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�����Abstract.—After� Hurricane� Irene� made� landfall� on� 27� August� 2011,� dissolved� oxygen� (DO)�
concentrations� in�the�Neuse�and�Trent�River�rapidly�declined�and�a�fish�kill�occurred.�Dissolved�
oxygen�concentrations�were�monitored� in�these�rivers�to�document�the�extent�and�duration�of�
anoxic�and�hypoxic�conditions.�Sport�fish�populations�were�surveyed�with�boat�electrofishing�in�
2011� and� 2012� to� document� the� response� to� the� associated� fish� kill.� Anoxic� and� hypoxic�
conditions�covered�almost�65�km�of�the�main�stem�Neuse�River�from�NC�state�highway�55�bridge�
in�Lenoir�County�to�New�Bern�and�at�least�17�km�of�main�stem�Trent�River.�Dissolved�oxygen�at�
some� sites� was� <� 1� mg/L� in� excess� of� 21� days.�Mean� catch�per�unit�effort� (CPUE)� of� juvenile�
Largemouth�Bass�Micropterus�salmoides�was�higher�in�both�rivers�one�year�after�the�hurricane.�
Mean� CPUE� of� adult� and� harvestable� size� Largemouth� Bass� was� stable� or� increased� slightly.�
Length� distribution� of� Largemouth� Bass� consisted� of� mostly� large� individuals� following� the�
hurricane�in�2011,�yet�expanded�to�include�a�strong�mode�of�age�0�fish�in�2012.�Mean�length�at�
age�in�2012�for�age�0�Largemouth�Bass�was�138�mm�(2�SE�=�10)�on�the�Neuse�River�and�113�mm�
(2�SE�=�14)�on�the�Trent�River.�Sunfish�abundance�decreased�following�the�hurricane�but�began�to�
recover� in�2012,�albeit�not� to�pre�hurricane� levels.� Sunfish� size� structure�also�declined� in�2011�
but� recovered� to� pre�hurricane� levels� in� 2012.� While� the� Neuse� and� Trent� River� sport� fish�
population� showed�signs�of� recovery,�we�documented� little� increase� in�adult� Largemouth�Bass�
abundance�one�year�after�the�hurricane,�particularly�on�the�Trent�River.�Stockings�of�age�1�and�
larger�Largemouth�Bass�may�be�necessary�to�expedite�recovery�on�the�Trent�River.�

�
Background�

�
Fish�kills�following�hurricanes�have�been�well�documented�throughout�the�southeastern�

United�States�(Tabb�and�Jones�1962,�Alford�et�al.�2009,�Vrancken�and�O’Connell�2010)�and�in�
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North�Carolina�(McCargo�et�al.�2008,�Thomas�and�Dockendorf�2009).�These�widespread�kills�are�
often�a�result�of�increased�biological�oxygen�demand�which�causes�a�decrease�in�dissolved�
oxygen�(DO).�The�increase�in�biological�oxygen�demand�is�usually�caused�by�decomposition�of�
high�inputs�of�natural�material,�re�suspension�of�bottom�sediments,�or�wastewater�system�
overflows�(Bales�and�Childress�1996).�All�of�these�scenarios�can�occur�during�and�following�a�
hurricane�due�to�heavy�rainfall,�storm�surge,�and�power�outages.�In�North�Carolina,�the�
minimum�acceptable�instantaneous�DO�concentration�is�4.0�mg/L�(NCDENR�2007).�Sport�fish�
like�Largemouth�Bass�Micropterus�salmoides�and�Bluegill�Lepomis�macrochirus�may�stress�at�DO�
levels�less�than�5.0�mg/L�(Katz�et�al.�1959),�avoid�DO�levels�less�than�4.5�mg/L�(Whitmore�et�al.�
1960)�and�concentrations�less�than�1�mg/L�are�known�to�be�fatal�(Moss�and�Scott�1961).�
Dissolved�oxygen�concentrations�at�or�below�these�levels�are�known�to�occur�following�
hurricanes�in�eastern�North�Carolina.�
On�27�August�2011,�Hurricane�Irene�made�landfall�near�Cape�Lookout.�Heavy�wind�from�the�

storm�caused�a�storm�surge�of�8–11�feet�in�the�Pamlico�Sound�and�rainfall�amounts�in�excess�of�
12�inches�were�common�throughout�eastern�North�Carolina�(Avila�and�Cangialosi�2011).�The�
U.S.�Geological�Survey�(USGS,�Station�02092000)�gaging�station�on�Swift�Creek�near�Vanceboro�
recorded�a�storm�surge�of�about�four�feet�(Figure�1).�Within�a�few�days�of�landfall,�water�levels�
in�the�lower�Neuse�River�basin�started�to�rise�and�DO�in�the�river�started�to�decline.�Dissolved�
oxygen�levels�below�4.0�mg/L�were�common.�Therefore,�it�was�necessary�to�document�the�
extent�and�duration�of�any�anoxic�or�hypoxic�conditions.��
The�Neuse�River�basin�supports�a�warmwater�fish�assemblage�which�supports�a�recreational�

fishery,�previously�valued�around�$4,000,000�during�a�year�long�angler�survey�(Rundle�et�al.�
2004).�Any�significant�changes�to�the�fish�assemblage�in�the�Neuse�River�could�have�drastic�
impacts�on�recreational�angling�success�and�subsequently�the�local�economy.�Therefore,�it�is�
important�for�fishery�managers�to�monitor�changes�in�assemblage�following�hurricanes.�Past�
studies�by�the�North�Carolina�Wildlife�Resources�Commission�(NCWRC)�have�suggested�that�fish�
community�response�to�hurricane�induced�fish�kills�should�be�monitored�for�a�year�following�
the�hurricane�to�gauge�natural�recovery�and�determine�if�additional�management�actions�are�
needed�to�aid�recovery�(Thomas�and�Dockendorf�2009).�The�objectives�of�this�study�were�to�
document�the�extent�and�duration�of�anoxic�and�hypoxic�conditions�following�Hurricane�Irene,�
evaluate�the�sport�fish�population�in�fall�2011�and�fall�2012,�and�to�determine�if�alternative�
management�actions�were�needed�to�augment�natural�recovery.�

�
Methods�

�
Dissolved�oxygen�was�measured�at�access�areas�along�the�Neuse�and�Trent�rivers�between�

30�August�and�23�September�2011�with�an�YSI�Pro�2030�DO�meter�(Table�1).�Dissolved�oxygen�
was�also�measured�prior�to�the�hurricane�on�25�August.�To�assess�the�impacts�of�the�fish�kills�to�
the�sport�fish�community,�eight�1�km�sample�sites�on�the�Neuse�River�and�six�500�m�sites�on�
the�Trent�River�were�sampled�(Figure�2).�Prior�to�Hurricane�Irene,�these�sites�were�sampled�
during�annual�Commission�sport�fish�surveys�on�the�Neuse�River�and�during�spring�2010�on�the�
Trent�River.�These�sites�were�sampled�following�Hurricane�Irene�in�fall�2011�and�again�one�year�
later�in�fall�2012.�Shoreline�habitat�within�each�site�was�sampled�in�a�downstream�direction�
using�a�boat�mounted�electrofisher�(Smith�Root�7.5�GPP).�All�sport�fish�encountered�were�
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collected�and�were�identified�to�species,�enumerated,�measured�to�the�nearest�mm,�TL�and�
weighed�to�the�nearest�g.�To�examine�Largemouth�Bass�diet�in�fall�of�2012,�all�Largemouth�Bass�
��200�mm�were�examined�for�gut�contents�using�tapered�acrylic�tubes�according�to�Van�Den�
Avyle�and�Roussel�(1980)�and�Cailteux�et�al.�(1990).�To�determine�contribution�of�the�2012�year�
class�to�electrofishing�catch�rates�in�2012,�five�Largemouth�Bass�from�each�25�mm�size�group�
under�250�mm�were�sacrificed�and�otoliths�removed�for�ageing.�Otoliths�were�aged�according�
to�Buckmeier�and�Howells�(2003)�using�a�dissecting�microscope�at�5–33X�magnification.�Age�
was�determined�independently�by�two�readers�and�discrepancies�in�age�assignment�were�
resolved�in�a�concert�read.�Ages�were�expanded�to�the�rest�of�the�population�(<�250�mm)�using�
an�age�length�key,�and�mean�length�at�age�of�age�0�fish�was�determined�according�to�Bettoli�
and�Miranda�(2001).�
To�examine�change�in�species�composition�in�fall�2011�and�fall�2012,�abundance�was�

examined�and�compared�to�pre�hurricane�samples�collected�in�the�fall�of�2010.�Abundance�of�
Largemouth�Bass�and�sunfish�(Bluegill,�Pumpkinseed�L.�gibbosus,�and�Redear�Sunfish�L.�
microlophus)�was�indexed�as�catch�per�unit�effort�(CPUE)�and�was�expressed�as�number�of�fish�
collected�per�hour�of�electrofishing.�Abundance�was�also�calculated�for�Largemouth�Bass�of�
three�size�ranges:�juveniles�(<�200�mm),�adults�(��200�mm),�and�harvestable�(��356�mm).�
Population�size�structure�was�analyzed�using�length�frequency�distributions�(25�mm�length�
groups�for�Largemouth�Bass�and�10�mm�length�groups�for�sunfish),�proportional�size�
distribution�(PSD)�and�proportional�size�distribution�preferred�(PSD�P;�Gabelhouse�1984,�Guy�et�
al.�2007).�Trends�in�body�condition�were�assessed�using�relative�weights�(Wr)�of�Largemouth�
Bass�(Wege�and�Anderson�1978).�Relative�weight�was�also�calculated�separately�for�stock,�
quality,�preferred,�and�memorable�total�length�groups�of�Largemouth�Bass�(Gabelhouse�1984).��

�
Results�and�Discussion�

�
Dissolved�Oxygen.—Two�days�prior�to�the�landfall�of�Hurricane�Irene�(25�August)�DO�levels�

in�the�Neuse�and�Trent�rivers�were�at�or�above�4.0�mg/L�(Table�1).�Following�Hurricane�Irene,�
DO�concentrations�started�to�fall�and�were�less�than�2.0�mg/L�by�30�August�at�most�locations.�
All�recorded�DO�measurements�were�less�than�1.0�mg/L�by�31�August�and�anoxic�conditions�
were�recorded�on�1�September�as�far�upstream�as�the�NC�55�bridge�in�Lenoir�County�on�the�
Neuse�River�and�Snow�Hill�in�Greene�County�on�Contentnea�Creek�(Figure�3).�Dissolved�oxygen�
concentrations�began�to�recover�around�12�September�in�the�Fort�Barnwell�area�on�the�Neuse�
River�and�around�19�September�in�the�New�Bern�area�(Table�1).�Measurements�of�DO�were�still�
less�than�2�mg/L�on�23�September�at�Pollocksville�on�the�Trent�River.�

Anoxic�conditions�and�DO�concentrations�less�than�1.0�mg/L�covered�approximately�65�km�
of�the�main�stem�Neuse�River�from�New�Bern�to�NC�55�in�Lenoir�County�as�well�as�about�52�km�
of�Contentnea�Creek�from�Snow�Hill�in�Greene�County�downstream�to�its�confluence�with�the�
Neuse�River�in�Lenoir�County�(Figure�3).�Anoxic�conditions�were�prevalent�on�the�Trent�River,�
extending�from�New�Bern�upstream�17�km�to�Pollocksville�(Figure�3).�Dissolved�oxygen�
concentrations�remained�below�1.0�mg/L�for�about�14�days�in�the�upper�Neuse�River�and�at�
Pollocksville�on�the�Trent�River,�while�DO�measurements�near�New�Bern�did�not�increase�above�
1.0�mg/L�for�21�days�following�the�storm�(Figure�3).�After�21�days,�DO�concentration�in�Swift�
Creek�in�Craven�County�was�still�less�than�1.0�mg/L.��
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Species�Composition.—On�the�Neuse�River�during�fall�of�2010,�the�year�before�the�
hurricane,�13�species�and�694�individuals�were�collected�at�three�1�km�sample�sites.�The�
majority�of�the�sample�was�comprised�of�Bluegill,�Redear�Sunfish,�Largemouth�Bass,�and�
Redbreast�Sunfish�(Figure�4).�During�fall�of�2011,�after�the�hurricane,�only�four�species�and�46�
individuals�were�collected�at�three�1�km�sample�sites�with�the�sample�mostly�comprised�of�
Bluegill�and�Largemouth�Bass�(Figure�4).�During�2012,�Bluegill�and�Largemouth�Bass�still�
represented�the�majority�of�the�sample;�however�17�total�species�and�593�individuals�were�
collected�at�four�1�km�sample�sites.�While�number�of�species�and�individuals�collected�declined�
after�the�hurricane�for�the�fall�2011�sample,�it�appears�that�the�river�started�to�recover�in�2012�
as�the�number�of�species�and�total�numbers�of�individuals�were�more�similar�to�the�pre�
hurricane�sample�of�2010.�
On�the�Trent�River�during�spring�2010�(pre�hurricane),�11�species�and�463�individuals�were�

collected�at�four�500�m�sample�sites.�The�sample�was�mostly�comprised�of�sunfish�including�
Pumpkinseed,�Bluegill,�and�Redear�Sunfish�(Figure�5).�After�the�hurricane�during�fall�2011,�only�
5�species�and�37�individuals�were�collected�at�four�500�m�sample�sites.�The�majority�of�the�
sample�was�also�sunfish;�however,�Redear�Sunfish�accounted�for�a�larger�portion�of�the�sample�
in�2011�(Figure�5).�In�fall�2012,�the�sample�sites�were�expanded�to�six�500�m�sample�sites,�and�
11�species�and�259�individuals�were�collected.�The�sample�in�2012�was�also�mostly�comprised�
of�sunfish�and�Largemouth�Bass�(Figure�5).�Like�the�Neuse�River,�number�of�species�and�
individuals�collected�declined�on�the�Trent�River�following�the�hurricane�in�2011;�however,�an�
increase�in�number�of�species�and�individuals�was�observed�during�2012.�These�increases�
indicate�that�the�Trent�River�sport�fish�community�began�to�recover�one�year�after�the�
hurricane,�but�densities�may�still�be�low�as�total�number�of�individuals�was�about�half�what�was�
collected�during�2010.�

Largemouth�Bass.—Catch�per�unit�effort�of�Largemouth�Bass�declined�following�the�
hurricane�for�all�sizes�of�fish�analyzed�except�harvestable�size�(��356�mm)�fish�on�the�Trent�River�
(Figure�6).�Mean�CPUE�of�juvenile�fish�(<�200�mm)�was�especially�low�during�fall�of�2011;�only�
0.2�fish/h�(2�SE�=�0.6)�on�the�Neuse�River�and�0.0�fish/h�(2�SE�=�0.0)�on�the�Trent�River.�However�
CPUE�rebounded�during�fall�of�2012�to�about�29.1�fish/h�(2�SE�=�7.8)�on�the�Neuse�River�and�
11.6�fish/h�(2�SE�=�11.3)�on�the�Trent�River.�Mean�CPUE�of�Neuse�River�juvenile�Largemouth�
Bass�was�the�highest�recorded�to�date�during�the�fall�2012�sample�(Figure�6).�Before�the�
hurricane,�CPUE�of�adult�Largemouth�Bass�(��200�mm)�averaged�17.0�fish/h�on�the�Neuse�River,�
however�CPUE�dropped�to�2.7�fish/h�(2�SE�=�2.0)�during�fall�2011.�The�Neuse�River�exhibited�
signs�of�recovery�as�CPUE�of�adult�Largemouth�Bass�(��200�mm)�increased�to�7.4�fish/h�(2�SE�=�
2.4)�during�fall�2012.�Mean�CPUE�of�adult�Largemouth�Bass�(��200�mm)�on�the�Trent�River�
declined�from�11.1�fish/h�(2�SE�=�6.3)�in�spring�2010�(pre�hurricane)�to�2.8�fish/h�(2�SE�=�3.0)�in�
fall�2011,�then�increased�slightly�to�4.1�fish/h�(2�SE�=�2.6)�during�fall�2012�(Figure�6).�On�the�
Neuse�River,�CPUE�of�harvestable�size�fish�(��356�mm)�averaged�about�5.0�fish/h�before�the�
hurricane,�but�declined�to�less�than�2.0�fish/h�during�fall�2011�and�fall�2012�(Figure�6).�Mean�
CPUE�of�harvestable�size�Largemouth�Bass�(��356�mm)�on�the�Trent�River�did�not�decrease�
following�the�hurricane�in�fall�2011�(3.2�fish/h,�2�SE�=�4.3),�but�dropped�to�0.4�fish/h�(2�SE�=�0.9)�
during�fall�2012.�Good�CPUE�of�juvenile�Largemouth�Bass�in�both�systems�and�adult�bass�in�the�
Neuse�River�indicate�that�both�systems�began�to�recover�during�2012.�Therefore,�we�do�not�
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recommend�stocking�Largemouth�Bass�in�the�Neuse�River;�however,�stockings�in�the�Trent�River�
may�be�warranted�due�to�a�lack�of�increase�in�CPUE�of�adult�or�harvestable�size�fish.�
While�mean�CPUE�of�post�hurricane�samples�in�fall�2011�was�typically�lower�than�CPUE�

before�the�hurricane,�CPUE�of�juvenile�fish�recovered�to�pre�hurricane�levels�in�both�rivers�
suggesting�good�recruitment�during�2012.�Mean�CPUE�of�adult�Largemouth�Bass�also�improved�
on�the�Neuse�River�from�fall�2011�to�fall�2012,�indicating�good�recovery�from�the�fish�kills�
following�Hurricane�Irene.�We�did�not�document�increases�in�CPUE�of�adult�Largemouth�Bass�on�
the�Trent�River�or�harvestable�size�fish�on�either�river.�This�lack�of�increase�is�most�likely�due�to�
the�magnitude�and�extent�of�the�fish�kill�following�the�hurricane.�Very�few�juvenile�Largemouth�
Bass�were�collected�during�fall�2011;�therefore�there�were�few�young�fish�available�to�grow�to�
adult�size�during�2012.�Also,�because�the�anoxic�and�hypoxic�conditions�covered�such�a�large�
area,�movement�of�Largemouth�Bass�from�outside�of�the�affected�area�into�the�sample�area�is�
likely�to�occur�at�a�slow�pace.�The�only�individuals�of�adult�and�harvestable�size�Largemouth�
Bass�collected�in�2012�most�likely�survived�the�fish�kill�and�therefore�the�amount�of�individuals�
in�those�size�classes�is�likely�static�or�decreasing�due�to�mortality.�Mean�CPUE�of�these�size�
classes�should�increase�in�coming�years�as�individuals�from�the�2012�year�class�grow�to�
catchable�size.�Also,�the�apparent�survival�of�adult�Largemouth�Bass�indicates�a�need�to�
document�areas�of�refugia�during�future�hypoxic�events.�If�these�areas�can�be�identified,�
resource�managers�should�work�to�protect�these�habitats�since�they�are�important�to�the�
Largemouth�Bass�populations�of�the�Neuse�and�Trent�rivers.�
The�post�hurricane�(2011�and�2012)�mean�CPUE�estimates�were�more�variable�than�pre�

hurricane�estimates,�especially�on�the�Trent�River.�This�variation�is�most�likely�due�to�a�smaller�
sample�size�(Neuse�River�N=�8;�Trent�River�N�=�6)�post�hurricane�compared�to�pre�hurricane�
(Neuse�River�N�=�12;�Trent�River�N�=�13)�as�well�as�influences�on�electrofishing�from�higher�
conductivity�due�to�high�salinity�at�downstream�sample�sites�on�the�Trent�River.�Conductivity�at�
the�most�downstream�sample�site�on�the�Trent�River�during�fall�2012�was�9,600�μS,�near�the�
maximum�operating�conductivity�of�11,000�μS�of�the�boat�electrofishing�gear�(7.5�GPP�
electrofisher,�Smith�Root�2006),�which�may�have�limited�capture�efficiency�of�the�electrofishing�
equipment.�Future�studies�on�the�Neuse�and�Trent�rivers�should�include�more�sample�sites�over�
a�broader�area�to�account�for�changes�in�conductivity�and�to�minimize�variability�in�mean�CPUE�
estimates�due�to�small�sample�size.�
Thomas�and�Dockendorf�(2009)�recommended�that�post�hurricane�stockings�of�

Largemouth�Bass�should�focus�on�larger�individuals�(143–196�mm)�or�transplanting�of�adults�
from�recovered�locations�to�areas�more�severely�impacted.�The�potential�to�move�adults�into�
systems�that�may�be�recovering�was�concerning�because�of�the�possibility�of�intraspecific�
predation.�However,�we�found�no�evidence�of�adult�Largemouth�Bass�feeding�on�young�of�the�
same�species�in�either�river.�Of�50�individuals�examined�for�gut�contents�on�the�Neuse�River,�
50%�consumed�crayfish,�38%�were�empty,�and�12%�consumed�fish,�none�of�which�were�
identified�as�Largemouth�Bass�(Figure�7).�On�the�Trent�River,�gut�contents�of�9�Largemouth�Bass�
were�examined.�Most�Largemouth�Bass�had�empty�stomachs�(56%),�while�33%�consumed�fish,�
and�one�individual�(11%)�consumed�crayfish.�Therefore,�adult�Largemouth�Bass�stocked�during�
fall�in�the�Neuse�and�Trent�rivers�may�be�more�likely�to�consume�crayfish�than�fish�items�and�
intraspecific�predation�may�not�be�a�concern.�However,�diet�examination�during�other�times�of�
the�year�is�needed�to�determine�if�diet�pattern�changes�over�time.�
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The�length�frequency�distribution�of�Neuse�River�Largemouth�Bass�during�fall�2010�ranged�
from�50�to�475�mm�and�exhibited�several�modes�representing�several�year�classes�(Figure�8).�
However,�during�2011�only�11�Largemouth�Bass�were�collected�and�most�of�those�fish�were�
greater�than�200�mm,�suggesting�that�most�of�the�fish�that�survived�the�fish�kill�were�adults.�
During�2012,�the�length�distribution�expanded�to�include�a�strong�mode�at�125�mm�and�other�
peaks�above�300�mm�(Figure�8).�Age�determination�of�otoliths�revealed�that�the�peak�at�125�
mm�was�represented�by�a�strong�2012�year�class.�The�mean�length�at�age�for�the�2012�year�
class�was�139�mm�(2�SE�=�6)�which�is�higher�than�any�estimate�for�age�0�fish�before�the�
hurricane�(Figure�9).�During�spring�2010�on�the�Trent�River,�Largemouth�Bass�length�distribution�
range�was�50–425�mm�with�several�modes�representing�several�age�classes�(Figure�8).�After�the�
hurricane�(fall�2011),�only�four�individuals�were�collected,�all�larger�than�250�mm.�Thirty�nine�
individuals�were�collected�during�fall�2012�and�ranged�ranging�in�length�50–375�mm.�Age�
determination�of�otoliths�revealed�that�the�strong�mode�at�100�mm�was�representative�of�the�
2012�year�class;�mean�length�at�age�for�age�0�fish�was�113�mm�(2�SE�=�14).��
On�the�Neuse�River,�PSD�increased�from�53�in�2010�to�70�in�2011�and�declined�to�44�in�

2012.�This�transition�indicates�a�shift�toward�larger�individuals�in�the�length�distribution�of�
catchable�size�fish�immediately�after�the�hurricane.�Values�of�PSD�P�followed�a�similar�pattern,�
increasing�from�21�in�2010�to�30�in�2011�and�then�decreasing�to�16�in�2012�(Table�2).�Trent�
River�Largemouth�Bass�exhibited�a�similar�pattern�as�PSD�increased�from�57�in�spring�2010�to�75�
in�2011�and�then�decreased�slightly�to�70�in�2012�(Table�2).�Values�of�PSD�P�increased�slightly�
after�the�hurricane�from�22�in�2010�to�25�in�2011,�but�decreased�to�10�in�2012.�This�indicates�a�
decrease�in�harvestable�size�Largemouth�Bass�in�the�catchable�population.�
Mean�Wr�of�most�sizes�of�Largemouth�Bass�remained�stable�after�the�hurricane�(2011)�

except�for�stock�size�Largemouth�Bass�on�the�Neuse�River�(Figure�10).�The�decline�in�Wr�in�2011�
may�be�a�result�of�decline�in�condition�due�to�stress�from�the�extended�anoxic�conditions�and�a�
decline�in�forage�caused�by�the�fish�kill.�However,�Wr�rebounded�in�2012�to�pre�hurricane�levels�
and�in�some�cases�exceeded�pre�hurricane�levels.�This�increase�in�Wr�may�be�a�result�of�
decreased�intraspecific�competition�as�a�result�of�the�fish�kills.�

Sunfish.—Mean�CPUE�of�most�sunfish�species�examined�declined�during�2011�after�the�
hurricane�and�increased�during�2012.�On�the�Neuse�River,�Bluegill�CPUE�three�years�before�
Hurricane�Irene�was�around�100�fish/h�but�decreased�to�19�fish/h�(2�SE�=�23)�in�2011�and�
increased�to�87�fish/h�(2�SE�=�54)�in�2012�(Figure�11).�Trent�River�Bluegill�exhibited�a�similar�
pattern;�mean�CPUE�declined�from�87�fish/h�(2�SE�=�49)�in�2010�to�3�fish/h�(2�SE�=�4)�in�2011�
and�increased�to�42�fish/h�(2�SE�=�18)�in�2012.�Redear�Sunfish�CPUE�exhibited�marginal�to�no�
increase�following�the�hurricane.�Mean�CPUE�on�the�Neuse�River�dropped�to�0�fish/h�(2�SE�=�1)�
in�2011�but�increased�to�9�fish/h�(2�SE�=�8)�in�2012�(Figure�12).�On�the�Trent�River,�Redear�
Sunfish�mean�CPUE�in�2011�was�23�fish/h�(2�SE�=�15)�and�mean�CPUE�decreased�to�15�fish/h�(2�
SE�=�11)�in�2012.�Mean�CPUE�of�Neuse�River�Pumpkinseed�decreased�following�Hurricane�Irene�
to�0�fish/h�(2�SE�=�0)�in�2011�and�increased�to�5�fish/h�(2�SE�=�1)�in�2012.�Trent�River�
Pumpkinseed�CPUE�followed�a�similar�pattern;�mean�CPUE�was�2�fish/h�(2�SE�=�4)�following�
Irene�in�2011�and�increased�to�22�fish/h�(2�SE�=�10)�in�2012�(Figure�13).�Estimates�of�mean�CPUE�
for�all�sunfish�species�are�typically�variable�due�a�low�number�of�sample�sites�and�higher�
conductivities�at�downstream�sample�sites�as�discussed�earlier.�Again,�more�sites�should�be�
included�in�future�surveys�to�lower�variability�in�mean�CPUE�estimates.�
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The�length�frequency�distribution�of�Neuse�River�Bluegill�before�the�hurricane�(2010)�
ranged�20–200�mm�with�223�individuals�collected�from�three�1�km�sites�and�most�of�the�fish�
caught�were���100�mm�(Figure�14).�During�2011,�37�individuals�were�collected�at�three�1�km�
sites�with�the�majority�of�those�fish���90�mm�(Figure�14).�Fall�2012�appeared�more�similar�to�
2010�with�309�individuals�collected�from�three�1�km�sites�and�the�majority�of�fish�were�larger�
than�90�mm�(Figure�16).�Trends�in�PSD�indicate�a�shift�toward�larger�catchable�size�fish�in�2011�
with�a�PSD�of�46�while�2012�was�more�similar�to�2010�with�a�PSD�of�16�(Table�2).�During�2010,�
the�length�frequency�distribution�of�Trent�River�Bluegill�ranged�from�40–230�mm�with�several�
modes.�However,�only�four�individuals�were�collected�in�2011,�all�larger�than�100�mm�(Figure�
14).�During�fall�2012,�length�distribution�was�unimodal�with�a�peak�at�130�mm�(Figure�14).�
Trends�in�PSD�also�indicate�a�shift�toward�larger�catchable�size�individuals�in�2011�with�a�PSD�of�
50;�however�PSD�was�more�similar�to�pre�hurricane�values�in�2012�with�a�value�of�20�(Table�2).�
The�length�frequency�distribution�of�Neuse�River�Redear�Sunfish�before�the�hurricane�in�

2010�was�comprised�of�fish�30–280�mm�with�modes�at�60,�90,�and�180�mm�(Figure�15).�
However,�after�the�hurricane�in�2011,�only�one�individual�was�collected�at�three�1�km�sites.�The�
length�frequency�distribution�of�Neuse�River�Redear�Sunfish�improved�in�2012�exhibiting�modes�
at�60�mm�and�180�mm�(Figure�15).�Neuse�River�Redear�Sunfish�PSD�was�not�calculated�in�2011�
since�only�one�individual�was�collected;�however�PSD�in�2012�was�63,�which�indicates�that�of�
catchable�size�fish,�most�individuals�were�larger�(Table�2).�Trent�River�Redear�Sunfish�length�
frequency�distribution�ranged�from�40–260�in�2010�with�modes�at�50�mm,�90�mm,�150�mm,�
and�180�mm�(Figure�15).�Length�frequency�distribution�was�bimodal�in�2011�with�peaks�at�50�
mm�and�210�mm�(Figure�15).�During�2012,�the�length�frequency�distribution�was�multi�modal�
with�peaks�at�50�mm,�140�mm,�and�250�mm�(Figure�15).�Trends�in�PSD�also�indicated�a�shift�
toward�larger�catchable�size�individuals�during�2011�with�a�PSD�of�94,�while�PSD�decreased�to�
16�during�2012.��
The�Trent�River�Pumpkinseed�length�frequency�distribution�ranged�30–170�mm�during�

spring�2011.�After�the�hurricane�in�fall�2011,�only�3�individuals�were�collected,�but�the�size�
distribution�expanded�during�fall�2012�to�include�55�individuals�that�ranged�60–180�mm�(Figure�
16).�Trent�River�Pumpkinseed�PSD�was�25�before�the�hurricane�in�spring�2010�and�was�11�in�fall�
2012.�Based�on�trends�in�CPUE�and�length�distribution�it�appeared�that�the�Neuse�and�Trent�
River�sunfish�populations�declined�after�the�fish�kill�and�started�to�recover�in�2012.�Abundance�
is�still�at�a�lower�level�than�before�Hurricane�Irene,�but�size�structure�was�more�similar�to�pre�
hurricane�patterns.�Redear�Sunfish�abundance�showed�little�to�no�increase�during�2012�and�size�
structure�on�the�Neuse�River�did�not�include�individuals�larger�than�200�mm.�These�populations�
should�be�monitored�again�during�fall�2013�to�ensure�full�recovery.�

�
Management�Recommendations�

�
1. Stockings�of�Largemouth�Bass�should�focus�on�the�Trent�River�because�abundance�of�adult�
Largemouth�Bass�did�not�increase�after�the�hurricane�and�reproduction�was�lower�and�
variable�in�the�Trent�River.�Stockings�should�include�age�1�or�larger�Largemouth�Bass�
according�to�Thomas�and�Dockendorf�(2009).��

2. In�this�study�we�did�not�document�Largemouth�Bass�intraspecific�predation�during�fall�2012,�
however�if�stockings�are�planned�for�other�times�of�the�year,�further�diet�studies�may�be�
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necessary�to�determine�if�predation�of�stocked�adult�Largemouth�Bass�on�wild�produced�
juveniles�is�a�concern.�

3. The�resiliency�of�the�Tar�River�sport�fish�population�appears�to�be�dependent�upon�the�
ability�of�adult�fish�to�survive�extended�periods�of�anoxic�conditions.�Areas�of�refuge�during�
future�anoxic�events�should�be�identified�and�protected�by�fishery�managers�to�insure�the�
long�term�sustainability�of�this�valuable�fishery.�

4. To�limit�variability�in�mean�CPUE�estimates�future�studies�should�include�more�sites�over�a�
broader�area�to�increase�sample�size�and�minimize�effects�of�increased�conductivity�due�to�
high�salinities�at�downstream�sample�sites.�

�
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TABLE�1.—Dissolved�oxygen�measurements�on�the�Neuse�and�Trent�rivers�by�date�and�site�
before�and�after�Hurricane�Irene�August–September�2011.�
�

Date� River� Site DO�(mg/L)

25�August�

Neuse�River� Bridgeton 5.3�
Neuse�River� Maple�Cypress 5.9�
Neuse�River� Spring�Garden 4.8�
Trent�River� Pollocksville 4.0�

30�August�

Neuse�River� Bridgeton 0.8�
Neuse�River� Swift�Creek 0.4�
Neuse�River� Spring�Garden 1.5�
Trent�River� Lawsons�Creek 4.8�
Trent�River� Pollocksville 1.5�

31�August�

Neuse�River� Contentnea�Creek� Grifton 0.1�
Neuse�River� Swift�Creek 0.1�
Neuse�River� Hatteras�Yachts 0.1�
Neuse�River� Mouth�of�The�Gut 0.5�
Neuse�River� Hog�Island 0.1�
Neuse�River� Railroad�Trestle 0.2�
Neuse�River� NC�43 0.1�
Neuse�River� Spring�Garden 0.7�

1�September�

Neuse�River� Kinston� NC�55� 0.1�
Neuse�River� Kinston� US�70� 4.8�
Neuse�River� Kinston� NC�258 4.3�
Neuse�River� Contentnea�Creek� Snow�Hill 0.8�

6�September�

Neuse�River� Bridgeton 2.8�
Neuse�River� Contentnea�Creek� Grifton 0.0�
Neuse�River� Swift�Creek 0.0�
Neuse�River� Spring�Garden 0.0�
Trent�River� Pollocksville 0.1�

12�September�

Neuse�River� Bridgeton 1.1�
Neuse�River� Contentnea�Creek� Grifton 0.2�
Neuse�River� Swift�Creek 0.1�
Neuse�River� Maple�Cypress 2.1�
Neuse�River� Spring�Garden 0.8�
Trent�River� Pollocksville 0.1�
Trent�River� US�70 0.8�

19�September�

Neuse�River� Bridgeton 2.6�
Neuse�River� Contentnea�Creek� Grifton 4.7�
Neuse�River� Swift�Creek 0.1�
Neuse�River� Maple�Cypress 5.6�
Neuse�River� Spring�Garden 3.2�
Trent�River� Pollocksville 1.5�

23�September� Trent�River� Pollocksville 1.5�

�
� �



�

11�

�
TABLE�2.—Proportional�stock�distribution�and�PSD�preferred�of�Largemouth�Bass,�Bluegill,�

Redear�Sunfish,�and�Pumpkinseed�before�(2010),�immediately�after�(2011),�and�one�year�after�
(2010)�Hurricane�Irene.�
�

� � � 2010� 2011� 2012�
� � � � � �

Neuse�
River�

Largemouth�
Bass�

PSD� 53� 70� 44�
PSD�P� 21� 30� 16�

� � � � �

Bluegill� PSD� 14� 46� 16�
PSD�P� 1� –� –�

� � � � �

Redear�Sunfish� PSD� 18� –� 63�
PSD�P� 6� –� –�

� � � � � �
� � � � � �

Trent�River�

Largemouth�
Bass�

PSD� 57� 75� 70�
PSD�P� 22� 25� 10�

� � � � �

Bluegill� PSD� 24� 50� 20�
PSD�P� 5� –� 1�

� � � � �

Redear�Sunfish� PSD� 18� 94� 16�
PSD�P� 9� 31� 13�

� � � � �

Pumpkinseed� PSD� 25� –� 11�
PSD�P� –� –� –�

� � � � � �
� �
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FIGURE�1.—Water�level�recorded�at�the�Swift�Creek�USGS�gaging�station�02092000�during�
Hurricane�Irene�25–31�August�2011.�
� �
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� FIGURE�2.—Electrofishing�sample�sites�on�the�Neuse�and�Trent�rivers�following�Hurricane�
Irene.�
� �
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FIGURE�3.—Extent�and�duration�of�anoxic�and�hypoxic�conditions�in�the�Neuse�and�Trent�
rivers�following�Hurricane�Irene.� �
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FIGURE�4.—Species�composition�of�Neuse�River�electrofishing�sample�before�(2010),�

immediately�after�(2011),�and�one�year�after�(2012)�Hurricane�Irene.� �
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FIGURE�5.—Species�composition�of�Trent�River�electrofishing�sample�before�(2010),�
immediately�after�(2011),�and�one�year�after�(2012)�Hurricane�Irene.� �
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FIGURE�6.—Catch�per�unit�effort�of�Largemouth�Bass�<�200�mm�(top�charts),���200�mm�

(middle�charts),�and���356�mm�(bottom�charts)�during�fall�2008–2012�on�the�Neuse�River�and�
2010–2012�on�the�Trent�River.�Error�bars�are�±�2�SE.�
� �
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FIGURE�7.—Diet�composition�of�Largemouth�Bass���200�mm�collected�by�electrofishing�in�the�
Neuse�and�Trent�rivers�fall�2012.� �
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FIGURE�8.—Length�frequency�distribution�of�Largemouth�Bass�collected�by�electrofishing�on�

the�Neuse�and�Trent�rivers�before�(top�charts,�2010),�immediately�after�(middle�charts,�2011),�
and�one�year�after�(bottom�charts,�2012)�Hurricane�Irene.� �

0%

5%

10%

15%

20%

25%

30%

0 75 15
0

22
5

30
0

37
5

45
0

52
5

60
0

Total�length�(mm)

2010;�N�=�453

0%

5%

10%

15%

20%

25%

30%

0 75 15
0

22
5

30
0

37
5

45
0

52
5

60
0

Pe
rc
en
t

Total�length�(mm)

2011;�N�=�11

0%

5%

10%

15%

20%

25%

30%

0 75 15
0

22
5

30
0

37
5

45
0

52
5

60
0

Total�length�(mm)

2012;�N�=�239

0%

5%

10%

15%

20%

25%

30%

0 50 10
0

15
0

20
0

25
0

30
0

35
0

40
0

45
0

Total�length�(mm)

Spring�2010;�N�=�79

0%

5%

10%

15%

20%

25%

30%

0 50 10
0

15
0

20
0

25
0

30
0

35
0

40
0

45
0

Pe
rc
en
t

Total�length�(mm)

Fall�2011;�N�=�4

0%

5%

10%

15%

20%

25%

30%

0 50 10
0

15
0

20
0

25
0

30
0

35
0

40
0

45
0

Total�length�(mm)

Fall�2012;�N�=�39



�

20�

�
�

�
FIGURE�9.—Mean�length�at�age�of�age�0�Largemouth�Bass�from�the�Neuse�River�2008–2010�

and�2012.�Error�bars�are�±�2�SE.�
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FIGURE�10.—Mean�Wr�of�all�Largemouth�Bass�and�stock,�quality,�preferred,�and�memorable�
size�Largemouth�Bass�from�the�Neuse�and�Trent�rivers�before�(2010),�immediately�after�(2011),�
and�one�year�after�(2012)�Hurricane�Irene.�Error�bars�are�±�2�SE.�
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FIGURE�11.—Mean�CPUE�of�Bluegill�collected�by�electrofishing�in�Neuse�River�in�fall�2008–
2012�and�Trent�River�2010–2012.�Error�bars�are�±�2�SE.�
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FIGURE�12.—Mean�CPUE�of�Redear�Sunfish�collected�by�electrofishing�in�Neuse�River�during�

fall�2008–2012�and�in�Trent�River�2010–2012.�Error�bars�are�±�2�SE.�
�
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FIGURE�13.—Mean�CPUE�of�Pumpkinseed�collected�by�electrofishing�in�Neuse�River�during�

fall�2008–2012�and�in�Trent�River�2010–2012.�Error�bars�are�±�2�SE.�
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FIGURE�14.—Length�frequency�distribution�of�Bluegill�collected�by�electrofishing�before�(top�

chart,�2010),�immediately�after�(middle�chart,�2011),�and�one�year�after�(bottom�chart,�2012)�
Hurricane�Irene�on�the�Neuse�and�Trent�rivers.� �
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FIGURE�15.—Length�frequency�distribution�of�Redear�Sunfish�collected�by�electrofishing�

before�(top�chart,�2010),�immediately�after�(middle�chart,�2011),�and�one�year�after�(bottom�
chart,�2012)�Hurricane�Irene�on�the�Neuse�and�Trent�rivers.� �
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FIGURE�16.—Length�frequency�distribution�of�Pumpkinseed�collected�by�electrofishing�

before�(top�chart,�2010),�immediately�after�(middle�chart,�2011),�and�one�year�after�(bottom�
chart,�2012)�Hurricane�Irene�on�the�Trent�River.�
�
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