and Disbution

The Carolina Madtom is endemic to the -Ramlico and Neuse River basins in North Carolina.
Its historical distribution includes two physiographic provind&isdmont and GastalPlain)

comprising all major tributary systems of the Tar and N¢Bser and Lee 1985, p.1Because
of salt water influence, the habitats in the Trent River system are isolated from the Neuse River
and its tributaries; therefore, we consider the Trent River system as a separgiesbasin

population) even though iis technicallypart of the larger Neuse Rivea8in.

Fig. 3. Distribution of Notwrus furiosus. showing
all known extant and extirpated populations. Some dots

cover more than one record locality. Solid dots represent
localities with extant voucher material; open circles
represent localities reported by Bayless and Smith (1962)
and Smith and Bayless (1964) for which voucher material

is presumably not available. Records of capture are
shown in more detail in Figs. 4-3.

) ‘?- ’ T T T
b, 4] 1 km 50

Figure 3-1 Historical distribution of Carolina Madtom (from Burr and Lee 1985, p.6).
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3.2Current Range and Distribution

For the purposes of this assessment, populations were delinsatgdhe wwer basins that

Carolina Madtora have historically occupied. This includes the Tar, the Neuse, and the Trent
River basins, and from here forward, we will use these terms to refer to populations (e.g., the Tar
Population). Of the three histacal Carolina Madtom popations only twohave observations in

the last 5years; the Carolina
Madtom is presumed
extirpated from the southern
portion of the range in the
Trent River basinBecause the

river basin level is at a very d:g
coarse scale, populatis were
further delineated using
management units (MUSs)
MUs were defined as one or
more HUC10 watersheds that
speciesexperts identified as
most appropriatéor assessing
populationlevel resiliency (see
Section 3.3; Appendix A).
Rangewide species occurrenc
datawere used tareate
Afoccurrence he
discretizeHUC10 watersheds
into 5-year incrementbased

on the date obbserved
occurrence(see GADNR

2016 AppendixB). These
heat maps display recent
observed occurreesusing
various shades of red, while

Figure 3-2 Carolina Madtom Current Distribution

0 20 40 80 o

older observedccurrences are = = s (A N])

displayed m various shades of [0 2 s % q

blue Figure 32). Most Recent Record (years from 2015) _

Documented species B <5 years T parmiog [ North Garolna
OCCU”e.nC.eS a_'re InC|Uded tO ?:fsyyez;srs Carolina Madtom 2011-2016 Neuse PhysiOQ;f:;T;AZ‘:’:CeS
show distribution within 16-20 years ®  Carolina Madtom pre-2011 Trent COASTAL PLAIN
HUC10s and th&lC Division Bl > 20years x  Carolina Madtom Below Detection Major Hydrology

of Water Resources has
documented s#s where the
Carolina Madtoms below detectioii X 6 1 n -2, baged ongheiBmost recent bagiidle
fish surveys (NCDWR 2012 & 2015).hroughout this section, heat maps are used to
characterize the histoatand current distribution of Carolina &gom among MUs for each of
the three populations.
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3.2.1Tar River Population

Basin Overview: The TaPamlico River basin is contained completely within the state of North
Carolina and has a drainageaoé approximately,148mf with over 2,500 miles of rivers and
streams (NCDEQO0169. The headwaters of the Tar River originate in the piedmont of central
North Carolina in Person, Figure 3-3 Carolina Madtom Tar Population
Granville and Vance counties, ant
the river flows southeast through
the Coastal Plain until it reaeh
tidal waters near Washington
where it becomes the Pamlico
River and empties into the Pamlic
Sound. The entire basin is
classified as Nutrient Sensitive
Waters (NSW), meaning excessiv
amounts of nitrogen and
phosphorus run off the land or are
discharg@d into the waters, thus th
basin has a special nutrient
management plan to help reduce
nutrients that cause excessive
growth of microscopic or
macroscopic vegetation and lead
extremely low levels of dissolved
oxygen in the water (NCDEQ

2016() Basedon the 2011 0 10 20 “.
National Land Cover Data, the —— m lometers
Tar_PamlICO Rlver baSIhaS Most Recent Record (years from 2015) Ri B .
approximately 7%leveloped area, |l =syeas e o pamiics ] North Carolina

. 6-10 r siographic Provinces:
29%agriculture 23%wetlands APAB e & iRV SISO B FieowonT
12% grassland anﬂ?%fo rest 16-20 years ®  Carolina Madtom pre-2011 COASTAL PLAIN

1 - >20years x  Carolina Madtom Below Detection Major Hydrology

Development and population
growth are centered around the
municipalities of Greenville, Rkky Mount, and Washington and in rural areas within
commuting distance to Raleigh (NCDEQ164d.

The Tar population consists of five MUs, herafter referred to as the Upper Taviiddle Tar

MU, Lower TarMU, Fishing Creek SubbasMU, andSandySwift CreekMU. Many survey

efforts have documented the presence of Carolina Madtom over the years; the specist was fir
seen in Fishing Creek in 1968nd it has éen documented as recently as@0ilFishing Creek
Swift Creek and the Tar RiverSpeciesspecific snorkel surveys in the m@D0O0Osdocumented

as many a80 individuals in Fishing Creek; most other surveys have documented between one
and 20 individuals, and most recent surveys $228016) have observefbur individuals. In

Swift Creek, speciespecific snorkel surveysithe mid2000s documented as manyl&s
individuals at any one site, and most recent surveys in 2016 docuradotetiofl?7 individuals.
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3.2.2Neuse River Population

Basin OverviewThe Neuse River basin is contained completely within the state of North
Carolina and has a drainage areamfroximately,062mf with over 3,400 miles of rivers and
streams (NCDEQO0169. The headwaters of the Neuse River originate in the piedmont of
central North Carolina in

Person and Orange counties,
and the river flows southeast
through the Coastal Plain unti
it reaches tidal waters near dﬁ/—@?
New Bern where it empties

into the Pamlico Sound.
Major tributaries include
Crabtree, Swift, and
Contentnea Crées and the
Eno, Little, and Trent Rivers
(although the Trent River is
considered a separate
populationi see below). Like
the Tar River basin, the Neus:
River basin is classified as
NSW due to large quantities
of nutrients (especially
nitrogen) contribute by
fertilizers and animal waste
washed from lawns, urban
developed areas, farm fields,

and animal operations e ms s
(NCDEQ20169. In addition, | m=—= ikerlire @
more than 400 permitted poin b2 % i

.,
;
> X%}

b X
Uposr Heys e

(=]

N

SOU rce Sltes d ISCharge Most Recent Record (years from 2015) River Basin:
i -ssyears North Caroli
wastewater into streams and 6-10 years [ vewse LMo caroine.
- - . 11-15 years Carolina Madtom 2011-2016
r|VerS In the baSIn (NCDEQ 16-20 years e Carolina Madtom pre-2011 (ZSADS’\:'?\T;LAIN
20160 Based on the 2011 I - 20years  x  cCarolina Madtom Below Detection Major Hydrology

National Land Cover Dat#he
Neuse River basihas
approximately 13%leveloped are&8%agriculture 21%wetlands12%grassland, and5%

forest. Development and population growth are centered around the Triangle (primarily Durham
andRaleigh) and the municipalities of Smithfield and Kinston. The Neuse River basin contains

onesi xth of the entir e20K4d, and mdeasedpdevelopment pressare ( NCD |
has increased stormwater r unaniifiowissuesnt ri buti ng

The Neuse population consists of five MUs, hereatfter referred to dpper Neusé&U,

Middle NeuseMU, Lower NeuseMU, Little River MU, andContentnea CreelU. Several

survey efforts have documented the Carolina Madtover the years; the species was first seen

and described from the Neuse River in 1888, and it has been documented as recently as 2016 in
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the Little River. Surveys have never documented high numbers of Carolina Madtoms; the most
that have been observedrithg any targeted effort was 13 during a 2007 survey in Contentnea
Creek however recent targeted efforts have failed to find madtoms in Contentnaea Creek
Recentmussekurveys (2015 and 2016) hawneidentally observedhdividuals in the little

River.

3.2.3Trent River Population

Basin Overview: Technically the Trent River basin is within the greater Neuse Riverkasin
for our analyses it is considered a separate basin because of saltwater influence on habitats
preventing madtoms in the Trent Figure 3-5 Carolina Madtom Trent Population
River to interact with those in the ~
greater Neuse River BasiThe
Trent River basin is contained @ Y
completely within the state of NortF

Carolina and has a drainage area (
approximately540m? with over
1,400 miles of rivers and streams.
The headwaters of the Trent River
originate in theCoastalPlain of
eastern North Carolina in Lenoir
and Jones counties, and then the
river flows southeast until it reache
confluence with the Neuse River
andthe tidal waters near New Bern
where it empties into the Pamlico
Sound. A major tributary is
Tuckahoe Swamp. Like the Tar

River basin, the Neuse River basin =
(including the Trent River basin) is

g 0 2 10 20
classified as NSW due to large ——— @
guantities of nutrients (espally o5
nitrogen) contributed by fertilizers | gt "’:2":’ [ Nort Garolina
and animal waste washed from 10 years [ reent T

-15 years

lawns, urban developed areas, farr 1620 years ®  Carolina Madtom pre-2011 COASTAL PLAIN
ﬁeldS, and animal Operations I - 20years  x  cCarolina Madtom Below Detection Major Hydrology

(NCDEQ20169. In addition, 12

permitted point source sites discharge wastewater into streams and rivers in th&hasthon

the 2011 National Land Cdasapproddmieacdeveldped Tr ent
area,20%agriculture 35%wetlands 5% grassland, and4%forest. The watershed is mostly

rural, and the Croatan National Forest covers a large patidre lower watershed.

Development and population growth are centered around New Bern.

The Trent Bpulationwas designated as a separate population from the Neuse River Population
because of the separation of the Trent River by salt water influertee @irtfluence with the
Neuse River. The Trent Populatioonsists of one Management Uriereafter referred to as
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theTrent River MU The species was first observed in 1960, &ede are a few historical
records of Carolina Madtom in this MU from 198986. Followup surveys in 2007 and 2015
were unable to observe any individudssTracy(NCDWR) email to S.McRae (USFWS) on
2/1/2016. A total of16live individuals have been observed over time in this MU.

3.3 Needof the Carolina Madtom

As discussed in Chapter fbor the purpose of this assessment, we define viability as the ability of
the species to sustain populations in the wild over time. Using the SSA framework, we describe

the speciesd viability biesictermasobits resiencyzi ng t he
redundancy, and representation (the;3Rgure 36). Using various time frames and the current
and projected | evels of the 3Rs, we thereby d

Species
AT
y,
/

Representation

Population - ' Population
MU MU MU MU MU MU

HUC10s

Figure 3-6 Resiliency ismeasured at the population level, representation is measured at the species and,
possibly, population level, and redundancy is measured at the spexievel (after Fig 4, USFWS 2016
MU=Management Unit; HUC10 = Hydrologic Unit

3.3.1 Carolina Madtom MResiliency

As previously describediarolina Madtom populations were delineated aritrex basinlevel,

while MUs were defined at the fingreographidevel of HUC10watershedshat encompass
historically or currently documented occupied habitddtethatMUs maybe made up of one or
more HUC10 watersheds, depending on the distribution of the species (see S2ciath

Appendix A). Because the river basin level was determined to be too coarse of a scale at which
to estimate the condition of factargluencing resiliency, MUs were used to evaluate assess this
metric. Given the hierarchical nature of the relationship between MUs, populations, and species
(Figure 36), we first consideresiliencyat the level of atU, then scale up to populatigrend
ultimately, make inferences at the sped@sl.

Resiliency (measured at the population level) is the foundational building block of the 3R SSA
Framework; thus,dr theCarolina Madtonto beviable, someproportion ofMUs must be
resilientenoughto withstand stochastic eventStochastic events that have the potential to affect
fish populations include high flow events, droughts, pollutant discHarlgees and sediment

pulses Given the data available, the metrics that were used to assess resiliency were categorized
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as population factors{U occupancy over time, approximabundanceand recruitmentand
habitat elements (water quality, water quantity, habitat connectivityinatrdam substrate)
(Appendix C) In the next section, we discuss the methods used to estimate resiliency metrics,
and we explore potential causal relationships between resilieneypaatdmhabitat requisites
(seeFigure3-7).

HABITAT FACTORS

+ ‘+ +
BREEDING, / \\ .
FEEDING, ) I
SHELTERING Suitable Habitat - + II Food Availability

TS

Habitat Connectivity

|

DEMOGRAPHIC

i +
FACTORS Adult Survival

uvenile Survival

Carolina Madtom
population
maintenance and
growth

Figure 3-7 Carolina Madtom Ecology: Influence diagram illustrating how habitat factors influence breeding,
feeding, and sheltering factors, which in turn affect demographic factors that ultimately drive madtom
population growth and maintenance. Diagram was developed by a grougy madtom experts and
substantiated from literature.

Population Factors that Influence Resiliency

Management Unit Occupaneyrhe known historical and current distribution of the species

within HUC10 watersheds was usddocument MU occupancy. Carolina Madtom presence

was compiled from survey data made available by state agency databases. Those surveys
involved electréishing, visual (snorkel)or baittrap bycathmethods to detect madtoms. Most
surveys involved thed searches where species were identified, counted, measured, and, in some
cases, fin clipped for genetic information. Fish were returned to the riveidpastication.

Approximate Abundance During stream surveys, fish abundance was recordedhas it

gualitative approximation or a quétative number ofish observed during a survey of a specific
reach of stream. This is usually a result of the type of surveyideome surveys are targeted

to specifically look for fish, or the Carolina Madtomparticular; other surveys, such as

freshwater mussel surveys, might have incidental observations of the Carolina Madtom. Of the
data available for Carolina Madtom, quantitative measures of densities are not provided for most
current occurrences,andaqli i t ati ve approxi mations (e.g., #fc
documented. More often, quantitative data are available for the number of live individuals
observed at a location at a specific moment in tifieus, we used theumulative record of the

total number of live individualebserved within 81U to provide arapproximate estimataf

abundance within Ml We consideredUs with recent Q5 years) documentation bigh
approximate abundance to be resilient. High approximate abundance is dsefmedulative
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counts of over 100 individuals observed over time, or more than 10 live indivahsdsved

over the past §ears Sinceabundance estimatdgl not account for detection probabilitire
approximate abundances should be considered catser(®Vood and Nichols 2011, p.295)

That is,Carolina Madtomsnay have been present but not detected during some surveys, and we
did notusean estimate of detection probability to account for these occasions.

Reproduction and Recruitmenor this analysis, data used to indicate reproduction/recruitment
were either specifically documented as fAYeso
the madtom was <40mm, which is the yotofgyear cutoff s ed i n NCDEQ&s SOP f c
Index ofBiotic Integrity (I1BI) calculations NCDWR 2013, entire It should be noted that

records of reproduction/recruitment were not consistently documented for all surveys; thus, they
should be considered to represent the low end on a spectrum of uncer&intyig possible

that reproduction occurred but was not documented).

Habitat Elements that Influence Resiliency

Physical, biological, and chemical processes influemsteeamhabitatquality and quantity,

which, in turn, influence the conditiand abundance of species using that hablitethe case of

the Carolina Madtom, breeding, feeding, and sheltering needs such as appropriate nest sites,
adequate food sources, and suitable stable habitat are all needs influenced by water quality, water
guantity, and suitable #stream (substrate) habitat and habitat connecfiFiture 37). See

Chapter 4 for further discussion about the many factors that influence the condition of these
habitat elements.

Water Quality- Clean, norpolluted water is essential to the survival of the Carolina Madtom.
Streams that have nailtered thermal regimes, average pH, low salinity, and negligible chemical
pollution provide suitable habitat for the persistence of madtom populatfmeequired by

section 303(d) of the Clean Water Act, all waters that do not meet standards for the designated
use of the particular waterbody (e.g., to support/protect aquatic life) are placed on the Impaired
Streams List Note that not all streamsrtlughout every river basin are monitored, therefore it is
possible that there are more miles of impaired streams than actually reWetst quality

metrics that reflect aquatic impairment include (but are not limited to): loasb&ssment scores,
low dissolved oxygen (DO) levels, low/high pH values, high nutrient inpats$ high levels of

fecal coliformbacteria As with many fish, the Carolina Madtom is sensitive to changes in water
quality parameters such as DO, pH, and pollutants (see CRdptenore information). For

this assessment, the number and miles of impaired stream réasllesignated by the NC

Division of Water Resourcesas well as the number Nfational Pollutant Discharge Elimination
System NPDES point discharges wengsed tacharacterizevater quality within a given MU.

Water Quantityi Optimal habitats foCarolina Madtomsire perennial streams with continupus
yearroundflow. Because a lotic environment is a critioaled for theCarolina Madtom
perturbations that disrupt natural discharge regimes have a potential negative influence on
Carolina Madtom resilience metric&arolina Madtom habitat must have adequate flow to
deliver oxygenprovide optimal water temperaturesiablefish movementand deliver prey

items, as well as to carry away waste materials and remove fine sediments from the bottom
substrate. Stream velocity is not static over time, and variations may be attributed to seasonal
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changes (witlnigher flows inwinter/spring and lowr flowsin summer/fall), extreme weather
events (e.g., drought or floods), and/or anthropogenic influence (e.g., flow regulation via
impoundments).

While fish have evolved in
habitats that experience
seasonal fluctuations in
discharge, pbal weather ==
patterns cahave an impact &
on the normal regimegg.g.,
El Nifio or La Nifia). Even
during naturally occurring
low flow eventsfish can i
becomestressed during the
low flow times of year,
either because they have to
tolerate less than ideal
conditions where water remains, or they are unabletoréfuge and ultimately dig-igure 38).
Becausdow flows inlate summer and early fatestressinducing droughts during ik time of
yearmayresult in stresand, potentiallyanincreased rate ghortality.

Figure 3-8 Fish kill due to low flows and lack of oxygen for fishn the
Neuse River (credit: T.Graves)

To understand whethé&®arolina Madtonpopulations were subject to droughts dulimg flow
times of the year (late summearly fall), we compileda series of US Drought Monitor
graphics These were usdd assesfiow conditions during the first week of Septemdaring
years2000 to 20150 identifytimes that fish were exposeddonsecutive drought{Figure 39).
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Intensity.
15t week Of DO Abnomally Dry - D3 Extreme Drought

01 Moderate Drought - D4 Exceptional Drought
September ! ! D2Severe Drought
2000_20 15 The Drought Monitor focuses on broad-scale condtions

Local conditions may vary See accompanying text summary
¥ forecast statements

U.S. Drought Monitor USDA 5;@ =
North Carolina -f :v;‘;i @

Figure 3-9 North Carolina Drought Monitor annual images for 1st week in September
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Substrate and CovérFor breedingand shelteringthe Carolina Madtom requires cover for nest
sitesi this cover can be from cans, bottles, mussel shells, boards, flat rocks, thgseartires.
Midway et al. (2010, entire) documented prevalent cover habitaith the Neuse and Tar River
basing thus cover habitdor breeding is not likely a limiting factor for madtoms. In addition,
optimal substrate fahe Carolina Madtorns predominantly sikfree, stable, gravel and cobble
bottom habitat.Riparian condition strongly influences thempositionand stability of
substrateghatfish inhabit (Allan et al., 1997, p.1495treams with urbanized or agriculturally
dominated ripaan corridors are subject to increased sediffeading from unstable banks
and/or impervious surface roff, resulting in less suitable-stream habitat for fish as
compared to habitat with forested corridors (Allan et al., 1997, p.158)this assessent, we
considered the streaside riparian condition (as delineated by the Active River Area (ARA
Smith et al. 2008, entire) as an indicator efiream habitat conditiorRather than &ixed-

width riparian bufferthe spatial extenbf an ARAIs defned by physical and ecological
processes in areas of dynamic connection and interaction between the water and land through
which it flows (Smith et al. 2008, p.1).

Habitat Connectivity The fragmentation of river habitat by dams and other aquatietsarr

(like perched or undersized culverts) is one of the primary threats to aquatic species in the U.S.
(Martin et al. 2014, p.7). Dams (whether rmaade or naturenade (e.g., from beavers or
windthrow)) have a profound impact onstream habitads they carchange lotic systems to

lentic systemsand the construction of Falls Lake dam in the upper Neuse is an example of
habitat fragmentation that isolated Carolina Madtoms in the upper basin from the middle Neuse
basin Moreover, fagmentation ¥ dams or culverts generally involves loss of access to quality
habitat for one or more life stagesfidshwaterspecies In the case of madtonmfsagmentation

can result in loss of access to quality habitat for one or more life stages, such as greventin
resident fish from moving among habitats, thus potentially impacting overall distributions.
Barriers to movement can cause isolated or patchy distributions of fish which may limit both
genetic exchange and recolonization (e.g., after a high flow, sgoewvenbarriers can limit
upstream repopulatign To assess the influence of factors affecting Carolina Madtom habitat
connectivity,we considered the number of dams from theAu®y CorpsofEn gi neer sdé ( US
ACE) National Inventory of Dams (NID) as welk the number of road crossirajecting

Carolina Madtom habitgsee Section 4.1 below).

3.3.2Species Representation

|l denti fying and evaluating representative uni
importantcomponents of assessiogv er al | speciesd viability (Sha
USFWS 2016, p.23) This is because populations that are distribtiieaughoutmultiple
representative units mapufferas peci es® response to environment
Representation for the Carolina Madtom can be described in tefRiseoBasin Variability and
Physiographic ¥riability. Below we examine these aspects of the historic and current

distribution of the Carolina Madtom and identify potential causal effectshanges in

representation over time.

RiverBasin Variabilityi As a narrow endemic specieetCarolina Madtom has a very
restricted range, historically occurring3 and 4" orderperemial streams in the Tar aftbuse
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(including the TrentRiver basins. The species legperienced loss in the Neuse basin,
including presumedextirpation from thél'rent River systemCurrentoccurrencesf the madtom
arecenterecprimarily in the upper Tar River basin (inclusive of tdpper Tar RiverSandy
Swift Creek,and Fishing Creek subbasin, see Figh&) as well as the upper Little Rivar the
Neuse River basinWhile the speciemaintains presenda two river basins, distribution
variability is significantly reduced in the Neuse basith four of the five MUs likely extirpated
Table 31); the pecies has lostearly 66 of itsRiver Basin \ariability. It should be noted that
this is a relatively conservative estimate of lossaagbility for each population isrgely
represented bjstone HUC per MU(Table 32 below).

Table31Car ol i na Madtom Basin Variability. ACurren
surveys in the past 5 years (2012016).

# of # of

Historically Currently
Population/ Occupied  Occupied %
Management Unit MUs MUs Decline
Tar 5 3 40
Neuse 5 1 80

Physiographic Variabilityy The Carolina Madtom is found in two physiographic proviricése
eastern Piedmont and CoastHliR, the majority of extan€Carolina Madtom occurrences are
clustered around the Fall Line (d&gure 3-2), with most in the Coastaldin portions of the
basins. Monitoring data indicate precipitous declines in occurrencein physiographic

regions. A 866 decline in occurrence was estimated in the Coastal Plain Province, and 44%
decline in the Piedmont (Figure®}. The species has been almost completely eliminated from
its once much larger presence in the Coastal PlEwere are no remainirfgedmont

occurrences of the species in the Neuse River basin.

Carolina Madtom Loss in
Physiographic Variability

3
a 25
= 36%
£ 20
=
o 15 . . .
o 44% W Historically Occupied
2 10 HUC10s
? 5 Currently Occupied
é HUC10s
3 0
z . .
Piedmont Coastal Plain

Physiographic Region

Figure 3 9 Change in physiographic variability for Carolina Madtom. Percentages are the proportion lost from historically
occupied HUC10s to currently occupied HUC10s
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Summary

As evaluated througthe lens of river basin and physiographic province, the contemporary

distribution of Carolina Madtom reflects a considerable loss in historical representation.
Because representation is an indirect measur e
concerning in terms of the ability of the species to respond to a changing environment. Later, we
discuss the implications of a potential continued loss in representation.

3.3.3Species Redundancy

Redundancy reduces the risk that a | arge port
by a natural or anthropogenic catastrophic event at a given point in time. Spedies¢hat

resilient populations spread throughout their historical rangéess susceptible to extinction

(Carrollet al.2010, entire; Redfordt al.2011, entire).Thus, high redundancy for Carolina

Madtom is defined as multiple resilient populations (inclusive of multiple, resilient MUS)

distributed throughout the speddes hi st or i c al range. That i s, hi
with a relatively broad distribution, have a positive relationship to spksiesredundancy.

Evidence indicates that Carolina Madtom populations were once much more broadly distributed
throughout their historical range (Figurel3 However, several factors, including

impoundmentge.g., Falls Reservoir, Milburnie Dam, and Buckhorn Reservaiguitable water

quality( e. g., the Neuse River down s #earteatmentfplam m t he
discharge)and expansion of invasiWatheadCatfish have resulted in population fragmentation

(see Chapter 4), makingpopulation of extirpated locations unlikely without human

intervention

We assessed Carolina Madtoedundancy by first evaluatiregcupancy withireach ofthe
hydrologic units (i.e., HUC10s) thabnstituteMUs, and then we evaluated occupancy at the
MU and ultimately the population level. This assessment revealed that3i HUC10s
historically ocupied byCarolina Madtomonly 8 (26%) are currently occupied (TableZ3.

Note that current occupancy was defined as the observation of at least one Carolina Madtom
during surveys conducted from 201d. 2016. Of those 8HUC10sthat were counted as

occupied, only seven hawore than one observation duriftgat5-year sample perioflable 3

2). At the level ofMUs, sevenare likelyextirpatedfwo have experiencean estimate@5-50%
decline, andwo haveexperiencedho dcecline(Table 32).
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Table 3-2 Carolina Madtom occupancy changes over time. Historical occupancy represents detections that
occurred from 1960 to 201Q while current occupancy represents a sample period from 2Qto 2016. Note:
MUs can be made umf one or more HUC10 watersheds, depending on the distribution of the species (see
Section 3.3.1).

# #
Historically Currently %
Populatior Occupied Occupied Decline
Management Unit HUC10s HUC10s
Tar 13 7 46
Upper Tar 2 2 0
Middle Ta 3 0 100
Lower Tar 2 0 100
Fishing Ck Subbasjn 4 3 25
Sandy-Swift 2 2 0
Neuse 16 1 94
Upper Neusé¢ 1 0 100
Middle Neuseg 6 0 100
Lower Neuse 4 0 100
Little Rivef 2 1 50
Contentnea 3 0 100

‘* MUs with more than one observation in last 5 yeat

3.4 Current Conditions

Theresults of arveys conducted from 2Q to 2016 suggesthat the currey occupiedrange of

the Carolina Madtom includésur MUs from two populations in the Tar and Neuse River basins
in North Carolina, however only one population (Tar) has multiple documented occurrences
within the pasb years. The species has been extirpatad the southern portion of its range,
including a large portion of the Neuse River basin and the entire Trent River Basicontext,
Table 33 shows the current species status as tracked by national and state entities that track
conservation statusf species:

Table 3-3 Current species status/ranks by other entities who track conservation status of
Carolina Madtom

Entity Status/Rank Notes Reference
NatureServe G2N2 (Imperiled) NatureServe 2015
Trend over the past 10 years or three generations is
IUCN NT (Near Threatened)uncertain, but distribution and abundance probably a [UCN 2001

slowly declining.
American Fisheries

T (Th
Society (AFS) (Threatened)

Status declined since 1989 AFS 2008, p.394
NC Scientific Council on Fishes 201!

North Carolina Threatened/S2 (Imperiled) NCNHP 2014
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3.4.1CurrentMU/Population Resiliency

Methodology

To summarize the overall current conditions of Carolina Maditiss, we sorted them intive
categories (high, moderatew, very low, and null (g)based on the population factors and
habitat elements discussed in Section 3.3.1 apadele 34). Includedin this summary are

areas where the speciepresumed to be extirpated to show the entire current condition of the
species.Thecurrent conditiorcategory is a qualitative estimate based on the analysis of the
three population facto®U Occupancy, Approximate Abundance, and Reproductad)four
habitat element@/Nater Quality, Water Quantity/Flow, Instream Substrate, and Habitat
Connectivity) Overall population condition rankings and habitat condition rankings were
determined by combining the three population factors and four habitat eleraspegtively.

For example, for th€ishing Creek Subbasin Mldiven the categorical scale of: High
Moderatei Low i Very Lowi g (see Table-8), the overall Current Population Condition is
estimated to b&oderate(Figure 310); theHigh MU Occupancy Condition combined with the
Low Approximate Abundance Conditionoderateand when that is combined with thew
Reproduction condition, the overall ranking becoideslerate

Population’ Management MU Occupancy  Approx Abundanc: Reproduction  Current Condition
Unit Condition Condition Condition Population Factors
Tar/Fishing Creek Subbasin H + L L
M 4 L
M ‘ Moderate

Figure 3-10 Current Population Condition calculation is determined by combining the three population
factors (MU Occupancy Condition, Approximate Abundance Condition, and Reproduction Condition).

Note: When MU Occupancy Condition was estimated to be @, this egtirpahdition
superseded all other category rankings and was assigned as the Population Condition.

For the Habitat Elements, the scale included the following categories: iHMbderatei Low
i Very Low. For example, for thdpper TarMU, the overdlCurrent Habitat Condition was
determined by first combining théigh Instream Habitat Conditiowith the Low Water Quantity
Conditionto getModerate when thisModeratewas then combined with thdoderate
Connectivity Condition anthe ModerateWater Qulity Condition,the hreeModerateranks
combine to gt an overall Current Habitat ConditionMbderate(Figure 311).

Overall Instream Overall
Population/ Habitat (Substrate Overall Water Connectivity Overall Water = Current Habitat
Management Uni Condition Quantity Conditior Condition Quality Condition Condition
Tar/Upper Tar H + L M M
& + M + M
M - Moderate

Figure 3-11 Current Habitat Condition calculation is determined by combining the four habitat elements (Water Quality
Condition, Water Quantity Condition, Connectivity Condition, and Instream Habitat Condition)
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Because population factaase direct indicators dfarmlina Madtomcondition (Table &), we

weighed population factors (direct measures) two times higher than habitat elements (indirect
measures) when estimating the summary Current Condifi@hle 36 displays the presumed

ranges of probabilities of pessence of a population with a given current condition category

over 10 years (about 3 generations of the Carolina Madtom). These ranges were not calculated;
instead they serve to communicate what the experts mean when describing the current condition
ofapopul ati on. Because dodgsaot igpgrasanteferenceocandition i on  C
(i.e., a condition that implies the absence of significant human disturbance orcaljetiae

probability of persistence or fihi gho condi beid®70% (Wable 6 et er mi ned
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Table 3-4 Population and habitat characteristics used to create condition categories in Table53

. Population Factors Habitat Elements
Condition . _ Streamside Conditior
. . . . Water Quantity/Flowing . . L
Category |MU Occupancy Decline Approximate Abundance Reproduction Water Quality Water (in-stream substrate Habitat Connectivity
condition)
h(i:urT:rLZ“c\)lfe kr::Juzerrasnate Very few (if any) known Optimal flowing water very litte (if any)
9 S 9€ " More than 50% of sites with " Y y) Kne conditions to remove fine  Predominantly known habitat
(over 100 individuals impairment or contaminant . . S,
. recent (past 5 years) . sediments, sustain prey natural (>60%  fragmentation issue
. . observed over time); anc . . problems (<15 miles . :
H|gh <30% decline documentation of reproductior . . . items, and allow optimal forested) ARA; <6% (<10 dams per MU
large numbers (10+) of - impaired streams; no majo . .
Lo . (gravidity) or presence of sme . . movement; no known flov impervious surfaces  avg # of Road
individuals seen during P discharges, <25 non-majo . . .
(<40mm) individuals 1 issues; fewer than two in HUC10 watershec Crossings <300 ps
recent (past 5-years) discharges) .
consecutive drought year MU)
targeted surveys
. . Water flow not sufficent tc
Impairment or contaminant: consistently remove fine
51 to 100 individuals known to be an issue, but " " dime?"ts i Some habitat
observed over time; large  25-50% of sites with recent not at a level to put " . rying 30-60% forested AR/ fragmentation issue
) ) . ) ) conditions which could . )
31-50% decline numbers (10+) of documentation of reproductior population at risk of being impact both prev base an 6-15% impervious (10-30 dams per MU
P (] A A A Bed] a A
individuals seen during or presence of small (<40mm eliminated (15-50 miles P prey surfaces in HUC10 Avg # of Road
o . . . successful movement; .
recent (past 5-years) individuals impaired streams; 1-3 majc . watershed Crossings 300-50
) . moderate flow issues; nc
targeted surveys discharges; 25-100 non-maj . per MU)
) more than two consecutiv
discharges)
drought years
Impairment or contaminant:
- i ing - ei Habitat severel
Small r_1umbers (10-50) Fewer than 25% of sites with at levels hlgh enough to pu Water not flowing - either <30% forested ARA y
seen during recent (past ! ) the population at risk of  inundated or dry; severe . ) fragmented (30+
. recent documentation of . L ; . >15% impervious . .
Low 51-70% decline  years) targeted surveys; . being eliminated (>50 mile flow and drought issues; ) dams in MU; 500+
Lo reproduction or presence of . f . . surfaces in HUC10 .
less than 10 individuals Lo impaired streams; >4 majo three or more consecutivt Avg Road Crossing
. small (<40mm) individuals . . watershed N
observed over time discharges; 100+ non-majc drought years per MU)
discharges)
. V_er_y few (less than 10) Reproduction data are older ) ) . Habitat extremely
individuals observed ove . Impairment or contaminant - Instream habitat
. . . than 10 years; or no evidence Flow conditions do not fragmented and
Ve ry Low >70% decline time; 10 or fewer live : . at levels that cannot suppol . . unable to support
A ) known information about ) . support species survival . : unable to support
individuals observed in reproduction species survival species survival . val
past 5 years p species survival
(%) Total Loss None observed overtime  Population is extirpated N/A N/A N/A N/A
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Table 3-5 Resiliency of Carolina Madtom populations. See Table-8 for condition categories. Data for categorization are

found in Appendix C.

Population Factors

Habitat Elements

Combined Instream Combined
Populatior/ MU Population Water Water Habitat Habitat
Management Unit  Occupancy Abundance Reproduction Factors Quality  Quantity Connectivity (Substrate) Elements Overall
Tar
Upper Tar  High Low Low Low Low High Low
Middle Tar (7] Low 7] 7] Low )
Lower Tar (0] Low 0] 0] High Low 0]
Fishing Ck Subbasin High Low Low Low High
Sandy-Swift ~ High High High High
Neuse Very Low Low Very Low
Upper Neuse (0] Very Low %] (0] Low Low Low %]
Middle Neuse (0] Very Low %] 7] Low Low Low Low Low 7]
Lower Neuse 1) Very Low 1) 1) Low Low Low %]
Little River  Low Low Very Low Low Low Low
Contentnea (0] Low Low 7] Low Low High Low Low %]
Trent 1) 1]
Trent ) Very Low ) %) High High %)

Table 3-6 Presumed probability of persistence for current condition categories.

Likelihood of Persistence:

High

Low VeryLow

%)

Range of Presumed Probabi
Persistenceover 10 years (~3
generations)

lity of

40-70% 10-40%

<10%

<10%

0%

* Generation time for CMT is
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Combined habitat elements, representing overall habitat condition, were reddesaten MUS,
and low in four MUs (Table-3). Combined population factors, representing a combination of
occupancy, approximate abundance, and reproduction, was estimated to be high for one MU,
moderate foone MU, low fortwo MUs, andlikely extirpated forsevenMUs (Table 34). As

noted in Section 3.3.1, both approximate abundanceseganoductiorshould be considered
conservative estimates.

At the population level, the overall current condition (= resiliency) was estimatediodsrate
for the Tar Populatioryery low for theNeuse populatigrandlikely extirpated for th&rent
Population (Table-3; Figure 312).

3.4.2Current Species Representation

We estimated thathe Carolina Madtoncturrently has low adaptive potential duditoited
representation itwo river basins antivo physiographic region@=igure 312). The species
retains33% of its known River Basin variabilitgonsideringgreatly reduced variability
observed in the Neuse River population. In addition, comparedttrical occupancy, the
species currently retainery limited Physiographic Variability in the Coastal Plal4%) and
moderate variability in the Piedmoriito).

3.4.3Current Species Redundancy

The range of the Carolina Madtom has always beey varrowi limited to the Tar and Neuse
River drainages (with the Trent RivBubbasirconsidered functionally a parate drainage).
Within the identified representation areti® species retains redundancy within the Tar River
population 8 MUs currently extant however it haso redundancydnly 1 MU extanin the
Neuse River population and no redundancy (extirpated) in the Trent River popu@tierall,
the species has 1064% of its redundancy across its narrow, endemic range.
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Figure 3-12 Carolina Madtom Current Condition
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CHAPTER 4- FACTORS INFLUENCING VIABILITY

In this chapter, we evaluate the past, current, and future factors that are affecting what the
Carolina Madtom needs for long term viability. Aquatic systems face a multitude of natural and
anthropogenic threatand stressors (Neves et al. 1997, p.44). The North Carolina State Wildlife
Action Plan has identified several factorstthave impacts on habitatSCWRC 2015:Table4-

1). Generally, the factors can be categorized as either environmental sttesgors

development, agriculte practices, or foresbnversionfhanagementor systematic changes

(e.g., climate change, invasive species, barnieggjlatory frameworKsor conservation
management practic€sigure 41).

Climate Change

ENVIRONMENTAL
STRESSORS AND
SYSTEMATIC
CHANGES

Conservation
Management

HABITAT FACTORS

BREEDING,
FEEDING,
SHELTERING
FACTORS

DEMOGRAPHIC
FACTORS

Carolina Madtom
population
maintenance and
growth

Figure 4-1 Influence diagramillustrating how environmental stressors and systematic changes influence
habitat factors which in turn influence breeding, feeding, and sheltering needs of the species; in turn, these
affect demographic factors which ultimately influence madtom populatia growth and maintenance.

Current and potential future effects, along with current expected distribution and abundance,
determine present viability and, therefore, vulnerability to extinctidetailed information is

provided for those factors thatrakke as fAhi ghd or fAvery higho as
Conservation Concerns for the Carolina Madtom, with the addition of information about
regulatory frameworkand climate changeThose factors that are not known to have effects on
Carolina Madtom populains, such as overutilization for commercial and scientific purposes and
disease, are not discussed in this SSA report.
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Table 4-1 Threats to Carolina Madtom as listed inthe North Carolina State Wildlife Action
Plan (SWAP), including Conservation Concern Score and Scope and Severity
categorizations for each threat (NCWRC 2015, Chapter 5).

Conservation
SWAP Metric: Concern Score Scope* Severity**
Development [NERYITICHI PERVASIVE EXTREME
LARGE to
Agriculture & Forestry  HIGH PERVASIVE SERIOUS to EXTREME

UNKNOWN to

LARGE UNKNOWN to SERIOUS
RESTRICTED MODERATE
UNKNOWN to

SMALL UNKNOWN to SLIGHT
UNKNOWN to

SMALL UNKNOWN to SLIGHT

Energy & Mining
Transportation

Biological Resource Us
Human Intrusions &
Disturbance

Natural System
Modifications

PERVASIVE EXTREME

LARGE to

Invasives HIGH PERVASIVE EXTREME
LARGE to

Pollution  HIGH PERVASIVE SERIOUS to EXTREME
UNKNOWN to UNKNOWN to

Climate Change LARGE MODERATE
Disease & Pathogens UNKNOWN UNKNOWN UNKNOWN
*SCOPE

(a) Pervasive Affects all or most (74100%) of the total population or occurrences

(b) Large Affects much (3170%) of the total population or occurrences

(c) Restricted Affects some (1430%) of the total population or occurrences

(d) Small Affects a small (110%) proportion of the total population or occurrences

(e) Unknown There is insufficient information to determine the scope of threats

() None

* SEVERITY

(a) Extreme Likely to destroy or eliminate occurrences, or reduce the populatid0G%

(b) Serious Likely to seriously degrade/reduce affected occurrences or habitat or reduce
population 3170%

(c) Moderate Likely to moderately degrade/reck affected occurrences or habitat or reduc
the population 1-B0%

(d) Slight Likely to only slightly degrade/reduce affected occurrences or habitat, or redut
population 110%

(e) Unknown There is insufficient information to determine the seéyef threats

() None
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4.1 Development & Pollution

Weuselh e t er m A dterefer to arpamzatioh d@f the landscape, inahgd(but not

necessarily limited tdand conversion for urban and commercial development, infrastructure

(roads, bridges, utilities) development, ambdanwateruseswater supply reservoirs,

wastewater treatment, etc.). The effects of urbanization include alterations to water quality,

water quantity, and habitabgth instream and streaside) (Ren et al. 2003, p.649; Wilson
2015, p.424)

Al mpervious surfaceo refers to all har d
highly compacted soils like sports fields. Impervisusfaces prevent the natural soaking of

sur f a

rainwater into the grounandslow seepagmto streams (Brabec et al. 2002, p.499; NHEP 2007,

p.2). Instead, the rain water accumulates and flows rapidly into storm dvhiol drainas
runoff to local streamgéFigure 42).

Imperviousresults in degradation of stream habitats in three important (M8GS 2014, p2
5):

1. Water QuantityStorm drains deliver large volumes of
water to streams much faster than would occur natura
resulting in flooding and bank erosion. Species living i
the streams become stressed, displaced, or killed by t
fast moving water and the debris and sedimarnied in
it.

2. Water Quality: Bllutants (gasoline or oil drips,
fertilizers, etc) accumulate on impervious surfaces an(
are washed dlrectly |nto the streatwsing storm events

on impervious surfacetsecomes superheataddcan
stress or kill freshwater species wheenters streams.

chloride, insecticides, polycyclic aromatic hydrocarbons, and
personal care products, increase with urtbewvelopment
(Giddings et al. 2009, p.Bringolf et al. 2010, p.1331 Water
infrastructure development, including water supply, reclamat
and wastewater treatment, results in several pollution point
discharges to streams. Urbanization increasearttoaint of "
impervious surfaces (CWP 20013, p.1). The resulting [ STORMWATER RUNOF -
stormwater runoff affects water quality parameters such as Esge:gf{i Efﬁ’%ﬁ '
temperature, pH, dissolved oxygen, salinity, and turbidity wh .

in turn alters the water chemistry potentially making it
inhospitablefor aquatic biotaKigure 43.).

Figure 4-2 Rain becomes stormwater
runoff to local streams (Credit:
NCDENR)
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Figure 4-3. Stream Quality is adversely impacted by increased impervious surfaces (from
CWP 2003, p.2)

Madtoms prefer clean water with pganent flow and are not toleraoftsiltation and turbidity

(Midway 2008, p4). Benthic fish such as the madtom have disproportionate rates of

imperilment and extirpation because stream bottoms are often the first habitats affected by

pollution (Midway et al. 200, p.325). Furthermore, the Carolina Madtom is classified as an

Aitml erant o speci es ac Water Radsougesteaning the spedie€is Di v i s i
most affected by environmengaérturbations (NCDWR 2013, p.J19

Urban development can lead to increased variability in streamflow, typically increasing the
amount ® water entering a stream after a storm and decreasing the time it takes for the water to
travel over the land before entering the stream (Giddings et al. 2009, p.1). In urban areas,
flooding is often reduced by draining water quickly from roads and mgt&ts which results in
increased amounts of water reaching a stream within a short period of time, leading to stream
flashiness and altered stream channels (Giddings et al. 2009, p.1). The rapid runoff also reduces
the amount of infiltration into the 8ao recharge aquifers, resulting in lower sustained
streamflows, especially during summer (Giddings et al. 2009, p.1). Ultimately, when the
hydrology of the stream is altered and water quantities vary widely, the physical habitat of a
stream often becoas degraded from channel erosion or lower summer flows that ultimately
reduces feeding, spawning, and living spaces of the Carolina Madtom and other aquatic biota
living in the streams (Giddings et al. 2009, p.1).

Urban development can alter stream tatt@ither directly via channelization or clearing of
riparian areas, or indirectly via high streamflows that reshape the channel and cause sediment
erosion (Giddings et al. 2009, p.2).
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Figure 4-5 Sedimetin from construction fIW credit: Nancy Pierce)

A major component of urbanization is the resultant road development. By its nature, road
development increases impervious surfaces as well as land cleadihglzitat fragmentation.
Roads are generally associated with negative effects on the biotic integrity of aquatic
ecosystems, including changes in surface water temperatures and patterns of runoff,
sedimentation, adding heavy metals (especially lead$, safanics, ozone, and nutrients to
stream systems (Trombulak and Frissell 2000, p.18). These changes affectistediam
organisms such as the Carolina Madtom by displacing them from once preferred, but now
polluted habitats, as well as increasinga@sure and assimilation of pollutants that can result in
growth defects, decreased immune response, and even death. In addition, a major impact of road
development is improperly constructed culverts at stream crossings. These culverts act as
barriers, @&her as flow through the culvert varies significantly from the rest of the stream, or if

the culvert ends up being perched, and aquatic organisms such as Carolina Madtoms cannot pass
through them.
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Utility crossings and rightsf-way (ROW) maintenance are additional aspects of development
that impact stream habitats. For example, the proposed Atlantic Coast Pipeline planned to
deliver natural gas from supply areas in West Virginia to matke¥irginia and North Carolina,

will include the construction, operation, and maintenance of approximately 595 miles of
transmission pipeline, crossing hundreds of streams in NC, including significant Carolina
Madtom habitats in the Tar and Neuse Rivasibs. Direct impacts from utility crossings

include direct exposure or crushing of individuals, sedimentation, and flow disturbance; the most
significant cumulative impact involves the cleared ROW that allows for direct runoff and
increased temperaturétae crossing location, and potentially allows access @éathin

vehicles from the ROW (which destroy instream habitat).

All three of the river basins within the range of the Carolina Madtom are affected by

development, fronan average of percent in the Tar River Basindo average af3 percent in

the Neuse River Basin (based on the 2011 National Land Cover DatNeuse River Basin
containsons i xt h of the entire Statebs popul ati on,
watershed. Furthermore, the Middle Neuse MU contains 182 impaired stream miles, 9 major
discharges, 272 minor discharges, and nearly 4,000 road crossings, affecting the quality of the
habitat for the species. The Middle Neisalso31% developed, withearly 8 percent

impervious surface, changing natural streamflow, reducing appropriate stream habitat, and
decreasing water quality throughout the population. For complete data on all of the populations,
refer to Appendies A andC.

4.2 Agricultural Practtes

Nutrient and Chemical Pollution

Farming operations can contribute to nutrient pollution when not properly managed (EPA 2016,
entire). Fertilizers and animal manure, which are both rich in nitrogen and phosphorus, are the
primary sources of nutrient pollution from agricultural sourdégertilizers are not applied in

the proper amount, at the right time of the year and with the right application method, water
guality in the stream systems can be affected. Excess nutrients impact water quality when it
rains or when water and soil comiag nitrogen and phosphorus wash into nearby waters or
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leach into the water tabte groundwater. Fertilized soils and livestock can be significant
sources of nitrogebased compounds like ammonia and nitrogen oxides. Ammonia can be
harmful to aquatidife if large amounts are deposited to surface waters. For fish like the
Carolina Madtom, excess ammonia can cause a humber of problems, from alteration of
metabolism to injury to gill tissue to reduced growth rates and extreme levels can cause death
(Oram 2014, p.2)

The lack of stable stream bank slopes from agricultural clearing and/or the lack of stable cover
crops between rotations on farmed lands can increase the amount of nutrients that make their
way into the nearby streams by way of increasedesogion (cover crops and other vegetation

will use excess nutrients and increase soil stability). Livestock often use streams or created in
line ponds as a water source; this degrades water quality and stream bank stability and reduces
water quantity avéable for downstream needs.

Pumping for Irrigation

Irrigation is the controlled application of water for agricultural purposes through manmade
systems to supply water requirements not satisfied by rainfall. It is common practice to pump
water for irrigdion from adjacent streams or rivers into a reservoir pond, or sprayed directly onto
crops. If the water withdrawal is excessive (usually over 10,000 gal/day) or done illegally
(without permit if needed, or during dry time of year, or in areas wherdigeregjuatic species
occur without consultation), this may cause impacts to the amount of water available to
downstream sensitive areas during low flow months, thus potentially resulting in dewatering of
channels and displacement of fish.

Agriculture Exemptions from Permit Requirements

Normal farming, silviculture, and ranching activities are exempt fronCiWé& 404 permitting
procesgUSEPA 2017, p.1) This includes activities such as construction and maintenance of

farm ponds, irrigation ditches, and farm roads. If the activity might impact rare aquatic species,
the US ACE does require farmers to ezethere t ha
continued existence of, a threatened or endangered species, or adversely modify or destroy the
critical habitat of such specieso, and to ens
are minimizedo, however farrmeetoddSANtQEh appopriate not r e
State or Federal Agencies regarding these sensitive species.

While there is an expectation for farmers to follow best management practices (BMPs), there are
often cases where BMPs are not followed and goatited as may farming activities are in

rural locations and regulators are spread tiwells (USFWS) email to S.McRae (USFWS) on
5/13/2016)

Confined Animal Feeding Operations

ConfinedAnimal FeedingOperations (CAFOsInd feedlots can caudegradation o&quatic
ecosystemgrimarily because of manure management issues (Burkholder et al. 2007, p.308).
CAFOs hold tens of thousands of animals and produce a large amount of waste which enters the
environment either by being discharged directly into streams straoted ditches, stored in

open lagoons, or applied to fields in wet or dry form (as referdmg®&iickner et al. 2002,

Mallin and Cahoon 2003, and Orlando 2004£BD 2010, p.18). CAFO wastes contain
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nutrients, pharmaceuticals, and hormones, and catrepleigation of waterways, toxic blooms
of algae and dinoflagellates, and endocrine disruption in downstream wildlife (Mallin and
Cahoon 2003, p.369; Orlando et al. 2004, p.353).

Thenumber of CAFOs in the southeast has increased drastically since 1B@Gtask

production hasindergone extensive industrializati(Mallin and Cahoon 2003.37). As

shown in Figure 4, poultry CAFOs arelso abundant in North Carolinand here aranany

swine CAFOsn the CoastalPlajjNo r t h  Car ol i n a sacad largestpotkhe nati o
producer &és referenced in CBD 2010, p)18
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Figure 4-7 CAFO locations in eastern North Carolina from the NC Division of Water
Resources website (accessed: 11/22/2016)

According to the 201NationalLand Cover Data, all of the watersheds within the range of the
Carolina Madtom are affected by agricultural land uses, with the Lower Tar, Lower Neuse, Little
River and Contentnea Creek MUs having around 40 percent or more of the watersheeaonvert
for agricultural use.

4.3 Forest Conversion and Management

A forested landscape provides many ideal conditions for aquatic ecosyflepending on the
structure and function of the forest, and particularly if native, natural mixed hardwood forests
comprise the active river area (ARA), rain is allowedlawly infiltrate and percolate (as

opposed toapid surfaceunoff), a variety of fod resources enter the stream via leaf litter and
woody debris, banks are stabilized by tree roots, habitat is created by occasional windthrow, and
riparian trees shade the stream and maintain an ideal thermal climate.

Forested ARASs, oriparian areas,grform many functions that are essential to maintaining water
quality, aquatic species survival, and biological productivity (NCWRC 2002, p.6). Specifically,
forested riparian areas serve a roleldlSKWS 2006, 16):

Carolina Madtom SSA Report Page36 November 2018



1 mechanical barriarto runoff, increamg surface roughness to reduce flow velocity and
promoting mechanical trapping of suspended solids;
1 sediment traps and bank stabilizers, whkedreeroot structures retain erodible soils and

stabilize streambanks;  Taple 42 Range of buffer widths for specific riparian functional

1 cover refugia and nest  values (from USFWS 2006, p.22)

H Range of Average of Number of
SIteS_’ Wheravoc_)dy reported reported studies
debris from adjacent effective widths effective included in

. Riparian Buffer Function (meters) widths (meters) analysis
forested areas prOVIdeS Sediment retention 7-300 1 33
Structura| Comp|exity of Nutrient retention 4-177 25 37
H t h bt ts: Nitrogen 7-33 18 15
Instream habitats, Phosphorus 4-30 16 12
q temperature regu|ation, Bacteriological retention 9-58 31 6
. . . Miscellaneous pollutant removal' 4-61 27 J
astrees In the rlpanan Sustain aquatic biota 23-100 35 13
area prgide Shading for Detritus input/structural complexity 7-80 37 18
Temperature moderation 8-173 34 17

temperature
regulation/microclimate maintenance; and
1 food resources, aglequate food input (detritus, allochthonous material) comes from the
surrounding riparian zone (Stewart et al. 200R1§).
Wide, contiguougorestedriparian luffers have greater and more flexible potential than other
options to maintain biological integrityféble 42; Horner et al. 199%.2 and could ameliorate
many ecological issues related to land use and environmental quality (Naiman et,al. 1993

p.209.

Silvicultural activities when performed according to strict Forest Practices Guidelines (FPGs) or
Best Management Practices (BMPs) can retain adequate conditions for aquatic ecosystems,
however, when FPGs/BMPs are not followed, treedevitiescan alsdicause measurable

i mpact s o ( NCa&ontriRute 10%he mypiad Df)stressors facing aquatic systems in
the SoutheastBoth small and large scale forestry activities have been shown to have a
significant impact upon the physical, chemical, andogjcal characteristics of adjacent small
streams (Allan 1995, p.107Yoday, brests ardarvestedand convertedbr many reasons
including, but not limited tofinancial gain to the property owner by timber harvest, residential
and commercial developmigronversion for various agricultural practices, for the
manufacturing ofvood and paper productsnd for fuel for electricity generatig¢Alig et al.

2010, pp.23; Maestas 2013, p.National Geogaphic 2016, entire). In many caseatural

mixed hardwod-conifer forests are cleaut, theneither left to naturally regeneratereplanted

in rows of monoculture species such as pine, used for the growing need for timber building
supplies and pulp produdiBigure 48; Allen et al. 1996, p.4; Wear and @&r2012, p.13; NCFA
2017, entire)
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Figure 4-8 Historical trends in forest area by broad management type, showing an increase
in planted pine over the past haHcentury (from Wear and Greis 2012, p.13)

These monoculture stands can impact overall wetee dynamics (e.g., increased
evapotranspiration and awad reduced stream flows)(Swank and Miner, 1968, erfiwveank and
Douglass 1974, entir&iggs et al. 2000, pp.118BL9), as well as result in a reduction of
biodiversity in the canopy, mid and wergdtory vegetation as well as the fauna that uses this now
monoculture area. Fimérmore, the aquatic habitatsstfeams in these monoculture forested
areas lose heterogeneityfood resourcedue to reduced variety in allochthondus., energy
inputsderived from outside the stream system, or leaf matter that falls into strgmuts), and

this effect is mirrored among invertebrate and fish populatiookiding filterfeeding mussels

and benthic insectivorous fish and amphibi@iebster et al. 1992.235;Allan 1995, p.129

Jones et al. 1999, p.1454).

The clearing of large areas of forested wetlands and riparian systems ebrsinzateonce

provided by theanopies, exposing streams to more sunlight and increasingdtream water
temperaturéWenger 1999, p.35)The increase in stream temperature and light after
deforestation has been found to alter the macroinvertebrate and other aquatic species richness
and abundance composition in streams to various degrees depending on each spanEs timler
temperature change and increased light in the aquatic system (Kishi et al. 2004CpLR&30

et al. 2007, p.27ZXaldwell et al. 2014, p)3

Sediment runoff from cleared forested areas is a known stressor to aquatic systems (Webster et
al. 192, p.232; Jones et al. 1999, p.1455; Broadmeadow and Nisbet 2004, p.286; Aust et al.
2011, p.123).The physical characteristics of stream channels are affected when large quantities
of sedimentare added or removed (Watters 200@263. Musselsand fi are poéntially

impacted by changes suspended and bed material load, bed sediment compositomahsd

with increased sedimeptoduction and runoff in the watershed, channel changes in form,

position, and degree atability; actively filling or souring channels; and changeshannel

position that may leavausselor fishexposed (Brim Box and Mossa 1999100;USFWS

2003 p.53). Interstitial spaces in mixedbstrates may become clogged with sediment
subsequentlyeducing habitat for the lifeistory needs of aquatic species.

Stream crossingand inadequately buffered clearcut areas be important sources of sediment
entering streams (Taylor et al. 199913. Many forestry activities are not required to obtain a
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CWA 404 permit, assilviculture activitiegsuch as harvesig for the production diber and

forest products) arexempted (USACE 2016, entird SEPA 2017, p)L Because forestry
activities often include the construction of logging roads through the riparian zonethis ca
directly degrade nearby stream environmeAtss( et al. 2011, p.123 Logging roads

constructed in wetlands adjacent to headwater drains and streams fall into this exemption
category, but may impact the aquatic system for years as these roads daystalve to be
removed immediately. Roads remain as long as the silviculture operation is ongoing, thus
wetlands/streams/ditches draining into the more sensitive areas may be heavily impacted by

adjacent fill and r unof 8 cauding &direatationfteatriaMel or ar e
downstream into more sensitivestream habitats. Requirements maintain that flows are not to
be restricted by |l ogging roads, but culverts

adequately sized or spaceHurhermore, stream crossings tend to havengthe lowest
implementatior(Table 43), and this is particularly true in North Carolina (NCFS 2011, p.v
NCASI 2015, p.4

Forestry practices that do not follow BM&an impact natural flow regime, resultingaltered

habitat connectivity. Logging staging areas, logging ruts, and ypianéing are all associated

i mpacts that are a threat to downstream aquat
At he discharge s hal lontimuedtexisteack ef,,a theeatengderopar di z e
endangered species, or adversely modify or de
ensure that MfHAadverse Iimpacts to the aquatic e
not required to consultith appropriate state or federal agencies regarding these sensitive

species and ways to best reduce potential impacts prior to moving famtlamanagement

Around the turn of the 2%century, biologists, foresters, and managers alike recognizeedae

for wholesale implementation of BMPs to address many of the aforementioned issues related to
forest conversion and silvicultural practices. Now, foreBWP manuad suggesplanning road

systems and harvest operations to minimize the number ofragesBroper construction and

maintenance of crossings redsiseil erosion and sedimentation with the added benefit of

increasing harvest operation efficie®/CASI 2015, p.2). The nepoint source programs for

forestry in North Carolina is describesl a fi grueagsuil at or yo because it hasc
implications of norcompliance in a specific way (NCASI 2015, p. EPGs (specific to North

Carolina) are codified performance standards that govern foresated lanedisturbing

activities and BMB are recommended actions/measures to minimize and control nonpoint

pollution runoff from forestry operations. The NC Forest Servasnotedt hat fAi mpr ovi ng
BMP implementation of stream crossing BMPs will have the most positive influence on reducing
therisk to water quality on active harvest sites, followed by BMPs for rehalaifitatebris

entering streams, skid trails, and SMZs [stre
the South, the regiewide average for overall BMP implementation Bil2 was 92%Table 4

3; NCASI 2015, pp.31).
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Table 4-3. Forestry Best Management Practices Implementation Rates from the
Most Recent Surveys for States in the Southeastern US (Sources: SGSF 2012; NA
2015 (excerpted from NCASI 2015, p.4)

Range of Implementation Rate Average

in SE States Implementation Rate
BMP Category SGSF (20172 NASF (2015  (from SGSF 2012)
Overall BMP Implementation 85% to 99% 85% to 99% 92%
Harvesting 85% to 99% 88% to 99% 95%
Forest Roads 78% to 99% 84% to 99% 90%
Stream Crossings 72% to 98% 72% to 98% 89%
SMZs 85% to 99% 86% to 98% 93%
Site Preparation 74% to 99% 74% to 99% 92%
Firebreaks 33% to 100% 64% to 100% 82%
Chemical Application 94% to 100% 93% to 100% 98.5%

1SGSF (2012) includes implementatiates for Alabama, Arkansas, Florida, Georgia,
Mississippi, North Carolina, Oklahoma, South Carolina, Tennessee, Texas, and Virginia.
’NASF (2015) includes implementation rates for Alabama, Arkansas, Florida, Georgia, Ken
Louisiana, Mississippi, NdntCarolina, Oklahoma, South Carolina, Tennessee, Texas, and
Virginia.

While FPGs and BMPs are widedglhered t¢Table 43), they were not always common

practice, and even today there are instances (although rardd that rise to a level of threat

minimization that is adequate for the sensitive speeigs,freshwater mussels and fish) in the

area. As an example, while NC6s FPG .0201 in
mai ntained al ong the mar gi n s[am]fshall be bfsuffimient t e nt
width to confineévisible sediment resulting f
on the required width. Even if mandated 50 or 100 foot buffer Zengs in the Neuse and Tar

River basinswer e enf oegelda({sey R®&f or mindicatettmatt i on above
minimum native, forested buffer widths of 268t on perennial streams and 466t on

intermittent streams, or the full extent of the J@@r floodplain, should be maintained in

watersheds supportirfgderally endangered and threatened aquatic species (NCWRC 2002,

pp.1011; Broadmeadow and Nisbet 2004, p.2B&NHP 2004, p. 4; USFWS 2006, p)17

4.4Invasive Species

The South Atlantic seaboahds mag native species that are declining amwhnative nuisance
species are one of the major causeshese declinedt is estimated that 42% of Federally
Threatened or Endangered species are significantly impacted by nonnative nuisance species
across the nation and nuisance species are significapeding recovery efforts for them in

some way (NCANSME 2015, pp.89). There are many areas across North Carolina where
aguatic invasive species have invaded aquatic communities; are competing with native species
for food, light, or breeding and nesgi areas; and are impacting biodiversity.

When an invasive species is introduced it may have many advantages over native species, such
as easy adaptation to varying environments and a high tolerance of living conditions that allows
it to thrive in its nmnative range. There may not be natural predators to keep the invasive species
in check; therefore, it can potentially live longer and reproduce more often, further reducing the
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biodiversity in the system. The native species may become an easy foodfgpumeasive
species, or the invasive species may carry diseases that wipe out populations of native species.

The Flathead @tfish is an invasive species that likely has a significant impact on Carolina
Madtom distributionespecially in the Neuse River Basilhe HatheadCatfish is an obligate
piscivore and apex predator, known to influence native
fish populations, includingredaton on bullheads and
madtoms Pine et al. 2005, p.90NCANSMPC 2015,
p.75 Figure 49), and it occurs in both the Neuse and
Tar River basinsThe Flathead Catfish has been
intentionally introduced into several river basins in NC,
including the Nese River Basin in the early 1980s
(USFWS 2014, pp-R). The Flathead &tfish became
the dominant predator in the Cape Fear drainage
south of the Neuse River Baswithin 15 years of the
Figure 4-9 Flathead catfish eating another catfish INtroductionand asevere decline in native fish

(credit: J.Raabe) species, paitularly native bullhead species, was
observed in the Cape Fear Rivathin 15 years of the first Flatheadtiish introduction &s
referenced in USFWS 2014, p.7

Hydrilla is an aquatic plant thatters stream habitat, decreases flows, and contributes

sediment buildup in streaniCANSMPC 2015, p.57 High sedinentation can cause

suffocation anageduce stream flow necessary foadtom survival Hydrilla occurs in several
watersheds wheithe Carolina Madtomaccur, including recent documentatioorh the Neuse
system and the Tar River. The dense growth is altering the flow in these systems and causing
sediment buildup, whichlters the habitat for the Carolina Madtoivhile data are lacking on
Hydrilla currently having populatietevel effects orthe madtomthe spread of this invasive

plant is expected to increase in the future

4.5Dams and Barrier@Natural System Modifications)

Extinction/extirpation osomeNorth American freshwatdish can be tracetb impoundment

and inundation of riffle habitats in all major river basins of the central and eastern United States
(NCWRC 2015, p.109). Humans have constructed dams for a variety of reasons: flood
prevention, water storage, electricity generation,atran, recreation, and navigation (Eissa and
Zaki 2011, p.253). Manmade dams and natural dams (either created by beavers or by
aggregations of woody debris) have a many impacts on stream ecosystems. Reductions in the
diversity and abundance of mussels primarily attributed to habitat shifts causes by
impoundment (Neves et al. 1997, p.63):

0 Upstream of damis the change from flowing to impounded waters, increased depths,
increased buildup of sediments, decreased dissolved oxygen, and the drasiimnaitterat
resident fish populations inevitably can threaten the survivialoand their overall
reproductive success.
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0 Downstream of damis
fluctuations in flow
regimes, minimal
releases and scouring
flows, seasonal dissolvec I,_/:Q
oxygen depletion,
reduced water
temperatures, and
changes in fish
assemblages.

Figure 4-10 Dam Distribution in Neuse/Tar Basins

Dams have also been identified
as causing genetic
segregation/isolation in river
systemg resident fish can no
longer move freely through
different habitats and may
become genetically isolated
from other fsh populations
throughout the riverFigure 4

10 shows the distribution of
dams across the known range ¢
the Carolina Madtom.

Interestingly, recent studies hav il

shown that some mussel and fis Kilomsters

populations may be more

temporally persistent Dams River Basin: [ North carolina

|mmed|ate|y (d)WnStl‘eam Of [ ] Carolina Madtom Occurrence Tar-Pamlico Physiographic Provinces:
” d b d t Major Hydrology Neuse PIEDMONT

small dams, more abundant anc Trent COASTAL PLAIN

diverse, and attain larger sizes
and grow faster than do
conspecifics in populations
further upstream or downstream (Gangloff 2013
rapidly changing landscape, it is pids that these small dams and their impoundments may

perform some key ecological functions including filtration and detoxification of

anthropogenically elevated nutrient loads, oxygenatingdoadient streams during lewater

periods, and stabilizing pioons of the stream beds that are needed for the persistence of fish and
mollusk taxa (Gangloff 2013, pp.4-A¥9). Additional benefits of impoundments may include

(Gangloff 2013, p.479 and references therein):

w

0 retention of fine sediments and associated toxins, as in the case of the Lake Benson Dam
in the Swift Creek (Neuse) watershed,

O i mpedi ments to the spread of invasive spec
Fishing Creek (Tar) that appears to metthe upstrearspread of RatheadCatfish, and

0 attenuation of floods from urban or highly agrarian watersheds.
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As mentioned above, improperly constructed culverts at stream crossings act as significant
barriers, and have some similar effects as danstream systems. Fluctuating flows through

the culvert can vary significantly from the rest of the stream, preventing fish passage and
scouring downstream habitats. If a culvert ends up being perched above the stream bed, aquatic
organisms cannot passakigh them. These barriers not only fragment habitats along a stream
course, they also contribute to genetic segregation of the aquatic species inhabiting the streams.

4.6 Regulatory Mechanisms
State Endangered Species Law

North Carolina has statevel legislation modeled after the federal Endangered Species Act: the
North Carolina Endangered Species Act was enactg#ddi Animal species that are protected

by the state laws are regulated by the state wildlife agency, the North Carolina Wildlife
Resources Commission. The state endangered species protection law allow the state wildlife
agency to identify, document, and protect any animal species that is considered rare or in danger
of extinction. lllegal activities include talg, transpoiihg, exprting, procesmg, seling,

offering for sale, or shiping species, and the penalty for doing so is a misdemeanor crime,
usuallyresulting ina fine of no more than $1,000 or imprisonment not to exceed a year
(Pellerito2002, entire). There are no mechanisms for recovery, consultation, or critical habitat
designation other than where recommendations, not requirements, can be made for lands to be
protected or acquired (Pellerito 20@hape anéeorge2010, p.346).

Stae and FederalStream Protections (Buffers & Permits)

A buffer is a strip of trees, plants, or grass along a stream or wetland that naturally filters out
sedimentand pollution from rain water runoff before it enters rivers, streams, wetlands, and
marshes.North Carolinahadbuffer requirements in specific watershétid972015) including

the TarPamlico and Neuse, however, as described below, the NC Legislature enacted a

Regul atory Reform effort, i ncledfdrtheaendnntpar i an
of the buffer rules to allow/exempt development (see Session Law28l 3ection 8 and

Session Law 201246, Section 13.1G.S. 143214.23A (NCDEQ 2014 entire)).

Section 401 of the federal Clean Water Act (CWA) requires that an applicantederal

license or permit provide a certification that any discharges from the facility will not degrade
water quality or violate wateguality standards, including stagstablished water quality

standard requirements. Section 404 of the CWA estaisliatprogram to regulate the discharge

of dredged and fill material into waters of the United StaReymits to fill wetlands and fill,

culvert, bridge or ralign streams/water features are issued by the U.S. Corps of Engineers under
Nationwide, RegiongGeneral Permits or Individual Permits.

0 Nationwide Permits are for fAminoro I mpacts
an intense review process. These impacts usually include stream impacts under 150 feet,
and wetland fill projects up to 0.%@res. Mitigation is usually provided for the same
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type of wetland or stream as what is impacted, and is usually at a 2:1 ratio to offset losses
and make the fino net | osso closer to reald|
Regional General Permits are for various specific types ofdtaphat are common to a
particular region; these permits will vary based on location in a certain region/state.
0 Individual permits are for the larger, higher impact and more complex projects. These
require a complex permit process with maaltjency inptiand involvement. Impacts in
these types of permits are reviewed individually and the compensatory mitigation chosen
may vary depending on project and types of impacts.

O«

Stateand FederaMWater Quality Programm

Current State regulations regarding pahits are designed to be protective of aquatic organisms;
however,Carolina Madtomsnay be more susceptible to some pollutants than the test organisms
commonly usedn bioassaysDespite existing authorities such as the Clean Water Act,

pollutants continuéo impair the water quality throughout the current range of the Carolina
Madtom. State and Federal regulatory mechanisms have helped reduce the negative effects of
point source discharges since the 1970s, yet these regulations are difficult to implednent
regulate. While new water quality criteria are being developed that take into account more
sensitive aquatic species, most criteria currently do not. It is expected that several years will be
needed to implement new water quality criteria throughos tp e cranges 6

Regulatory Reform in North Carolina

North Carolina has undergone regulatory review and reform that is worthy of mention because of
implications to stream habitat protections for aquatic species in the state, particularly areas that

are theamportant habitatfor species like the Carolina M. In the past six years (since

2010), there have been several changes to state regulationsla s A Regul at ory Ref
in 2016, the changes are described in legislationtiidde gul at or y Reducti on A
changesn Session Laws, House aBénate Bills, and enacted Legislatltave far reach and the

most recent reforms have affected significant environmental programs and protections,

including:

0 disinvestment in data collection on rare and endangered species by significant funding
reductions o t he st ateds NEGL20152], Sektiens 14t44430(@)Pr ogr a
and (rl) and (ggg) and (nnnyl))

O revision of the State Environment al Policy
ASession9Da@awv20bhaul ed t he SEPArevievrofiaa under
proposed project is evaluateBrior to the passage of SL 2098, if a proposed
project involved any amount of public funds, involved the use of public lands, or had
significant environmental impacts as determined by the minimum esiteen a
SEPA review was necessary. With the passage of SL-201fsvo key criteria must
now be considered to determine if a proposed action may require a SEPA
review. The first is the funding sourcH.a proposed action involves more than
$10,000,00®f funds provided by the State of North Carolina for a single project or
action or related group of projects or actions a SEPA review may be necelsary.
is a change over the previous requirement which included any public funds (i.e. city,
county, bouls, etc.). The second involves direct impacts resulting from the proposed
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project. If the proposed action will result in substantial, permanent changes to the

natural cover or topography greater than or equal to ten acres of public lands a SEPA
review may be requiredThis is a change over previous requirements that required a
SEPA review for impacts to any tppe or an
entire);

0 eliminating or limitingstormwater and stream buffierles (and allowing unlimited
developmenin a riparian buffer as long as the project complies with state stormwater
requirementsin the Neuse Riveaind TarPamlico iver basirs (SL2015246, Section
13.1)

0 change of state water quality rules to include a new stormwater standard which eliminates

on-site stormwater controls, unless they are needed to meet specific state or federal laws

(SL201490, Part I}

reduction ofCWA 401 certification/404 permitting requirements by eliminating

mitigation for projects impacting less than 300 feet of streahr@duced mitigation

rations from 2:1 to 1:{SL2014120, Section 54(b))

0 limitation of state environmental agency authorities (G.S. 158B) and local
government authorities.

O«

As the title of the legislation states, these regulatory changes are thterideo i mpr ove an.
streamline the regulatory process in order to stimulate job creation, to eliminate unnecessary
regulation, to make various other statutory changes, and to amend certain environmental and
natur al resour c®L2003i1Bs Bhe eswilkohthese ragulatoly eharmgés could

impact aquatic species such as the Carolina Madtom, as well as the habitats that the species

require for survival. For example, reduced resources to inventory, compile, and review data as

well as changed catia for project review, changed rules and standards, and reduced mitigation
requirements could all result in project implementation without consideration of impacts to

species, thus potentially directly or indirectly impacting the habitats the specesxidap

resulting in degradation of stream quality and ultimately in species decline.

4.7 Climate Change

As mentioned in the Poff et al. 2002 (pp)ireport on Aquatic Ecosystems and Global Climate
Change, likely impacts of climate change on aquatstems include:

0 Increases in water temperatures that may alter fundamental ecological processes, thermal
suitability of aquatic habitats for resident species, as well as the geographic distribution
of species. Adaptation by migration to suitable habiighirbe possible, however human
alteration of dispersal corridors may limit the ability of species to relocate, thus
increasing the likelihood of species extinction and loss of biodiversity.
Changes and shifts in seasonal patterns of precipitation anfdl withalter the
hydrology of stream systems, affecting species composition and ecosystem productivity.
Agquatic organisms are sensitive to changes in frequency, duration, and timing of extreme
precipitation events such as floods or droughts, potenteslyiting in interference of
reproduction. Further, increased water temperatures and seasonally reduced streamflows
will alter many ecosystem processes, including increases in nuisance algal blooms.

O«
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0 Climate change is an additional stressor to sensiteghivater systems, which are
already adversely affected by a variety of other human impacts, such as altered flow
regimes and deterioration of water quality.

0 As mentioned by Poff et al. (2002, ppe)i, aquatic ecosystems have a limited ability to
adapt to climate change. Reducing the likelihood of significant impacts will largely
depend on human activities that reduce other sources of ecosystem stress to ultimately
enhance adaptive capacity; thesdude maintaining riparian forests, reducing nutrient
loading, restoring damaged ecosystems, minimizing groundwater (and stream)
withdrawal, and strategically placing any new reservoirs to minimize adverse effects.

0 Specific ecological responses to climahange cannot be easily predicted because new

combinations of native and narative species will interact in novel situations.

Droughts have i1 mpacted all river basins withi
dryo ranking f @001 0N the SolthedtaDroaghtiMorator scale to the highest

ranking of fAexceptionally dryo for the entire
drought data indicated a range of -BaTtheser mal | vy

data ae from the first week in September, indicating a sensitive time for drought to be affecting
the species. The Middle Neuse tributaries of the Neuse River basin had consecutive drought
years from 2002012, indicating sustained stress on the species doageriod of time. The
madtoms have limited refugia from disturbances such as droughts and floods, and they are
completely dependent on specific water temperatures to complete their physiological
requirements. Changes in water temperature lead ts,stneeeased mortality, and also increase
the likelihood of extinction fothe species (Poff et al. 2002, pp-Vi).

4.8 Conservation Management

Conservation management actions includgitu actions such as habitat protection and stream
restoration asvell asex situactions such as captive propagation, ultimately leading to species
population restoration.

Ailt i séwidely recognized that the future of r
restoring biological integrity of entrewatceh e ds 6 ( Shute et al . 1997, np
therein). While land acquisition is the most obvious means of affecting watershed protection, it

i s not feasible to acquire entire watersheds.
Ma n a g e méamoét efledive imethod of protecting the greatest number of species,
however, they warn that @AdAthe complex nature o
necessary for aquatic ecosystem protection is problematic... [It] is expensive, time consuming,

and requires considerable coordination with and commitment from various agencies,

organi zations, and private individual s. o

The Service and State Wildlife Agencies are working with numerous partners to make
AEcosystem Manage men pravidiag techaieal guidagce ang offeringar i | 'y b
development of conservation tools to meet both species and habitat needs in aquatic systems in
North Carolina. Land Trusts are targeting key parcels for acquisition, federal, state, and

University biologists arewsveying and monitoring species occurrences, and recently there has
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been increaskinterest in efforts to consideaptive propagation and species population
restoration via augmentation, expansion, and reintroduction efforts.

4.9 Summary

Of the past, current, and future influences on what the Carolina Madtom needs for long term
viability, the largestactors affectinghe future viability of the species relate to habitat

degradation from stressors influencing water quality, water quainstyeam habitat, and habitat
connectivity(Table 44). All of these factors are influenced by climate chaMye.did not

assess overutilization for scientific and commercial purposes or disease, because these risks do
not appear to be occurring at adéthat affectCarolina Madtonpopulations. Impairment of

water quality, declines in flows, riparian and instream habitat fragmentation and degradation, as
well as management efforts, are carried forward in our assessment of the future conditions of
Cardina MadtomMUs and populations, and the viability of the species overall.

Table 4-4 Summary of Factors affectingCarolina Madtom viability and whether they influence
Habitat Elements( ix 0 i ndi cates an influence of a factor

Habitat Element
Substrate &
Water Quality Water Quantity Connectivity = Cover

Development X X X X

Agricultural Practices X X X X

. Forest Conversion/Management X X X X
g Invasive Species X X X
& Dams and Barriers X X X X
Regulatory Mechanisms X X X X

Climate Change X X X X

Conservation Measures X X X X
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CHAPTER 57 FUTURE CONDITIONS

Thus far, ve have consideredarolina Madtom life history characteristics and we have identified
the habitat and demographic requisitegcdfor viability and we estimated theurrent

condition of those needkrough the lens of the 3REhapters 2 and 3)Next we reviewed the
factors that may bdriving the historical, current, and future conditions of the species (Chapter
4). In this chapter, we preditth e s pec i e s 6 gifema rangeeof plmible fdture i on s
scenarios. As with estimates of current condition, futbimecastsvere made using theoncepts

of resiliency, redundancy, and representation to describe the future viabilityCdrtbiena

Madtom

5.1Future Scenario Considerations

We identified the main drivers of change for the future scenario analyses to be human population
growth and subsequent urbanization rabesh of which are predicted to result in patterns of
increasedirban sprawl across the landscéperando et al. 2014, .1 According to the United

States Census, the human population in the southeastern US has grown at an average annual rate
of 36.7% since 2000 (US Census 2016, pp),by far the most rapidly growing region in the

country. This rapid growthasresuledin expanding urbanization, sometimes referred to as
Aurban sprawl .o Urban sprawl increases the <c
fragmenting norurban habitats such as forests and grasslands (Terando et al. 2014, p.1). In turn,
speciesand ecosystems are impacted by the increased sprawl, including impacts to water

pollution, local climate conditions, and disturbance dynamics (Terando et al. 2014, p.1). One

way to forecast how these changes will affectGheolina Madtonis to look atthe spatial

pattern and extent of urban sprawl across historically and currently occupied wateasdeds

build a model predicting the effects of that sprawl to the habitat elements that influence Carolina
Madtom populations

To forecast future urbanizatiowe developeduture scenariothatincorporate the SLEUTH

(Slope,Land useExcluded arealJrban areaJransportationHillside area) model, which

simulates patterns of urban expansion that are consistent with spatavations of past urban
growth and transportation networks, including
development that has been the dominant form of development in the Southeast (Terando et al.

2014, p.2). Terando et al. (2014) projected urbaavdpchanges for the next 50 years for the
fastgrowing SoutheastnUnited States using simulations that point to a future in which the

extent of urbanization in the Southeast is projected to increase by 101% to 192%. This
projection i shnetssseWalom ¢tBAUN bauuicenari o in whicl
is in line with that which has occurred in the past (Terando et al. 2014, p.1), and as mentioned
above, is in line with the Southeast being the fastest grawgignin the country.
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Figure51 A Bussunseusasl 0 ur bani zation scenario for the Southeast
the urban extent as classified by their methodology. (b) is the initial urban land cover in 2009; (c) is the projected urban

land cover in 2060; and (d) is the projected urban land cover in the Piedmont ecoregion showing a connected urban
landscape.

As discussedn Section 4.1, the development promulgated from urban spsaswpected to
impact the habitat elements thatre/glentified as esential for the survival ohe Carolina
Madtom. Consequently,ater quality and quantityill likely decline, habitat connectivity will
become more fragmented, and instream substrate habitat may become less suitable for the
species to survive. As suadlrpan sprawl will, almost certainly, influence the abilitytod
species to rgwnd to climate change (Hann2@11, p. 1141)Given all scenarios developed by
the Intergovernmental Panel on Climate Change (IP@@gnhouse gas emissiare expected
to continueat or above current rategich will lead to continued warming@rigure 52; IPCC

2013, p.7). Warming in the Southeast is expected to be greatest in the summer (NCCV 2016)
whichis predicted tancrease drought frequenayhile annual mean precipitatios expected to
increase slightlyleading toincreased flooding eventBigure 53; IPCC 2013, p.7; NCCV

2016).

To predict futurechanges in climate, scientists rely on climate model simulations that are driven
by assumptions alo futurehumanpopulation growth, changes in energy generation and land
use, socieeconomic development, and teckogy change. ThHEPCGH Bifth Assessment Report
(ARS5), published in 2014, presents findings based on a set of scenarios that use Repeesenta
Concentration Pathways (RCPs). The RCPsepresentativef several different scenarios that
have similar greenhouse gas emissions characteristics on-dejpaadent trajectory to reach a
certain projected outcome (Wayne 2013, p.1). There ardRiG®s, identied by the amount of

radiative forcing (i.e., the change in energy in the atmosphere due to greenhouse gases) reached

by 2100: one high pattay (RCP8.5); two intermediagtabilization pathways (RCP6.0 and
RCP4.5); and one low trajectory patay (RCP2.6 or RCP3PD)(Wayne 2013, p.11).
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Figure 52 Changes in radiative forcing relative to preindustrial conditions. Bold colored lines show the four RCPs; thin
lines show individual scenarios from approximately 30 candidate RCP scenarios that pride information on all key
factors affecting radiative forcing (from Moss et al., 2010).

RCP2.6 the low trajectory pathwagssumes that through drastic policy intervention,

greenhouse gas emissiomsuld bereduced almost immediatelgading to a slighreduction in
todayds | ev el , she bigh trdett@yOpathwagSdrBeshat emissions would be

more or less unabateltie to a lack oflimatechange reversaolicies(Wayne 2013, p.15). For

RCP4.5 and RCP6.fhe intermediate pathwaysmissions arassumed to be relativetyable

throughout the centurjpoweverRCP6.0does not incorporate climateversal policies into

forecasts, whil&RCP4.5incorporates a numbef climate poliges into forecast@Nayne 2013,

p.15). As cited froobewan et al . (2010, p.4), dit is diffi
wi || shape our future emissions, and thus wha

Changes in climatenay affect ecosystem processes aimtic assemblagdsy altering the
abioticconditionsresulting in potential effectan community composition and individual species
interactions (DeWan et al. 2010, p.7). This is especially true for aquatic systemesclimate
change can trigger a cascade of ecological effeaiseXample,ncreases in air temperatures
can lead to subsequent increases in water temperathigs in turn, may lowerwater quality
parameters (like dissolved oxygeualtimately influencingoverallhabitatsuitability for species

like the Carolina Madtom

Despte the recognition gbotentialclimate effects on ecosystem processes, there is uncertainty

about what the exact climate future for the Southeastern US will be and how the ecosystems and
species in this region will respond. In fiilEhreat® section otthe North CarolinaWildlife

Action Plan (NCWRC 2015, p-88, Table41), c|l i mat e chamwge tihs eaeern oa
Carolina Madtomwith Unknown to Largescope (affectingip to 0% of the total population or
occurrences) andnknown to Moderat&everty (likely to only slightly degrade/reduce affected
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occurrences or habitadr reduce the population by up 1@%). Furthermore, in an assessment

of ecosystem response to climate chafagprs associated with climate change ranked well

below other facts that were deemed more imminent risks to Carolina Madtom populations

(e.g., development, pollution, water withdrawdlisod regime alteration, etdNCNHP 2010,
entire). However, it should be recognized that the greatest threat from climate clzamugene
from synergistic effects. That is, factors associated with a changing climatectrasy risk
multipliers by increasing thesk and severitgpf more imminent threai@\rabshahiand Raines

2012, p.8). As aresult, impacts from rapid urbanization in the region might be exacerbated

under even a mild to moderate climate future.

For future scenaripredictions we considexdt h e efineexot rc | i mat e B8handir es

RCP2.6 forthe Pessimistic and Optimistic Scenarios respectivaliernate climate scenarios
were used to evaluate marederateand/orstabilizing climate futurefor the Status Quo and

u

Opportunistic Scenarios (s&able 51 fordetails). Bot h of the REPa bhaveia

similar trajectory given ous0-year time frame (Figre 52); therefore bothRCP4.5 or RCP6.0

wereused to help informpredictions related to agre moderate climate future. Regardlessaof

Pessimistic, @timistic, Opportunistic, oiStatis Quo climate future, the following systematic

changesre expected to brealized to varying degrees in the Southeastern US (NCILT 2012,

p.27; IPCC 2013, p.7):

More frequent drought

More extreme heat (resulting in increaseaiimand water temperaturdsgure 5-3)
Increased heavy precipitation events (e.g., flooding)

More intense storms (e.g., frequency of major hurricanes increases)

Rising sea level and accompanying storm surge

[ - enHEN enHEN enHiN enH

Max Temperature by Month for Mean Model

Jan Feb Mer Agr My un M A Sep O Nov Des

B 02008 | 20002074

Change "1
Upper Chesapeake 45
Potomac 47
Lower Chesapeake a3
Chowan-Roancke a1
Nouse-Pamdco 4.0
Cape Foar 4.0
Poo Deo a0

Edito-Santee a0
Ogeechee-Savanngh 4.0
ARamana-St. Marys 40

Change in Annual Mean Max Temperstute ('F) 2050-2074 vs 1990-2008 (RCP4.5)
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Figure 5-3 Predicted change in annual mean maximum air temperaturander RCP4.5 (NCCV 2016)
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5.1.1The Scenarios

The Carolina Madtonhas declinegbrecipitouslyin overall distribution and abundan(see
Chapter 3) The species currently ocaep approximatel$5% of its historical rangaith most
remaining populationseing small and fragmented, occupying sporadic reaches compared to
previous historical occurrenceand several are isolated from one another. préeailing
hypothesidor thisdecline ishabitat degradation, resulting from the cumulative impaicksnd

use changand subsequemiatershedevel landscape changes tipaésumably impactedater
quality, water quantity, habitat connectivity, and instream habitat suitability (see Chapter 4).

Populations in both large and small MUs face
risks from both natural and anthropogenic
sources. Climate change has already begun t
affect the watersheds whetarolina Madtom
occurs(Figure 54), resulting in higher air
temperatures and increased evaponaand
changing precipitation patterns such that wate
levels rangewide have already reached histori
lows (NCILT 2012, p.6). These low water
levels put the populations at elevated fisk
habitat loss.

These risksalone or in combination, could ~ Figure 54 The Tar River during drought

. . . . . conditions in September 2008. During this period
potentially esult in the extirpation of additional ;' . charge (<100 ft3/s) was lower than ever

p0puati0n5_’increas"]g p0pU|ati0n_ recorded (records exist back to 1931). (Credit: C.
fragmentation, and, in turn, negative effects ormoore, ECU)

speciesedundancy and representatidgiven

small and fragmented contemporary populations of Carolina Madtom, maintaining future
viability is largely reliant on preventingfilner declines in current populations and
restoring/recovering population numbers and connectivity (where feasible). Because we have
significant uncertainty regardirtge species response to changes across the landsedpaye
forecasted what the Canoli Madtom may have in terms of the 3Rs under four plausible future
scenarios.

Four scenarios, includingSiatusQuo scenario, were used to characterizeutieertainty

regarding plausible futures for the Carolina Madtom. Resiliency, representaticiedamdancy
were forecasted for each scenario using each of four possible climate futures coupled with
variable levels of urbanization predicted by the SLEUTH BAU. Current levels of conservation
management were assumed to be constant across all scenggsscommitment of specific

actions are currently, or will be imminently, in place. The expected future resiliency of each MU
was forecasted based on events that were predicted to occur under each scenario. As with
current condition estimates, estimatvere made at the lowest hierarchical level (MUs) and were
then scaled up to the population (i.e., river basin) level.

Predictions of Carolina Madtom resiliency, redundancy, and representation were forecasted
using a 56year time horizon. This time hiaon was chosen to correspond to the range of
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available urbanization and climate change model forecasts. FurthermgegrsGepresents a

time frame during which the effects of management actianse implemented and realized on

the landscape, andig a reasonable time frame for the species to respond to potential changes on
the landscape.

For these projectiongjgh conditionMUs were defined as those witigh resiliency at th end

of the predicted time horizon (50 year8)Us in high conditiorare expected to persist into the

future, beyond 50 years, and have the ability to withstand stochastic events that may occur. MUs
in moderate conditiowere defined as having lowsssiliency than those in high condition but

are still expected to persiseéyond 50 years. Populations in moderate condition have lower
abundances and reduced reprodgcpiotentiathan those in high condition. Finally, those MUs

in low or very lowconditionwere defined as havidgw/very lowresiliency andnay not beable

to withstand stochastic events. As a resolt/very low condition MUs were predicted to be

much less likely to persist 50 years into the future.
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Table 51 Future Scenario Summary

Scenario Name

1) Status Quo Scenario

2) Pessimistic Scenario

3) Optimistic Scenario

4) Opportunistic Scenaric

Climate Future

Current Climate effects
continue on trend into
the future, resulting in
increased heat, drought

storms and flooding

Moderate to Worse
Climate Future (RCP&5
exacerbated effects of
climate change
experienced related to
heat, drought, storms an
flooding

Moderate to Improved
Climate Future (trendin
towards RCP 26
resulting in minimal
effects of heat, drought

storms and flooding

Moderate Climate Futur
(RCP4.5/% - some
climate change effects
experienced; some are:
impacted more than
others by heat, drought
storms and flooding

!Representative concentration pathway 8.5
2 Representative concentration pathway 2.6
3 Representative concentration pathway 4.5/6

4Business as usual
SWater quality
SInterbasin transfer

Carolina Madtom SSA Report

Urbanization

Urbanization
continues on trend
with current levels

Urbanization rates a

high end of BAU
model (~200%)

Urbanization rates
realized at lower
levels than BAU
model predicts

(<100%)

Moderate BAU
urbanization rates
(~100%) realized

Pageb4

Species Condition

Current level of species respon
to impacts on landscape; curre
levels of propagation &
augmentation and/or
translocation capacity

Species response to synergist
impacts on landscape result ir;
significant declines coupled wi
limited propagation capacity
and/or limited ability to
augment/reintroduce propagule

Optimistic species response t
impacts; targeted propagation
and/or restoration efforts
utilizing existing resources an
capacity

Selective improved species
response to impacts as a result
targeted propagation and/or
restoration efforts utilizing
current resources and capacit

Future Condition Category Descriptions

Water Quality Condition
Current level of regulation an
oversight, including limited
protective WQ standards
requirements and utilization ¢
basic technologies for effluer

treatment

Declining water quality
resulting from increased
impacts, limited regulation an
restrictions, and overall
reduced protections

Slightly increased impacts
tempered by utilizing improve
technologies and implementir,

protection strategies

Moderate increase in WQ
impacts resulting from

continued levels of regulatior

protection, and technology

November 2018

Water Quantity Condition

Current level of regulation an

oversight, including sustainec

IBTS and irrigation withdrawals
current flow conditions

Degraded flow conditions
resulting from climate change
effects, increased withdrawal

and IBTs, limited regulation, a
overall reduced protections

Improved flow conditions
through increased oversight ar
implementation of flow
improvement strategies

Targeted strategies to improv
flow conditions in priority area

Habitat Condition

Current level of regulation,
barrier improvement/removal
projects, and riparian buffer
protections

Degraded instream and ripariz
habitat conditions from
increased impacts, limited
regulation, fewer barrier
improvement/removal projects
and overall reduced riparian
buffer protections
Existing resources targeted t
highest priority barrier
removals; riparian buffer
protections remain intact;
targeted riparian connectivity
projects; regulatory mechanisn
remain the same

Targeted increase in riparian
connectivity and protection of
instream habitat in priority aree
through targeted conservatior.
efforts




5.2 Scenario 1 Status Quo

Under the Status Quoestario, factors that influen@arrentpopulations ofCarolina Madtom
were assumed to remain constant over the 50 year time hofttiomate models predict that, if
emissions continue at current rates, the Southeast Region will experience éoxiséomw
(drought)events [PCC 2013, p.)¥. Likewise, this scenario assumed the Business as Usual
pattern of urban growth which predicted that urbanization would continue to incapade
(Terando et al. 2014, p.1This <enario also assumed tlarrent onservation efforts would
remain in place but that no new actions would be tak@scribed below areow factors
affecting populationssuch asvater quality, flow, andiparian covelare eyected to change
underthe Status Quecenario. Given predicted habitat conditions and current population
factors (i.e., initial conditions) we then forecast Carolina Madtom viability using the 3R
framework.

1 Tari Continued climate induced changes that reduce fINGLT 2012, p.27 are
predicted toaffect habitat in the Upper Tar M@ausing likely extirpation of the species
continuation of reduced water quality through utilization of basic effluent treatment
technologies and reduced riparian habitat protec(ees Section 4.2; TableZ) are
predicted taesult in low habitat conditions throughout the Middle Tar MU, #pecies
will likely remain extirpatedn thisMU. The Fishing Creelubbasin is predicted to be
in low condition,andthe SandySwift Creek MUwill likely maintain modeate habitat
conditions in theStatusQuo scenario, but lower numbers currently seen in the Fishing
Creek watershed apredicted to continue whil®oderate population conditions in
SandySwift are projectedio continue into the futureThe Lower Tar MUs likely to
remain extirpatedinder the Status Quaenario.

1 Neuse Urbanization in the Upper and Middle portions of the baspredicted toesult
in continued declines in water quality from run(fée Section-4) and wastewater
effluent issues Additionally, this scenario predict¥eclines in water quantity as the area
continues to withdraw water to support continued population gramdileclines in
habitat connectivity by maintaining existing dam infrastructurepaualilationgrowth
resulting inmore road crossingsAll of these factors contribute to declining instream
habitat for the species:urthermore, Flathead Catfish expansion throughout the Neuse
River basin will likely continue . These factors are likely to contribute to a precipitous
overall decline irconditionsfor the species, thuge predictedhe speciewvill be likely
extirpatedn this basirunder the Status Quasenario(Table 52).

1 Trenti This population igpredictedio remain &tirpated under the Status Qsmenario.

5.21 Resiliency

Given the Status Quasnario,extant populationsere predicted to persist in MWgere
habitat conditiongdescribed above and in Tablpare expected to remain sufficient for
Carolina Madtonreproduction and survival. Only ti&andySwift MU is predicted to remain
moderatelyresilient,while the Fishing Creek SubbasMU waspredicted to havew resiliency
at the end of the predictive time horizon (Tabi2)5All other MUs were predicted to become
extirpated.
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Scaling up to the populan level only one population (Tar) is expected to héoe resiliency
underthe Status Quocenario All other populationst(vo of the threeurrently extant
population$ of Carolina Madtonare predicted to become extirpated0 years under the Status
Quo genario.

Table 52 Carolina Madtom Resiliency under Scenario t Status Quo

Population Factors Habitat Elements
Combined Instream Combined
Population/ Population Water Water Habitat Habitat
Management Unit MU Occupancy Abundance Reproduction Factors Quality Quantity  Connectivity (Substrate) Elements Overall
Tar Low
Upper Tar (%] (%] (%] (%] Moderate Low Moderate Moderate ~ Moderate [%]
Middle Tar (%] (%) (%] (%] Low Moderate Low Low Low [%]
Lower Tar (%] (%] (%] (%] Low Moderate  Moderate Low Low %]
Fishing Ck Subbasin  Low Moderate Low Low Moderate Low Moderate Moderate ~ Moderate Low
Sandy-Swift Moderate Moderate Moderate Moderate Moderate Moderate  Moderate Moderate =~ Moderate Moderate
Neuse %]
Upper Neuse (%] (%] [%] (%] Low Low Low Low Low %]
Middle Neuse (%] (%] [%] [%] VLow Low Low Low Low [%]
Lower Neuse (%] (%) (%] (%] Low Moderate  Moderate Low Low %]
Little River (%] (%] (%] (%] Low VLow Moderate Low Low %]
Contentnea (%] (%) (%] (%] Low Low High Low Low [%]
Trent %]
Trent %] %] [%] [%) Low Moderate  Moderate Moderate Moderate [%]
5.2.2Representation
Figure 5-5 Carolina Madtom Status Quo Condition

Given our measures of representation,
including Physiographic and River Basin
Variability, we predicted that th€arolina
Madtomwill have extremelylimited
representatioat the end of the predictive
time horizon(Figure 55). Under the Status
Quo Scenariohe speciess expected to
lose 626 of its known River Basin
Variability with only theTar River
Populatiorremaining. Physiographic
Variability is also expected to decline
precipitouslyin both the Piedmon6{%o)
and in the Coastal PlaiB%%).

5.2.3Redundancy

Under the Status Quszenariowe

predicted that the will be only one low
resiliency Carolina Madtom population
with redundancy, andikely extirpation in [Lycmu Resiency: Poputation Resiiency:

R i . [ North carolina
nineof elevenMUs. This expected loss in |G Low (Tar) T —
A ) R ow D Presumed Extirpated (Neuse&Trent) PIEDMONT
both the number and distribution of [ presumed Extirpated COASTAL PLAIN

Major Hydrology

resilientMUs is likely to make the species
vulnerable tachatastrophidisturbance
events.
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5.3 Scenario 2 Pessimistic

Factors thahegativelyinfluenceCarolina Madtonpopulationgsee Chapter 4et worsaunder
the Pessimisticcenario (Table 8). Reflecting Climate Model RCP8.8ayne 2013, p.]1
effects of climatehange arexpected to be magnified beyond whagxperienced in the Status
Quo enario. Effects are predicted to resultxireme heafFigure 56), more storms and
flooding, andexacerbatedrought conditiongIPCC 2013, p.¥.

Annual Mean Max Temperature for South Atlantic-Gulf Region (Mean Model)

1950 1980 1970 1880 1950 2000 2010 2020 2020 2040 2050 2080 2070 2080 2090 2100

l Historical  [J] rcras | Rceas () Value (*) Relative change

Figure 5-6 Time Series of Annual Mean Maximum Temperature under RCP8.5 (shown in red) (NCCV 2016)

Based on the results the SLEUTH BAU model (Terando et al. 2014, entire), urbanization in
Carolian Madtonwatersheds could expand to triple the amount of developad@sulting in

large increases of impervious surface cover and, potentially, consumptive water use. Increased
urbanization and climate change impacts are likely to result in increased impacts to water
quality, flow, and habitat connectivity, and we prtdhat there is limited capacity for species
restoration under this scenario.

1 Tari Climate changés predicted to sult inanincreasen the number and duration of
droughs in the Tar Basin (see Sectioi4Table 51). Low flows combinedavith basic
effluent treatment in the Upper Tlaasinwill continueto make both th&pper and
Middle Tar MUs uninhabitable for the Carolina Madtoidabitat conditions in the
Fishing Creek an®andySwift CreekMUs are predicted tdecline under more extreme
climateand urbanizatioffutures, thus reducing flows and water quality conditiozsd
the species is expected to peratdbw resiliencyin only the SandySwift Creek MU
The lower Tar MUs predicted taemainextirpated.

1 Neuse High urbanization rates (up to 200% in-$€ars, or doubléhecurrent ratgis
predicted tdurther degrade habitat conditions, especially through water quality stressors
and instream habitat unsuitabiltyee Section-4), thus the specidas not expecte to
persistin this MU under thePessimistic &enario.

1 Trenti This populatioris predicted taemain extirpated under the Pessimistienario.

5.3.1Resiliency

The Pessimistiscenario projects the condition of tBarolina Madtonpopulations under a
more extreme climate and urbanization future, with increased impdt#bitat conditions
resulting in areduced species respongd¢abitat conditions are only expected to be able to
support the continued survival of opepulation(Tar) at very low level¢Table 53). We

predict thano highlyor moderatelyesilient populationsvill remainat the end of the predictive
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time horizon, thus the remainimge MU (SandySwift Creel is predicted to haview

resiliency. All other MUs arepredicted to either become or remain extirpated from their
current/historial range. Similar to Status Quscenariq two of threepopulations ofCarolina
Madtomare predicted to become extirpated0 yearshowever the population conditions in
the Pessnistic Scenario are expected torbhachlower than those predicted for the Status Quo

Scenario (Tabke5-2 and5-3).

Table 53 Carolina Madtom Resiliency under Scenario 2 Pessimistic

Population Factors

Habitat Elements

Combined Instream Combined
Population Population Water Water Habitat Habitat
Management Unit MU Occupancy Abundance Reproduction Factors Quality Quantity Connectivity (Substrate)  Elements Overall
Tar Very Low
Upper Tar (%] (%] [%] [%] VLow Low Moderate Low Low (%]
Middle Tar (%] (%] [%] [%] Low Low Low Low Low (%]
Lower Tar (%] (%] [%] [%] VLow Moderate Low Low Low %]
Fishing Ck Subbasin (%] (%) (%] (%] Low Low Moderate Moderate Moderate %]
Sandy-Swift Moderate Low Low Low Low Moderate Low Moderate Moderate Low
Neuse %]
Upper Neuse (%] (%] [%] (%] VLow VLow Low Low VLow (%]
Middle Neuse (%] (%] [%] (%] VLow Low Low VLow V0Low (4]
Lower Neuse (%] (%] [%] (%] Low Moderate Low Low Low 4]
Little River (%] (%] [%] [%] Low VLow Low Low Low (%]
Contentnea (%] (%] %] [%] Low Low Low Low Low %]
Trent %]
Trent %] %] %] [%] Low Moderate  Moderate Low Low %]
5.3.2Representation
Figure 5-7 Carolina Madtom Pessimistic Condition

We predicted that th€arolina Madtonwill
have very limited representation in the forn
of Physiographi@andRiver Basin

variability. The species expected to lose
67%of its knownRiver BasinVariability,
with losses in 10 of 11 MUs bugtaining
low condition representatian the Tar River
Basin. The specias alsoexpected tdose
Physiographicvariability in the Piedmont
(89%) and the Coastal Plaif®%6). At the
population levelpnepopulation (Tar)s
expected to bextant, although in low
conditionin one MU at the end of the
predictive time horizorfFigure 57).

5.3.3Redundancy

Under the Pessimistecenario, it is
predicted that th€arolina Madtonwill lose
all redundancy, with likely extirpation b0
of thell MUs, andonepopulation (Tar)s
predicted to be extant, thoughvary low
condition, at the end of the 50 year time
horizon

Kilometers

HUC/MU Resiliency: Population Resiliency:

Low

Presumed Extirpated D Presumed Extirpated (Neuse&Trent)

Very Low (Tar)

| I Nerth Carolina

Physiographic Provinces:
PIEDMONT
COASTAL PLAIN
Major Hydrology
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5.4 Scenario 3 Optimistic

Factors that influence populati@and habitat conditionsf Carolina Madtonmareexpected to be
somewhatmprovedgiven the Optimisticaenario Reflecting Climate Model RCP2.6 (Wayne
2013, p.11), climate change effects are predictdx tminimal under this scenario, so effects of
increased temperatures, storms, and droughts are not reflected in Optimisticqnedistihey
were in Status Quo and Pessimistic scenario predictignisanization islsopredictedo have

less of impact in this scenario as reflected by effects thalighely lower tharthe SLEUTH

BAU model prediabns(Table 51). Becauseavater quality, flow, and habitat impacts are
predicted to be les&gerein this scenario as compared to others, it is expectethinapecies

will maintain or have a slightly positivesponse Capacity for species restoration and control of
the invasie Flathead Catfish are potential conservation activities that could benefit the Carolina
Madtom across its range, however, there iplaaned ocommitted effort for such activities and
they therefore cannot be considd as part of the Optimisticenaro.

1 Tari Given the Optimistiscenario, both urbanization and climateluced impacts are
expected to be minimal (Tablelj. As such, habitat conditions, including water quality,
flows, and instream and riparian habitat, are predicted to enable persiatehigh levels
in theSandySwift CreekMU and at moderate levels in the Fishing Creek Subbdsin
andlow levels in the Upper Tar MU

1 Neuse Despite a moderate climate future and lower levels of urbanizétewcurrently
low population conditiormnd the pervasive presence of Flathead Catisbt likely to
sustainspecies persistence in tNeuse River basinnder even an Optimistacenario

1 Trent- This population is predicted to remain extirpated under the Opitrst&nario.

5.4.1Resiliency

The Optimistic senario projects the condition of tBarolina Madtonpopulations if the current
riskswill be slightly improvedby the end of the predictive time horizoBecause of thenore
optimistic lensmoreMUs are predicted to remain extahtan the Status Quo or Pessimistic
scenariogTable 54). Specifically, he Tar River population igredicted to be moderately
resilient under the Optimistgcenariowith the SandySwift CreekMU in high condition and the
Fishing Creek MUn moderatecondition. Despite a more optimistic future, we predict that the
Neuse River Population will likely be extirpated
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Table 54 Carolina Madtom Resiliency under Scenario 3 Optimistic

Population Factors Habitat Elements
Combined Instream Combined
Population/ Population Water Water Habitat Habitat
Management Unit MU Occupancy Abundance Reproduction Factors Quality Quantity Connectivity (Substrate) Elements Overall
Tar Moderate
Upper Tar Low Low Low Low Moderate Low Moderate Moderate Moderate Low
Middle Tar [%] [%] [%] [%] Moderate  Moderate Low Moderate Moderate %]
Lower Tar [%] [%] (%] [%] Low Moderate  Moderate Low Low [%]
Fishing Ck Subbasin Moderate Moderate Moderate Moderate Moderate Moderate  Moderate Moderate Moderate Moderate
Sandy-Swift High High High High Moderate Moderate  Moderate Moderate Moderate High
Neuse %]
Upper Neuse [%] [%] [%] [%] Low Low Moderate Low Low %]
Middle Neuse [%] [%] [%] [%] VLow Low Low Low Low [%]
Lower Neuse [%] [%] (%] [%] Low Moderate  Moderate Low Low %]
Little River [%] [%] [%] [%] Low Moderate  Moderate Moderate Moderate [%]
Contentnea (%] (%] (%] (%] Low Low High Moderate Moderate [%]
Trent [%]
Trent [%] %] [%] [%] Moderate Moderate  Moderate Moderate Moderate [%]

5.4.2Representation

Figure 5-8 Carolina Madtom Optimistic Condition

Under theOptimistic €enario, it is
predicted that th€arolina Madtonwill
retain current levels of representation d:@
the Tar River Basin, but will lose
representation in the Neuse and Trent
River basins As such, the species will
continue to retai only 33% of s

known River Basin ¥riability (i.e., it
will only remain representative in the
Tar River Basin).The species is
predicted o retain limited
Physiographic ¥nability in the Coastal
Plain (1#6) and moderate variability in
the Piedmontg6%). At the poplation
level,only the Tar River Population is
predicted tdhave moderateesiliency,
while theremainingtwo populations
(Neuseand Trentare predicted to be
likely extirpated(Figure 57).

543 Redundancy HUC/l:'!Li Resiliency: Population Resiliency: ] North Carolina
D Mgci at Moderate (Tar) Physiographic Provinces:
B ederate [ Presumed Exirpated PIEDMONT
. .. . . ow (Neuse&Trent)
Under the Optimitsc scenario, it is I Provumed Extpoted COASTALPLAN

predicted that th€arolina Madtonwill
maintain existing levels of redundancy
(3 occupied MUs)n the Tar River Basin, but will likely become extirpated from the Neuse
River Basin and will remain likely extirpated from the Trent River Basin. The speiti¢smve
low, moderate, and high resiliencythreeof elevenMUs. Scaling up to the population level,
this leaves the species with oofethethree(historical)populations.
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5.5Scenario 4 Opportunistic

Under the Opportunisticc@nario, those landapelevel factors (e.g., development and climate
change) that are having an influence on populatio@&odlina Madtonget moderately worse
reflecting Climate Change Modeld®4.5(Wayne 2013, p.)land SLEUTH BAU (Terando et
al. 2014; Table 8). Effects of dimate changare expected to baoderate, resulting in some
increased impacts from heat, storms, and drou@¢fP@&C 2013, p.¥. Urbanizationn this
scenario reflects thmoderate BAUSLEUTH levels, indicating approximately double the
amount of deeloped area compareddarrent levels Overall, it is expected that tisgnergistic
impacts of changes iwater quality, flow, and habitat connectivityll negatively affect the
Carolina Madtom.

9 Tari Under theOpportunisticscenario, there will be moderate climateluced impacts
resulting in continued drought issues in the Upper Tar, resultipgedictedextirpation
of the species in this MUHabitatconditionsin the SandySwift Creek MU and-ishing
CreekSubbasin MU arexpected to enable the species to persist in moderate condition.
The Lower Tar MU igredicted taemainlikely extirpated.

1 Neuse Impacts from urbanization, including declining water quality from stormwater
runoff and decreased flows from consumptive, @ong with minimal development
restrictions will continue to degrade habitat condition undeOiygortunisticscenario.
Flathead Catfish are also likely to persist throughout the waterdiedspeciess
predicted to be likelgxtirpatedfrom this rver basinunder the Opportunisti&cenario

1 Trent- This population is predicted temain extirpated under ti@pportunistic
scenario.

5.5.1Resiliency

The Opportunisticcenario projects the condition of tBarolina Madtonpopulations if the

risks continue at moderately increased levels compared to what they are now. Under this
scenario, the remaining extant populations occur in areas where habitat conditions support
continued reproduction and survival of the speciesafting levels. None of the populations
are expected to have high resiliency under this scen@mdy theFishing Creek an&andy

Swift CreekMUs retain moderate resiliency, whereas the Middle Tarig/lubt predicted to
persist At the population levebnly onepopulation (Tar) retasoverall low resiliency Under
this scenario, it is predicted thato of thethreepopulationdi.e., the Neuse and Trert)
Carolina Madtonwill remainbecome extirpated in 50 years.
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Table 55 Carolina Madtom Resiliency under Scenario 4 Opportunistic

Combined Instream Combined
Population/ Population Water Water Habitat Habitat
Management Unit MU Occupancy Abundance Reproduction Factors Quality Quantity Connectivity (Substrate) Elements Overall
Tar Low
Upper Tar [%] (%] (%] [%] Low Low Moderate Moderate Low (%]
Middle Tar [%] (%] [%] [%] VLow Moderate Low Low Low (%]
Lower Tar [%] (%] [%] [%] Low Moderate Low Low Low %]
Fishing Ck Subbasin  Low Moderate Moderate Moderate Moderate Moderate  Moderate Moderate Moderate Moderate
Sandy-Swift Moderate Moderate Moderate Moderate Moderate Moderate  Moderate Moderate Moderate Moderate
Neuse %]
Upper Neuse (%] (%] (%] (%] Low Low Low Low Low %]
Middle Neuse [%] (%] [%] [%] VLow Low VLow Low Low (4]
Lower Neuse [%] (%] [%] [%] Low Moderate Low Low Low (4]
Little River [%] (4] %] [%] Low VLow Low Low Low (4]
Contentnea (%] (4] [%] [%] Low Low Moderate Low Low %]
Trent (%]
Trent %] %) %] %] Moderate  Moderate  Moderate Moderate  Moderate o
55 . 2 Represe ntatlon Figure 5-9 Carolina Madtom Opportunistic Condition

Under the Opportunistiscenario, it is
predicted that th€arolina Madtom
will have reduced representation. Th
species will only retai®3% of its
known River Basin variability,
remaining in the Tar RivaBasin The
species also retains limited
Physiographic variability in the
Coastal PlainX4%) and moderate
variability in thePiedmont(46%). At
thepopulation level, th&ar
population réains low condition
representationmijgure 59).

5.5.3Redundancy

Under the Opportunistic scenario, it is
predicted that th€arolina Madtom

will have reduced levels of
redundancy, with likely extirpation in
nine of theelevenMUs, and persisting
in only one(Tar) of threepopulations.

25

HUC/MU Resiliency: Population Resiliency:
[ Moderate Low (Tar)

D Presumed Extirpated D Presumed Extirpated

(Neuse&Trent)

I: North Carolina

Physiographic Provinces:
PIEDMONT
COASTAL PLAIN
Major Hydrology
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CHAPTER 61 STATUS ASSESSMENT SUMMARY

Current Viability Summary

The historical range of the Carolina Madtom includ€cBd 4" order streams and rivers in the

Tar, Neuse, and Trent drainagesth documentedhistorical distribution in 11 MUs within three
former populationsthe Tar, Neuse, and Trenthe Carolina Madta is presumed extirpated

from 64% (7) of the historically occupied MUs. Of the remainiiogr occupied MUsone is
estimated to haveigh resilierty, one withmoderate resiliesy, one withlow resiliency and one

with very low resiliency Scaling up from the MU to the population level, one of three former
populations (the Tar Populatiors) @stimated to have moderate resiliency, wihideremaining

extant population (Neus& characterized byery low resiliency. The Trent Population is
presumed to be extirpate®% of streams that were once part of thecspee s 6 rer ange a
estimated to be in low condition or likely extirpated, pasdiyt putting the Carolina Madtom at

risk of extinction Once known to occupy streams in two physiographic regions, the species has
also lost substantial physiographic representation with an estim&tetbdd in Piedmont
watershedsindan estimate@6% loss in Coastal Plain watersheds

Future Viability Summary

The goal of this assessmevds to describe the viability of ti@&arolina Madtomn terms of

resiliency, representation, and redundaftbg 3Rs)y using the best science available at the

time of the analysis To capture the uncertainty associated with the degree and extent of
potenti al future r i s kneedsaaclloftheB3Bwere assesgeciusings on s
four plausible future scenari¢Status Quo, Pessimistic, Optimistic, adgportunistic) These
scenarios were based, in part, on the results of urbanization (Terando et. al. 2014) and climate
models [PCC2013) that predict changes in habitat used byCdmlina Madtom The results of

the predictive analysidescribe a rangef possible conditions in terneg the number and

distribution ofCarolina Madtonpopulations (Tabl€-1). While the future projections were

made using a 5Qear predictive time horizon, after the analysis the experts noted that that not all
scenario owdomeshave the samikelihood of occurrence at any one time step. To account for

this, a discretizedange of probabilities (Table® wasused to describe the likelihood of
scenaricoutcomeat 1Q 25,and 50 year timsteps (Table ). (Note: therange of likelihoods

in Table 62 was based on IPCC guidance (Mastrandea et al. 2011) and has been accepted and is
understood relatively well by and in the scientific community).

Carolina Madtom SSA Report Page63 November 2018



Table 6-1 Summary of Current and Future Scenario Outcomes

POPULATIONS: Management Un

Tar: Upper Tar

Current

Low

Future Scenarios of Population Conditions

#1
Status Quo
Likely Extirpated

#2
Pessimistic
Likely Extirpated

#3

Optimistic

Low

#4
Opportunistic

Likely Extirpated

Tar: Middle Tar

Likely Extirpated

Likely Extirpated

Likely Extirpated

Likely Extirpated

Likely Extirpated

Tar: Lower Tar Likely Extirpated Likely Extirpated Likely Extirpated Likely Extirpated Likely Extirpated
Tar: Fishing Ck Moderate Low Likely Extirpated Moderate Moderate
Tar: Sandy-Swift High Moderate Low High Moderate
Neuse: Upper Neuse Likely Extirpated Likely Extirpated Likely Extirpated Likely Extirpated Likely Extirpated
Neuse: Middle Neuse Likely Extirpated Likely Extirpated Likely Extirpated Likely Extirpated Likely Extirpated
Neuse: Lower Neuse Likely Extirpated Likely Extirpated Likely Extirpated Likely Extirpated Likely Extirpated
Neuse: Little River Very Low Likely Extirpated Likely Extirpated Likely Extirpated Likely Extirpated
Neuse: Contentnea Likely Extirpated Likely Extirpated Likely Extirpated Likely Extirpated Likely Extirpated
_ Likely Extirpated Likely Extirpated Likely Extirpated Likely Extirpated Likely Extirpated

Table 6-2 Explanation of confidence terminologies used to estimate the likelihood of scenario (after
IPCC guidance, Mastrandrea et al. 2011).

COMICENEE Explanation
Terminology
We aregreater than 90% sure
Very likely thatthe outcome ofhis scenarig
will occur.
We are70-90% surethatthe
Likely outcome othis scenario will

As Likely As Not

Unlikely

Very unlikely

occur.

We are40-70% surethatthe
outcome othis scenario will
occur.

We arel0-40% surethatthe
outcome othis scenario will
occur.

We areless than 10% surehat
the outcome ofhis scenario

will occur.
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Table 6-3 Likelihood of Scenario occurrence at 10, 25, and 50 years

Likelihood of Scenar
Occurring at

10 Years Very Likely As Likely As Not Unlikely Likely
25 Years As Likely As Not Likely Unlikely As Likely As Nc
50 Years As Likely As Not Likely Unlikely Unlikely

An important assumption of the predictive analysis was that future population resiliency is
largely dependent on water quality, water flow, riparaamd instream habitat conditions. Our
assessment predicted tladitcurrently extanCarolina Madtonpopulations would experience
negative changes to these important habitat requisites. Predaididywaried among
scenarios and is sumarized below and in Table16

GivenScenario 1 tSkatis uo o0 p & substantial loss of resiliency, representation, and
redundancys expected Under this scenario, we predicted thatvids would remain in high
condition onein moderate conditiorgnein low condition, and the remainimgne MUs would
belikely extirpated. Reéundancywould be reducetb two MUs in the Tarpopulation.
Representation would be reduced, with d®y6 of the formeriver basins occupied and with
reduced variability in the Piedmont and Coastal Plain. This scenagoyikkely at the 10 year
time-step,andas likely as noat the25 and 50 year timateps, respectively (Tables2Gand6-3).

GivenScenario 2thefiPessimistid o p weipredicted anear complete loss of resiliency,
representation, and redundandyedundancyvould belost with onepopulation(Tar)
remaining and thaesiliency ofthatpopulation isexpected to beerylow. Nearly all MUswere
predicted to be extirpated, atite remaining MUSandySwift CreekMU) would be in low
condition. All measures of representation are predicted to decline precipitongéyrthis
scenario, leavingheremainingCarolina Madtonpopulationunderrepresendein River Basin
and Physiographic variabilityThis scenario igslikely as notandlikely at the 10year time
step,andlikely at the 25 an&0 year tine-steps, respectively (Tables266-3).

GivenScenario 3 tOptanistitd o p weipredictedslightly higher levels of resiliency,
representation, and redundancy thas estimatednder the Status Quo or Pessimistic options
OneMU would be in high conditiompnein moderate condition, orie low condition, andhe
remainingeightMUs wouldbelikely extirpated Despitepredictions ofpopulationpersistence

in the Tar River Basirthis population i®xpected taetainonly amoderatdevel of resiliency.
Existing levels of representation are predictedeaolineunder this scenario. This segio is
unlikely ateach timestep(Tables 62 and6-3), primarily becauséhere is a lot of uncertainty in
the success of management actions affecting the future condition of the speeiet as
uncertainty about species respanse

GivenScenario 4thefOpportunistic o p weipredictedreduced levels of resiliency,
representation, and redundancy. Mds would be in high conditiortwo would be in moderate
condition andninewould belikely extirpated. Redundancyvould be reducedith only two
MUs remaining in the Tar Populatiokinder the Opportunistic Scenario, representation is
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predicted to be reduced with or8%% of formerly occupied river basins remaining occupied and
with reduced variability in th€iedmont and Coastal Plain Physiograghégions. This scenario

is likely at the 10year timestep, as likely as not at the 25 year tistep,andunlikely at the50

year timestep (Table$-2, 6-3).

Overall Summary

Estimates oturrent and future resiliendgr Carolina Madtom are lovas are estimates for
representation and redundancy. Tarolina Madtonfaces a variety of risks from declines in
water quality, loss of stream flow, ripariand instream fragmentatiodeterioration of instream
habitats and predation from the invasit#athead Catfish These riskswhich are expected to be
exacerbated by urbanization and climate chawgeg important factors in our assessment of the
future viability of theCarolina Madtom Given losses afesiliency,populations becommore
vulneralbe to extirpationjn turn, resulting irconcurrent losses in representation and redundancy.
Predictions ofCarolina Madtonhabitat conditions and population factors suggessible
extirpation inoneof two currently extant populations. Tl@e populabn predicted to remain
extant(Tar)is expected to be characterized by low occupancy and abundance.
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Appendix AT CAROLINA MADTOM DISTRIBUTION

Tar River Population
Consists of 5 MUs: Upper Tar; Middle Tar; Lower Tar; Fishing Creek Subbasin; -Savitty

Creek
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Upper Tar River Management Unit
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#® Carolina Madtom Occurrence
Impaired Streams

€ NPDES Discharge Site
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Survey Summary: This MU includes Tabbs Creek, Lynch Creek and the mainstem of the upper
Tar River. Carolina Madtom has been documented from 20 locations in this MU between 1985
and 206. Most surveys document a doziertwo dozen individuals per survey, with the most

being 26 during a night snorkel survey specifically for this species (seen in the Tar mainstem in

2005) .

Acommono in this

several younger individuals (Dmm) were observed. A total of
122live individuals have been observed over time in this, it
the species was last observed in 2IN6WRC PAWS 2016).

Water Quality Summary: Based on 2014 data, therenarémpaired i =
stream reaches totaling ~2 miles in this MThe reasons for a :
designation ofimpairment are low benthimacroinvertebrate

assessment scores, and the entire lHmsimgclassified as Nutrient

Madtom abundances

MU .

“~scribed
documen

hav -
iR 2007 and t

Sensitive Waters (NCDEQ 2016, pp.1157). Therare 41 minor
and two major (Tar River WRF and Oxford WWTP) NPDES

discharges in this MU.

Bucket of madtoms (credit:
C.Wood)
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Land Use Land Cover Summary:

Areal Statistics for Tabbs Creek-Tar River Subbasin

Watershed % Imp Surface |:| 23

Watershed % Developed I:l'ﬁ.ﬁ
Watershed % Agriculture |:|15.8

Watershed % Forest ‘ G2.5
ARA % Imp Surface H 0.9
ARA % Developed |:| 56
ARA % Agriculture |:| 9.1
ARA % Forest ‘ 70.3
[ T T T T 1
0 20 40 60 80 100
USGS 10 DigitHUC 0 302010102
Areal Statistics for Lynch Creek-Tar River Subbasin
Watershed % Imp Surface |:| 11
Watershed % Developed |:| 6.4
Watershed % Agriculture |:|24.3
Watershed % Farest ‘ 55.8
ARA % Imp Surface |l 0.5
ARA % Developed D 26
ARA % Agriculture |:|'1 48
ARA % Forest ‘ 55.3
[ T T T T 1
0 20 40 60 80 100

USGS 10 Digit HUC 0 302010103

Carolina Madtom SSA Report Page78

November 2018



Middle Tar River Management Unit
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Survey Summary: This MU includes Crooked Creek and the maimdgtdra middle Tar River.

Several surveys have occurred in this Mthe Carolina Madtom has been documented at 6
locations, first observed in 1985, and most recently seen in 2007. The surveys often documented
small numbers (fewer than 15) of individuadsidmadtom abundances have been described as
Arareo and iwnd ®eomiondithas been documentasseveral smaller (20

40mm) individuals werebserved in 2007. A total of 3iie individuals have been observed

over time in this MU (NCWR PAWS 2016).

Water Quality Summary: Based on 2014 data, there are three impaired stream reaches totaling
~24 miles in this MU.Reasons for a designation mhpairment are low DO, and the entire
basinbeingclassified as Nutrient Sensitive Waters (NCDHEI16, pp.118.17). There are 80
nonmajor NPDES and 2 major (Tar River Regional WWTP and Franklin County WWTP)
NPDES discharges in this MU.
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Areal 5tatistics for Crooked Creek-Tar River Subbasin

Watershed % Imp Surface |:| 1.3

Watershed % Developed |:| 9

Watershed % Agriculture ‘ 277
Watershed % Farest ‘ 50.1
ARA % Imp Surface | 04
ARA % Developed |:| 33
ARA % Agriculture |:|1B.5
ARA % Forest ‘ 50.6
I T T T T 1
0 20 40 60 30 100

USGS 10 Digit HUC 0 202010104

Areal Statistics for Tar River Reservoir-Tar River Subbasin

Watershed % Imp Surface |:| 18

Watershed % Developed |:|11.4

Watershed % Agriculture ‘ ‘31.2
Watershed % Farest ‘ ‘ a8
ARA % Imp Surface |:| 13
ARA % Developed |:| 77
ARA % Agriculture |:|15.3
ARA % Forest ‘ 35.4
I T T T T 1
0 20 40 60 a0 100

USGS 10 Digit HUC 0 202010106
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Watershed % Imp Surface |:| 54

Areal 5tatistics for Beech Branch-Tar River Subbasin

Watershed % Developed |:|19.2

Watershed % Agriculture

Watershed % Farest |:|25.2

ARA % Imp Surface |:| 3

ARA % Agriculture

ARA % Developed |:|

ARA % Forest |:|22.9

=

20 40 60 20

USGS 10 Digit HUC 0 202010109
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Lower Tar River Management Unit
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Survey Summary: This MU includes Town Creek and the mainstem of the lower Tar River
below Tarboro, NC. Only a couple of surveys have occurred in thi$ e Carolina Matbm
was first documented in 1984nd most recently seen in 2007. Madtom abunddraesbeen

described as Arareo in

t hi

s MU. Recr-uit ment

70mm) individuals have been observed. A totdl®live individuals have been observed over

time in this MU (NCWRC PAWS 2016).

Water Quality Information: Based on 2014 data, there are two impaired stream reaches totaling
~7 miles in this MU.Reasons foa designation aimpairment are severe benthic
macroinvertebrate assessment scorekssification othe entire basin as Nignt Sensitive
Waters (NCDEQ 2016, pp.14BL7). There are 33 namajor NPDES and 1 major (Tarboro

WWTP) NPDES discharges in this MU.
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Land Use Land Cover Summary Statistics:

Watershed % Imp Surface

‘Watershed % Developed

Watershed % Agriculture

Watershed % Forest

ARA % Imp Surface

ARA % Developed

ARA % Agriculture

ARA % Forest

Watershed % Imp Surface

Watershed % Developed

Watershed % Agriculture

Watershed % Forest

ARA % Imp Surface

ARA % Developed

ARA % Agriculture

ARA % Forest

Areal Statistics for Town Creek Subbasin
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USGS 10 Digit HUC 0 302010301

Areal Statistics for Otter Creek-Tar River Subbasin
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Fishing Creek Subbasin Management Unit
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Survey Summary: This MU includes Fishing Creek and Little Fishing Creek. Carolina
Madtoms have been documented at 22 locations in this MU; the species was first documented in
1963 and most recently seen in 2016. Most survey efforts document undeivibuais,
although as many as 51 live individuals have been seen in one survey (Fishing Creek in 2007).

Madt om abundances

have

been

descri bed as

recruitment has been documented, and several individuals under Bawe been observed. A

total of 14/ live individuals have been observed over time in this MU (NCWRC PAWS 2016).

Arar

Water Quality Summary: Based on 2014 data, there is one impaired stream reach totaling ~14

miles in this MU. The primary reason for a desggion ofimpairment is low DO. There are 33

non-major and one (Warrenton WWTP) NPDES discharges in this MU.
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Land Use Land Cover Summary:

Areal Statistics for Shocco Creek Subbasin

Watershed % Imp Surface | 0.3

Watershed % Developed |:| 32

Watershed % Agriculture |:|1 41

Watershed % Forest 70.9

ARA % Imp Surface ‘ 0

ARA % Developed H 0.6

ARA % Forest 63.9

I I I I
20 40 60 80

ARA % Agriculture |:| 47
[
0

USGS 10 Digit HUC 0 302010201

Areal Statistics for Upper Fishing Creek Subbasin

Watershed % Imp Surface H 0.7

Watershed % Developed |:| 5.6
Watershed % Agriculture |:|12.2

Watershed % Forest 71.5

ARA % Imp Surface

ARA % Developed |:| 1.8

ARA % Forest 68
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20 40 60 80

ARA % Agriculture |:| 53
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Areal Statistics for Little Fishing Creek Subbasin

Watershed % Imp Surface |l 0.5

Watershed % Developed |:| 45

Watershed % Agriculture |:|1 27

Watershed % Farest 736

ARA % Imp Surface

ARA % Developed |:| 17

ARA % Agriculture D 6.3
T
0

ARA % Forest 69.6

T T T T 1
20 40 60 20 100

USGS 10 Digit HUC 0 302010202

Areal Statistics for Middle Fishing Creek Subbasin

Watershed % Imp Surface H 0.6

Watershed % Developed |:| 58

‘Watershed % Agriculture ‘ ‘31.3
Watershed % Forest ‘ ‘35.?
ARA % Imp Surface | 03
ARA % Developed |:| 29
ARA % Agriculture |:|1E.5
ARA % Forest ‘ |29.3
I T T T T 1
0 20 40 60 80 100

USGS 10 Digit HUC 0 302010205
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Watershed % Imp Surface |l 0.5

Watershed % Developed |:| 53

Areal Statistics for Lower Fishing Creek Subbasin

Watershed % Agriculture

‘40.‘1

Watershed % Farest

‘29.'1

ARA % Imp Surface | 03

ARA % Developed |:| 32
ARA % Agriculture ‘

‘25.5
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SandySwift Creek Management Unit
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Survey Summary: Carolindadtoms have been documented from eight locations in this MU.
The species was first documented 83 and seen as recently as 20M®undances have been

described as Arar eo,

than 10 imlividuals, with the most being lIabserved in 2016. Recruitmeamas documented as

Aipatchy uncommono,

recent as 201&nd a few individuals under 50mm have been documented. A totzh bhfd
individuals have been observed over time in this MU (NCWRC PAWS 2016).

and

Water Quaty Summary: Based on 2014 data, there is one impaired stream reach totaling ~5
miles in this MU. The primaryreason for a designation isipairment is due to low benthic
macroinvertebrate assessment ssofénere are 24 nemajor NPDES discharges inishviU.

The entire Sandy Creek HUC and the upper portion of the Swift Creek HUC are designated as an

ORW Special Management Strategy Area, which is a classification intended to protect unique

and special waters having excellent water quality and beingcepéonal or national ecological

or recreational significance (NCDEQ 2016).
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Land Use Land Cover Summary:

Watershed % Imp Surface |:| 16

Watershed % Developed |:| 7.9

Areal Statistics for Sandy Creek Subbasin

Watershed % Agriculture |:|24.1

Watershed % Forest

ARA % Imp Surface |U.4

ARA % Developed |:| 28

ARA % Forest

ARA % Agriculture I:l
[
0

Watershed % Imp Surface H 0.6

Watershed % Developed |:| 49

Watershed % Agriculture I:l

Watershed % Forest

ARA % Imp Surface |l 05

ARA % Developed |:| 42
ARA % Agriculture |:|

56.5
63
I I I I 1
20 40 60 80 100
USGS 10 DigitHUC 0 302010107
Areal Statistics for Swift Creek Subbasin
17.9
‘ Kyl
ARA % Forest |:|24.3
[ I I I I 1
20 40 60 80 100

=

USGS 10 DigitHUC 0 302020205
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Neuse River Population
Consists of 5 MUs: Upper Neuse; Middle Neuse; Lower Neuse; Little River; Contentnea Creek
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Neuse River Basin Contentnea Creek MU

Lower Neuse MU
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Upper Neuse Management Unit
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Management Unit
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Survey Summary: There is an historical record of Carolina Madtom in this MU from 1961.
Follow-up surveys in 2011 were unable to observe any individuals (NCNHP 2016).

Water Quality Information: Based on the 2014 daterghs one impaired stream reach totaling
~2 miles in this MU.Reasons for a designationiofpairment are low benthic
macroinvertebrate assessment scaed,classification athe entire basin as Nutrient Sensitive
Waters. There are also ~2700 acresnpfaired waters in Falls Lake due to turbidity. There are
162 nonmajor and one major (Hillsborough WWTP) NPDES discharges in this MU.
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Land Use Land Cover Summary Statistics:

Watershed % Imp Surface D 35

Watershed % Developed |:|19.4-

Areal Statistics for Eno River Subbasin

Watershed % Forest

Watershed % Agriculture I:l

58.7

ARA % Imp Surface |:| 1.9

ARA % Developed |:|11.8

ARA % Forest

66.5

ARA % Agriculture |:| 99
T
0

T T T
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Middle Neuse Management Unit
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Survey Summary: This MU includes the Neuse River and several tributaries (Crabtree Creek,
Swift Creek, Middle Creek, Mill Creek). Historical records of Carolina Madtoms have been
documented from 9 locations in this MU. The species was first seen innl8&Bmainstem of

the Neuse River near Milburnie, with additional records in the MU from 1979 and 1985.
Subsequent surveys have not detected the species. A total of 53 live individuals have been
observed over time in this MU (NCNHP 2016).

Water Quality Information: Based on the 2014 data, there are 33 impaired stream reaches
totaling ~182 miles in this MU. There are maegsons for a designationiaipairment,

including low benthiemacroinvertebrate assessment scores, poor fish comnsgoitgs, low

DO, PCBs, and Copper. There are 272-n@jor and 9 major (Apex WRF, CP&L, Little Creek
WWTP, two Cary WWTPs, Dempsey Benton WTP, Benson WWTP, Smith Creek WWTP, and
Terrible Creek WWTP) NPDES discharges in this MU.
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Land Use Land Gver Summary Statistics:

Watershed % Imp Surface

‘Watershed % Developed

Watershed % Agriculture

Watershed % Forest

ARA % Imp Surface

ARA % Developed

ARA % Agriculture

ARA % Forest

Watershed % Imp Surface

‘Watershed % Developed

Watershed % Agriculture

Watershed % Forest

ARA % Imp Surface

ARA % Developed

ARA % Agriculture

ARA % Forest

Areal Statistics for Crabtree Creek Subbasin
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52.4

=

60 80

USGS 10 Digit HUC 0 302020108

Areal Statistics for Milburnie Lake-Neuse River Subbasin
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Areal Statistics for Swift Creek Subbasin

Watershed % Developed

Watershed % Agriculture |:| 16.3

Watershed % Imp Surface |:| 7.5

Watershed % Farest

ARA % Imp Surface |:| 38
ARA % Developed |:| 204
ARA % Agriculture I:l 17
I
0

ARA % Forest 428

T T I 1
20 40 60 a0

USGS 10 Digit HUC 0 202020110

Areal Statistics for Middle Creek Subbasin

Watershed % Developed

‘Watershed % Agriculture |:|20.E

Watershed % Imp Surface D 54

‘25.5

Watershed % Forest ‘32.4

ARA % Imp Surface |:| 26

ARA % Developed |:|13.5
ARA % Agriculture I:l 99
I
0

ARA % Forest 38.8
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Areal Statistics for Mill Creek Subbasin

Watershed % Imp Surface |:| 1.2

Watershed % Developed I:‘ 6.2

Watershed % Agriculture ‘41.?
Watershed % Farest |:|24.3
ARA % Imp Surface H 0.6
ARA % Developed |:| 37
ARA % Agriculture |:|24.9
ARA % Forest |:|23.2
I T T T T 1
0 20 40 60 a0 100
USGSE 10 DigitHUC 0 302020113
Areal Statistics for Moccasin Creek-Neuse River Subbasin
Watershed % Imp Surface D 22
Watershed % Developed I:l 99
‘Watershed % Agriculture ‘ ‘32.5
Watershed % Forest |:|22.4
ARA % Imp Surface |:| 14
ARA % Developed |:| 6.1
ARA % Agriculture |:|20.E
ARA % Forest |:|20.?
I T T T T 1
0 20 40 60 20 100

U3GS 10 Digit HUC 0 302020117
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Lower Neuse Management Unit
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Survey Summaryfirst observation of the species was in 19@urveys in 1981 and 1985
found the species in a few mainstdl®ause locations. Followp surveys in 2012 and 2015
(NCDWR 2016) have not observed any live Carolina Madtoms. A total of 35 live individuals

have been observed over time in this MU (NCNHP 2016).

Water Quality Information: Based on the 2014 data, thexe3 impaired stream reaches totaling
~15 miles in this MU.The reason for a designationiofpairmentwasprimarily due tosevere to
low benthiemacroinvertebrate assessment scores. There are 88ajonand 3 major
(Goldsboro WRF, Kinston WRF and WWJ NPDES discharges in this MU.
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Land Use Land Cover Summary Statistics:

Watershed % Imp Surface

‘Watershed % Developed

Watershed % Agriculture

Watershed % Forest

ARA % Imp Surface

ARA % Developed

ARA % Agriculture

ARA % Forest

Watershed % Imp Surface

‘Watershed % Developed

Watershed % Agriculture

Watershed % Forest

ARA % Imp Surface

ARA % Developed

ARA % Agriculture

ARA % Forest

Areal Statistics for Walnut Creek-Neuse River Subbasin
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USGS 10 Digit HUC 0 302020201
Areal Statistics for Bear Creek-Neuse River Subbasin
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Areal Statistics for Mosley Creek-Neuse River Subbasin

Watershed % Imp Surface

Watershed % Developed |:| 10

Watershed % Agriculture

Watershed % Forest |:|25.4
ARA % Imp Surface |:| 1.9
ARA % Developed |:| 78
ARA % Agriculture |:|23.8
ARA % Forest |:|19.1
T
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Areal Statistics for Hog Island-Neuse River Subbasin

Watershed % Imp Surface H 09

Watershed % Developed |:| 56

Watershed % Agriculture

Watershed % Farest
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Little River Management Unit
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Survey Summaryfirst observation of the species was in 196kis MU includes the Upper and

Lower Little River. Carolindvadtoms have been documented at 10 locations in thi$ ke

species was first documented in 1979, and most recently seen in 2016 during surveys for the
Atlantic Coast Pipeline (ESI 2016, p.34). Most surveys document fewer than a handful of
individuals ger survey, with the most beird® (seen inl961). Madtom abundances have been
described as fArareo in this MU. Recruitment
individuals (>60mm) hae been observed. A total of bée individuals have been obisred

over time in this MU (NCWRC PAWS 2016).

Water Quality Information: Based on the 2014 data, there are 4 impaired stream reaches totaling
~17 miles in this MU.The reason for a designationiofpairment vasdue toprimarily low
benthiemacroinvertelate assessment scores, low pH, and low DO. There are 38ajonand

no major NPDES discharges in this MU.
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Land Use Land Cover Summary Statistics:

Watershed % Imp Surface

‘Watershed % Developed

Watershed % Agriculture

Watershed % Forest

ARA % Imp Surface

ARA % Developed

ARA % Agriculture

ARA % Forest

Watershed % Imp Surface

‘Watershed % Developed

Watershed % Agriculture

Watershed % Forest

ARA % Imp Surface

ARA % Developed

ARA % Agriculture

ARA % Forest

Areal Statistics for Upper Little River Subbasin
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Areal Statistics for Lower Little River Subbasin
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Contentnea Creek Management Unit
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Survey Summary: This MU includes Littteontentnea Creek and Contentnea Creek. Carolina
Madtoms have been documented at 7 locations in thi§ kg spe®s was first documented in

196Q Most surveys documeldw numbers ofndividuals per survey, with the most being 13
(seenin 2007). Madtomb undances have been described as
MU. Recruitment has been documented as recently as 2007, although mostly larger individuals
(>60mm) have been observed. A totab8fiive individuals have been observed over time in
thisMU (NCWRC PAWS 2016).

Water Quality Information: Based on the 2014 data, there are 2 impaired stream reaches totaling
~21 miles in this MU. Therimary reason for a designationiofpairment vas due tdow
benthiecmacroinvertebrate assessment scoregrélare 77 nomajor and 3 major (Wilson

WWTP, Farmville WWTP, Contentnea Sewer District) NPDES discharges in this MU.
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Land Use Land Cover Summary Statistics:

Watershed % Imp Surface

‘Watershed % Developed

Watershed % Agriculture

Watershed % Forest

ARA % Imp Surface

ARA % Developed

ARA % Agriculture

ARA % Forest

Watershed % Imp Surface

‘Watershed % Developed

Watershed % Agriculture

Watershed % Forest

ARA % Imp Surface
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ARA % Forest

Areal Statistics for Wiggins Mill Reservoir-Contentnea Creek Subbasin
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Areal Statistics for Little Contentnea Creek Subbasin

Watershed % Imp Surface |:| 1

Watershed % Developed |:| 6.8

Watershed % Agriculture 43
Watershed % Farest |:|24.2
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ARA % Forest |:|14.8
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Trent River Population
Consists of one Managemaediit (Trent River MU):

e ’

g

N

A 0 275 55 11 Miles
S Y Y N R I |

Legend

- Carolina Madtom Occurrence

Major Hydrology
Trent River Basin and MU

Carolina Madtom SSA Report Pagel05 November 2018



Trent River Management Unit
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Survey SummaryThe species was first observed in 198bere are a few historical records of
Carolina Madtomin this MU from 19851986. Followup surveys in 2007 and 2015 were unable
to observe any indivighls (NCDWR 2015). A total of 16se individuals have been observed
over time in this MU (NCNHP 2016).

Water Quality Information: Based on the 2014 ddtare are 2 impaired stream reaches totaling
~18 miles in this MU. Therimary reason for a designationiofpairment vasprimarily due to
severe to low benthimacroinvertebrate assessment scores. There aremajonand no major
NPDES discharges itis MU.
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Land Use Land Cover Statistics:

Watershed % Imp Surface

Watershed % Developed

Watershed % Agriculture

Watershed % Farest

ARA % Imp Surface

ARA % Developed

ARA % Agriculture

ARA % Forest
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Areal Statistics for Upper Trent River Subbasin
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Areal Statistics for Middle Trent River Subbasin
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Appendix Bi Carolina Madtom Heat Map
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