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Introduction  

Histor ica l ly,  Lake Mat tamuskeet  suppor ted extens ive beds of  roo ted submerged 

aquat ic  vegeta t ion (SAV) ,  which prov ided c r i t ica l  habi tat  and food resources  for  

water fowl,  f ish,  and macroinver tebrates.  However,  SAV coverage dec l ined 

dramat ica l ly  beginn ing in the la te 20 th  century  and has progress ively  worsened over  

the  las t  couple of  decades.  Moorman et  a l .  (2017)  and Lamb et  a l .  (2020)  both 

repor ted decreased Secchi  depths,  spec i f ica l ly  median depths of  3.9”  (0.1 m)  – 

13.78”  (0.35  m)  and a  mean o f  6 .69”  (17 c m) in  2017 and 2018,  respect ive ly.  Both 

noted an increase in suspended so l ids ,  concentrat ions of  nu tr ients ,  and 

phytop lankton as fac tors  contr ibu t ing  to the  loss of  SAV. Thus ,  the loss of  SAV is  

l ike ly  due to  a complex sui te of  fac tors ,  inc lud ing e levated turb id i ty,  nutr ient  

enr ichment ,  w ind- induced sed iment  resuspens ion,  and b io turbat ion by  Common Carp  

(Cypr inus carp io ) .  

Common carp  have been thought  to be a major  dr iver  of  degraded water  c lar i ty  and 

SAV loss  through benth ic  forag ing behav ior,  where carp  uproot  vegetat ion,  

resuspend sed iments ,  and increase nutr ient  ava i labi l i ty  in  the water  co lumn, 

re inforc ing a turb id,  phytoplank ton -dominated s tate  (Rabaey e t  a l .  2026) .  These 

feedback mechan isms reduce l ight  penetra t ion and inh ib i t  SAV es tab l ishment ,  

thereby l im i t ing hab i ta t  qua l i ty  for  nat ive spec ies and water fowl.  

In  response to long- term hab i tat  degradat ion,  USFWS and other  managing agenc ies 

have implemented res tora t ion  and conservat ion effor ts  a imed at  improv ing water  

qual i ty  and promot ing  SAV recovery  in  Lake Mat tamuskeet .  These effor ts  have 

inc luded large-sca le carp remova l ,  water - level  man ipulat ion,  and habi tat  

management  act ions des igned to sh i f t  the  lake toward  a  c learer,  vegeta t ion -

dominated s tate (Cahoon 1953 ;  Nor th  Caro l ina Coas ta l  Federa t ion 2018 ) .  Reduc ing 

carp abundance was a  large  component  of  res torat ion s t rateg ies,  as  carp  

suppress ion  was  expected to  decrease sed iment  d is turbance,  improve l ight  

ava i lab i l i ty,  and fac i l i ta te  SAV reco lonizat ion.  

Pr ior  to the current  pro ject ,  carp  barr iers  were ins ta l led on the t ide gates  to  prevent  

carp f rom the Paml ico  Sound f rom return ing  to or  en ter ing Lake Mat tamuskeet  

(USFWS 2021) .  I t ’s  poss ib le tha t  these bar r iers  may have effec t ive ly  in ter rupted a  

par t  of  the ir  l i fe  h is tory  in  terms of  spawning ,  recru i tment ,  and natura l  mor ta l i ty.   
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Project Description  

This  s tudy was conducted as par t  o f  ongo ing effor ts  to  eva luate base l ine  carp  

popu la t ion  dynamics,  fur ther  assess the  effec t iveness o f  carp remova l  as  a too l  for  

ecosystem restorat ion  and wi ld l i fe  conservat ion,  and remove as many carp as 

poss ib le f rom Lake Mat tamuskeet .   

Object ives were  as fo l lows:   

Object ive 1  -  Remove large numbers  and weight  o f  invas ive  common carp f rom Lake 

Mat tamuskeet .  

Object ive 2  -  Estab l ish an ar ray of  ba i t  t raps and /or  pound nets  to remove carp  at  

s t rateg ic  loca t ions  on a semi- regu lar  bas is  so tha t  the  dens i ty  of  carp in  the lake can 

be moni tored by catch  rates.  

Object ive 3  -  Conduct  ana lyses to est imate  base l ine popu la t ion  dynamics 

parameters  ( i .e . ,  age,  growth ,  mor ta l i ty,  and b iomass)  to  in form future mode l ing 

effor ts  a imed a t  bet ter  unders tand ing carp populat ion contro l  over  the long  term.  
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Study Site  

Lake Mat tamuskeet  is  a large,  sha l low,  coasta l  lake  located w i th in Mat tamuskeet  

Nat iona l  Wi ld l i fe  Refuge in Hyde County,  Nor th  Caro l ina .  The lake covers  

approx imate ly  40 ,312 acres (16,000 ha)  and has  a mean depth  of  less than 3.28 ’ (1 

m) ,  mak ing i t  h ighly  suscept ib le to wind -dr iven sed iment  resuspens ion and 

assoc iated turb id i ty  (Moorman et  a l .  2017) .  Lake Mat tamuskeet  is  par t ly  

hydro log ica l ly  iso lated f rom adjacent  es tuar ine systems by t ide gates  and is  

managed pr imar i ly  for  wi ld l i fe  conservat ion,  par t icu lar ly  migratory  water fowl and 

other  wet land-dependent  spec ies  (Nor th  Carol ina Coasta l  Federa t ion 2018) .   

 

Methods  

Telemetry and Movement  

Radiote lemetry  was used to t rack movement  and locate carp wi th in the  pro ject  area .   

Advanced Te lemetry  Systems (ATS) ser ies  F18 50B (35 ppm,  27 g)  operat ing wi th in  

the  f requency range o f  164 MHz f ish imp lant  t ransmit ters  were used dur ing a l l  

te lemetry  and movement  s tud ies done on Lake Mat tamuskeet  for  th is  pro ject .  

Thir ty -n ine carp were  col lec ted v ia e lec t ro f ish ing and seine  net t ing dur ing the  th i rd  

week  of  December  2023 for  rad io tag  imp lant ing .  Each carp was captured,  

anesthet ized,  surg ica l ly  implanted w i th a tag,  the n re leased a f ter  recovery.  Carp 

were  co l lec ted f rom and re leased to mul t ip le areas w i th in the  main bas in of  Lake 

Mat tamuskeet  to min imize locat ion b ias.  Approx imate ly  seven (7)  d i f ferent  tagg ing 

s i tes  were repor ted ac ross the lake.  Each tagg ing locat ion compr ised a random 

sample of  carp used for  the tagg ing procedure and were  re leased c lose to where the 

indiv idua ls  were co l lec ted .  
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Figure 1. Capture, tagging, and release sites of carp in December 2023. 

Radio- tagged carp were t racked us ing a  3 -e lement  yag i  an tennae  and R410 

(Advanced Te lemetry  Systems,  Isant i ,  MN)  f rom var ious  points  on  land and on water.   

Crew members would manual ly  t rack tags by s tand ing a t  spec i f ic  GPS po ints  

( l is ten ing  points)  and record  detec ted f requenc ies ,  gain (or  the ampl i f icat ion of  the 

s igna l) ,  and s igna l  d i rec t ion .  In addi t ion  to handhe ld  t rack ing,  four  s tat ionary  h igh-

f requency receiver  s ta t ions were constructed around Lake Mat tamuskeet .  ATS R4500 

ser ies  rece ivers /data loggers  were  u t i l ized to cont inuous ly  moni to r  when tagged carp 

wou ld move w i th in the  detect ion range (~1/2  km) .  When a tagged carp was detected 

by one of  the four  s tat ionary  rece ivers ,  the data was sent  remote ly  and la ter  

ret r ieved for  analys is .   

Telemetry  surveys were conducted between February  4,  2024,  through June 13,  

2025.  Wi th in  that  per iod ,  te lemetry  surveys were  comple ted on approx imate ly  for ty -

two (42)  unique dates  wh ich  were repor ted between three  (3)  agenc ies  (USFWS, 

Biorn ,  and WSB).  Over  two hundred and twenty  (220)  d is t inc t  GPS locat ions  

( l is ten ing  points)  were  used dur ing th is  t ime to determine i f  tagged carp cou ld be 

located throughout  the bas in.   
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Monitoring and Removal  

In i t ia l ly,  commerc ia l  se ines were the  pr imary  gear  used in removing carp f rom Lake 

Mat tamuskeet .  These were  3,000 ’ nets  wi th  var ied pane ls  of  3–5”  s t retch  mesh that  

var ied between 9  and 25 ’ deep ( the se ine net  f rom December  2023 a lso had a bag 

sect ion  w i th  6”  s t retch  mesh) .  Pr ior  to  dep loy ing the  se ine,  a 100’ b lock net /backstop 

was constructed for  each haul  on a shore l ine tha t  was re lat ive ly  f ree of  obs truct ions 

or  debr is  as these areas  were more conduc ive to land f ish  and prevent  snagg ing .  

These backstops  served as a corra l  for  any carp tha t  at tempted to  ou trun the  se ine 

as the net  was pu l led  in .  One end of  th is  ne t  a lso  served as the s tar t  of  the se ine 

haul .  Se in ing was conducted f rom a 25 ’ boat  f i t ted  w i th a  w inch used to pu l l  the  net  

in to a semi-c i rc le .  Each se ine event  swept  approx imate ly  81  acres .  Sein ing effor ts  

occurred in winter  and summer  months ;  spec i f ica l ly,  December  2023,  May 2024 ,  and 

February  2026.  Seven  tota l  hauls  were conducted in  2023 and 2024 and two hauls  in  

2026.  Lengths and we ights  were co l lec ted f rom a subsample of  carp f rom each 

event ,  wh i le  a l l  o ther  captured carp were  composted in  a  space on s i te  prov ided by  

USFWS. Other  spec ies that  were  captured as bycatch were immediate ly  re lease d.    

As catch rates us ing seines were much lower  than expected in December  of  2023 

and May 2024,  WSB and B iorn s taff  began us ing o ther  gear  types to ga ther  dat a and 

search for  potent ia l  carp aggregat ions ,  whi le a lso  cont inu ing  remova l  ef for ts .  Hoop 

nets  were a pass ive gear  used in  searching  for  carp throughout  the lake  whi le  s taf f  

sampled e lsewhere wi th other  gears .  These were  e i ther  3 ’ or  5 ’ hoops  wi th 3”  mesh.  

Six  of  each s ize  were used for  a  to ta l  of  12 hoop nets .  Mos t  hoop net  sets  were 

ba i ted wi th  cracked corn  in  a  laundry  mesh bag t ied  to  the upper  par t  of  the second 

to las t  hoop f rom the c losed end.  Al l  ava i lable hoop nets  were  usua l ly  checked dai ly  

or  every  o ther  day,  barr ing ex treme weather  events .  Nets  tha t  captured carp 

overn ight  were lef t  to  f ish  fur ther,  whi le  an empty  net  was immediate ly  removed and 

reset  e lsewhere .  In  to ta l ,  186 hoop nets  were se t  throughout  the survey per iod.  

Al though hoop net  catch rates remained re lat ive ly  low over  the durat ion of  the 

pro ject ,  there were  t imes in  which a smal l  aggregat ion of  carp ,  whether  natura l  or  

ar t i f ic ia l ly  c reated ,  were found us ing hoop nets .  O f tent imes,  s taff  wou ld then return 

and remove the  carp in the  area v ia  o ther  gear  ( i .e . ,  g i l l  nets  and e lect rof ish ing) .   

Trap nets  were another  pass ive gear  used,  a l though to a lesser  ex tent  than hoop 

nets  due to  the ab i l i ty  of  juveni le  and adu l t  carp to escape through the  square  panel  

open ings a t  the  entrance of  the net .  These s tandard t rap  nets  (3/4”  square mesh,  36”  

x  72”  double square f rame, 5 -  30”  s teel  hoops,  and 3 ’6”  deep x  60’ long leads)  were 

usua l ly  se t  perpend icular  to the  shore l ine wi th the s tar t  of  the lead set  in  the  

phragmi tes  or  on a po in t .  However,  a coup le  of  deeper  ne ts  were set  w i th a 60 ’ lead 

t ied between two nets .  Conf igur ing t rap  nets  in  th is  manner  is  of ten refer red to as 

lead net  sampl ing.  As wi th the hoop nets ,  these were a l l  ba i ted wi th cracked corn .  

Only  6 s tandard t rap  nets  were set  over  the  durat ion of  the pro jec t .   

Star t ing in spr ing  o f  2024,  we a lso used min i - t rap nets  in  an  at tempt to sample 

young-o f-year  and juven i le  carp,  as  none had been found w i th any  gear  type across 

the  lake.  These nets  inc luded a 27 ’ x  39 ’ doub le  f rame, 1/4”  square mesh,  4-  24”  

s tee l  hoops,  and a 50’ long x  3 ’ deep lead.   The f ront  or  mouth o f  the  net  had a 2”  

square mesh pane l  des igned to exc lude tur t les  and,  co inc identa l ly,  larger -bod ied 

adul t  f ish .  These nets  were checked da i ly.  We also used these in  survey ing mult ip le  
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impoundments  on the refuge  in suspec ted carp nursery  hab i tat .  Min i - t raps were se t  

over  seven events  in  the main lake and 9  t imes in  the impoundments .    

Two types of  e lec t rof ish ing boats  were used dur ing e lect rof ish ing surveys  dependent  

on the task and s i te locat ion .  A 30 ’ a luminum boat  (Kann Manufactur ing ,  Iowa)  w i th 

an ETS Tr ident  e lec t rof ish ing  contro l  uni t  and assoc iated gear  w ere used for  

captur ing  f ish  dur ing rad io  tagg ing,  a l l  CPUE surveys ,  and o ther  sampl ing in  2023 

and 2024.  As water  levels  were o f ten too low in 2025 to  use th is  s tandard 

e lect ro f ish ing  boat ,  spr ing cana l  sampl ing  and other  e lec t rof ish ing surveys were 

completed wi th  a 17 ’ a luminum johnboat  wi th a  15-hp outboard .  Assoc ia ted 

e lect ro f ish ing  gear  for  th is  boat  was the same as above,  except  ins tead of  being  

powered by a  5 ,000-wat t  generator,  i t  used two 2200i  Honda generators  in  para l le l  

wi th combined peak output  of  4 ,200 wat ts .  Regard less of  the boat  or  gear  used,  the 

operator  at tempted to  main ta in  output  a t  1 ,600 and 2,000 wat ts  at  a l l  t imes .  A l l  

e lec t ro f ish ing  surveys  were completed wi th  two net ters .   

Box nets  were  a spec ia l ized gear  rout ine ly  used in remova l  of  carp .  These were 30 ’ x  

60 ’ x  10 ’ deep wi th  1 7/8”  square  mesh,  ba i ted ,  rec tangular  nets  that  l ie  f la t  on the 

substra te  unt i l  t r iggered by pu l l ing e ight  ropes wh ich ra ise the s ides of  the net s  and 

t rap  any f ish w i th in.  These nets  require the habi tuat ion o f  carp feed ing on ba i t  ( i .e . ,  

c racked corn,  soy cakes,  etc . )  to  be  an effec t ive  remova l  tool .  Therefore ,  they were 

not  moved of ten ,  as  i t  takes t ime for  carp to  move in to an area and u t i l ize the food 

source.  Th is  t imeframe seemed to be fur ther  extended for  Lake Mat tamuskeet  carp ,  

whether  i t  be  due to  low dens i ty  or  other  fac tors .  Fur thermore,  a l though water  depth 

in  the lake was idea l  for  box net t ing ,  much of  the substra te was  not  sui table.  As we 

t r ia led exp loratory  box net  se ts  around the lake ,  the 10 ’ posts  used as a leverage 

po in t  for  pu l l ing the s ides of  the net  up wou ld s ink  to depths in wh ich the net  wou ld  

bare ly,  i f  a t  a l l ,  emerge f rom the water ’s  sur face.  Unders tandab ly,  th is  wou ld resul t  

in  escaped carp.   

Another  issue encountered w i th the  substrate  arose when wave ac t ion would bury  

the  net  overnigh t  and prevent  the s ides o f  the net  r is ing  when t r iggered,  again 

resul t ing in los t  carp.  Al though we had a  few o ther  s i tes  around the lake that  were 

moderate ly  successfu l ,  s i tes  a long the causeway  seemed to  be the most  effec t ive,  in  

terms  of  access,  t r igger  success,  and the abi l i ty  to create ar t i f ic ia l  aggregat ions o f  

carp w i th ba i t .  The sandy substrate he ld the  pos ts  much more sol id ly  than other  

areas  of  the lake and f ish  seemed less read i ly  “ f ished out”  o f  a  local ized area,  

whether  due to h igher  overal l  carp dens i t ies  or  gradual  replacement .  

Each o f  the  nets  were  t r iggered,  ba i ted ,  and checked once per  day,  e i ther  in  the 

ear ly  morn ing or  at  dusk.  Anywhere f rom one to f ive  nets  were ac t ive at  a g iven t ime.  

For  most  of  summer / fa l l  o f  2024 and a l l  o f  2025,  there were four  act ive nets  a long 

the  causeway:  two on the  east  and two on the west .  Pr ior  to  th is ,  two nets  were 

act ive on the causeway and other  two were used in other  par ts  o f  the  lake.  In tota l ,  

box nets  were t r iggered 112 t imes.   

Gil l  ne ts  were  another  gear  rout ine ly  used dur ing remova l  effor ts ,  espec ia l ly  in  fa l l  

2024 through 2026.  G i l l  nets  were most  of ten se t  in  the deep ho les on e i ther  s ide of  

the  causeway cu lver t  dependent  upon wind d irec t ion  but  were a lso used extens ive ly  

in  the deep holes near  the USGS gauges in  the w inter  months.  Monof i lament  nets  of  

4 d i f ferent  d imens ions  were used :   
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1)  3’ X 100 ’ (6” -mesh s t retch)  (2)  

2)  15 ’ X 300’ (5” -mesh s t retch ( 3)  

3)  10 ’ X 300’ (5” -mesh s t retch (2)  

4)  20 ’ X 600’ ( 5” -mesh s t retch ( 2)  

These nets  were used at  var ied  amounts  and leve ls  of  success.  Many of  the carp in  

Lake Mat tamuskeet  are th in enough to  not  be re l iably  ca ught  in  6” -mesh  (s t re tch) ,  

a l though i t  is  commonly  used in carp removal .  Because o f  th is ,  nets  w i th 5” -mesh 

(s t retch)  were used the most  of ten.  Un less inc lement  weather  in te r fered,  ne ts  were  

usua l ly  soaked f rom 1  – 2 hours ,  most  of ten  near  the  f low of  the causeway culver ts  

or  in  the deeper  ho les  on each s ide of  the lake in  w in ter  months.  Whi le  many g i l l  

nets  were set  in  a  s tandard/ random manner,  we a lso  used them in a  few ways tha t  

may confound ca tch-per -un i t  e ffor t  (CPUE) somewhat .  We of ten  bai ted an area w i th 

cracked corn wh i le  soak ing g i l l  ne ts  and then se t  in  the same genera l  area over  the  

proceed ing days unt i l  catch rates markedly  dec l ined.  They were a lso used to set  in  

re lat ive prox imity  to  box nets  when ar t i f ic ia l  aggregat ions  of  carp had formed near  a 

box net .  Some o f  these carp seemed to feed noc turna l ly,  but  s tage nearby,  there fore 

the  g i l l  nets  a l lowed us to capture  those tha t  were hab i tuated to  bai t  but  le f t  the box  

net  in  be tween t r iggers .  F ina l ly,  they  were a lso used as “b lock nets”  when carp were 

suspected o f  mov ing up a canal  dur ing  spawning season  or  in  other  s imi lar  

s i tuat ions .  
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Figure 2. Location of gear sets of which GPS coordinates were available. 

Catch-Per-Unit Effort (CPUE)  

CPUE was  ca lcu lated for  a l l  gear  types to  moni tor  catch rates  across the lake  and 

assess re la t ive gear  e ff ic iency in captur ing  carp.  Bai ted hoop net  and t rap net  CPUE 

were  ca lcu la ted by  net  n ight :  

CPUE = Number  of  Carp  /  Number  of  Consecut ive Net  N ights  

An average and assoc ia ted s tandard er rors  of  the per  net  va lues was then calculated  

for  repor t ing.     

As box nets  were a gear  w i th both pass ive and act ive at t r ibu tes ,  CPUE was s imply  

calcu lated as fo l lows:  

CPUE =  Number  of  Carp /  Box Net  Pul l  (or  L i f t )  

An average and assoc ia ted s tandard er rors  of  the per  pu l l  va lues was then 

calcu lated for  repor t ing.  
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Electrof ish ing CPUE was ca lcu lated us ing  an average t ransect  t ime of  0.29hrs  

(17.5min)  over  36 t ransects .  I t  was ca lcu lated as  fo l lows:  

CPUE = Number  of  Carp /  Average Transect  Time  

As ment ioned above,  g i l l  nets  were somet imes used in  a manner  in  which the y  were 

set  on or  near  smal l  schoo ls  of  carp  and as such resu l tant  CPUE values are  l ike ly  

b iased to some ex tent .  Caut ion is  warranted i f  us ing these CPUE values for  

compara t ive purposes  in the  fu ture.  Nonetheless,  g i l l  net  CPUE was ca lcu la ted as  

fo l lows:  

CPUE = Number  of  Carp /  (Soak Time x  Net  Length  [ f t ] )  

An average and assoc ia ted s tandard er rors  of  the carp per  ne t  length ,  per  hour  

values was then ca lcu la ted  for  repor t ing .   

Seine CPUE was ca lculated by d iv id ing the number  o f  carp caught  in  a haul  by  the 

length of  the seine  (3,000’) ,  as  fo l lows:  

CPUE = Number  of  Carp /  Net  Length ( f t )  

Across a l l  ca lculat ions based on season,  w inter  was  def ined as the months of  

December,  January,  February,  and March,  spr ing  inc luded Apr i l  and May,  summer 

was June,  Ju ly,  and August ,  and Fa l l  was  September,  Oc tober,  and November.    

Abundance  

Two methods were used in es t imat ing  carp abundance in Lake Mat tamuskeet :  an 

area swept  ca lcu la t ion us ing the commerc ia l  se ine data and a mark - recapture s tudy 

ak in to Lamb (2020) .   

In  est imat ing carp abundance v ia the  commerc ia l  se ines,  f i rs t ,  the area o f  a  c i rc le  of  

2,500 ’ seine  was ca lculated  and the resul tant  value  d iv ided by two  as  a seine  hau l  

most  c lose ly  geometr ica l ly  approx imates  a semi-c i rc le .  Square  footage was then 

conver ted to acreage.  Each seine  event  approx imate ly  swept  81.14 acres .  Dens i ty  

(carp/acre)  was then calcu lated as fo l lows:  

N = Number  of  Carp  /  81.14  acres  

The average and assoc iated s tandard  er ror  across a l l  se ine events  were  then 

calcu lated.  This  was  extrapolated to  a  to ta l  lake value  by mul t ip ly ing by tota l  lake  

acreage (40,312 acres) .   

Biomass was est imated s imi lar ly,  us ing tota l  pounds of  carp f rom each se ine haul  as  

fo l lows:  

Biomass  per  Acre  = Tota l  Pounds /  81.14  acres  

The average and assoc iated s tandard  er ror  across a l l  se ine events  were  then 

calcu lated.  This  va lue  was then extrapolated to a tota l  lake value  l ike  the abundance 

value above.   

In  la te  September  2025,  WSB and USFWS s taff  enc losed 135 acres of  Rose Bay to 

update the mark - recapture est imate  conduc ted in 2018 (Lamb 2020) .  T-posts  and 

pane l  fenc ing were used in exc luding the  main lake and the opening to  the canal  was  
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blocked off  us ing a combinat ion of  t -posts ,  fenc ing and 3-4”  mesh g i l l  nets .  The ~15’ 

por t ion b locked by g i l l  ne ts  was  not  fenced in so  s taff  could enter  and ex i t  the  

enc losure wh i le conduct ing the survey.  Two gi l l  nets ,  set  para l le l  wi th each o ther  and 

the  fence l ine ,  were used here as a  precaut ion against  f ish enter ing or  ex i t ing  v ia 

the  opening  in the fence.  

In i t ia l ly,  s taf f  p lanned on conduct ing a l l  mark - recapture  effor ts  v ia  e lec t rof ish ing 

gear  as done dur ing the 2018 survey,  however,  average water  depths  of  ~1 ’ made 

t ravers ing the  area whi le  e lec t rof ish ing inef f ic ient ,  i f  not  imposs ib le .  Effor ts  were 

then shi f ted to conduc t ing the mark - recapture  us ing g i l l  nets  and hoop nets .  Three of  

the  5 ’ hoop nets  ment ioned above were set  (unba i ted)  and remained at  the ir  set  

locat ions throughout  the survey.  Inc luding  the two g i l l  nets  at  the  canal  opening,  

seven g i l l  ne ts  were  used in  captur ing carp .  Four  o f  these nets  were 10 ’ X 300’ w i th 

4”  mesh (5”  s t retch) ,  another  10 ’ X 600’ w i th 3”  mesh (4 ”  s t retch) ,  and  f inal ly  a 20 ’ X 

600’ net  wi th 6”  mesh.  Whi le the  lat ter  was s t i l l  soaked and moni tored throughout  the 

survey,  we noted ear ly  on  that  the mesh s ize and “ r ig id”  ny lon  mater ia l  were  l ike ly  

a l lowing most  carp  to  swim through (F igure 3) .  The on ly  two carp  caught  in  th is  net  

were  captured by entang lement  of  the serrated dorsal  sp ine.   

Nets were checked tw ice a day (morn ing and even ing)  for  two days.  Each captured 

carp was g iven a le f t  pe lv ic  f in  c l ip  as a  mark and a l l  o ther  spec ies were re leased .  

Af ter  each net  was  checked,  marked carp were t ranspor ted in  a l i ve -we l l  to  an area 

in  the enc losure as fa r  as  reasonably  poss ib le f rom nets .   

In  tota l  48 carp were captured ,  for ty - f ive marks remained by the f ina l  recap ture day 

af ter  mor ta l i t ies ,  and 18 were recaptured.  The Chapmon-Robson modi f icat ion of  the 

L inco ln-Peterson method was used in est imat ing popu lat ion  s ize  (N)  w i th in the  

enc losure.  The equat ion was as fo l lows:  

𝑁 = (
(𝑀 + 1)(𝐶 + 1)

(𝑅 + 1)
) − 1 

where M was the  number  of  marked carp ,  C was the  tota l  number  of  captured carp,  

and R was  the number  of  recaptured carp.  The resu l t ing popu la t ion es t imate (N)  was 

then d iv ided by the ac reage of  the enc losure to produce a  dens i ty  (carp/acre)  value .  

This  value was mult ip l ied by tota l  lake acreage  to  produce a tota l  abundance 

est imate .  Biomass was calculated by mul t ip ly ing  th is  number  by the mean weight  of  

carp (4.52 lbs . )  across a l l  samples .  Assoc ia ted s tandard  er rors  were then ca lcu lated 

as above.      
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Figure 3. Map showing locations of enclosure fencing, gill nets, and hoop nets during mark-recapture efforts in September 2025. 

Size Structure, Age Structure, and Population Dynamics  

In  assess ing  s ize  s t ructure ,  weights  and lengths  f rom 1,065 carp were  recorded 

across a l l  gear  types.  Average length  and weight  were  ca lcu lated us ing these data  

and s ize s t ructure and we ight  d is t r ibut ion graphs produced.   

Subsets  of  carp  were  col lec ted for  age and growth ana lyses in  October  2024 and 

February  2025.  In tota l ,  260 oto l i ths  were  removed for  sect ioning  and age ing,  

however  annul i  on  seven and twe lve  sect ioned samples were  i l leg ib le in  2024 and 

2025,  respect ive ly,  br ing ing the  tota l  of  processed oto l i ths  to 245.  Twenty -e igh t  o f  

these oto l i ths  were f rom carp  caught  in  a nearby  impoundment ,  there fore 217 

oto l i ths  came f rom f ish in  the main  lake .  These samples were  used in assess ing  age 

s t ructure,  f i t t ing a von Ber ta lanffy  growth curve,  and est imat ing  mor ta l i ty  (2024 

samples on ly) .  Parameters  f rom these analyses wi l l  be used in  carp b iomass 

s imulat ion mode l ing e ffor ts  by East  Carol ina Univers i ty  in  the near  future.  Samples 

f rom 2025 w i l l  a lso  be used in  a comparat ive age ing ana lys is  of  hard -par t  s t ruc tures ,  

as  dorsa l  sp ines were  col lec ted f rom carp in 2025 a lso .   

Oto l i ths  were embedded in West  Systems 105 epoxy res in  and sect ioned wi th a 

Bueh ler  Isomet low speed saw.  Af ter  sect ion ing,  oto l i ths  were  mounted to 
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microscope s l ides  and processed separate ly  by two independent  readers .  O to l i ths  

were  v iewed us ing  an AmScope  microscope under  4x magn i f ica t ion  and an AmScope 

FMA037 camera and assoc ia ted so f tware .  Samples  for  wh ich reader  agreement  was 

not  exac t ,  a th i rd “concer t  read”  was comple ted .  Agreed upon ages f rom the concer t  

read were then f inal ized  for  ana lys is .   

Tota l  annual  mor ta l i ty  (Z )  of  carp  was  est imated us ing  a catch -curve ana lys is  based 

on age- f requency data  f rom the fa l l  2024 e lect rof ish ing  surveys .  Only  fu l ly  recru i ted  

age c lasses were inc luded in the  ana lys is  to meet  the  assumpt ions o f  ca tch -curve  

methods.  This  ana lys is  was conducted according to  Og le  (2016)  us ing the  FSA 

package in R Stud io (R core Team, vers ion  4.4 .0) .  

The Chapman–Robson es t imator  was used to est imate  ins tantaneous tota l  mor ta l i ty  

rate  (Z ) ,  as  th is  method,  ins tead o f  a weighted regress ion ,  was used in  2020 and we 

des ired to repeat  the past  ana lys is  as c lose ly  as  poss ib le.  Smi th et  a l .  (2012)  found 

less than a 6% d i f ference in  the est imates o f  Z  when compar ing the two methods ,  

wh i le not ing that  the Chapm an–Robson method per formed bet ter  in  terms of  

var iance.  Th is  es t imator  assumes constant  recru i tment ,  constant  mor ta l i ty  across 

fu l ly  recru i ted age c lasses,  and equal  vu lnerab i l i ty  of  those age c lasses  to  the 

sampl ing gear  (Og le 2016) .  

Age f requenc ies were  t runcated to exc lude par t ia l ly  recru i ted  younger  age c lasses .  

The min imum fu l ly  rec ru i ted  age was ident i f ied as the  peak age at  wh ich  the 

descend ing l imb of  the ca tch curve began and age f requenc ies dec l ined w i th 

increas ing age.  The descending l imb was  a lso r igh t - t runcated by  on ly  inc luding  ages 

up unt i l  the f i rs t  age wi th zero catch .   

Age and growth of  carp were eva luated us ing the  von Ber ta lanf fy  growth model .  F ish 

ages were est imated f rom oto l i ths  f rom 2024 and 2025 and tota l  length  (TL;  in)  was 

recorded for  each ind iv idua l  at  the t ime of  capture .  On ly  f ish w i th conf ident ly  

ass igned ages were  inc luded in growth ana lyses.  However,  due to  lack of  young f ish  

in  the dataset  f rom the main lake,  lengths and ages f rom 30 f ish  captured in  a  

nearby impoundment  were  inc luded to f i t  the curve .    

The von Ber ta lanf fy  growth func t ion  (VBGF) was f i t  to  observed length -a t -age data :  

𝐿𝑡 = 𝐿∞(1−𝑒−𝐾(𝑡−𝑡0)) 

where 𝐿𝑡  is  the  pred ic ted  tota l  length at  age 𝑡,  𝐿∞i s  the asymptot ic  length,  𝐾 is  the  

Brody growth coeff ic ient  descr ib ing the  rate at  wh ich 𝐿∞ is  approached,  and 𝑡0 is  the  

theore t ica l  age at  which length equa ls  zero.  

Model parameters  ( 𝐿∞,  𝐾,  and 𝑡0)  were  est imated us ing non l inear  least -squares 

regress ion in  the R Stud io  FSA package (Ogle  2016) .  In i t ia l  parameter  va lues were 

selected based on observed s ize  d is t r ibut ions and prev ious ly  pub l ished growth  

est imates for  common carp.  Mode l  f i t  was  evaluated v isua l ly  by  over lay ing the f i t ted 

growth curve on observed length -at -age data and by examin ing res idua l  pat terns.  

Assoc iated conf idence interva ls  were  boots t rapped wi th rep lacement  us ing 1,000 

i terat ions f rom the or ig ina l  length -at -age data.   

As most  carp  captured throughout  2023 –  2026 appeared to be emac iated and/or  of  

poor  hea l th ,  body condi t ion  of  carp was eva luated us ing  re la t ive we ight  ( Wr ) .  To ta l  
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length (TL;  mm) and we ight  (W; g)  were  recorded for  970 ind iv idua ls  f rom the main 

lake a t  the  t ime of  capture.  Re lat ive we ight  was calculated as:  

𝑊𝑟 = (
𝑊

𝑊𝑠
) × 100 

 

where 𝑊 is  the  observed we ight  of  an indiv idual  f ish and 𝑊𝑠 is  the  s tandard  weight  

pred ic ted  f rom a common carp-spec i f ic  s tandard we ight  equat ion  (𝑊𝑠 =  −4.639 +

2.920 × log10𝑇𝐿) (B is ter  et  a l .  2000 ;  Snow e t  a l .  2020) .  

US Fish and Wi ld l i fe  Serv ice (USFWS) s taf f  removed 30 adu l t  carp f rom a  nearby 

impoundment  dur ing a  beach se ine event  af ter  a  drawdown. Lengths and we ights  

f rom these f ish were recorded and re la t ive we ights  of  these f ish were  ca lcu la ted as  

above.  Re lat ive condi t ion of  these f ish were  then compared to  the 970 indiv idua ls  

f rom the main lake  v ia  a one-way ANOVA, a l though resu l ts  should be v iewed w i th 

caut ion due to d ispar i ty  between sample s ize o f  the  two groups .   

Fish Community Statistics and Bycatch  

Throughout  a l l  carp  sampl ing and remova l  effor ts ,  o ther  f ish  spec ies were 

encountered and/or  captured as bycatch .  Whi le  no morphometr ic  data was col lec ted 

for  any of  these spec ies as Nor th Carol ina Wi ld l i fe  Resources Commiss ion  (NCWRC)  

moni tors  and manages spor t f ish popu la t ions and f ish  community  assemblages for  the 

lake,  general  abundance data was co l lec ted.  These data  were repor ted as tota l  catch 

across a l l  gear  types and then broken down by each gear  type.  Unders tand ing 

abundance of  some of  these spec ies may be valuab le to  fu ture carp management  

effor ts  in  terms  of  potent ia l  predat ion upon young -o f-year / juveni le  carp,  

heterospec i f ic  compet i t ion,  etc .  For  example ,  Poo le and Bajer  (2019)  and o ther  

s tud ies  have documented the reduct ion in  recru i tment  success of  carp in  hab i tats  

wi th s t rong b lueg i l l  popu la t ions.  A l though cons ider ing habi tat  use across l i fe  

h is tor ies  of  other  oppor tunis t ic  p isc ivorous  spec ies (e.g . ,  wh i te perch,  channe l  

cat f ish,  e tc . )  may not  over lap w i th young carp  and the genera l  lack of  unders tand ing  

of  their  re lat ionsh ips ,  there may be some potent ia l  for  predat ion  and/or  other  

de le ter ious impacts  on carp abundance  f rom o ther  f ish  spec ies .  
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Results  

Telemetry and Movement  

Of the th i r ty -n ine (39)  imp lanted rad io tags ,  twenty -e igh t  (28)  un ique f requenc ies 

were  heard dur ing f ie ld te lemetry  surveys  

Heat maps us ing a l l  te lemetry  survey data were  produced to create a v isua l  

representat ion of  carp  dens i t ies  or  t rends across seasons ;  spec i f ica l ly  the  

spr ing/ear ly  summer spawning per iod and the remainder  o f  the  year .  By p lot t ing  a l l  

l is tening  locat ions where a handhe ld  te lemetry  survey was comple ted  and 

referenc ing the  tag detect ion buffer  range of  0.29  km (determined dur ing the  spr ing  

and summer months)  assumpt ions on  carp spat ia l  d is t r ibu t ion  can be made.  The heat  

maps represent  detect ions o f  rad io  tagged carp across a l l  l is ten ing po ints .  A l l  points  

f rom which tagged carp were l is tened for  were inc luded.   

 

Figure 4. Heat map showing distribution of radio tagged carp detections during the spring/early summer spawning period.   

The scale color  grad ient  increases f rom purple ( low number  o f  de tect ions )  to ye l low 

(h igh number  of  detec t ions ) .  These ye l low areas show where  radio tagged carp were 

most  of ten d is t r ibuted across a l l  surveys dur ing th is  per iod .   
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Spawning per iod  d is t r ibut ion is  greater  a long the  causeway and in  areas near  cana l  

out lets  (F igure  4) .  This  may ind ica te that  carp are at tempt ing to use the canals  as 

migra t ion  routes .  

 

Figure 5. Heat map showing distribution of radio tagged carp detections during the spring/early summer spawning period. 

The fa l l  ( remainder  o f  the year)  d is t r ibut ion shows carp  more wide ly  d is t r ibuted  

(F igure 5) .  Pr imary  d is t r ibut ion is  s t i l l  found a long the  causeway,  bu t  carp are found 

in  most  other  areas o f  the lake and  not  found on ly  near  the out let  cana ls .  This  may 

be a funct ion  o f  carp forag ing or  responding to b io t ic  or  ab io t ic  s t imu l i .  

At the s tar t  of  the pro ject ,  we had p lanned to use rad io  tagged carp to ident i fy  when 

and where large aggregat ions formed and target  those for  large scale removal  as  in  

other  s imi lar  pro jects ,  bu t  rad io tagged carp  never  formed an aggregat ion where 

more than 2 or  3  rad io  tags were found.   Th is  may be due to the  homogenei ty  o f  the  

habi tat  across the lake.   

Movement  o f  tagged carp was determined by analyz ing sh i f ts  in  pos i t ion of  each 

rad io tagged carp f rom i ts  or ig ina l  pos i t ion of  the re lease in December  2023 

(Append ix  B) .  This  analys is  showed us tha t  carp behaved ind iv idual ly  w i th no  pat tern  

ident i f ied  across a l l  rad io  tagged carp.  For  example ,  radio tagged carp f rom group 1 
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(wi th the  except ion of  1 indiv idua l) ,  were found to  s tay in  a  roughly  1.5 km radius o f  

the  re lease s i te,  wh i le  rad io  tagged carp f rom groups 2 and 5  were found throughout  

a l l  areas o f  the  lake.  No rad io  tagged carp were  found outs ide  the lake,  in  cana ls ,  o r  

wi th in impoundments .  Maps showing d is t r ibu t ion and movement  o f  indiv idua l  tags 

f rom each tagg ing group can be found in  Append ix  B.  

A ser ies  of  maps us ing hexagons s ized to the same detect ion range used for  the 

heat  maps (0 .29 km) were  created to fur ther  unders tand d is t r ibu t ion of  rad io tagged 

carp,  te lemetry  survey effor t ,  and number  of  un ique detect ions.  

To s tandard ize  te lemetry  survey effor t ,  a  hexagona l  map was created to represent  

Lake Mat tamuskeet  in  a gr id - l ike  s t ruc ture  to ana lyze spat ia l  pat terns.  This  was done 

to be  able to normal ize effor t  data  where the number  o f  te lemetry  surveys a t  each 

l is tening  point  was  d ispropor t ionate .  A tota l  of  523 spat ia l ly  va l id  detect ions were  

ident i f ied  f rom the dataset .  Detect ions  were  reduced so  that  each ind iv idual  

f requency was counted on ly  once per  l is ten ing event .  This  was to reduce in f la ted  

numbers and ensure  t hat  each carp  was  counted a t  a  maximum of  one t ime per  

locat ion per  day.  The dataset  then conta ined 252 unique carp detect ions  af ter  

f i l ter ing.  L is ten ing events  were used as  the  un i t  o f  sampl ing effor t .  Th is  genera ted a 

hexagona l  tessel la t ion across the la ke us ing a  pro jected coordinate  system for  

accuracy.  The hexagons served as s tandard ized spat ia l  un i ts  for  summar iz ing  both 

te lemetry  effor ts  and carp detect ions.   

Figure  6 d isp lays l is tening  events  jo ined to the hexagona l  gr id  to calculate the  

number  o f  l is tening  events  per  hexagon.  The maximum effor t  observed w i th in a 

s ingle hexagon was 43 l is ten ing events .  This  map represents  the  spat ia l  d is t r ibu t ion  

of  survey ef for t .  
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Figure 6. Hexagonal grid of telemetry survey effort (listening events). 

Most  of  the effor t  was  expended along the causeway and land -based l is ten ing po in ts  

as these were more eas i ly  access ib le than those on the  water  and cou ld  be 

completed when w ind (or  o ther  weather)  prevented s taff  f rom be ing ab le to  access 

po in ts  on the  water.  

The second map was jo ined to the f i l tered carp detect ion layer  and to the  hexagona l  

gr id to ca lculate the  number  of  unique carp detect ions per  hexagon.  F igure  7  

represents  abso lu te  detec t ion  counts  wi thout  ad jus t ing  for  effor t .   The maximum 

number  o f  un ique carp detect ions w i th in a s ingle hexagon was 40.   
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Figure 7. Hexagonal grid of telemetry survey results showing number of detections per cell. 

Last ly  a DPUE (detect ions per  un i t  e ffor t )  metr ic  for  each hexagon was ca lcu la ted by 

d iv id ing un ique carp detec t ions by l is tening  events  (DPUE = Un ique Carp Detect ions 

÷  L is tening  Events )  (F igure 8) .  This  produced an effor t -adjusted index represent ing 

tha t  average number  of  un ique carp detected per  l is ten ing event  wi th in  each 

hexagon.  This  approach accounts  for  uneven sampl ing effor t  and a l lows for  

mean ingfu l  spat ia l  compar ison of  carp  act iv i ty  acros s the  lake.   

Each map was symbol ized us ing graduated color  c lass i f icat ion w i th the  Jenks 

Natura l  Breaks method.  Jenks c lass i f icat ion  min imizes  w i th in -group var iat ion and 

max imizes the between-group var iance a l lowing natura l  grouping in  the data to  

determine the breakpo ints .  Because eco log ica l  datasets  are of ten spat ia l ly  c lus tered 

and non-normal ly  d is t r ibuted,  th is  method prov ides a defens ib le and data -dr iven 

c lass i f icat ion.  Hexagons w i th zero l is tening  effor t  were exc luded f rom CPUE 

c lass i f icat ion or  symbol ized separat e ly  to  prevent  d is tor t ion of  the effor t -ad jus ted 

scale .  
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Figure 8. Detections per Unit Effort. 

Together  the  three maps represent  survey e ffor t  (events) ,  raw detect ion  intens i ty  

(detect ions) ,  and ef for t -s tandard ized detect ion intens i ty  (CPUE),  prov id ing 

complementary  perspect ives on spat ia l  carp ac t iv i ty.   

 

Monitoring and Removal  

Size Structure  

Of the 1,065 carp measured,  average length  was 21.9”  w i th  a  range o f  6”  –  34” .  Less 

than 14% of  these ind iv iduals  were be low 18”  TL w i th the major i ty  be ing 20 to  25”  

(F igure 9) .  Average weight  o f  these f ish  was 4.52 lbs .  (F igure  10) .  As some o f  the  

gears  used were l ike ly  b iased towards larger  ind iv idua ls ,  s ize  s t ructure f rom the 

e lect ro f ish ing  surveys  was assessed separa te ly  a lso .  Average length  o f  the  carp  

captured dur ing e lect rof ish ing were  20. 8”  w i th ind iv idual  lengths ranging f rom 6 ”  – 

28.13” .  Weights  of  these f ish ranged f rom 0 .5 lbs .  to  9 .5 lbs .   

Average length  o f  the  carp removed f rom the impoundment  was 19.3” ,  w i th lengths 

rang ing f rom 15”  – 27” .  On average,  impoundment  carp weighed  3 .63 lbs .  Weights  

ranged f rom 1.63 lbs .  to 9.48 lbs.  
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Figure 9. Length distribution of common carp measured from December 2023 to January 2026. 
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Figure 10. Weight distribution of common carp weighed from December 2023 to January 2026. 

Catch-Per-Unit Effort (CPUE)  

CPUE was  ca lcu lated for  each gear  type used  over  the course of  the  s tudy per iod  

and was genera l ly  low  (Tab le  1) .  Trap nets  were  the least  used gear,  as  th is  gear  

seems to  lack eff ic iency in  terms of  adul t  carp capture.  Average carp CPUE over  the  

s ix  sets  was  0.49 carp /net  n igh t  (SE,  0 .20) .   

Baited  hoop net  CPUE was a lso low at  0.87 carp/net  n ight  (SE,  0 .088)  (Table 1) .  

These hoop nets  were  set  a l l  over  the lake but  seemed to  be the  most  effec t ive in  

the  out f low f rom the causeway culver ts .   

The CPUE va lue for  box nets  would a lso be cons idered low i f  compared to other  

lakes w i th h igh dens i t ies  o f  carp  (Table 1) .  Over  112 box net  pu l ls ,  10.69 carp (SE,  

1.82)  were  caught  per  pu l l .  Average box net  CPUE was s teady across seasons ,  

except  dur ing the  w inter  months.  H ighest  CPUE was in  the fa l l  (18.67;  SE,  3 .80) ,  

fo l lowed by summer (18.33;  SE,  11.21) ,  spr ing ( 14.07;  SE,  4.16) ,  and w in ter  (1.80 ;  

SE,  0.74)  (F igure  11) .    

Average CPUE of  the  seine hau ls  was 0 .0 47 (SE,  0.012) .   
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Table 1.  Catch-per-un i t  e ffor t  (CPUE) by gear  type.  E lect rof ish ing values are  f rom 
2024 CPUE/abundance sampl ing and do not  represent  resu l ts  of  a l l  e lec t rof ish ing 
surveys .  Compar ing these va lues w i th future CPUE values  shou ld  be done so  w i th 

caut ion,  as  many of  the gears  were ba i ted .  

Gear Type  Equat ion  

Number  o f  

Sets /Transects  CPUE  SE  

Trap Net  # o f  Carp  /  # of  Days  6  0.49  0.20  

Hoop Net  # o f  Carp  /  # of  Days  186  0.87  0.088  

Box Net  # o f  Carp  /  Pul l  112  10.69  1.82  

Electrof ish ing  # o f  Carp  /  # of  Hrs  35  19.11  3.11  

Gil l  Net  

# o f  Carp  /  ( # of  Hrs  x  

Net  Length)  165  0.012  0.0022  

Seine  # o f  Carp  /  Net  Length  9  0.047  0.012  
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Figure 11. Average box net CPUE across seasons. Error bars represent standard error (SE). Sample size for summer was notably 
lower than the other seasons. 

Gil l  ne t  CPUE was  0.012 carp per  hour  per  net  length (SE,  0.0022)  (Table 1) .  

Seasona l ly,  g i l l  net  CPUE was cons is tent  w i th fa l l  (0.020;  SE,  0.003)  be ing the 

h ighest ,  fo l lowed by spr ing (0.012;  SE,  0.0026) ,  and w inter  (0.011;  SE,  0 .0041)  

(F igure 12) .  Winter  g i l l  net  catch ra tes  remain ing cons is tent  compared to the  other  

seasons were  l ike ly  due to  the re lat ive  eff ic iency o f  net t ing  in the  deep w in ter  ho les 

on each s ide o f  the  bas in  dur ing the w inter  months .  Th is  seems to show, to some 

degree,  that  carp form some semblance o f  aggregat ions  in these areas dur ing 

susta ined co lder  temperatures .  The dec l ine in  w inter  box net  ca tch ra tes  may  lend to 

th is  thought ,  as  some of  the  causeway carp may have le f t  for  the winter ing ho les .  

Equa l ly  p laus ib le ,  though not  mutua l ly  exc lus ive ,  is  tha t  w in ter  box net  catch  rate 

dec l ined due to carp feeding act iv i ty  dec l i n ing dur ing the w inter.    
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Figure 12. Mean Gill Net CPUE across seasons. No gill nets were set during the summer months. Error bars represent standard 
error (SE). CPUE values are carp per hour per length of net (ft). 

Electrof ish ing CPUE across a l l  s i tes  sampled in 2024 was comparab le  to  past  years  

of  e lec t ro f ish ing surveys  at  19 .11  carp  per  hal f  hour  (SE,  3 .11)  (F igure  13) .  Th is  is  

the  lowest  value  s ince 2017 (13.33 carp/hal f  hour) ,  as  2016 and 2018 va lues were  

21.51 and 21.75,  respect ive ly.  As a caveat ,  far  fewer  t ransects  were surveyed dur ing  

2017 and 2018 than in  2016 and 2024.  Because of  th is  and the  h igh propor t ion  of  

c rossover  between sample  s i tes  (22)  in  2016 and 2024,  these va lues were compared 

d irec t ly.  

Compar isons of  CPUE values  f rom the 22 ana logous s i tes  in  2016 and 2024 showed 

tha t  carp per  ha l f  hour  values were lower  in  2024 (17.87;  SE,  2 .88)  than in 2016 

(20.22;  SE,  4.11)  (F igure 14) .   
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Figure 13. Average electrofishing CPUE across survey years. Number of transects sampled differed between years with the 
largest number of surveys and the highest degree of transect site correspondence being between 2016 and 2024. 
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Figure 14. Comparison of electrofishing CPUE including only sites sampled (n=22) in both 2016 and 2024. 

Abundance  

In  updat ing  the Lake Mat tamuskeet  carp abundance est imate,  two methods were  

used:  an area swept  ca lculat ion us ing  catch  data  f rom the se ine hau ls  and a  mark-

recapture survey in Rose Bay,  s imi lar  to the 2018 effor t  (Lamb 2020)  (Table 2) .   

Dens i ty  (carp/ac)  was  est imated to  be 1.73 (SE,  0.44)  by the  area-swept  method.  

This  value mult ip l ied by tota l  lake acreage (40,312 ac)  produced an abundance 

est imate  of  69,554 carp (SE,  17,716) .  B iomass ( lbs /ac)  was est imated to be  8 .51 

(SE,  1.97) .  This  value  mult ip l ied by tota l  lake acreage y ie lds  a  tota l  b iomass 

est imate  343,258 (SE,  79 ,475) .  

From the mark - recapture survey,  dens i ty  was est imated to be 0.88 carp/ac .  Th is  

value mul t ip l ied by tota l  lake acreage y ie lded a  tota l  lake abundance est imate of  

35,474 carp (Tab le  2) .  B iomass ( lbs /ac)  was  4.52 lbs /ac .  In th is  case,  to ta l  lake 

b iomass wou ld  be 182,210 lbs .  We were  unable to calculate s tandard er rors  for  

these va lues as i t  was  a s imple mark - recapture survey,  thus  ana lyzed as one event .   
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Table 2.  Compar ison of  abundance and b iomass est imate  by method.  

Gear Type/Method  

Dens i ty  

(carp/ac)  

Biomass 

( lbs /ac)  

Number  o f  

Ind iv idua ls  

Tota l  

Biomass  

Area Swept   

(seine)  1.73 (SE,  0.32)  8.51 (SE,  1.42)  69,554  343,258  

Mark-Recapture  

(g i l l  nets)  0.88  4.52  35,474  182,210  

 

Removal  

Across a l l  gear  types,  3,821 indiv idual  carp  were  removed f rom Lake Mat tamuskeet .  

This  accounts  for  an approx imate 18,142 pounds o f  carp b iomass removed f rom the 

system. The major i ty  (1,239 carp;  6,141 lbs . )  were removed us ing box nets  fo l lowed 

by se ines (1 ,124 carp ;  5,247 lbs . ) ,  g i l l  nets  ( 828 carp;  3,938 lbs . ) ,  e lec t ro f ish ing  

(336 carp;  1,473 lbs . ) ,  hoop nets  (260 carp;  1,217 lbs . ) ,  beach se ine (30  carp ;  109 

lbs . ) ,  and t rap nets  (4  carp;  17 lbs . )  (Table 3) .   

Dependent  upon the  abundance/b iomass est imate method app l ied ,  th is  represents  

5.5% and 5 .3% of  the  abundance and b iomass removed ,  respec t ive ly,  according  to 

the  area swept  calculat ion and 10 .8% of  the abundance and 10.0% of  the b iomass 

removed accord ing to the  mark - recapture es t imate.   

 

Table 3.  Number  of  common carp  and b iomass removed by gear  type.  

Gear Type  Number  o f  Ind iv idua ls  Biomass Removed ( lbs)  

Trap Net  4  17  

Hoop Net  260  1,217  

Box Net  1,239  6,141  

Beach Seine  30  109  

Electrof ish ing  336  1,473  

Gil l  Net  828  3,938  

Seine  1,124  5,247  

Tota l  3,821  18,142  

  

Age Structure and Population Dynamics  

Understanding age of  the  Lake Mat tamuskeet  carp popu lat ion was a data gap  near  

the  end  of  2024.  Lack ing th is  in format ion inhib i ted the  abi l i ty  to unders tand growth 

and age s t ruc ture  o f  the popu lat ion ,  mak ing determin ing i f  the popu la t ion  is  made up 
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of  young ind iv idua ls  or  o lder  adu l ts  undergo ing suppress ion  of  growth  due to  lack o f  

food resources  or  dens i ty -dependent  l im i t ing fac tors  d i f f icu l t .  S tunted  carp wi l l  o f ten  

be of  comparab le s ize  as younger  f ish  pas t  age-3.  I t  a lso means that  in format ion 

about  recru i tment ,  or  the  surv iva l  o f  f ish  f rom larva l  s tage to  sexual  matur i ty,  is  

unknown or  anecdota l  at  best .  In  terms of  carp remova l  as  a  management  too l ,  a l l  

these data are  impor tant  in  de termining the  need  and v iab i l i ty  o f  remova l  ef for ts .   

From the 217 oto l i ths  processed  f rom the main lake ,  average age was 15 years  o ld  

and ranged f rom 1 – 33 years  o ld .  Seventy -n ine  percent  of  the indiv idua ls  aged were 

between 10 and 18 years  o ld  and 96% were  10 years  o ld or  greater.  Four  percent  o f  

the  aged indiv iduals  were less than 10 years  o ld  (F igure 15;  F igure 16) .  F ive o f  

these indiv iduals  were  age-1  f ish and were captured v ia  e lec t rof ish ing  near  the Lake 

Land ing Cana l  t ide gate.  USFWS staff  had ra ised the gate s l ight ly  for  a s tudy  

focused on carp use o f  the canal  under  vary ing f low condi t ions .   

I t  is  poss ib le these age-1 f ish came f rom the o ther  s ide o f  the  contro l  s t ruc ture as 

they  were smal l -bod ied (5” -7” )  and may have avoided mor ta l i ty  un l ike the  larger  carp 

tha t  go through the pumps  and rece ive mor ta l  wounds .  I t  is  a lso poss ib le tha t  they 

went  through the gap at  the bot tom o f  the  gate .  Young carp have not  been captured 

e lsewhere  in the lake.  There  were no f ish of  the ages 7  – 9.  In  genera l ,  recru i tment  

over  the  las t  10 years  seems to be low and the  Lake Mat tamuskeet  carp popu lat ion 

large ly  compr ised of  o lder  adul ts .   

Many o f  the  grav id females ’ ovar ies  observed in the  main lake over  two spawning 

seasons showed s igns  of  egg resorpt ion  (F igure  28) .  G iven the energet ic  demands  of  

reproduc t ion ,  spawning success is  h igh ly  dependent  on phys io logical  hea l th  o f  

indiv idua ls  (Horvath  1986) .  Carp  may forgo spawning when underweight ,  h ighly  

s t ressed,  or  in  poor  hea l th .  Th is  is  another  potent ia l  l im i t ing fac tor  of  successfu l  

recru i tment  in  Lake Mat tamuskeet .   

Of the twenty-e igh t  carp aged f rom the impoundment ,  ages ranged f rom 2 –  33 years  

o ld w i th an  average age of  9 years  o ld.  F i f t y -seven percent  o f  these f ish were  less 

than 3 years  o ld  and 68% less than 6 years  o ld.  The remain ing n ine carp were a l l  

over  15 years  o ld (F igure  17 ;  F igure  18) .  A l though the  age ing data  f rom the 

impoundment  was l im i ted ,  there does appear  to be  recent  recru i tment  and poss ib ly  

fa i r ly  s teady recru i tment  unl ike  the main lake populat ion over  the  las t  ten  years .   

Whi le  th is  may  be due to lower  dens i t ies  of  YOY carp predators  in  the spec i f ic  

impoundment ,  Pumpkinseed and B lueg i l l  Sunf ish were abundant  in  o ther  

impoundments  sampled w i th t rap  nets .  I t  seems more probable that  i t  is  a product  of  

greater  ava i lab i l i ty  in  spawning /nursery  hab i tat  ( i .e . ,  SAV) ,  be t ter  access to food 

resources ,  or  most  l ike ly,  both .  Wr  va lues  seem to ind icate th is  a lso (F igure 21) .    
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Figure 15. Distribution of ages of common carp captured from the main lake. Year-1 fish came from Lake Landing canal near the 
tide gates. 

 



 

  
Population Monitoring, Movement, and Removal of Common Carp in Lake Mattamuskeet 
US Fish and Wildlife Service 
WSB Project No. 023750-000  Page 30 

 

Figure 16. Length-at-Age of common carp captured from the main lake. Year-1 fish came from Lake Landing canal near the tide 
gates. 
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Figure 17. Age structure of common carp captured in impoundment (n=28). 
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Figure 18. Length-at-age of common carp captured in impoundment. 

Catch-curve ana lys is  us ing the Chapman–Robson est imator  produced an 

ins tantaneous to ta l  mor ta l i ty  es t imate  ( 𝑍)  of  0.26 (95% CI ,  0.22 – 0.30)  for  carp.  The 

corresponding annua l  surv iva l  rate  ( 𝑆)  was 0 .772 (95% CI,  0 .721 – 0.822) ,  and 

annual  mor ta l i ty  ( 𝐴)  was est imated at  0.227 (95% CI ,  0 .201 –  0.259)  (F igure  19) .  

These est imates ind icate  re la t ive ly  h igh annua l  surv iva l  of  fu l ly  recru i ted  age 

c lasses,  w i th approx imate ly  77% of  ind iv idua ls  surv iv ing  f rom one year  to the  next .  

Such surv iva l  rates  suggest  tha t  adul t  carp pers is t  in  the popu la t ion for  m any years ,  

contr ibut ing to a s tab le age s t ructure  dominated by o lder  ind iv iduals .  Under  these 

cond i t ions,  populat ion  reduct ion through natura l  mor ta l i ty  a lone is  l ike ly  to occur  

s lowly.  However,  at  least  in  recent  years ,  recru i tment  seems to be min imal ,  so,  

present ly,  there may  be few young carp  to rep lace the  o lder  s tock  in the  fu ture.   
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Figure 19. Results of catch curve from aged fish caught during electrofishing surveys in 2024. 

A von Ber ta lanf fy  growth  curve was  f i t  to  the observed length-at -age data.  Est imated 

growth parameters  were an asympto t ic  length (L∞ )  of  21 .01”  (95% CI,  20.78”  – 

21.24”) ,  a  Brody  growth coeff ic ien t  ( K )  of  0.98 (95% CI,  0.79 – 1.22) ,  and a 

theore t ica l  age at  length  zero  ( t0 )  o f  0 .60 (95% CI ,  0 .38 – 0.74)  (F igure  20) .  These 

values d id no t  d i f fer  much f rom those est imated by Lamb (2020)  (L∞=21.27” ,  K=0.68,  

t0=0.52) .   

As w i th the  observed lengths ,  pred ic ted  to ta l  length  increases rap id ly  up  to age-3,  

however,  s lows drast ica l ly  in  o lder  carp.  A 20”  ind iv idual  may be of  a w ide range o f  

ages,  f rom age-4 to age-27.  Var iat ion among length -a t -age was  greatest  among 

these indiv iduals .   
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Figure 19. Visualization of von Bertalanffy growth curves from 2018 (brown) and 2025 (black) fit to 2025 length-at-age data 
from fish captured in a nearby impoundment and the main lake. 

Mean re lat ive  weight  ( Wr )  for  the  main lake f ish  was 84.71 (SE,  0.48) .  Main lake Wr  

va lues ranged f rom 44.0 to 144.07 (F igure 21) .  A l though sample s ize was much 

smal ler  for  the impoundment  f ish,  mean Wr  was h igher  (91 .39;  SE,1.95)  and wou ld 

be cons idered heal thy  un l ike those f rom the main lake  which wou ld be cons idered 

c lose to severe ly  th in .  These va lues ranged f rom 72.13 to  114.17.   

I t ’s  poss ib le that  a large amount  o f  the  exceed ingly  h igh Wr  va lues in  the main lake 

were  f rom grav id  females ,  as  we d id  not  subset  by  season  and not  a l l  carp  length 

and weights  had correspond ing sex data .  The d i f ference in the  extent  o f  the  range o f  

values for  the two groups is  a lso interes t ing .  A large propor t ion of  the main  lake f ish 

were  severely  th in,  less so for  the impoundment .  However,  i f  sample s ize in  the 

impoundment  was larger,  a s imi lar  pat tern  may emerge.   

Resu l ts  of  the  ANOVA showed tha t  carp f rom the impoundment  had s ta t is t ica l ly  

s igni f icant  h igher  Wr  va lues than those f rom the main lake F(1,  998)=5.903,  

p=0.0153) .  As caut ioned above,  sample s ize  was h ighly  unbalanced.   
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Figure 21. Relative Weight (Wr) of common carp captured in Lake Mattamuskeet and a nearby impoundment. Red line 
represents normal, "healthy" condition and dashed black line is the mean Wr of each site. Box plot shows mean Wr for each site. 

 

Fish Community and Bycatch  

Whi le  no ana lyses  were conducted wi th the f ish  bycatch data  co l lec ted dur ing carp 

moni tor ing and removal ,  spec ies tota ls  across gear  types and assoc iated spec ies -

f requency graphs were produced in  the case i t  is  of  in terest  in  the future  (F igures  22 

– 27) .   

Blueg i l l  and other  centrarch ids may affec t  carp recru i tment  through loca l ized 

predat ion pressure in  nearshore habi ta ts ,  potent ia l ly  reduc ing surv iva l  o f  carp eggs 

and larvae (Poo le and Bajer  2019) .  This  may be the case for  oppor tunis t ic  omnivores 

l ike Channe l  Cat f ish and young White  Perch  a lso.  Anecdota l ly,  we observed 

decreased carp abundance fo l lowing two s t rong years  o f  channe l  cat f ish recru i tment  

in  a Nebraska lake.  I t  is  poss ib le that  juven i le  channe l  ca t f ish were prey ing  on carp 

eggs as b lueg i l l  are  known to do.    

Cons ider ing the  rapid growth carp  d isp lay  over  the ir  f i rs t  two years ,  overal l  

predat ion pressure f rom top-down predator  spec ies ,  l ike Largemouth  Bass,  is  l ike ly  

re legated to  age-0 and age-1 carp.  Juven i le  B ighead Carp were documented to be  a  

prefer red forage i tem over  nat ive forage by White Bass,  Black Crapp ie ,  and 

Shor tnose Gar  in  the  I l l ino is  R iver.  Th is  was  the case even as juven i le  b ighead carp 

became less read i ly  avai lable than other  prey spec ies  (Anderson et  a l .  2021) .  

Al though b lack crappie is  the on ly  spec ies of  these found in Lake Mat tamuskeet ,  
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White Perch and Longnose Gar  are  c lass i f ied in the same genera  as the other  two 

l is ted above.  Whi te  perch have been shown to become more p isc ivorous w i th  

increased age and s ize  and appear  to  be re lat ive ly  abundant  in  the lake;  however,  

habi tat  over lap  between young carp  and adul t  whi te  perch may be the  l im i t ing  fac tor  

in  terms of  substant ia l  predat ion  and carp  suppress ion .  Both crappie and gar  

demonstra te h igh leve ls  o f  p isc ivory,  therefore are poss ib le predators  of  young carp  

a lso.  However,  the re lat ionsh ips and in teract ions between these nat ive spec ies and 

invas ive  carp remain large ly  unexp lored.   

 

Figure 22. Number of individuals, other than common carp, captured for each species across all gear types in Lake 
Mattamuskeet and its associated canals and impoundments. ALC=Atlantic Croaker (1), BBH=Brown Bullhead (4), BLC=Black 
Crappie (59), BLG=Bluegill (196), BOW=Bowfin (210), CCF=Channel Catfish (83), EEL=American Eel (215), FLO=Flounder (44), 

GNS=Golden Shiner (19), GZD=Gizzard Shad (1767), HOG=Hogchoker (1), LAD=Ladyfish (1), LMB=Largemouth Bass (104), LNG= 
Longnose Gar (438), MUL= Mullet (1149), PKS=Pumpkinseed (299), THS=Threadfin Shad (679), WAR=Warmouth (3), WCF=White 

Catfish (1), WHP=White Perch (339), YBH=Yellow Bullhead (5). 
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Figure 23. Number of individuals, other than common carp, captured/observed for each species during electrofishing surveys at 
Lake Mattamuskeet and its associated canals. BBH=Brown Bullhead (1), BLC=Black Crappie (4), BLG=Bluegill (138), BOW=Bowfin 
(184), CCF=Channel Catfish (3), EEL=American Eel (174), FLO=Flounder spp. (9), GNS=Golden Shiner (4), GZD=Gizzard Shad (596), 

LMB=Largemouth Bass (94), LNG=Longnose Gar (149), MUL=Mullet spp. (1097), THS=Threadfin Shad (621), WAR=Warmouth 
(1), WHP=White Perch (129). 
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Figure 24. Number of individuals, other than common carp, captured for each species during gill net surveys on Lake 
Mattamuskeet. BLC=Black Crappie (126), BLG=Bluegill (7), BOW=Bowfin (5), CCF=Channel Catfish (45), FLO=Flounder spp. (6), 

GZD=Gizzard Shad (1114), LAD=Ladyfish (1), LMB=Largemouth Bass (5), LNG=Longnose Gar (145), MUL=Mullet spp. (15), 
WCF=White Catfish (1), WHP=White Perch (11), YBH=Yellow Bullhead (2). 
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Figure 25. Number of individuals for each species, other than common carp, captured during the hoop net surveys at Lake 
Mattamuskeet. BBH=Brown Bullhead (1), BLC=Black Crappie (21), BLG=Bluegill (16), BOW=Bowfin (5), CCF=Channel Catfish (14), 

EEL=American Eel (1), FLO=Flounder spp. (26), GZD=Gizzard Shad (21), HOG=Hogchoker (1), LMB=Largemouth Bass (1), 
LNG=Longnose Gar (68), MUL=Mullet spp. (32), WHP=White Perch (64). 
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Figure 26. Number of individuals for each species, other than common carp, captured during the trap net surveys at Lake 
Mattamuskeet. BBH=Brown Bullhead (1), BLC=Black Crappie (5), BLG=Bluegill (4), BOW=Bowfin (1), EEL=American Eel (18), 
FLO=Flounder spp. (2), LMB=Largemouth Bass (1), LNG=Longnose Gar (13), MUL=Mullet spp. (3), THS=Threadfin Shad (25), 

WHP=White Perch (16). 
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Figure 27. Number of individuals for each species, other than common carp, captured in mini-trap nets at Lake Mattamuskeet 
and its associated impoundments. ALC=Atlantic Croaker (1), BBH=Brown Bullhead (3), BLC=Black Crappie (3), BLG=Bluegill (31), 

BOW=Bowfin (13), EEL=American Eel (22), GDS= Golden Shiner (15), LMB=Largemouth Bass (3), MUL=Mullet spp. (2), 
PKS=Pumpkinseed (299), THS=Threadfin Shad (33), WAR=Warmouth (2), WHP=White Perch (119). 
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Discussion and Recommendations  

Common carp  abundance in  Lake Mat tamuskeet  appears  to be  substant ia l ly  lower  

than prev ious ly  thought .  Mul t ip le f ind ings f rom the current  pro ject  ind icate that  the 

current  popu lat ion  is  l ike ly  character ized by  l im i ted  recru i tment ,  poor  ind iv idual  

cond i t ion,  and an annua l  mor ta l i ty  ra te in  range o f  tha t  normal ly  assoc ia ted w i th 

carp,  resu l t ing in  a  popu la t ion  s t ructure  pr imar i ly  compr ised o f  o ld indiv idua ls .   

The apparent  absence of  successfu l  recru i tment  may  be a  key fac tor  expla in ing low 

observed abundance.  A to ta l  of  f ive young-o f-year  carp were sampled near  the  Lake 

Land ing canal  t ide gates,  apar t  f rom those very  few ind iv iduals  under  the age o f  10 

were  observed.  This  suggests  that ,  a t  least  cur rent ly,  in  the  lake’s  unvegetated 

s tate,  spawning e i ther  fa i ls  to produce v iab le offspr ing  or  that  ear ly  l i fe  s tages 

exper ience h igh mor ta l i ty.  I t ’s  poss ib le that  the rou t ine  b lueg i l l  s tock ing  conducted 

by Nor th  Caro l ina  Wi ld l i fe  Resources Commiss ion  is  a lso  fur ther  promot ing  th is  

recru i tment  bot t leneck .   

Whi le  not  except iona l ly  h igh ,  the  est imated annual  mor ta l i ty  rate of  22 .8%, in  the 

absence of  compensatory  recru i tment ,  is  suf f ic ient  to dr ive the popu la t ion  dec l ine 

(Table 4) .  Poor  re lat ive weights  and poor  indiv idua l  hea l th ,  according  to  USFWS f ish 

heal th ana lys is ,  prov ide add i t iona l  suppor t  for  th is .  Th is  seems to be due to a lack of  

food ava i lab i l i t y,  rather  than dens i ty  dependence as CPUE across gear  types was 

low.   

Imp lement ing  carp  bar r iers  may have a lso contr ibuted to the  reduct ion in  abundance 

by inter rupt ing impor tant  aspects  of  Lake Mat tamuskeet  carp l i fe  h is tory.  In  the 

absence of  su i tab le  spawning habi tat  w i th in  the lake due to the  dec l ine in  submerged 

aquat ic  vegeta t ion,  carp may have used hab i tat  toward  the Paml ico Sound and o ther  

areas  adjacent  to  the main  lake for  spawning and foraging.  The barr iers  may have 

rest r ic ted  access to  these t rad i t ional ly  used habi tats  and d isrupted seasonal  

movements  that  were cr i t ica l  for  successfu l  reproduc t ion .  Over  t ime,  these 

s t ructures could prove to be one o f  the  most  v iab le,  in  terms o f  ef f ic iency and cos t  

effec t iveness,  in  manag ing and suppress ing carp abundance in  the lake.   

These f ind ings,  when compared to prev ious in format ion,  h igh l igh t  the  impor tance o f  

repeated abundance est imates and YOY carp moni tor ing in the future.   
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Table 1.  Number  of  indiv idua ls  remain ing in  2025 ,  assuming annual  mor ta l i ty  rate o f  
22.8% and no success fu l  recru i tment  s ince 2018 popu lat ion est imate .  

Year  

Number  o f  

Ind iv idua ls  

Number  o f  

Ind iv idua ls  Lost  

2018  971,220  221,438  

2019  749,781  170,950  

2020  578,831  131,973  

2021  446,858  101,883  

2022  344,974  78,654  

2023  266,320  60,721  

2024  205,599  46,876  

2025  158,722  -  

 

Given the  apparent  low recru i tment  and poor  condi t ion  o f  carp in  Lake 

Mat tamuskeet ,  management  act ions should focus on promot ing nat ive  f ish 

communi t ies ,  cont inued suppress ion of  carp  recru i tment ,  SAV recovery  t r ia ls  and 

research,  carp popu la t ion moni tor ing,  and susta ined removals  at  whatever  leve l  

deemed feas ib le.   

Cont inued b luegi l l  s tock ing  is  recommended as a recru i tment  cont ro l  s t rategy,  as  

sunf ish  predat ion on carp eggs and larvae may be impor tant  to l im i t ing the  carp 

popu la t ion  over  the long term. Moni tor ing and assessments  o f  the b luegi l l  popu la t ion  

wou ld be des irable.  Current ly,  there  seem to be adequate leve ls  of  s tocked adu l t  

b luegi l l  w i th a number  of  large s tocked,  adu l t  “coppernose”  b lueg i l l  observed over  

the  course of  sampl ing.  

Fur ther  exp lorat ion in  establ ish ing refug ia  s i tes  or  protect ive enc losures for  SAV is  

a lso recommended.  These areas may  promote  hab i tat  recovery,  improve water  

c lar i t y,  reduce wind and wave eros ion ,  and suppor t  nat ive f ish assemblages whi le 

l im i t ing carp access to sens i t ive hab i tats  as they deve lop.  Estab l ish ing a ser ies  of  

“smal ler ”  s i tes  that  are protected f rom herb ivory  and uproot ing  by  carp is  one 

a l ternat ive  as i t  may take mult ip le years  to establ ish  vegetat ion across the lake.    

These enc losures cou ld  be construc ted f rom fenc ing s imi lar  to  what  was used in the  

Rose Bay abundance est imate  or  be  constr ucted of  semipermeable  membrane to  

reduce water  exchange between the ins ide and outs ide of  the enc losure to 

potent ia l ly  improve water  c lar i ty  which may  increase the  amount  of  l ight  penetrat ion 

wi th in  the enc losure and lead to increased vegeta t ive growth .  These smal ler  areas 

cou ld be sca led up to  increase d is t r ibut ion across the lake.  L imited success has  

been had in  the past  es tabl ish ing SAV with in enc losures over  the  long term  at  Lake 

Mat tamuskeet ,  so  cont inued exper imentat ion may be necessary.  

Rout ine  updates to carp abundance est imates shou ld  be cont inued to t rack 

popu la t ion  t rends  and detect  any changes in dens i ty  or  age s t ructure .  Cons ider ing 
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fund ing and s taf f ing  l imi tat ions ,  the bes t  moni tor ing pract ice for  adu l t  carp may be to 

establ ish  survey  s i tes  that  are  sampled annua l ly.  This  could be v ia cont inuing  a  

subset  (or  a l l )  o f  the  e lect ro f ish ing  t ransec ts  estab l ished by  NCWR C for  the ir  

spor t f ish  surveys  or  g i l l  net t ing var ious  s i tes  in  the  lake.  I t  may be prudent  to  

establ ish  w in ter  (December  –  February)  g i l l  net  s i tes  in  the deep water  near  the 

USGS gauges on e i ther  s ide  of  the lake  and,  perhaps,  addi t iona l  causeway  s i tes  

near  the f low o f  the  causeway culver ts  dur ing the spr ing and/or  summer.  Th is  would 

a l low for  CPUE va lues  to be compared across years  wh i le a lso cont inu ing remova l  of  

adul t  carp annual ly.       

In  addi t ion ,  annual  moni tor ing for  young -o f-year  carp is  s t rong ly  recommended as an 

ear ly  warn ing ind icator  of  renewed recru i tment .  Detect ion o f  cons is tent  YOY cohor ts  

wou ld s igna l  a sh i f t  in  popu lat ion dynamics and warrant  recons iderat ion  o f  

management  s t rateg ies.  This  would l ike ly  be  conducted most  eff ic ient ly  wi th min i -

t rap  nets  or  a  s imi lar  pass ive gear  type  set  near  any suspected spawning habi tat  in  

the  lake or  connected waterbod ies .  Simi lar  to the  adu l t  mon i tor ing  out l ined above,  

CPUE va lues could be used to moni tor  YOY or  juven i le  adul t  popu lat ions,  in  l ieu of  

abundance est imat ion ,  unt i l  i t  is  deemed necessary.    

Unfor tunate ly,  reestab l ish ing  SAV in  Lake Mat tamuskeet ,  assuming i t ’s  eventua l  

success,  could br ing  about  concomi tant  inc rease in carp abundance over  t ime,  

fo l low ing the  re turn o f  po tent ia l  spawning hab i tat .  Again,  h ighl igh t ing the impor tance 

of  rout ine moni tor ing ,  i f  poss ib le .  G iven tha t  many of  the f ish  spec ies that  predate  

upon carp  re ly  heav i ly  on  v is ion dur ing foraging ,  increased water  c lar i ty  fo l low ing an 

increase in SAV coverage may increase the i r  forag ing eff ic iency and,  in  turn ,  

main ta in  carp  abundance at  manageable levels  in to  the future  (M. Wicker ;  persona l  

communicat ion) .  For  fur ther  deta i ls ,  re fer  to  accompany ing document :  Lake 

Mat tamuskeet  Common Carp In tegrated Pes t  Management  P lan.   
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Appendix A 

 

 

Figure 28. Example of otolith cross section from a Lake Mattamuskeet common carp. This image does not include all annuli due 
to sample being too large to fit in microscope camera frame. 
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Figure 29. Photo taken in March during spawning season. Gravid female on top demonstrating traits of egg resorption, which 
was commonly observed among female carp captured during spawning seasons. 

 



Appendix B 

Radio Tagged Carp Movement Discussion and Maps 

Movement maps display detections during telemetry surveys over time in sequential order 
of when a unique frequency was heard. The numbered points start at #1 which is the 
individual fish’s release location after tagging. Numbered points will continue to show 
where the individual was detected in chronological order. Lines connect the points to 
create a visual track to aid in understanding the movement patterns of each tagged carp.   

Carp from tagging location 1, east of the most southern canal on the causeway, utilized 
their home range almost exclusively. Two individuals can be seen moving away from the 
tagging location at certain points, but overall movement was centered around the canal 
structures on the south end of the causeway. 

Carp from tagging location 2 moved extensively throughout the system. Multiple tagged fish 
trekked across the lake to both the east and west basins. Other fish can be observed 
moving to multiple causeway locations. 

Carp from tagging location 3 stayed relatively close to the original tagging location and did 
not traverse away from the southern east basin. 

Only one carp was a part of tagging location 4, this fish had a small detection rate and was 
found in the same area of the lake that it was released in, 

Carp in tagging location 5 had the most movement of all groups. Fish from this group were 
seen in both east and west basins and at the causeway. A few fish were not located again 
after release. 

One fish from tagging group 6 was seen moving from their original location to the most 
southern part of the causeway then back to their original range after some time away. It is 
eventually heard back in the release site. 

Finally, the carp in tagging location group 7 stayed in the northwestern part of the lake 
where it was originally found.  



 

Figure 1. Individual movements of tagged carp from tagging location 1. 

 

Table 5. Summary of tagged carp movement distance (km) for tag location 1. Date columns correspond to telemetry 
survey dates. Distance (km) is the length between listening points where the tag was heard, not necessarily distance an 

individual fish moved. Some tags were heard from multiple listening points during the same survey.  

Tag Frequency From To Distance (km) 

164.098 12/13/2023 9/11/2024 1.6 

164.098 9/11/2024 10/24/2024 0.0 

164.098 10/24/2024 12/10/2024 0.3 

164.098 12/10/2024 12/12/2024 0.7 

164.098 12/12/2024 12/14/2024 0.7 

164.098 12/14/2024 1/7/2025 0.0 

164.098 1/7/2025 1/15/2025 0.0 

164.098 1/15/2025 4/1/2025 0.0 

164.098 4/1/2025 5/2/2025 0.8 

164.098 5/2/2025 6/11/2025 4.9 

Total Distance   9.1 



164.164 12/13/2023 9/11/2024 1.5 

164.164 9/11/2024 9/12/2024 0.8 

164.164 9/12/2024 9/24/2024 0.3 

164.164 9/24/2024 9/28/2024 0.0 

164.164 9/28/2024 10/24/2024 1.1 

164.164 10/24/2024 12/10/2024 0.5 

164.164 12/10/2024 12/12/2024 0.7 

164.164 12/12/2024 12/14/2024 0.7 

164.164 12/14/2024 1/1/2025 0.7 

164.164 1/1/2025 1/7/2025 0.7 

164.164 1/7/2025 1/14/2025 0.7 

164.164 1/14/2025 1/15/2025 0.7 

164.164 1/15/2025 1/21/2025 0.0 

164.164 1/21/2025 1/24/2025 0.0 

164.164 1/24/2025 1/26/2025 0.0 

164.164 1/26/2025 1/27/2025 0.0 

164.164 1/27/2025 2/24/2025 0.0 

164.164 2/24/2025 4/1/2025 0.0 

164.164 4/1/2025 4/15/2025 0.0 

164.164 4/15/2025 4/15/2025 0.0 

164.164 4/15/2025 4/16/2025 0.0 

164.164 4/16/2025 4/16/2025 0.0 

164.164 4/16/2025 4/17/2025 0.0 

164.164 4/17/2025 4/21/2025 0.0 

164.164 4/21/2025 5/2/2025 0.0 

Total Distance   8.5 

164.224 12/13/2023 9/24/2024 2.7 

164.224 9/24/2024 10/9/2024 1.6 

Total Distance   4.2 

164.387 12/13/2023 10/7/2024 4.3 

164.387 10/7/2024 1/15/2025 2.2 

164.387 1/15/2025 1/15/2025 1.3 

Total Distance   7.8 

164.465 12/13/2023 9/11/2024 1.8 

164.465 9/11/2024 10/24/2024 0.0 

164.465 10/24/2024 12/12/2024 0.5 

164.465 12/12/2024 12/14/2024 0.7 

164.465 12/14/2024 5/2/2025 0.8 

Total Distance   3.9 

 



 

Figure 2. Individual movements of tagged carp from tagging location 2. 

 

Table 6. Summary of tagged carp movement distance (km) for tagging location 2. Date columns correspond to telemetry 
survey dates. Distance (km) is the length between listening points where the tag was heard, not necessarily distance an 

individual fish moved. Some tags were heard from multiple listening points during the same survey. 

Tag Frequency From To Distance (km) 
164.014 12/13/2023 9/24/2024 1.5 

164.014 9/24/2024 9/28/2024 0.0 

164.014 9/28/2024 10/9/2024 0.6 

164.014 10/9/2024 12/10/2024 0.4 

164.014 12/10/2024 12/16/2024 0.0 

164.014 12/16/2024 4/15/2025 0.0 

Total Distance   2.5 

164.126 12/13/2023 9/11/2024 2.2 

164.126 9/11/2024 9/24/2024 0.6 

164.126 9/24/2024 9/28/2024 0.0 

164.126 9/28/2024 10/9/2024 3.1 



164.126 10/9/2024 10/24/2024 6.1 

164.126 10/24/2024 12/10/2024 7.6 

164.126 12/10/2024 1/15/2025 13.2 

164.126 1/15/2025 4/15/2025 13.2 

164.126 4/15/2025 4/15/2025 0.0 

164.126 4/15/2025 4/21/2025 2.2 

Total Distance   48.1 

164.206 12/13/2023 2/4/2024 7.6 

Total Distance   7.6 

164.264 12/13/2023 10/9/2024 1.1 

164.264 10/9/2024 12/10/2024 1.1 

164.264 12/10/2024 6/11/2025 2.0 

Total Distance   4.2 

164.286 12/13/2023 9/24/2024 1.0 

164.286 9/24/2024 10/9/2024 0.6 

164.286 10/9/2024 4/16/2025 0.6 

164.286 4/16/2025 4/16/2025 0.0 

164.286 4/16/2025 4/16/2025 0.8 

164.286 4/16/2025 4/17/2025 0.8 

Total Distance   3.0 

164.405 12/13/2023 9/11/2024 1.6 

164.405 9/11/2024 9/28/2024 0.8 

164.405 9/28/2024 10/9/2024 0.6 

164.405 10/9/2024 10/24/2024 0.8 

164.405 10/24/2024 12/10/2024 0.7 

164.405 12/10/2024 12/16/2024 2.7 

164.405 12/16/2024 12/16/2024 3.6 

164.405 12/16/2024 1/7/2025 0.9 

164.405 1/7/2025 1/21/2025 1.5 

164.405 1/21/2025 1/21/2025 0.7 

164.405 1/21/2025 1/21/2025 1.3 

164.405 1/21/2025 1/24/2025 0.7 

164.405 1/24/2025 1/24/2025 1.5 

164.405 1/24/2025 1/24/2025 0.9 

164.405 1/24/2025 1/26/2025 1.3 

164.405 1/26/2025 1/27/2025 1.3 

164.405 1/27/2025 2/24/2025 1.6 

164.405 2/24/2025 4/15/2025 1.6 

164.405 4/15/2025 4/15/2025 0.8 

164.405 4/15/2025 4/15/2025 0.8 

164.405 4/15/2025 4/16/2025 0.0 

164.405 4/16/2025 4/16/2025 0.0 

164.405 4/16/2025 4/17/2025 0.0 



164.405 4/17/2025 4/21/2025 0.0 

164.405 4/21/2025 5/2/2025 0.0 

164.405 5/2/2025 5/2/2025 0.9 

Total Distance   16.2 

164.425 12/13/2023 9/11/2024 1.0 

164.425 9/11/2024 9/28/2024 0.8 

164.425 9/28/2024 10/24/2024 0.8 

Total Distance   2.6 

164.445 12/13/2023 10/9/2024 2.6 

164.445 10/9/2024 12/10/2024 0.9 

164.445 12/10/2024 12/16/2024 2.9 

164.445 12/16/2024 1/21/2025 3.3 

164.445 1/21/2025 1/24/2025 0.0 

164.445 1/24/2025 2/23/2025 1.6 

164.445 2/23/2025 5/2/2025 1.6 

Total Distance   12.9 

164.544 2/4/2024 9/11/2024 12.1 

164.544 9/11/2024 9/11/2024 1.0 

164.544 9/11/2024 9/11/2024 0.8 

164.544 9/11/2024 9/11/2024 0.7 

164.544 9/11/2024 9/11/2024 0.8 

164.544 9/11/2024 9/24/2024 2.6 

164.544 9/24/2024 10/24/2024 1.8 

164.544 10/24/2024 10/24/2024 1.5 

164.544 10/24/2024 10/24/2024 8.3 

164.544 10/24/2024 10/24/2024 8.7 

164.544 10/24/2024 10/24/2024 4.8 

164.544 10/24/2024 12/10/2024 6.0 

164.544 12/10/2024 12/16/2024 0.0 

164.544 12/16/2024 1/15/2025 0.3 

164.544 1/15/2025 1/15/2025 1.5 

164.544 1/15/2025 4/16/2025 1.2 

164.544 4/16/2025 4/16/2025 0.0 

164.544 4/16/2025 4/17/2025 0.0 

164.544 4/17/2025 4/21/2025 0.0 

164.544 4/21/2025 5/2/2025 0.3 

164.544 5/2/2025 5/2/2025 0.3 

Total Distance   24.4 

 



 

Figure 3. Individual movements of tagged carp from tagging location 3. 

 

Table 7. Summary of tagged carp movement distance (km) for tagging location 3. Date columns correspond to telemetry 
survey dates. Distance (km) is the length between listening points where the tag was heard, not necessarily distance an 

individual fish moved. Some tags were heard from multiple listening points during the same survey. 

Tag Frequency From To Distance (km) 
164.366 12/13/2023 10/24/2024 1.3 

164.366 10/24/2024 10/24/2024 0.0 

164.366 10/24/2024 12/10/2024 1.2 

164.366 12/10/2024 12/14/2024 0.8 

164.366 12/14/2024 12/16/2024 0.8 

164.366 12/16/2024 1/8/2025 1.2 

164.366 1/8/2025 1/14/2025 1.2 

164.366 1/14/2025 5/1/2025 1.0 

164.366 5/1/2025 6/11/2025 0.8 

Total Distance 
  

8.1 

164.505 12/13/2023 9/30/2024 6.4 



164.505 9/30/2024 1/14/2025 2.1 

164.505 1/14/2025 6/11/2025 8.1 

Total Distance 
  

16.7 

164.604 12/13/2023 6/11/2025 3.5 

Total Distance 
  

3.5 

164.683 12/13/2023 10/24/2024 1.3 

164.683 10/24/2024 10/24/2024 0.0 

164.683 1/14/2025 1/14/2025 0.0 

164.683 1/14/2025 5/1/2025 2.7 

Total Distance 
  

4.0 

164.743 12/13/2023 9/30/2024 3.0 

164.764 12/13/2023 10/24/2024 1.1 

164.764 10/24/2024 10/24/2024 0.0 

164.764 10/24/2024 1/14/2025 2.1 

164.764 1/14/2025 6/11/2025 2.6 

Total Distance 
  

8.9 

 



 

Figure 4. Individual movement of carp from tagging location 4. 

 

Table 8. Summary of tagged carp movement distance (km) for tagging location 4. Date columns correspond to telemetry 
survey dates. Distance (km) is the length between listening points where the tag was heard, not necessarily distance an 

individual fish moved. Some tags were heard from multiple listening points during the same survey. 

Tag Frequency From To Distance (km) 

164.625 12/13/2023 1/14/2025 2.9 

164.625 1/14/2025 1/14/2025 1.0 

Total Distance   3.9 

 



 

Figure 5. Individual movements of tagged carp from tagging location 5. 

 

Table 9. Summary of tagged carp movement distance (km) for tagging location 5. Date columns correspond to telemetry 
survey dates. Distance (km) is the length between listening points where the tag was heard, not necessarily distance an 
individual fish moved. Some tags were heard from multiple listening points during the same survey. 

Tag Frequency From To Distance (km) 
164.037 12/15/2023 9/30/2024 1.6 

164.037 9/30/2024 1/1/2025 0.6 

164.037 1/1/2025 1/14/2025 0.9 

164.037 1/14/2025 1/15/2025 13.8 

164.037 1/15/2025 5/5/2025 13.3 

164.037 5/5/2025 6/13/2025 1.6 

Total Distance 
  

31.7 

164.076 12/15/2023 2/4/2024 1.3 

164.076 2/4/2024 9/30/2024 1.3 

164.076 9/30/2024 2/8/2025 2.5 

Total Distance 
  

5.0 



164.183 12/15/2023 2/4/2024 1.2 

164.183 2/4/2024 9/30/2024 2.3 

164.183 9/30/2024 12/17/2024 3.2 

164.183 12/17/2024 1/1/2025 1.9 

164.183 1/1/2025 1/14/2025 0.5 

164.183 1/14/2025 2/8/2025 2.3 

164.183 2/8/2025 5/5/2025 3.4 

164.183 5/5/2025 5/8/2025 0.7 

164.183 5/8/2025 6/11/2025 11.7 

164.183 6/11/2025 6/13/2025 11.7 

Total Distance 
  

39.0 

164.235 9/11/2024 9/11/2024 0.3 

164.235 9/11/2024 10/24/2024 0.0 

Total Distance 
  

0.3 

164.246 12/15/2023 2/4/2024 18.3 

164.246 2/4/2024 1/15/2025 7.3 

Total Distance 
  

25.5 

164.564 12/15/2023 2/4/2024 1.2 

164.564 2/4/2024 2/8/2025 1.7 

Total Distance 
  

3.0 

164.644 12/15/2023 9/11/2024 11.6 

164.644 9/11/2024 10/24/2024 0.8 

164.644 10/24/2024 1/15/2025 5.8 

164.644 1/15/2025 1/16/2025 2.0 

164.644 1/16/2025 2/6/2025 1.2 

164.644 2/6/2025 6/12/2025 1.2 

Total Distance 
  

22.7 

 



 

Figure 6. Individual movements of tagged carp from tagging location 6. 

 

Table 10. Summary of tagged carp movement distance (km) for tagging location 6. Date columns correspond to telemetry 
survey dates. Distance (km) is the length between listening points where the tag was heard, not necessarily distance an 
individual fish moved. Some tags were heard from multiple listening points during the same survey. 

Tag Frequency From To Distance (km) 

164.304 12/15/2023 1/15/2025 10.0 

Total Distance   10.0 

164.325 12/15/2023 2/4/2024 6.3 

164.325 2/4/2024 9/24/2024 9.1 

164.325 9/24/2024 12/10/2024 0.0 

164.325 12/10/2024 12/12/2024 0.7 

164.325 12/12/2024 12/14/2024 0.7 

164.325 12/14/2024 1/7/2025 0.0 

164.325 1/7/2025 1/14/2025 0.7 

164.325 1/14/2025 1/15/2025 0.7 

164.325 1/15/2025 1/21/2025 0.0 



164.325 1/21/2025 1/24/2025 0.0 

164.325 1/24/2025 1/26/2025 0.0 

164.325 1/26/2025 4/1/2025 0.0 

164.325 4/1/2025 4/15/2025 0.0 

164.325 4/15/2025 4/15/2025 0.0 

164.325 4/15/2025 4/17/2025 0.0 

164.325 4/17/2025 4/21/2025 0.0 

164.325 4/21/2025 5/2/2025 0.8 

164.325 5/2/2025 6/12/2025 9.8 

Total Distance   28.9 

 

 

Figure 7. Individual movements of tagged carp from tagging location 7. 

 



Table 11. Summary of tagged carp movement distance (km) for tagging location 7. Date columns correspond to telemetry 
survey dates. Distance (km) is the length between listening points where the tag was heard, not necessarily distance an 

individual fish moved. Some tags were heard from multiple listening points during the same survey. 

Tag Frequency From To Distance (km) 
164.725 12/13/2023 10/2/2024 2.4 

Total Distance   2.4 

 


