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ABSTRACT 

During t he  per iod  1 February 1968 t o  1 J u l y  1971, t he  R / V  -- Dan Moore occupied 
1,038 t rawl  s t a t i o n s  from Cape Romain, South Caro l ina ,  t o  Cape Char les ,  V i r g i n i a ,  
i n  d e ~ t h s  of 3 t o  300 fathoms. A t o t a l  of 9 ,734 anadromous f i s h e s  was c o l l e c -  
t ed .  S t r i p e d  ba s s  (Morone s a x a t i l i s ) ,  blueback h e r r i n g  (Alosa a e s t i v a l i s ) ,  and 
a few h ickory  shad (Alosa med ioc r i s )  were found between Cape Lookout and t he  
North C a r o l i n a N i r g i n i a  border .  American shad (Alosa s ap id i s s ima )  and a l ewi f e  
(Alosa pseudoharengus) were taken from H a t t e r a s  I n l e t  and from Wimble Shoals ,  
North Ca ro l i na ,  t o  Cape Cha r l e s ,  V i rg in i a .  Two s p e c i e s  of s tu rgeon ,  Acipenser 
oxyrhynchus and Acipenser b rev i ros t rum,  were c o l l e c t e d  mainly between Cape Look- 
ou t  and North Ca ro l i na /V i rg in i a  border .  D e f i n i t e  seasona l  d i f f e r e n c e s  i n  - 
abundance were noted i.n t h e  ocean o f f  North Caro l ina .  Anadromous f i s h e s  were 
most abundant from December through March. Few anadromous f i s h e s  were c o l l e c t e d  
i n  dep th s  of more than 20 fathoms. Sca l e  a n a l y s e s  of 290 s t r i p e d  b a s s ,  134 
American shad,  76 blueback h e r r i n g  and 50 a l e w i f e  i n d i c a t e d  t h e s e  f i s h  ranged 
from 2 t o  1 5 , 2  t o  11, 2 t o  8 ,  and 4 t o  8 y e a r s  o l d ,  r e s p e c t i v e l y .  Growth and 
s i z e  r e l a t i o n s h i p s  were a l s o  determined. The peak annulus  fo rmat ion  f o r  s t r i p e d  
ba s s ,  probably occu r s  i n  e a r l y  December. A t o t a l  of 3,147 anadromous f i s h e s  
was tagged. A s  of 1 November 1971, no t a g s  had been r e tu rned  from any of t h e .  
1,204 c l u p e i d s  tagged. Tag r e t u r n s  from t h e  187 tagged A t l a n t i c  s tu rgeon  i n d i -  
c a t e d  a s ea sona l  migra t ion  southward du r ing  November-January and northward a f t e r  
January.  A t o t a l  of 1 ,752 s t r i p e d  b a s s  was tagged. A s  of 1 November 1971, 197 
t a g s  had been r e tu rned .  Tag r e t u r n s  i n d i c a t e d  t h a t  s t r i p e d  ba s s  overwin te r ing  
o f f  t h e  North Ca ro l i na  c o a s t  e n t e r  Pamlico and Albemarle Sounds, and move no r th -  
ward a long  t h e  A t l a n t i c  c o a s t  t o  Maine d u r i n g  t h e  s p r i n g  and summer. An annua l  
f i s h i n g  m o r t a l i t y  r a t e  of 35 pe r cen t  f o r  s t r i p e d  b a s s  was p r o j e c t e d  from t h e  3.6 
pe r cen t  mean monthly r a t e .  Stomach a n a l y s e s  i n d i c a t e d  t h a t  s t r i p e d  ba s s  remain 
a c t i v e  and o p p o r t u n i s t i c  f e e d e r s  d u r i n g  t h e  w in t e r .  Adult  American shad ? a t  
f i s h ,  sometimes t o  t h e  e x t e n t  t h a t  they  can  be  cons idered  a major food i t . m .  
J u v e n i l e  American shad feed  o c c a s i o n a l l y  on anchovies .  The mean f e c u n d i t  of 
35 s t r i p e d  b a s s  w a s  2,462,372. The mean f e c u n d i t y  of 4 3  American shad w; 
281,137. Examination of t h e  gonads of s t r i p e d  b a s s ,  American shad,  bill-.jack 

h e r r i n g  and a l e w i f e  r evea l ed  a predominance of female  s t r i p e d  b a s s ,  American 
shad, a l e w i f e  and male blueback h e r r i n g  i n  t h e  ocean o f f  North Caro l ina .  Sampl- 
i n g  among f o r e i g n  f i s h i n g  v e s s e l s  r evea l ed  t h a t  t h e  Eas t  Germans and o t h e r s  were 
t ak ing  anadromous f i s h e s  o f f  t h e  North Ca ro l i na  c o a s t .  Of fshore  and Chowan 
River samples of blueback h e r r i n g  and a l e w i f e  were compared, and s imilar i t ies  
and d i f f e r e n c e s  were noted u t i l i z i n g  age  c l a s s  composi t ion and length-weight  
r e l a t i o n s h i p s .  



a t h r ee -yea r  survey of anadromous f i s h e s  a l ong  t h e  c o a s t  of North Caro l ina .  

The f i r s t  segment of  t h e  p r o j e c t ,  r epo r t ed  by S t e r l i n g  and Godwin (19701, was 

conducted from 1 February 1968 t o  30 March 1969 and was concerned mainly wi th  

g e a r  t e s t i n g ,  l o c a t i o n  of c o n c e n t r a t i o n s  of anadromous f i s h e s  a l ong  t h e  c o a s t ,  

and tagging.  The second segment, r epo r t ed  by Holland and S t r e e t  (1970) ,  was 

conducted from 1 A p r i l  1969 to 31 March 1970 and cont inued t h e  t agg ing  and ex- 

p l o r a t o r y  programs and expanded t h e  survey of b i o l o g i c a l  d a t a  ( l e n g t h ,  we igh t ,  

f e c u n d i t y ,  food h a b i t s ) .  The t h i r d  and f i n a l  segment, conducted from 2 June 

1970 t o  31 August 1971, con t inued  a l l  t h e  above and expanded t h e  e x p l o r a t o r y  

program o f f s h o r e  t o  moni tor  t h e  p o s s i b l e  e f f e c t s  of f o r e i g n  f i s h i n g  on anadro-  

rnous s p e c i e s .  In  a d d i t i o n ,  an  e s t u a r i n e  program on anadromous s p e c i e s  i n  A l -  

bemarle Sound and i t s  t r i b u t a r i e s  was i n i t i a t e d  d u r i n g  t h e  t h i r d  segment t o  de-  

termine if, i n  f a c t ,  any r e l a t i o n s h i p s  e x i s t e d  between anadromous f i s h e s  caught  

i n  t h e  ocean o f f  North Ca ro l i na ,  and t hose  caught  i n  t h e  North Ca ro l i na  e s t u a -  

r i e s .  A l l  f i e l d  work was t e rmina ted  30 June 1971. The e s t u a r i n e  program w i l l  

be expanded i n  t h e  f u t u r e  t o  complement a c o n t i n u i n g  e f f o r t  o f f s h o r e .  



STUDY AREAS 

Off s h o r e  Study Area 

The c o a s t a l  area of  North C a r o l i n a  and a d j a c e n t  s t a t e s  w a s  d i v i d e d  i n t o  

f o u r  major sampl ing a r e a s :  Area I extended s o u t h  from Cape F e a r ,  Area 11 from 

Cape Fear  t o  Cape Lookout,  Area 111 from Cape Lookout t o  Cape H a t t e r a s ,  Area IV 

from Cape Hatteras nor thward.  Sampling was conducted from j u s t  o u t s i d e  t h e  s u r f  

zone t o  d e p t h s  of 300 fa thoms ( F i g u r e s  2 and 31. 

I n s h o r e  Study Area 

The i n s h o r e  s t u d y  a r e a  i s  shown i n  F i g u r e  4. Albemarle Sound i s  a p p r o x i -  

mate ly  60 m i l e s  long ( e a s t - w e s t ) ,  up t o  15 m i l e s  wide ( n o r t h - s o u t h ) ,  and abou t  

500 s q u a r e  m i l e s  i n  a r e a .  The e a s t e r n  end of t h e  sound i s  s l i g h t l y  b r a c k i s h  

w i t h  s a l i n i t i e s  up  t o  1 . 8  p a r t s  p e r  thousand recorded .  The wes te rn  p o r t i o n  of 

t h e  Albemarle Sound i s  e s s e n t i a l l y  Cresh w a t e r .  Maximum d e p t h  of  t h e  sound i s  

a b o u t  25 f e e t .  

A l l i g a t o r  and Scuppernong R i v e r s  e n t e r  Albemarle Sound from t h e  sou th .  Both 

are t y p i c a l  b l a c k  w a t e r  streams dra ,n ing i a r g e  swamp a r e a .  Roanoke R i v e r ,  which 

e n t e r s  t h e  w e s t e r n  end o f  Albemarle Sound, i s  one of  North C a r o l i n a ' s  l a r g e s t  

r i v e r s .  I ts headwate r s  l i e  i n  t h e  upper  Piedmont.  I t f l o w s a l o n g  much of t h e  

V i r g i n i a / N o r t h  C a r o l i n a  b o r d e r  b e f o r e  t u r n i n g  s o u t h  t o  Albemarle  Sound. The 

lower r e a c h e s  of t h e  r i v e r  d r a i n  e x t e n s i v e  swamps. Chowan R i v e r  a l s o  e n t e r s  

t h e  w e s t e r n  end o f  Albemarle  Sound. It o r i g i n a t e s  n e a r  t h e  V i r g i n i a  b o r d e r  and 

f l o w s  s o u t h  th rough  e x t e n s i v e  swamps b e f o r e  e n t e r i n g  t h e  sound. Perquimans ,  

Li t t !e ,  Pasquo tank ,  and North R i v e r s  are a l l  r e l a t i v e  s h o r t ,  wide r i v e r s  which 

d r a i n  l a r g e  swampy a r e a s  b e f o r e  e n t e r i n g  Albemarle  Sound from t h e  n o r t h .  









METHODS AND PROCEDURES 

Offshore  Sampling Methods 

During t h e  f i r s t  segment (1968-1969 s ea son ) ,  s e v e r a l  t ypes  of sampling 

gea r  were employed: a 6 8 - f t .  double - r igged  shrimp trawl and a 1/41 Yankee t rawl  

wi th  a 7 2 - f t .  headrope and a 9 0 - f t .  sweep (F igu re  5) .  Other g e a r s  employed t o  

supplement t h e  trawl d a t a  were ocean g i l l  n e t s  approximately  240 ya rd s  long 

which were f i s h e d  v e r t i c a l l y  from t h e  s u r f a c e  t o  dep th s  of 60 fathoms. The 

n e t  pane l s  were composed of mesh s i z e s  r ang ing  from 2 3/4  i nches  t o  9 i nches  

s t r e t c h e d  mesh. The n e t s ,  t o t a l l i n g  approximately  1 1 /2  miles i n  l eng th ,  were 

s e t  and r e t r i e v e d  from h y d r a u l i c a l l y  ope ra t ed  s e i n e  drums aboard t he  R / V  Dan 

Moore. A l l  g e a r s  were e v e n t u a l l y  d i s con t i nued ,  however, d u r i n g  t h e  f i r s t  seg-  

ment excep t  t h e  1/41 Yankee trawl which proved t o  be t he  most e f f e c t i v e  f o r  cap-  

t u r i n g  anadromous f i s h .  It was u t i l i z e d  throughout  t he  two succeeding segments. 

During t h e  second segment (1969-1970 s e a s o n ) ,  a midwater trawl (F igu re  61,  w i th  

a 5 3 - f t .  headrope t h a t  opened 3 3 - f t . ,  was ob t a ined  l a t e  i n  t h e  s t udy  pe r i od  

and f i s h e d  expe r imen t a l l y  d u r i n g  March 1970. During t h e  t h i r d  o r  f i n a l  seg- 

ment (1970-1971 s ea son ) ,  a 1/36 Yankee trawl (same a s  1/41 Yankee t r aw l  bu t  hav- 

i n g  a 6 2 - f t .  headrope and an 8 0 - f t .  sweep), an  I r i s h  3 - b r i d l e  t r aw l  (F igu re  7 )  

w i th  a 1 4 8 - f t .  headrope and a 1 7 8 - f t .  sweep, and t h e  midwater t r aw l  mentioned 

above, were u t i l i z e d  i n  a d d i t i o n  t o  t he  1/41 Yankee t r aw l .  Bracke t  doo r s  

( 8  1 /2  x 4 1 / 3  f t . )  and ground c a b l e  of v a r i o u s  l e n g t h s  were used i n  conjunc-  

t i o n  w i th  a l l  trawls excep t  t h e  midwater t r a w l .  S t e e l  suberkrub doo r s  ( 8 x 

3 112 f t . )  were used i n  con junc t i on  w i th  t h e  midwater trawl. The !/36 and #41 

Yankee trawls were most e f f e c t i v e  i n  t h e  i n s h o r e  (3-10 fa thoms)  and midshore 

11-20 fa thoms)  zones.  The midwater t r aw l  was most e f f e c t i v e  i n  t h e  midshore 

and o f f s h o r e  ( 2 1  t o  300 fa thoms)  zones  and t h e  I r i s h  3 - b r i d l e  trawl was e f -  

f e c t i v e  i n  a l l  t h r e e  zones.  









In  a n  a t t empt  t o  l o c a t e  o f f s h o r e  concen t r a t i ons  of anadromous f i s h e s  and 

t o  i n c r e a s e  chances  of l o c a t i n g  f o r e i g n  f i s h i n g  a c t i v i t y ,  t r a n s e c t s  were con- 

ducted every  20 minutes  of l a t i t u d e ,  from 2  t o  100 fathoms o f f s h o r e ,  from j u s t  

n o r t h  of Cape Char les ,  V i r g i n i a  t o  Cape Romain, South Caro l ina .  These t r a n s e c t s  

were conducted, du r ing  bo th  day and n i g h t  hou r s ,  on a round-the-clock b a s i s .  

E l e c t r o n i c  f i s h  d e t e c t i n g  equipment w a s  monitored c o n t i n u a l l y  du r ing  and be- 

tween sample s t a t i o n s .  

Tows v a r i e d  from 5  t o  120 minutes  a l though  most tows were 30 minutes  o r  

l e s s .  The longer  tows were u s u a l l y  of an  exp lo ra to ry  n a t u r e ,  i n  a r e a s  where 

anadromous s p e c i e s  were no t  p r ev ious ly  known. Most of t h e  s h o r t e r  tows (usu-  

a l l y  10 o r  15 minutes)  were made i n  a r e a s  of known concen t r a t i ons  of anadromous 

f i s h e s  t o  c a p t u r e  h e a l t h y  f i s h e s  f o r  t agg ing .  

Captured f i s h  were placed i n  350-gal lon f i b e r g l a s s  t anks  suppl ied  wi th  

running  seawater .  F i sh  t o o  smal l  o r  t oo  weak f o r  t agg ing  were e i t h e r  f rozen  o r  

p reserved  i n  10 pe rcen t  f o rma l in  f o r  l a t e r  s tudy.  

Anadromous f i s h e s  i n  random samples were sexed, measured, weighed and aged 

from s c a l e  samples. These d a t a  were used t o  determine s e x  r a t i o ,  l eng th - f r e -  

quency d i s t r i b u t i o n ,  length-weight  r e l a t i o n s h i p s  and age  composi t ion.  

I n sho re  Sampling Methods 

Trawling w a s  conducted from t h e  D iv i s ion  of Commercial and S p o r t s  Fish-  

e r i e s  v e s s e l  Cape Fear ( J u n e ) ,  u s ing  a 25 - f t .  two-seam shrimp t r a w l ,  a n  e x p e r i -  

mental  t h r e e - b r i d l e  trawl wi th  a 32 - f t .  headrope,  a  24 - f t .  c r a b  t r a w l ,  and a 

5 - f t .  p lankton  n e t  w i th  1 mm mesh. The t h r e e - b r i d l e  n e t  was used s imul taneous ly  

w i th  t h e  shrimp trawl i n  Pasquotank River  ( 3  samples) and L i t t l e  River  ( 1  sam- 

p l e ) .  The plankton n e t  w a s  used t o  check f o r  l a r v a l  f i s h  between Plymouth 

and t h e  mouth of t h e  Roanoke River .  Towing time f o r  a l l  gear  ranged from 5 

t o  30 minutes.  



Samples of a l e w i f e  and blueback h e r r i n g  c o l l e c t e d  from 1 March 1971 

through 4 May 1971 a t  Tunis ,  on Chowan River ,  were taken from uncu l l ed  c a t c h e s  

from a s e r i e s  of seven pound-nets opera ted  by l o c a l  f ishermen.  These f i s h e s  

were measured, weighed, aged,  and sexed t o  de te rmine  i f ,  i n  f a c t ,  a r e l a -  

t i o n s h i p  e x i s t s  between f i s h e s  caught  i n  t h e  ocean of f  North Ca ro l i na  and those  

caught  i n  t h e  Chowan River .  

Tagging Methods 

Only cap tu r ed  anadromous f i s h e s  which appeared v igo rous  a f t e r  spending 

s e v e r a l  minu tes  i n  ho ld ing  t a n k s  were tagged. S t r i p e d  b a s s  and s tu rgeon  were 

tagged w i th  FT-1 Floy d a r t  t a g s ,  whi le  a l l  o t h e r  anadromous s p e c i e s  were tagged 

w i th  Floy FT-2 d a r t  t a g s  and FD-67 anchor t ag s .  The s t a t i o n  number, l o c a t i o n ,  

d a t e ,  t a g  number, l eng th ,  and weight  were recorded  f o r  a l l  tagged specimens 

p r i o r  t o  t h e i r  r e l e a s e .  

Rewards of from $1.00 t o  $25.00 were o f f e r e d  f o r  t h e  r e t u r n  of  t a g s  and 

in format ion  concern ing  t h e  c a p t u r e  o f  tagged f i s h .  P o s t e r s  d e s c r i b i n g  t h e  

t agg ing  program were d i s t r i b u t e d  a l o n g  t h e  A t l a n t i c  c o a s t ,  and a r t i c l e s  were 

submit ted t o  v a r i o u s  newspapers t o  f u r t h e r  p u b l i c i z e  t h e  program. The monthly 

"Tar Heel Coast",  a  D iv i s i on  n e w s l e t t e r ,  a l s o  f e a t u r e d  in format ion  concern ing  

t h e  t agg ing  program, p l a c i n g  p a r t i c u l a r  emphasis on ment ioning t h e  names of 

pe r sons  who r e tu rned  t ag s .  

Food Habi t  Ana ly s i s  

E f f o z t s  were made o f f s h o r e  t o  o b t a i n  stomachs of  s t r i p e d  b a s s ,  American 

shad ,  h i c k o r y  shad,  b lueback h e r r i n g ,  and a lewife ' .  



During t h e  f i r s t  segment of t h e  s t udy ,  stomach c o n t e n t s  of 50 s t r i p e d  

ba s s ,  most of them under 2.3 ki lograms i n  weight ,  were examined. During t he  

second segment, c o n t e n t s  of 50 s t r i p e d  b a s s  stomachs ( a l l  b u t  two from f i s h  

weighing more than 2.3 k i lograms)  and 19 American shad stomachs ( 4  a d u l t s  and 

15 j u v e n i l e s )  were examined. During t h e  f i n a l  segment, 52 s t r i p e d  ba s s  stomachs 

( a l l  b u t  s i x  from f i s h  weighing more than  2.3 ki lograms)  and 41 a d u l t  American 

shad,  16 blueback h e r r i n g ,  and 11 a l e w i f e  stomachs were examined. During t h e  
# 

th ree -year  s t udy ,  48 a d u l t  Hickory shad were cap tu r ed ,  tagged and r e l e a s e d .  

During t h e  f i r s t  and second segments, stomachs were wrapped i n  cheese  

c l o t h ,  l a b e l e d ,  and p laced  i n  g a l l o n  j a r s  c o n t a i n i n g  10 pe r cen t  fo rmal in .  The 

stomach c o n t e n t s  were examined and i d e n t i f i e d  i n  t h e  l abo ra to ry .  During t he  

second segment, food organisms were recorded by f requency of occur rence ,  weight ,  

and volume. During t h e  t h i r d  segment, stomachs were no t  p rese rved  and t h e  con- 

t e n t s  were examined and i d e n t i f i e d  whi le  s t i l l  f r e s h  i n  o r d e r  t o  make i d e n t i -  

f i c a t i o n s  of  smaller i n v e r t e b r a t e s  and f i s h e s  which might have been p r e s e n t ,  

b u t  might have d e t e r i o r a t e d  even a f t e r  be ing  preserved.  

Fecundi ty  

From o f f s h o r e  North Ca ro l i na ,  35 female  s t r i p e d  b a s s ,  r ang ing  from 5.4 t o  

19.0 ki lograms,  and 43 female  American shad,  r ang ing  from 1.0  t o  2.3 k i lograms ,  

were s e l e c t e d  f o r  f e c u n d i t y  a n a l y s i s .  0var"ies from a l e w i f e  and blueback h e r r i n g  

were taken du r ing  February and March of 1971, b u t  ova proved t o o  immature t o  

a c c u r a t e l y  estimate f ecund i t y .  

The f i s h  were weighed and measured p r i o r  t o  removal of t h e  o v a r i e s .  Sca l e  

samplzs were taken  f o r  age  de t e rmina t i on .  The o v a r i e s  were wrapped i n  cheese  

c l o t h ,  l a b e l e d ,  and f i x e d  i n  10 pe r cen t  f o rma l in  p r i o r  t o  ova count ing .  

I n  t h e  l a b o r a t o r y ,  t h e  o v a r i e s  were p a t t e d  as d r y  as  p o s s i b l e  wi th  paper  

towels  and weighed to t h e  n e a r e s t  . O 1  gram. Fecundi ty  of s t r i p e d  b a s s  was 



determined by procedures similar to those of Jackson and Tiller (1952). Fe- 

cundity of American shad was determined by procedures similar to those of Leh- 

man (1953) as modified by Davis (1957). A one-gram sample, including some mem- 

brane, was removed from the center portion of each of the two ovaries and an 

actual total ova count for each one-gram sample was taken. Each sample was 

placed in a small Syracuse watch glass, teased apart, and counted under a dis- 

secting microscope. Mature ova were differentiated from anlagen on the basis 

of size and appearance (Jackson and Tiller, 1952; Merriman, 1941; Lehman, 1953). 

Total estimated fecundity was computed by calculating the number of ova 

per gram for each ovary, then multiplying that value by the weight of the re- 

spective ovaries. The estimated fecundities of the right and left ovaries were 

then added to obtain the total estimated fecundity. 



RESULTS AND DISCUSSION 

Samp 1 i n g  

During t h e  f i e l d  a c t i v i t i e s  of t h e  p r o j e c t  s tudy  per iod ( 1  February 1968 

through 30 June 19711, 1,038 t r awl  s t a t i o n s  and 10 ocean g i l l  n e t  s t a t i o n s  

were taken from near  Cape Romain, South Ca ro l i na ,  t o  a few m i l e s  no r th  of Cape 

Char les ,  V i r g i n i a  (F igu re s  2  and 3 ) .  A l l  s u c c e s s f u l  s t a t i o n s  du r ing  t h e  f i r s t  

and second segments were taken  w i th  a A41 Yankee t r awl  except  s i x  s t a t i o n s  i n  

March 1970, sampled w i th  a n  exper imenta l  midwater t r a w l .  During t h e  t h i r d  seg- 

ment, a l l  s u c c e s s f u l  s t a t i o n s  sampled wi th  a #41 o r  #36 Yankee trawl were from 

3 t o  20 fathoms, wi th  a midwater trawl from 21 t o  300 fathoms, and w i th  an 

I r i s h  3 - b r i d l e  t r a w l  from 3 t o  100 fathoms. Along with  t h e  seven s p e c i e s  of 

anadromous f i s h ,  l a r g e  c o n c e n t r a t i o n s  of o t h e r  s p e c i e s  were found i n  t he  s tudy  

a rea .  The fo l lowing  were numerous i n  samples over  80 fathoms i n  depth:  Smooth 

dog f i sh  (Mustelus c a n i s ) ,  sp iny  dog f i sh  (Squa lus  a c a n t h i a s ) ,  s i l v e r  hake (Mer- - 

l u c c i u s  b i l i n e a r i s ) ,  goose f i sh  (Lophius americanus) ,  f ou r - spo t  f lounder  (Para-  - 

l i c h t h y s  oblongus) ,  and b u t t e r f i s h  ( P e p r i l u s  t r i a c a n t h u s ) .  

Concent ra t ions  of planehead f i l e f i s h  (Monacanthus h i s p i d u s ) ,  scup (Steno-  

tomus ch rysops ) ,  no r the rn  s ea rob in  (P r iono tus  c a r o l i n u s ) ,  A t l a n t i c  mackerel 

(Scomber scombrus), and round h e r r i n g  (Etrumeus t e r e s )  were found i n  t h e  mid- 

dep ths ,  20 t o  80 fathoms. Samples taken from t h e  s u r f  zone o u t  t o  20 fathoms r e -  

s u l t e d  i n  l a r g e  c a t c h e s  of sp iny  dog f i sh ,  b l u e f i s h  (Pomatomus s a l t a t r i x ) ,  sum- 

m e r  f l ounde r  ( P a r l i c h t h y s  d e n t a t u s ) ,  b u t t e r f i s h ,  orange f i l e f i s h  (Alu te rus  

s c h o e p f i ) ,  s t r i p e d  anchovy (Anchoa h e p s e t u s ) ,  A t l a n t i c  h e r r i n g  (Clupea h a r e n ~ u s  

harengus) ,  goose f i sh  and v a r i o u s  Sc iaen idae ,  c h i e f l y  s p o t t e d  sea t r o u t  (Cynoscion 

nebulosus) ,  weakfish (Cynoscion r e g a l i s ) ,  s p o t  (Leiostomus xan thu rus ) ,  A t l a n t i c  

c roake r  (Micropogon undu la tu s ) ,  s i l v e r  perch ( B a i r d i e l l a  c h r y s u r a ) ,  and r ed  

drum (Sciaenops o c e l l a t a ) .  

During t h e  f i r s t  segment of t h e  s t udy ,  3,661 a d u l t  anadromous f i s h e s  and 

472 j u v e n i l e s  were cap tu red  i n  222 trawl samples. Only 8  a d u l t  American shad, 
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8  s h o r t n o s e  s t u r g e o n ,  and 5  A t l a n t i c  s t u r g e o n  were t aken .  An a d d i t i o n a l  66 ju-  

v e n i l e  American shad were inc luded  i n  t h e  c a t c h e s .  Ca tches  of  s t r i p e d  b a s s  t o -  

t a l l e d  1 ,180 f i s h .  Blueback h e r r i n g  c a t c h e s  c o n t a i n e d  649 a d u l t s  and 352 j u -  

v e n i l e s .  A l so  i n c l u d e d  were 1 ,808 a d u l t  and 54 j u v e n i l e  a l e w i f e .  Only t h r e e  

a d u l t  h i c k o r y  shad were c a u g h t .  

O v e r a l l  c a t c h e s  of  anadromous f i s h e s  were c o n s i d e r a b l y  l e s s  d u r i n g  t h e  s e -  

cond segment. A p r o b a b l e  e x p l a n a t i o n  i s  t h a t  sampl ing d u r i n g  t h e  second segment 

was sp read  o v e r  a l a r g e r  area i n  a n  a t t e m p t  t o  l e a r n  more a b o u t  t h e  d i s t r i b u -  

t i o n  of anadromous s p e c i e s .  

Dur ing  t h e  second segment,  984 anadromous f i s h e s  were c a p t u r e d  i n  459 t r a w l  

samples :  467 s t r i p e d  b a s s ,  37 American shad ( 1 1  a d u l t s  and 26 j u v e n i l e s ) ,  2  h i c k -  

o r y  shad ,  238 b lueback  h e r r i n g  (197 a d u l t s  and 4 1  j u v e n i l e s ) ,  148 a l e w i f e  ( 2 9  

a d u l t s  and 119 j u v e n i l e s ) ,  9 1  A t l a n t i c  s t u r g e o n ,  and 1 s h o r t n o s e  s t u r g e o n .  

Dur ing  t h e  t h i r d  segment,  4 ,617 anadromous f i s h e s  were c a p t u r e d  i n  357 

trawl samples :  894 s t r i p e d  b a s s ,  355 American shad ,  1 s h o r t n o s e  s t u r g e o n ,  94  

A t l a n t i c  s t u r g e o n ,  2,865 b lueback  h e r r i n g ,  365 a l e w i f e ,  and 4 3  h i c k o r y  shad.  

C o a s t a l  D i s t r i b u t i o n  

A s  i n d i c a t e d  by d a t a  i n  T a b l e s  1, 2  and 3 ,  and F i g u r e  2 ,  anadromous spe-  

c i e s  a p p e a r  t o  b e  c o n c e n t r a t e d  i n  Areas 111 and I V .  No anadromous f i s h e s  were 

t aken  i n  Area I. Except  f o r  one  small A t l a n t i c  s t u r g e o n  c a p t u r e d  n e a r  Wr igh t s -  

v i l l e  Beach ( a b o u t  25 m i l e s  n o r t h  of Cape F e a r ) ,  a l l  anadromous f i s h e s  t aken  i n  

Area 11 came f rom Bogue I n l e t  east t o  Cape Lookout. Only small c a t c h e s  of  A t -  

l a n t i c  s t u r g e o n  (31 ,  s h o r t n o s e  s t u r g e o n  (51, b l u e b a c k  h e r r i n g  (201 ,  and h i c k o r y  

shad (1) were  t a k e n  i n  t h i s  a r e a .  Al though sampl ing i n d i c a t e d  few anadromous 

f i s h e s  were p r e s e n t  i n  Area 11, o c c a s i o n a l  commercial  c a t c h e s  o f  anadromous spe-  

c i e s ,  p r i n c i p a l l y  A t l a n t i c  s t u r g e o n ,  have  been made i n  t h e  area. I n  A p r i l ,  1968,  

64,000 pounds of A t l a n t i c  s t u r g e o n  were  t a k e n  i n  g i l l  n e t s  f i s h e d  n e a r  Bogue I n l e t . *  

d a t a  f rom N t l .  Mar. F i s h .  S e r . ,  Br. o f  S t a t i s t i c s ,  B e a u f o r t ,  N.C. 



Table 1 . - -Rela t ive  abundance of o f f sho re  anadromous f i s h e s  of North Caro l ina  by sampling a r e a  ( a s  i nd i ca t ed  by t o t a l  
c a t c h ,  a v e r a ~ e  ca t ch  per sample, and percent  of samples t ak i ag  o f f s h o r e  anadromous f i s h )  1968 - 1969 

AREA I AREA TI AREA 111 AREA I V  - TOTAL 
24 samples 27 samples 49 samples 122 samples 222 samples 

Tot. Pc t .  Tot.  Pc t .  Tot.  P c t .  Tot. P c t .  Tot.  P c t .  

catch Avg. wi th  c a t c h  Avg. wi th  c a t c h  Avg. wi th  c a t c h  Avg. with ca t ch  Avg. with 
Spec i e s  (no . )  no. f i s h  (no . )  no. f i s h  (no . )  no, f i s h  ("0.1 "0. f i s h  ( n o . )  no. f i s h  

S t r i p e d  b a s s  
(Morone s a x a t i  l i  s  0  0  0  0 0 0 2 * 4 . 1  1178 9.7 36.1 1180 5.3 20.7 

American shad 
(Alosa s ap id i s s ima)  0  0  0 0 0 0 2 * 2.0 6 * 3.3 8 * 2.2  

Shor tnose  s turgeon  
(Acipenser  b rev i ro s t rum)  0 0 0 5 0 .2  3.7 1 * 2.0 2 * 1.6 8 * 1 . 8  

A t l a n t i c  s tu rgeon  
(Acipenser  oxyrhynchusl 0  0  0  0 0 0 0 0 0 5 * 2 . 4  5 * 1.4 

B lueback h e r r i n g  
(Alosa a e s t i v a l i s )  0 0 0 0 0 0 2 * 4.1  647 5.3 7 .4  649 2.9 5 .0  

Alewife 
(Alosa pseudoharengus) 0  0  0  0  0 0 0 0 0 1808 14.8 34.4 1808 8 . 1  18.9 

Hickory shad 
(Alosa med ioc r i s )  0  0  0  0 0 0 1 * 2.0 2 * 0.8  3 * 0.9 

0 

* l e s s  than 0 .1  f ish/sarnple 



Table  2.-Relative abundance of o f f s h o r e  anadromous f i s h e s  of Nor th  Ca ro l i na  by sanlpliiig a r e a  ( a s  indicaret l  5: tc,:al 
c a t c h ,  average  c a t c h  per  sample,  and percent  of samples t ak ing  o f f s h o r e  ai~adromo.; .~ f is?!) 2969 - 1970 

AREA I AREA 11 AREA I11 A R E A  I V  - TOTAL 
23 samples 67 samples 191 samples 178 samples 459 samples 

Tot.  P c t .  Tot.  P c t .  Tot.  P c t .  Tot .  P c t .  Tot.  Pc t .  
c a t c h  Avg. wi th  c a t c h  Avg. wi th  c a t c h  Avg. wi th  c a t c h  Avg. wi th  c a t c h  Avg. with 

Spec i e s  ( n o . )  no.  f i s h . ( n o . )  no. f i s h  ( n o . )  no.  f i s h  (110.)- n o .  f i s h  ( n o . )  no. fi& 

S t r i p e d  b a s s  
(Morone s a x a t i l i s )  -- 
American shad 
(Alosa  s a p i d i s s i m a )  0 0 0 0 0 0 5 *. 1.0 32 0.2 5.5  37 2.8 

Sho r tnose  s t u rgeon  
(Acipenser  b r ev i ro s t rum)  0 0 0 0 0 0 1 * 0 . 5  0 0 0 1 * 0 .2  

A t l a n t i c  s t u rgeon  
(Acipenser  oxyrhynchus) 0 0 0 3 * 4.5 84 0 .4  20 .0  4 * 2.0 91 0 .2  10.0 

Blueback h e r r i n g  - - 

~ ~- 

( Alosa aestivalTS> 0 0 0 ~ 13 0 .2  9 .0  27 0 . 1  8 .5  198 1.1 4 . 5  238 0 . 5  6 .9  

Alewife 
( Alosa pseudoharengus)  0 0 0 0 0 0 27 0 .1  5 .5  121 0.7 10.5 148 0 .3  6.9 

Hickory shad 
(Alosa  n e d i o c r i s )  0 0 0 1 * 1 .5  1 * 0 . 5  0 0 0 2 * 0.4 

, * less than 0 .1  f i s h / s a m p l e  
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Approximately 99.6 p e r c e n t  of  t h e  anadromous f i s h e s  c o l l e c t e d  d u r i n g  t h e  

t h r e e - y e a r  s t u d y  were  t aken  i n  Area 111 (31.2%) and Area I V  (68 .4%) .  S e v e r a l  

c o n t r a s t s  may be no ted  between t h e  r e s u l t s  o b t a i n e d  from t h e s e  a r e a s  d u r i n g  t h e  

f i r s t  (1968-1969 segment ) ,  second (1969-1970 segment ) ,  and t h i r d  (1970-1971 seg-  

ment) .  Dur ing  t h e  f i r s t  segment ,  99 p e r c e n t  o f  t h e  anadromous c a t c h  came from 

Area I V ,  d u r i n g  t h e  second segment 57.2 p e r c e n t ,  and d u r i n g  t h e  t h i r d  segment 

46.1 p e r c e n t .  However, l e s s  t h a n  one  p e r c e n t  o f  t h e  1968-1969, 4 1  p e r c e n t  o f  

t h e  1969-1970, and 53.8 p e r c e n t  of t h e  1970-1971 c a t c h  came from Area  111. 

S t r i p e d  Bass 

Dur ing  t h e  1969-1970 segment more than  55.5 p e r c e n t  of  t h e  s t r i p e d  b a s s  

c a p t u r e d  came f rom Area  111. S t r i p e d  b a s s  were  found a l o n g  t h e  beach th rough-  

o u t  t h e  e n t i r e  a r e a  f rom Cape Lookout t o  Cape Hatteras. The g r e a t e s t  concen-  

t r a t i o n  was found o f f  Por t smouth  I s l a n d  ( s o u t h  s i d e  of  Ocracoke I n l e t )  where 

179 s t r i p e d  b a s s  were c a p t u r e d .  Only two s t r i p e d  b a s s  were  c a p t u r e d  i n  a l l  of 

Area 111 d u r i n g  1968-1969 and 62 (7%)  d u r i n g  t h e  1970-1971 segment.  Dur ing  t h e  

f i r s t  segment 99 p e r c e n t ,  and t h e  t h i r d  segment 9 3  p e r c e n t ,  o f  t h e  s t r i p e d  b a s s  

c a p t u r e d  came from Area  I V .  The c a t c h e s  were d i s t ' r i b u t e d  from Cape Hatteras t o  

F a l s e  Cape w i t h  t h e  l a r g e s t  c o n c e n t r a t i o n s  coming from F a l s e  Cape, C u r r i t u c k  

beach ,  Oregon I n l e t ,  and Chicamacomico. 

A t l a n t i c  S t u r g e o n  

Almost  93  p e r c e n t  o f  t h e  t o t a l  A t l a n t i c  s t u r g e o n  c a t c h  d u r i n g  t h e  second 

segment and 11 p e r c e n t  d u r i n g  t h e  t h i r d  segment came from Area 111. The remain-  

i n g  89 p e r c e n t  o f  t h e  A t l a n t i c  s t u r g e o n  d u r i n g  t h e t h i r d  segment ,  and a l l  t h e  

A t l a n t i c  s t u r g e o n  d u r i n g  t h e  f i r s t  segment ,  were  c a u g h t  i ~ !  Area I V .  The o t h e r  

A t l a n t i c  s t u r g e o n  t a k e n  d u r i n g  t h e  second segment were c a u g h t  i n  Area I1 (3%) 

and Area  I V  ( 4 x 1 .  A l l  t h e  f i s h  c a u g h t  i n  Areas 111 and I V  were  e v e n l y  d i s t r i -  

b u t e d  a l o n g  t h e  beach.  



Alewi fe  and Blueback H e r r i n g  

Dur ing  t h e  f i r s t  segment,  two b lueback  h e r r i n g  and no a l e w i f e  were caught  

i n  Area 111. Dur ing  t h e  second segment 27 b lueback  and 27 a l e w i f e  were caugh t  

i n  Area 111. However, d u r i n g  t h e  t h i r d  segment,  2 ,258 (79%) of t h e  b lueback 

h e r r i n g ,  and 150 (41%) of t h e  a l e w i f e  were c a p t u r e d  i n  Area 111. 

I n  t h e  f i r s t  segment,  647 (99%) o f  t h e  b l u e b a c k s ,  and 1 ,808  (1002)  of t h e  

a l e w i f e  were c a p t u r e d  i n  Area I V .  I n  t h e  second segment,  198 ( 8 4 2 )  of t h e  b l u e -  

back h e r r i n g  and 121 (82%) o f  t h e  a l e w i f e  were c a p t u r e d  i n  Area I V .  ( I n  t h e  s e -  

cond and t h i r d  segment ,  5% and 0.2% of t h e  b lueback  h e r r i n g ,  r e s p e c t i v e l y ,  were 

c a p t u r e d  i n  Area 11). However, o n l y  600 (21%) and 215 (59%) of t h e  b lueback  

h e r r i n g  and a l e w i f e ,  r e s p e c t i v e l y ,  were c a u g h t  i n  Area I V  d u r i n g  t h e  t h i r d  seg-  

ment s t u d y .  

Most of  t h e  b lueback  h e r r i n g  and a l e w i f e  t a k e n  i n  Area 111 d u r i n g  t h e  

f i r s t  and second segments  were c a p t u r e d  f rom Cape H a t t e r a s  B i g h t  t o  Hatteras In -  

l e t .  Dur ing  t h e  1970-1971 s t u d y ,  t h e  2,258 b lueback  h e r r i n g  and 150 a l e w i f e  

were caugh t  i n  two tows i n  Hatteras B i g h t .  Dur ing  t h e  f i r s t  two segments  b l u e -  

back h e r r i n g  were a l s o  c a u g h t  o f f  Core Banks 5-15 n a u t i c a l  m i l e s  n o r t h  of  Cape 

Lookout . 
I n  Area  I V ,  t h e  h e r r i n g  were c a u g h t  f rom Wirnble S h o a l s  t o  Cape Henry w i t h  

t h e  m a j o r i t y  caugh t  amid f o r e i g n  f i s h i n g  f l e e t s  15-30 m i l e s  e a s t  of  C u r r i t u c k  ' 

Beach. 

American Shad 

Dur ing  t h e  t h i r d  segment (1970-19711,  c a t c h e s  of  American shad were e s s e n -  

t i a l ! ~  i n  Area IV, as 346 of t h e  t o t a l  355 were caugh t  a t  Oregon I n l e t .  

Ca tches  of  c l u p e i d s  were i n c o n s i s t e n t  ( 2 , 2 5 8  b lueback  h e r r i n g  i n  two tows 

i n  1971,  346 American shad i n  two tows i n  1971,and 1 ,808 a l e w i f e  i n  t e n  tows i n  

1969) .  The p r o b a b l e  r e a s o n  f o r  t h e  i n c o n s i s t e n c y  i n  c a t c h e s  was t h e  s c h o o l s  

were  n o t  e v e n t l y  d i s t r i b u t e d  where f i s h i n g  e f f o r t  was a p p l i e d .  



Depth D i s t r i b u t i o n  

The s tudy  a r e a  w a s  d iv ided  i n t o  t h r e e  dep th  zones:  i n sho re  (0-10 fa thoms) ,  

midshore (11-20 fa thoms) ,  and o f f s h o r e  (21-300 fa thoms) .  Depth d i s t r i b u t i o n  

d a t a  c o l l e c t e d  du r ing  each year  of t h e  s tudy  agreed c l o s e l y .  Approximately 94 

pe r cen t  of t h e  anadromous f i s h e s  taken du r ing  t h e  t h r ee -yea r  s tudy  were c o l -  

l e c t e d  from t h e  i n sho re  zone (Tab l e s  4 ,  5  and 6 ) .  

S t r i p e d  ba s s  were found e x c l u s i v e l y  i n  t h e  i n sho re  zcne. Only one h ickory  

shad and one A t l a n t i c  s tu rgeon  were found o u t s i d e  t he  i n s h o r e  zone and both were 

cap tu r ed  i n  t h e  midshore zone du r ing  t h e  f i r s t  segment of t h e  s tudy .  

Approximately 97 pe r cen t  (390)  of t h e  American shad cap tu r ed  were found 

i n  t h e  i n s h o r e  zone,  w i th  353 cap tured  a t  Oregon I n l e t  d u r i n g  t he  t h i r d  segment. 

Only t h r e e  were found i n  t h e  midshore zone and seven i n  t h e  o f f s h o r e  zone. 

Almost 87 pe r cen t  (3 ,252)  of t h e  blueback h e r r i n g  cap tu r ed  were found i n  

t h e  i n s h o r e  zone. Approximately 13 pe r cen t  (496)  were cap tu r ed  i n  t h e  midshore 

zone d u r i n g  t h e  t h i r d  segment 15 m i l e s  e a s t  of Cu r r i t uck  L i g h t ,  North Caro l ina  

among t h e  E a s t  German f l e e t .  Only two had been cap tu r ed  p r e v i o u s l y  i n  t h e  mid- 

sho re  zone,  and t h e s e  were t aken  d u r i n g  t h e  second segment i n  13 fathoms of 

wate r  o f f  Wimble Shoa l s ,  North Ca ro l i na .  

Approximately 9 8  p e r c e n t  (2 ,271)  of t h e  a l e w i f e  c ap tu r ed  were found i n  

t h e  i n s h o r e  zone. Almost 80 pe r cen t  of  t h e s e  w e r e  cap tured  d u r i n g  t h e  f i r s t  

segment as f a r  south as Wimble Shoa ls  and n o r t h  t o  t h e  mouth of t h e  Chesapeake 

Bay. Fo r ty -n ine  were cap tu r ed  i n  t h e  midshore zone,  d u r i n g  t h e  t h i r d  segment 

15 miles e a s t  of Cu r r i t uck  Ligh t  among t h e  E a s t  German f l e e t .  One was a l s o  

cap tu r ed  i n  t h e  o f f s h o r e  zone d u r i n g  t h e  second segment. 

During t h e  second segment, t h e  few American shad,  b lueback h e r r i n g  and 

a l e w i f e  c ap tu r ed  i n  t h e  o f f s h o r e  zone were t aken  a t  d e p t h s  of 83  t o  129 fathoms 

o f f  t h e  mouth of Chesapeake Bay (Area IV). Encounter ing t h e s e  s p e c i e s  a t  s i -  

m i l a r  d e p t h s  h a s  been no ted  b e f o r e  (Ne t ze l  and S tanek ,  19661, bu t  n o t  a s  f a r  



Table 4 . - -Rela t ive  abundance and depth d i s t r i b u t i o n  of o f f s h o r e  anadromous f i s h e s  of North Caro l ina  ( a s  ind ica ted  
by t o t a l  c a t z h ,  average c a t c h  per  sample, and percent  of samples tak ing  o f f s h o r e  anadromous f i s h )  1968 - 1969 

INSHORE ( 172 samples) 
0 - 10 fm 

MID-SHORE (30 samples) 
11 - 20 fm. 

OFFSFlORE ( 16 samples 
21 - 300 fm. 

P c t .  P c t .  Pc t .  
To ta l  Avg. wi th  To ta l  Avg. wi th  Tota l  Avg. with 

Species  c a t c h  ca t ch  f i s h  c a t c h  c a t c h  f i s h  ca t ch  ca tch  f i s h  

S t r i p e d  b a s s  
(Morone s a x a t i l i s )  1180 6.9  27.3 

American shad 
(Alosa s ap id i s s ima)  

Shor t nose  s tu rgeon  
(Acipenser  b rev i ro s t rum)  8 j: 2.3 

A t l a n t i c  s tu rgeon  
( Acipenser oxyrhynchus) 4 -k 1.8  

Blueback h e r r i n g  
(Alosa a e s t i v a l i s )  649 3.8 6.2 

Alewife 
(Alosa pseudoharengus) 1808 10.5 24.5 

Hickory shad 
(Alosa med ioc r i s )  2 j; 0 . 4  

* l e s s  than 0 .1  f ish/sarnple  



Table 5.--Relative abundance a d  depth d i s t r i b u t i o n  of o f f shore  anadromous f i s h e s  of North Carol ina ( a s  indica ted  
by t o t a l  ca t ch ,  average ca t ch  per  sample, and percent  of samples taking o f f shore  anadromous f i s h )  1969 - 1970 

INSHORE ( 236 samples MID-SHORE (70 samples) OFFSHOXE (153 samples 
0 - 10 fm. 11 - 20 fm. 21 - 300 fm. 

Pc t .  P c t .  Pc t .  
To ta l  Avg. wi th  Tota l  Avg. wi th  Tota l  Avg. with 

Species  ca t ch  ca t ch  f i s h  ca t ch  ca tch  f i s h  catch ca tch  fish- 

S t r iped  bass  
(Morone s a x a t i l i s )  

(American shad 
(Alosa sapid iss ima)  

Shortnose s turgeon 
(Acipenser brevi ros t rum)  

A t l a n t i c  s turgeon 
(Acipenser oxyrhynchus) 

B lueback h e r r i n g  
(Wlosa aes-! 

Alewife 
(Alosa pseudoharengus) 

Hickory shad 
( Alosa mediocr i s )  

* less than 0 . 1  f i sh /sample  



Table 6.- -Relat ive abundance and depth d i s t r i b u t i o n  of o f f s h o r e  anadromous f i s h e s  of North Caro l ina  (as ind ica ted  
by t o t a l  c a t c h ,  average ca t ch  per  sample, and percent  of samples t ak ing  o f f s h o r e  anadromous f i s h )  1970 - 1971 

INSHORE (332 samples) MID-SHORE (17 samples) OFFSHORE (8  samples) 
0 - 10 fm. 11 - 20 fm. 21 - 300 fm. 

P c t .  P c t .  Pc t .  
To ta l  Avg. wi th  Tota l  Avg. wi th  To ta l  Avg. with 

Spec i e s  c a t c h  ca t ch  f i s h  ca t ch  c a t c h  f i s h  c a t c h  c a t c h  -- f i s h  

S t r i p e d  b a s s  
(Morone s a x a t i l i s )  894 2.7 31.0 

American shad 
(Alosa  s ap id i s s ima)  353 1 . 1  3.9 

Shor tnose  s turgeon  
(Acipenser  brev i ros t rum)  1 * 0 .3  

A t l a n t i c  s tu rgeon  
(Acipenser  oxyrhynchus) 9 4 0.3 13.0 

B lueback h e r r i n g  
(Alosa a e s t i v a l i s )  237 1 7 .1  10 .8  49 4 29.1 41.2 

Alewife 
( Alosa pseudoharengus) 3 16 0.9 6 .6  49 2.9 29.4 

Hickory shad 
(Alosa mediocr i s )  4 3 0 .1  3 .O 

* l e s s  than 0.1 f i sh / sample  
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south. The c o l l e c t i o n  of t he se  f i s h  i n  t h e  o f f s h o r e  a r e a  probably h a s  l i t t l e  

commercial s i g n i f i c a n c e  s i n c e  so few were found; however, i t  does provide some 

information as t o  where t h e s e  spec i e s  might be found between spawning migra t ions .  

Seasonal D i s t r i b u t i o n  

Sampling was conducted from December 1968 t o  March 1969 d u r i n g  t h e  f i r s t  

segment, i n  Apr i l  1969 and from August 1969 t o  March 1970 du r ing  t h e  second seg- 

ment, and i n  June 1970 and from October 1970 t o  June 1971 du r ing  t h e  t h i r d  seg- 

ment (Tables  7 ,  8 ,  and 9 ) .  

Anadromous f i s h e s  w e r e  c o l l e c t e d  i n  December 1968 and January through 

March 1969 du r ing  t h e  f i r s t  segment, i n  A p r i l  1969 and November 1969 through 

March 1970, du r ing  t h e  second segment, and October 1970 through Apr i l  1971 and 

aga in  i n  June 1971 du r ing  t h e  t h i r d  segment (Tab le s  7 ,  8 ,  and 9 ) .  

S u f f i c i e n t  q u a n t i t i e s  of f i v e  of t h e  seven s p e c i e s  were taken t o  i n d i c a t e  

seasona l  abundance (Tables  8 and 9 ) .  Approximately 99 percent  of t h e  t o t a l  ana- 

dromous f i s h e s  c o l l e c t e d  dur ing  t h e  second and t h i r d  segments were taken from 

November through March, w i th  65 percent  of t h e  t o t a l  taken du r ing  March a lone .  

This  information i s  no t  a v a i l a b l e  from S t e r l i n g  and Godwin (1970) f o r  t h e  i n i -  

t ia l  segment. 

S t r i p e d  Bass 

S t r i p e d  bas s  were p r e s e n t  i n  North Caro l ina  sounds, p a r t i c u l a r l y  Albemarle 

Sound, throughout t h e  yea r  (North Caro l ina  Landings,  1960-1971).* However, t h e  

occur rence  of s t r i p e d  b a s s  i n  t h e  ocean appea r s  t o  be of a seasona l  na tu re .  Col- 

l e c t i o n s  made dur ing  t h e  p e r i o d s  o u t l i n e d  i n  Tables  7 ,  8 ,  and 9 r e s u l t e d  i n  s t r i p e d  

b a s s  taken as e a r l y  as mid-November 1971 and through March of a l l  t h r e e  segments. 

*Published and unpubl ished d a t a  from National  Marine F i s h e r i e s  S e r v i c e ,  Branch 
of S t a t i s t i c s ,  Beaufor t ,  N.C. 



Table 7.--Seasonal d i s t r i b u t i o n  and pe r cen t  of samples t a k i n g  f i s h f r o m o f f s h o r e  
anadromous f i s h  s t o c k s ,  North Ca ro l i na ,  1968 - 1969* 

December January  February March 
Spec i e s  ( 18  samples) (35 samples) (36 samples) (70 samples) 

S t r i p e d  b a s s  
(Morone s a x a t i l i s )  11.2 34.3  50.0 15.8 

American shad 
(Alosa s ap id i s s ima )  

Shor tnose  s tu rgeon  
(Acipenser  b r ev i ro s t rum)  11.2  

A t l a n t i c  s tu rgeon  
(Acipenser oxyrhynchus) 5.6 

B lueback h e r r i n g  
(Alosa a e s t i v a l i s )  0 

Alewife 
(Alosa pseudoharengus.) 0 2.9 36.2  33.0 

Hickory shad 
(Alosa mediocr i s )  5.6 

* From S t e r l i n g  and Godwin (1970) 



Table 8.--Number of anadromous f i s h  cap tured  and percent  of samples t ak ing  anadromous 
f i s h  by months, o f f sho re  North Caro l ina  1969 - 1970 

APRIL AUGUST SEPTEMBER OCTOBER NOVEMBER 
76 samples 22 samples 46 samples 25 samples 30 samples .- 

Tot.  Pe r -  Tot.  Pe r -  Tot.  Per -  Tot.  Pe r -  Tot. Per -  
Spec i e s  - f i s h  c e n t  f i s h  c e n t  f i s h  c e n t  f i s h  c e n t  f i s h  c e n t  

S t r i ped  bass  
(Morone s a x a t i l i s )  0 0 0 0 0 0 0 0 0 0 
Arner i c  an shad 
(Alosa sap id iss ima)  3 3.9 0 0 0 0 0 0 2 3 .3  
Shortnose s turgeon 
(Acipenser brev i ros t rum)  0 0 0 0 0 0 0 0 0 0 
A t l a n t i c  s turgeon 
(Acipenser oxyrhynchus) 0 0 0 0 0 0 0 0 2 6.7 
B lueback h e r r i n g  
(Alosa -- a e s t i v a l i s )  4 2.6 0 0 0 0 0 0 0 0 
Alewife 
(Alosa pseudoharengus) 1 1 . 3  0 0 0 0 0 0 0 0 
Hickory shad 
(Alosa mediocr i s )  0 0 0 0 0 0 0 0 0 0 

DECEMBER JANUARY FEBRUARY MARCH 
30 samples 83 samples 94 samples 53 samples 
Tot .  Per -  Tot.  Pe r -  Tot .  Per -  Tot. Pe r -  

Spec ies  f i s h  c e n t  f i s h  c e n t  f i s h  c e n t  f i s h  c e n t  

S t r i ped  b a s s  
(Morone s a x a t i l i s )  153 4 3 . 3  55 22.7 217 40.4 4 2  5 .7  
American shad 
(Alosa s ap id i s s ima)  4 3.3 1 1 .2  27 7.4 0 0 
Shortnose s turgeon  
(Acipenser brev i ros t rum)  0 0 1 1.2 0 0 0 0 
A t l a n t i c  s turgeon  
(Acipenser oxyrhynchus) 1 3 .3  30 22.9 48 18.1 10 13.2 
Blueback h e r r i n g  I 

(Alosa a e s t i v a l i s )  1 3.3 3 3.6 33 19.2 197 15.1 
Alewife 
( Alosa pseudoharengus) 1 3 . 3  9 7 .2  136 24.5 1 1.9 
Hickory shad 
(Alosa mediocr i s )  0 0 1 1 .2  0 '  0 1 1.9 



Table 9.--Number of anadromous f i - sh  captured and percent  of samples t ak ing  anadromous 
f i s h  by months, o f f sho re  North Caro l ina  1970 - 1971 

JUNE OCTOBER NOVEMBER DECEMBER -- JANUARY 
16 samples 44 samples 50 samples 7 0  samples 54 samples 
Tot. Per -  Tot.  Pe r -  Tot.  Per -  Tot.  Per -  Tot. Per -  

Spec ies  f i s h  c e n t  f i s h  c e n t  f i s h  cen t  f i s h  c e n t  f i s h  c e n t  .- 

S t r i p e d  bas s  
(Morone s a x a t i  l i s )  0 0 0 0 104 42.0 517 54.3 122 24.1 
American shad 
(Alosa sap id iss ima)  0 0 0 0 0 0 0 0 6 5.6 
Shortnose s turgeon 
( Acipenser brev i ros t rum)  0 0 0 0 0 0 1 1 .4  0 0 
A t  l a n t i c  s turgeon 
(Acipenser oxyrhynchus) 0 0 2 2.3 25 22.0 52 27.1 6 9.2  
B lueback h e r r i n g  
(Alosa a e s t i v a l i s )  0 0 0 0 0 0 0 1.4 49 29.6 
Alewife 
( Alosa pseudoharengus) 0 0 0 0 0 0 0 0 0 0 
Hickory shad 
(Alosa mediocr i s )  0 0 0 0 3 6 .0  0 0 16 9 . 2  

FEBRUARY MARCH APRIL MAY JUNE 
32 samples 49 samples 5 samples 7 samples 30 samples- 
Tot.  Per -  Tot.  Per -  Tot.  Pe r -  Tot.  Per -  Tot. Per -  

Spec ies  f i s h  c e n t  f i s h  c e n t  f i s h  c e n t  f i s h  cen t  f i s h  c e n t  

S t r i p e d  b a s s  
(Morone s a x a t i l i s )  2 2 25.0 129 46.9 0 0 0 0 0 0 
American shad 
(Alosa sap id iss ima)  3 6.2 346 18.4 0 0 0 0 0 0 
Shortnose s turgeon  
(Acipenser brev i ros t rum)  0 0 0 0 0 0 0 0 0 0 
A t l a n t i c  s turgeon  
(Acipenser oxyrhynchus) 2 6.2 7 10.2 0 0 0 0 0 0 
Blueback h e r r i n g  
(Alosa a e s t i v a l i s )  -- 256 3.1 2539 46.9 18 20.0 0 0 2 3.3 
Alewife 
(Alosa pseudoharengus) 22 15.6 343 44.9 0 0 0 0 0 0 
Hickory shad 
(Alosa mediocr i s )  0 0 24 4 .1  0 0 0 0 0 0 



i n  t h i s  s ec t i on .  Throughout t h i s  r e p o r t ,  a l l  weights  a r e  i n  ki lograms (kg)  

o r  grams ( g )  while  f o r k  l eng ths  were recorded i n  cen t ime te r s  (cm) o r  m i l l i -  

meters  ( rnm) .  

S t r i p e d  Bass - Offshore 

Weight (kg)  and f o r k  length  (cm) were determined f o r  1,763 s t r i p e d  b a s s  

from February 1968 through June 1971. These f i s h  ranged from 26 t o  128 cm and 

from 0 .45  t o  26.3 kg. The length-weight  r e l a t i o n s h i p  (336)  and length-frequency 

d i s t r i b u t i o n  (1763) a r e  presen ted  i n  F igures  8 and 9 ,  r e s p e c t i v e l y .  The length-  

f requency d i s t r i b u t i o n  i n d i c a t e d  a peak of 35.0 t o  39.9 cm i n  t h e  1968-1969 seg- 

ment t h a t  was no t  r e f l e c t e d  i n  t h e  1969-1970 o r  t h e  1970-1971 segments. Peaks 

of 45.0 t o  49.9 and 60.0 t o  64.9 cm i n  Area I V ,  and 90.0 t o  94.9 cm i n  Area 

I11 a r e  i nd i ca t ed  f o r  t h e  1969-1970 segment. The 90.0 t o  94.9 cm group dominated 

the  1969-1970 segment. The win t e r  hau l  s e i n e  and t r a w l  f i s h e r i e s  on t h e  Outer 

Banks f i s h e d  both of t h e  Area IV s i z e  groups, h a r v e s t i n g  154,000 pounds i n  D e -  

cember 1969 and 349,000 and 336,000 pounds, r e s p e c t i v e l y ,  i n  January and Febru- 

a r y  1 9 7 0 3  No landings were r epo r t ed  dur ing  t h e  same months on t h e  l a r g e  f i s h  

i n  Area 111. The popula t ion  of "Jumbo" s t r i p e d  b a s s  i n  Area I11 appeared t o  be 

e s s e n t i a l l y  unexplo i ted  du r ing  i t s  s t a y  o f f  t h e  North Caro l ina  c o a s t .  While 

t a g  r e t u r n s  i n d i c a t e d  a few of t h e s e  f i s h  were e v e n t u a l l y  caught  by commercial 

f ishermen du r ing  t h e  spawning run i n  Chesapeake Bay, most of t h e  h a r v e s t  ap- 

peared t o  be by s p o r t s  f ishermen i n  t h e  New England s t a t e s .  

Peaks of 55.0 t o  54.9,  70.0 t o  74 .9 ,  and 90.0 t o  94.9 cm were ev iden t  du r -  

i n g  t h e  1970-1971 segment. While "Jumbo" s t r i p e r s  were p r e s e n t  d u r i n g  1970-1971, 

they were no: as abundant as du r ing  t h e  1969-1970 segment. The 70.0 t o  74.9 cm 

group dominated t h e  1970-1971 ca t ch .  

*Unpublished d a t a  from Nat iona l  Marine F i s h e r i e s  Se rv i ce ,  Branch of S t a t i s t i c s ,  
Beaufor t ,  N. C. 
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F i g u r e  8.  -Fork l eng th -we igh t  r e l a t i o n s h i p  f o r  s t r i p e d  bass, o f f s h o r e  
Nor th  C a r o l i n a ,  1 9 6 8  - 1971. 



Fork Length ( 5 cm size groups) 

Figure 9.--Length-frequency distribution for striped bass, offshore 
North Carolina, 1968 - 1971. 



A combined t h r e e - y e a r  sample o f  290 s t r i p e d  b a s s  (28 .0  to  128.0 cm) was 

p r e s e r v e d  f o r  d e t a i l e d  b i o l o g i c a l  a n a l y s e s :  l e n g t h ,  w e i g h t ,  a g e ,  f e c u n d i t y ,  

and food h a b i t s .  These f i s h  ranged from two t o  f i f t e e n  y e a r s  o l d .  ['he Lork 

l e n g t h - a g e  r e l a t i o n s h i p  d a t a  and r e g r e s s i o n  f o r  t h e s e  290 f i s h  i s  p r e s e n t e d  

i n  T a b l e  10 and F i g u r e  10 ,  r e s p e c t i v e l y .  A p l a s t i c  impress ion  was made o f  

s c a l e s  f rom each  f i s h  and examined r e p e a t e d l y  by two, and sometimes t h r e e ,  i n -  

d i v i d u a l s .  Only s c a l e  samples  on which agreement  w a s  o b t a l n e d  were used  i n  a g e  

d e t e r m i n a t i o n s .  The l e n g t h  of each  f i s h  f o r  each  y e a r  of growth was o b t a i n e d  

by b a c k - c a l c u l a t i o n  a c c o r d i n g  t o  t h e  method o f  Mansuet i  (1961) .  The f i s h  used  

fo r  t h i s  s t u d y  were c a u g h t  f rom November t h r o u g h  March. 

The e x t e n t  of  a n n u l u s  f o r m a t i o n  f o r  164 s t r i p e d  b a s s  c a p t u r e d  No-[ember 

2 th rough  December 15,  1970,  was de te rmined .  Of t h e  s t r i p e d  b a s s  c a p t u r e d  from 

November 17-21,  o n l y  5.3 p e r c e n t  ( 3 )  had  deve loped  a n  11-..:;llus. However, by 

December 2-15,  81 .3  p e r c e n t  ( 8 7 )  of  t h e  s t r i p e d  b a s s  had deve loped  a n  a n n u l u s .  

Thus, s t r i p e d  b a s s  a p p a r e n t l y  d e v e l o p  a n  a n n u l u s  f rom late Oc tobe r  e a r l y  Novem- 

b e r  t o  l a t e  December e a r l y  Janua ry .  The peak a n n u l u s  f o r m a t i o n  p r o b a b l y  o c c u r s  

i n  e a r l y  Dscember. 

S i n c e  some would l a c k  as much as 7 manths  growth on t h e  last y e a r ,  t h e  

p o r t i o n  of  growth beyond t h e  f i s h e s '  l a s t  a n n u l u s  was i g n o r e d  i n  a g e - l e n g t h  cal- 

c u l a t i o n s .  The r e s u l t s  o f  s c a l e  a n a l y s i s  and back  c a l c u l a t i o n  ( T a b l e  1 0 )  

a g r e e  s t r o n g l y  w i t h  Mansue t i  (19611,  Merriman (19411,  P e a r s o n  (19381,  and 

S c o f i e l d  (1931) .  

A t l a n t i c  S tu rgeon  - Off s h o r e  

A t o t a l  of 184 A t l a n t i c  s t u r g e o n  was weighed ( k g )  and measured  (cm). 

These  f i s h  ranged f rom 40 .7  t o  216.0 cm and  f rom 0 .6  to  113.4 kg. The l e n g t h -  

w e i g h t  r e l a t i o n s h i p  i s  p r e s e n t e d  i n  F i g u r e  11. The l e n g t h - f r e q u e n c y  d i s t r i b u -  

t i o n  ( F i g u r e  12) i n d i c a t e s  s i x  peaks :  65 .0  cm, 80.0 cm, 95.0 cm, 110.0 c m ,  

120.0 c m ,  and  135.0 c m .  Accord ing  t o  t h e  s t u d i e s  i n  Canada by Magnin (1962,19641,  



Table  10.--Calculated f o r k  leng th  (cm) a t  the  end of each year  f o r  s t r i p e d  bas s ,  o f f s h o r e  North Caro l ina  1968 - 1971 

Mean 
No. l e n g t h  

Age of a t  cap- 
group f i s h  t u r e  (cm) I I1 111 IV V VI VII VIII IX X XI XI11 *I= -- XIV 

I 
I I 
I11 
IV 
v 

VI 
VI I 

VIII 
IX 
X 

XI 
XI1 

XI11 
XIV 
xv 

-- -- 
Mean f o r k  length-at-end - -- 

of e a c h  y e a r :  cm 13.7 26.7 39.2 49.1 58.2 66.7 75.0 8 1 . 5  86.8 91 .3  95.3 99.8 105.4 109.8 
i n  5 .4  10.5 15.4 19 .3  22.9 26.2 29.5 32.1 34.2 35.9 37.5 39.3 41.5 43.2 

Mean annual  growth i n -  
c rement :  c m  13.7 13.0 11 .8  9 .9  9 . 1  8 . 5  8 . 1  7 . 1  6 .5  5.7 5 . 0  5 . 1  3 . 8  3 .0  

i n  5 .4  5 .1  4 .6  3.9 3 .6  3 . 3  3.2 2.8 2.6 2.2 2 .0  2.0 1 . 5  1 .2  

Number of 
f i s h :  290 290 277 240 234 208 173 147 122 84 65 39 15 6 1 0 

* Incomplete  growth yea r  - no t  used  i n  c a l c u l a t i o n s  
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Figure 10.-Calculated age - fork length relationship for striped 
bass, offshore North Carolina, 1968 - 1971. 



f i s h  of t h e s e  s i z e s  would be approximately  7-8,  9-10, 11-12, 13-14, 15-16, and 

17-18 y e a r s  o l d  r e s p e c t i v e l y .  It  i s  probab le ,  however, t h a t  North Ca ro l i na  

f i s h  were a c t u a l l y  somewhat younger than i n d i c a t e d  s i n c e  Mangnin's  work was 

done i n  Canada where t h e  f i s h  have a much s h o r t e r  growing season than i n  t h e  

l a t i t u d e s  of  North Caro l ina .  However, no age and growth s t u d i e s  have been con- 

ducted on s tu rgeon  i n  t h e  middle A t l a n t i c  a r e a  t o  suppor t  o r  deny t h i s  supposi-  

t ion .  

American Shad - Of f s h o r e  

A t o t a l  of 202 American s3ad w a s  weighed (kg)  and measured (cm). These 

f i s h  ranged from 8 . 8  t o  54.7 c ~ n  and from 0.01 t o  2.72 kg. The length-weight  r e -  

l a t i o n s h i p  i s  presen ted  i n  F igu re  13. 

The l eng th  f requency  d i s t r i b u t i o n  ( F i g u r e  14) i n d i c a t e s  two peaks:  10.0 t o  

14.9 cm and 45.0-49.9 cm. These peaks r e p r e s e n t  f i s h  of 1 -2 ,  and 5-9 y e a r s  o l d  

r e s p e c t i v e l y .  

A sample of 134 American shad (17.0 t o  54.7 cm) was p rese rved  f o r  d e t a i l e d  

b i o l o g i c a l  a n a l y s e s :  l eng th ,  we igh t ,  a g e ,  f e c u n d i t y  and food h a b i t s .  Age w a s  

determined from s c a l e  samples mounted on g l a s s  s l i d e s .  The number of a n n u l i ,  

spawning marks,  and age  were recorded  f o r  t h e  shad and o t h e r  c l u p e i d s  u s i n g  t h e  

c r i t e r i a  and methods e s t a b l i s h e d  by Ca t ing  (1953) .  The s c a l e s  were a lways ex-  

amined by a minimum of two i n d i v i d u a l s ,  and o n l y  s c a l e s  on which agreement was 

reached were used i n  age  de t e rmina t i ons .  S c a l e  a n a l y s i s  of shad i n d i c a t e d  t h a t  

t h e  f i s h  ranged from 2 t o  11 y e a r s  o l d ,  w i t h  80.6 pe r cen t  f a l l i n g  w i t h i n  t h e  5-7 

yea r -o ld  range  (Table  111, similar t o  t h e  f i n d i n g s  of Walburg and Nichols  (1967) 

f o r  t h e  Delaware and Connec t icu t  Rivers .  The d a t a  f o r  t h e  r e l a t i o n s h i p  between 

age and f o r k  l eng th  a r e  i n d i c a t e d  i n  Tab le  12 (mean l e n g t h  pe r  age  group)  and 

expressed  g r a p h i c a l l y  i n  F igu re  15. The mean v a l u e s  from Table  12 are p l o t t e d  

i n  F igu re  15. Even though comparison between t h e s e  d a t a  and t h e  o t h e r  sou rce s  



Fork Length (cm) 

Figure  1 3  --Fork l eng th  - weight r e l a t i o n s h i p  f o r  American shad,  
o f f s h o r e  North Ca ro l i na ,  1968 - 1971. 



Sexes combined N = 202 

7 . 5  17 .5  27.5 37 . 5 4 7 . 5  57.5 

Fork Length  ( 5  cm s i z e  g r o u p s )  

F i g u r e  14. -Length-f requency d i s t r i b u t i o n  f o r  American s h a d ,  o f f s h o r e  
North C a r o l i n a ,  1968 - 1971. 





T a b l e  12.--Year c l a s s e s ,  numbers and mean f o r k  l e n g t h s  o f  b lueback  h e r r i n g ,  a l e w i f e  and American shad f rom o f f s h o r e  ::or:h 
C a r o l i n a  and Chowan Rive r  compared t o  o t h e r  a r e a s  a l o n g  t h e  e a s t  c o a s t  

B lueback  h e r r i n g  
O f f s h o r e  N. C. 
S e x e s  combined 

Mean 
Y r .  l e n g t h  
c lass  No. (mrn) 

I1 5 163 
111 8 208 
IV 29 219 
V 24 235 
VI 5 255 
VII 3 270 
VIII 2 280 

Alewi fe  
O f f  s h o r e  N. C. 
S e x e s  combined 

Mean 
Y r .  l e n g t h  
cllfic-- 

11 
111 
IV 8 245 
V 14 249 

VI 16 261 
VII 10 270 

VIIT. 2  274 

Chowan Rive r  
By s e x  

Mean Both Fe- Ffean 
Male l e n g t h  s e x e s  male l e n g t h  
( n o . )  (mm) (mm) ( n o . )  (mm) 

Chowan Rive r  
By s e x  

Mean Both Fe- Mean 
Male l e n g t h  s e x e s  male l e n g t h  - a 

1  
C o n n e c t i c u t  R i v e r  

By s e x  
Flean Fe- Mean 

Male l e n g t h  male l e n g t h  
( n o . )  (mrn) ( n o . )  (mm) 

C o n n e c t i c u t  R i v e r  1  

By s e x  
Mean Fe- Mean 

Male l e n g t h  male l e n g t h  
(no . )  (mm) ( n o . )  (mm) 

Georges Bank 
2 

Sexes  combined 
Me an 
l e n g t h  

No. (mm) 

Georges ~ a n k ~  
Sexes  combined 

Mean 
l e n g t h  

No. (mm) 

Lower Chesapeake ~ a y ~  
By s e x  

Mean Fe- FIean 
Male l e n g t h  male l eng th  
( n o . )  (mm) ( n o . )  (mm) 



Table  12 (con t .  

American shad 
Offshore  N. C .  4 

S t .  J 
4 

Delaware ~ i v e r  
Sexes  combined ohns ~ i v e r ~  Neuse River Susquehanna River  By sex 

Me an By sex By sex By sex Mean Fe- Mean 
Year l eng th  Male-mean Female-mean Male-mean Female-mean Male-mean Female-mean Male length male length 
c l a s s  No. (cm) l eng th  (cm) leng th  (em) leng th  (cm) leng h (cm) l eng th  (cm) l eng th  (cm) no. (cm) no. (cm) 

I 17.5 18.0 17.8 18.3 16.5 17.5 
I1 27.7 2 8 . 4  28.7 29.5 26.7 28.4 
111 34.5 35.3 36 .8  37.6 33.0 36 .1  4 37.4 

I V  3 42.9 39.4 40.9 42.2 42.9 37.6 40.4 149 42.6 30 45.1 
V 13 45 .1  44.7 47.2 40.4 44.4 27 45.8 64 47.6 

V I  5 2  4 5 . 8  51.3 2 47.8 19 52.6 
VII  40 46.7 

V I I I  15 48.6 
IX 3 48.8 

X 1 46.4 
X I  1 54.7 

Marcy, 1969; Data converted from t o t a l  l eng th  t o  f o r k  l eng th ,  s e e  Figure  28. 

Netzel  and S tanek ,  1966, J u l y  d a t a ;  Data  converted from t o t a l  l eng th  t o  f o r k  l eng th ,  s e e  Figure  28 .  

Jackson and Davis ,  1965 - number of f i s h  no t  given.  

LaPointe  1958; c a l c u l a t e d  f o r k  l eng ths  i n  i nches  conver ted  t o  cm. Numbers of f i s h :  74 males and 89 females - S t .  
Johns R ive r ;  87 males and 77 females  - Neuse River ;  50 males and 54 females  - Susquehanna River.  

Chi t t enden ,  1969; 1963 d a t a  converted from t o t a l  l eng th  t o  f o r k  leng th  u s i n g  C h i t t e n d e n ' s  convers ion f i g u r e .  



Fork Length (cm) 

F i g u r e  15.-Fork l e n g t h  - a g e  r e l a t i o n s h i p  f o r  American shad s e x e s  
combined, o f f s h o r e  North C a r o l i n a  1970 - 1971. 



l i s t e d  i n  Tab le  12 i s  a v a i l a b l e  o n l y  f o r  t h e  4-6 y e a r  r a n g e ,  t h e s e  d a t a  c o r r e s -  

pond c l o s e l y  w i t h  o t h e r s .  

A s  i n d i c a t e d  by d a t a  i n  Tab le  11, 71.7 p e r c e n t  of  t h e  c a p t u r e d  shad had 

spawned p r e v i o u s l y ,  w i t h  3 p e r c e n t  hav ing  as many as  f o u r  spawning marks. T h i s  

i s  n o t  t y p i c a l  i n  North C a r o l i n a  where r e p e a t e r s  have b ~ e n  found t o  comprise  

o n l y  t h r e e  p e r c e n t  of  t h e  Neuse River  spawning p o p u l a t i o n  (Walburg, 1957). 

S i n c e  a h i g h e r  p e r c e n t a g e  of r e p e a t e r s  a r e  found n o r t h  of North C a r o l i n a  (27% 

James River  and 49% Connec t i cu t  R i v e r  as  r e p o r t e d  by Walburg and Nicho l s ,  19671, 

i t  i s  l i k e l y  t h e s e  shad p robab ly  would have  spawned n o r t h  of North C a r o l i n a .  

However, 90 p e r c e n t  of t h e  shad c a p t u r e d  o f f s h o r e  were t aken  on two c o n s e c u t i v e  

d a y s  a t  Oregon I n l e t ,  p robab ly  from t h e  same schoo l .  The shad may have  been m i -  

g r a t i n g  i n s h o r e  by a g e  c l a s s e s  and t h e  schoo l  sampled composed p r i m a r i l y  of 

o l d e r  f i s h .  T h i s  cou ld  e x p l a i n  t h e  l a r g e  p e r c e n t a g e  of r e p e a t e r s ,  and t h e  h i g h  

p e r c e n t a g e  of 5-7 y e a r  o l d s .  Also ,  as i n d i c a t e d  by d a t a  i n  Tab le  11, 52.1 p e r -  

c e n t  of t h e  American shad spawned t h e  f i r s t  t ime a t  age  5 and 21.9 p e r c e n t  a t  

a g e  4 and 6 .  

American Shad - Chowan R i v e r  a t  Tun is  

A t o t a l  of  47 American shad was weighed (kg)  and measured (cm). These 

f i s h  ranged from 34.5 t o  50.1 cm and f rom 0.60 t o  2.47 kg. I n s u f f i c i e n t  num- 

b e r s  of  American shad were c a p t u r e d  t o  g i v e  a n  a c c u r a t e  l eng th -weigh t  r e l a t i o n -  

s h i p  o r  l e n g t h - f r e q u e n c y  d i s t r i b u t i o n .  A t o t a l  of  34 American shad scale sam- 

p l e s  were s u i t a b l e  f o r  a g e  d e t e r m i n a t i o n s .  The shad were 5-7 y e a r s  o l d  (Tab le  

11). T h i s  a g e  r a n g e  d i d  n o t  a g r e e  w i t h  any l i t e r a t u r e  where 4-6 y e a r s  was t h e  

dominant range.  The 5-7 y e a r  r a n g e  d o e s  t end  t o  a g r e e  w i t h  t h e  r a n g e  found 

o f f s h o r e  North C a r o l i n a .  However, no d e f i n i t e  c o r r e l a t i o n  can  be  drawn from 

3 4  f i s h .  For t h i s  r e a s o n ,  a g e  c l a s s ,  mean l e n g t h s ,  o r  a g e - l e n g t h  r e g r e s s i o n s  

were  n o t  c a l c u l a t e d .  

F ive  Aver ican s h a d ,  14.7  p e r c e n t  of  t h e  34 American shad s c a l e s  s u i t a b l e  

f o r  a g e  d e t e r m i n a t i o n  were  r e p e a t e r s  ( T a b l e  1 1 ) .  S i n c e  t h e  Neuse R i v e r  t o  t h e  



s o u t h  had 3 p e r c e n t  r e p e a t e r s ,  and James and York R i v e r s  t o  t h e  n o r t h  had 27 

and 24 p e r c e n t  r e p e a t e r s  r e s p e c t i v e l y  (Walburg and Nichols  1967) ,  14.7  p e r c e n t  

r e p e a t e r s  f o r  Chowan River  would be  expec ted .  Tab le  1 1  a l s o  i n d i c a t e s  74 .5  p e r -  

c e n t  of t h e  shad spawned t h e  f i r s t  t i m e  f rom a g e s  4-6.  T h i s  was s i m i l a r  t o  shad 

caugh t  o f f s h o r e .  However, 26.5 p e r c e n t  spawned t h e  f i r s t  t i m e  a t  a g e  7. NO 

o t h e r  r i v e r  system l i s t e d  i n  Walburg and Nicho l s  (1967) had t h i s  l a r g e  a p e r c e n t -  

age  of 7  y e a r  o l d  f i s h .  S i n c e  t h e  sample was small, l a r g e r  samples  need t o  be  

examined b e f o r e  more c o n c l u s i v e  s t a t e m e n t s  can  be  made c o n c e r n i n g  t h e  growth 

and spawning of American shad on Chowan R i v e r ,  North C a r o l i n a .  

Alewi fe  - OEfshore 

Weight ( g )  and f o r k  l e n g t h  (mm) were de te rmined  f o r  287 a l e w i f e  from 

1969-1971. These f i s h  ranged f rom 72 t o  305 mm and from 5 t o  454 g. The l e n g t h -  

w e i g h t  r e l a t i o n s h i p  i s  shown i n  F i g u r e  16. The l e n g t h - f r e q u e n c y  d i s t r i b u t i o n  

( F i g u r e  17)  i n d i c a t e s  a peak of  120-129 mm i n  1969-1970 and a peak of  250-269 mm 

i n  1970-1971. These two peaks  would r e p r e s e n t  1 and 5-7 y e a r  o l d  f i s h ,  r e s p e c -  

t i v e l y .  The one-year -o ld  a l e w i f e  were c a u g h t  i n  t h e  ocean and were p robab ly  

l e a v i n g  t h e  n u r s e r y  a r e a s  f o r  t h e  f i r s t  t i m e .  However, t h e  5-7 y e a r  o l d s  were 

caugh t  February  through March j u s t  p r i o r  t o  t h e i r  spawning run  (5-7 y e a r  r a n g e  

a g r e e s  s t r o n g l y  w i t h  Marcy, 1969) .  

I n  1970-1971, a sample of 50 a l e w i f e  ( 4 - 8  y e a r s  o l d ,  Tab le  11)  224 t o  305 

m i l l i m e t e r s  was p r e s e r v e d  f o r  d e t a i l e d  b i o l o g i c a l  a n a l y s i s :  l e n g t h ,  w e i g h t ,  a g e  

and food h a b i t s .  The f o r k  l e n g t h - a g e  r e l a t i o n s h i p  d a t a  f o r  t h e  50 f i s h  i s  shown 

i n  Table  12 (mean l e n g t h  p e r  a g e  group)  and e x p r e s s e d  g r a p h i c a l l y  i n  F i g u r e  18.  

The mean v a l u - s  f rom Tab le  12 are p l o t t e d  i n  F i g u r e  18. The d a t a  o f f s h o r e  North 

C a r o l i n a  a g r e e  c l o s e l y  w i t h  t h e  o t h e r  s o u r c e s  l i s t e d  i n  Tab le  12. 

Seven ty  p e r c e n t  of  t h e  a l e w i f e  caugh t  o f f s h o r e  North C a r o l i n a  had spawned 

p r e v i o u s l y :  34 p e r c e n t  o n c e ,  and 2 p e r c e n t  as much as f o u r  times ( T a b l e  111, 
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Figure 16.-Fork l ength  - weight r e l a t i o n s h i p  f o r  a lewife ,  of fshore  
North Carolina, 1969 - 1971. 



Fork Length (10 mrn s i z e  groups)  

F igure  17.-Length-frequency d i s t r i b u t i o n  f o r  a l e w i f e ,  o f f s h o r e  North 
C a r o l i n a ,  1969 - 1971. 
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Figure 18.--Fork l eng th  - age r e l a t i o n s h i p s  f o r  a l e w i f e  and blueback 
h e r r i n g  o f f s h o r e  North Ca ro l ina  1970-1971. 



a s i t u a t i o n  s i m i l a r  t o  t h a t  found by Joseph and Davis  (1965) i n  t h e  York River ,  

V i rg in i a .  S i x t y  percen t  of t h e  cap tured  a l e w i f e  had spawned t h e  f i r s t  time a t  

age 4 ,  37.1 pe rcen t  a t  age  5 ,  and 2.9 pe rcen t  a t  age  6 (Table  11) .  This  a g r e e s  

with Marcy (1969) i n  Connect icut  River.  

Alewife - Chowan River  a t  Tunis 

A t o t a l  of 207 male and 180 female a l e w i f e  w a s  weighed ( g )  and measured 

(mm). The males ranged from 214 t o  266 mrn and 113 t o  340 g whi le  t h e  females  

ranged from 225 t o  287 mm and 142 t o  397 g.  

The length-weight  r e l a t i o n s h i p  f o r  t h e  t o t a l  male sample i s  expressed i n  

Figure  19. I n  a d d i t i o n  t o  t h e  t o t a l  male sample,  f o r k  length-weight  r e l a t i o n -  

s h i p s  were computed f o r  males a t  t h e  beginning of t h e  spawning run ( 1  March) 

and a f t e r  t h e  peak of t h e  run  (29 March) and a r e  a l s o  p r e sen t ed  i n  F igure  19. 

From t h e s e  l a t t e r  two r e l a t i o n s h i p s  (F igu re  191, i t  i s  ev iden t  male a l e w i f e  l o s e  

approximately 25 grams du r ing  spawning. 

Female a l e w i f e  f o r k  length-weight  r e l a t i o n s h i p s  computed f o r  t h e  t o t a l  

sample,   re-peak spawning, and post-peak spawning, a r e  p resen ted  i n  F igure  20. 

These r e l a t i o n s h i p s  a l s o  i n d i c a t e  a l o s s  i n  t o t a l  weight of 30 t o  65 grams 

a f t e r  spawning, depending upon t h e  l eng th  o r  s i z e  of t h e  female  f i s h .  

The length-frequency d i s t r i b u t i o n  f o r  a l e w i f e  p resen ted  i n  F igure  21 i n -  

d i c a t e s  a peak of 230-259 m i l l i m e t e r s  f o r  males  and 250-269 m i l l i m e t e r s  f o r  

females .  Based on t h e  leng th-age  d a t a ,  t h e s e  ages  would be  4-7 and 5-7 y e a r s  

r e s p e c t i v e l y .  This  a g r e e s  s t r o n g l y  w i th  Marcy (1969) and Netze l  and Stanek (1966) .  

A sample of 40 males ,  220 t o  266 mm, and 26 females  228 t o  287 mm, was 

preserved f o r  d e t a i l e d  l e n g t h ,  weight and age  ana ly se s .  Sca l e  a n a l y s i s  i n d i c a -  

t ed  an age  range of 3-8 y e a r s  f o r  males and 4-8 f o r  females  (Table  11) .  The 

age - f c rk  l eng th  r e l a t i o n s h i p  d a t a  f o r  t h e  40 males ,  26 females ,  and s exes  com- 

bined a r e  shown i n  Table  12 and expressed g r a p h i c a l l y  i n  F igu re  22. The mean 

v a l u e s  from Table 12 a r e  p l o t t e d  i n  Figure  22. A s  can be seen from t h e  sources  
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Figure 19.--Fork length - weight relationship for male alewife, Chowan 
River at Tunis, N. C., 1 March 1971 - 4 May 1971. 



Mean 
W = 7.78 x 10-6 L ~ . ~ ~  
r = 0.74 
t = 14.68 
df = 178 

------- 1 March 1971 
W = 1.58 x l om4  L ~ - ~ ~  

- r = 0.89 
t = 8 . 9 4  
df = 21 

, .-  14 Apr i l  - 4 May 1971 
= 4.70 x 10-4 ~ 2 . 3 ~  
= 0.74 0 

Fork Length (mm) 

Figure 20.-Fork length  - weight r e l a t i o n s h i p  for female a l ewi fe ,  
Chowan River  a t  Tunis,  N. C . ,  1 March 1971 - 4 May 1971. 



I 
- - Males N = 207 

------ Females N = 180 

Sexes combined N = 387 

Fork Length (10 mm size groups) 

Figure 21.--Length-frequency distribution for alewife, Chowan River 
at Tunis, N. C., 1 March 1971 - 4 May 1971. 
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Figure 22.-Fork length  - age r e l a t i o n s h i p  f o r  a l e w i f e ,  Chowan River 
at  Tunis,  N. C . ,  1 March 1971 - 4 May 1971. 



l i s t e d  i n  Table 12, Chowan River d a t a  a g r e e  c l o s e l y  with  o t h e r  sources .  

Only 42.4 percen t  of t h e  a l e w i f e  i n  Chowan River  had spawned p rev ious ly ,  

wi th  25.8 percen t  having spawned once and 1.5 pe rcen t  f ou r  t imes (Table  11). 

This  a g r e e s  wi th  Joseph and Davis (1965) f o r  f i s h  from t h e  Reedville-Gwynn's 

I s l a n d ,  V i r g i n i a  a r ea .  

Of t h e  a l e w i f e  a t  Tunis ,  54.5 pe rcen t  spawned f o r  t h e  f i r s t  t ime a t  age 

4 and 39.4 pe rcen t  a t  age 5 (Table  11) .  Marcy (1969) found a similar s i t u a t i o n .  

Blueback Her r ing  - Offshore 

A t o t a l  of 186 blueback h e r r i n g  was weighed ( g )  and measured (mm) from 

1969-1971. These f i s h  ranged from 97 t o  315 mm and from 28 t o  341 g. The leng th-  

weight r e l a t i o n s h i p  i s  presen ted  i n  F igure  23. 

The f o r k  length-frequency d i s t r i b u t i o n  presen ted  i n  F igure  24, i n d i c a t e s  

two major peaks: 220-239 mm f o r  1969-1970, and 230-249 mm i n  1970-1971. Ac- 

cord ing  t o  age- length  d a t a ,  t h e  peaks r e p r e s e n t  4-5 and 5-6 yea r  o l d  f i s h ,  r e -  

spec t i ve ly .  The combined two-year sample a g r e e s  wi th  t h e  major age composition 

found by Marcy (1969) and Netzel  and Stanek (1966).  

A sample of 76 blueback h e r r i n g ,  128 t o  315 rnm was preserved f o r  d e t a i l e d  

l eng th ,  weight ,  age ,  and stomach con t en t  ana ly se s .  The age- fork  leng th  r e l a -  

t i o n s h i p  d a t a  f o r  t h e  76 blueback h e r r i n g  are shown i n  Table 12 and i s  expressed 

g r a p h i c a l l y  i n  F igure  18 (mean v a l u e s  from Table  12 a r e - p l o t t e d  on Figure  18) .  

The ages  ranged from 2-8 y e a r s  (Table  11) wi th  t h e  mean l e n g t h s  f o r  t he  2-5 

year  groups sma l l e r  than shown by o t h e r  sources .  However, t h e  moan l eng ths  f o r  

t h e  6-'8 year  groups agreed  wi th  t h e  l i t e r a t u r e .  

Only 27.6 pe rcen t  of t h e  blueback h e r r i n g  from o f f s h o r e  North Caro l ina  

were r e p e a t e r s ,  14.5 pe rcen t  had spawned oace ,  and 1 .3  pe rcen t  had spawned f i v e  

o r  more times (Table  11).  Th i s  percen tage  of r e p e a t e r s  i s  lower than t h a t  r e -  

por ted  by Joseph and Davis  (1965) (66 pe rcen t  r e p e a t e r s )  i n  t h e  York River ,  V i r -  

g i n i a ;  and S t r e e t  and Adams (1969) (80 pe rcen t  r e p e a t e r s )  i n  t h e  Altamaha R ive r ,  

Georgia.  



Fork Length (mrn ? 
Figure 23.--Fork length  - weight r e l a t i o n s h i p  f o r  blueback h e r r i n g ,  

o f f sho re  North Caro l ina  1969 - 1971. 
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------ - 1969 - 1970 N = 182 
- 1970 ' -  1971 N = 414 
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F igure  24. -Length-£ requency d i s t r i b u t i o n  f o r  blueback h e r r i n g ,  
o f f s h o r e  North Ca ro l i na ,  1969 - 1971. 



Of t h e  76 blueback h e r r i n g ,  33.3 percent  spawned f o r  t h e  f i r s t  time a t  age 

3,  61.9 percent  a t  age 4 ,  and 4.8 percent  a t  age  5, (Table 11) .  These percent -  

ages  a r e  a lmost  i d e n t i c a l  t o  Marcy's (1969) f i g u r e s  f o r  Connect icut  River.  

Blueback Herr ing - Chowan River a t  Tunis 

A t o t a l  of 267 m a l e  and 275 female blueback h e r r i n g  w a s  weighed ( g )  and 

measured (mm) .  These f i s h  ranged from 211 t o  268 mm and from 113 t o  284 g f o r  

t h e  males,  and 221 t o  284 nun, and 142 t o  340 g f o r  t he  females .  The length-  

weight r e l a t i o n s h i p  f o r  t h e  t o t a l  male sample i s  p resen ted  i n  Figure 25. In  

a d d i t i o n ,  length-weight r e g r e s s i o n s  were at tempted f o r  males p r i o r  t o  and a f t e r  

t he  peak of t h e  spawning run. Although t h e r e  was an ev ident  l o s s  i n  weight dur -  

i ng  t h e  spawning run ,  i n s u f f i c i e n t  numbers of male blueback h e r r i n g  were ob t a ined  

t o  d e r i v e  s i g n i f i c a n t  c u r v i l i n e a r  r e l a t i o n s h i p s  p r i o r  t o  and a f t e r  spawning. 

Also, males were s t i l l  i n  t h e  process  of spawning when t h e  l a s t  sample w a s  taken.  

Fork length-weight r e l a t i o n s h i p s  were at tempted f o r  t h e  females  i n  t h e  

same manner as f o r  male blueback h e r r i n g .  However, l i k e  t h e  msles ,  t h e  pos t -  

spawning r e l a t i o n s h i p  could no t  be computed a c c u r a t e l y  because ongoing spawning 

w a s  apparen t .  Never the less ,  t h e  length-weight  r e 1  1 t i o n s h i p  was ob t a ined  f o r  
I 

t h e  t o t a l  sample and pre-spawning per iod  and i s  prAsented i n  F igure  26. 

The length-frequency d i s t r i b u t i o n  f o r  bluebadks i n d i c a t e s  a p2ak f o r  
! 

males a t  230-239 mm and f o r  females  a t  240-249 mm ((E'igure 27).  According t o  

t h e  length-age d a t a ,  t h e  above length  ranges  would kep re sen t  a g e s  of 4-6  y e a r s  

f o r  both sexes.  As wi th  a l e w i f e ,  t h i s  4-6 age  ran& a g r e e s  c l o s e l y  wi th  Marcy 

(1969) and Natzel and Stanek (1966).  

A sample of 36 males ,  222 t o  250 mm, and 32 £&males, 225 t o  260 mm, was 

preserved f o r  d e t a i l e d  l e n g t h ,  weight ,  and age ana l$ses .  When t h e  s c a l e  sam- 

p l e s  were examined, an age  range  of 4-7 y e a r s  was found f o r  bo th  sexes  ( lhb le  11). . 
The age- fork  length  r e l a t i o n s h i p  d a t a  f o r  t h e  36 males ,  32 females ,  and sexes  



Fork Length (mm) 

Figu re  25.--Fork l eng th  - weight r e l a t i o n s h i p  f o r  male blueback 
h e r r i n g ,  Chowan River  at  Tunis ,  N. C . ,  21  March - 4 May 1971. 



Mean 
W = 2.15 x L ~ ' ~ ~  
r = 0.66 
t = 14.52 

- df = 273 

------- 23 March - 6 Apr i l  1971 
W = 5.91 x l om6 L ~ . ~ ~  
r = 0.81 
t = 6.91 

- df = 77 

Fork Length (mm) I 
Figure 26.-Fork l eng th  - weight r e l a t i o n s h i p  f o r  female blueback 

h e r r i n g ,  Chowan River  a t  Tunis ,  N. C . ,  21 March - 4 May 1971. 



I Sexes combined N = 542 ------- Male N = 267 

Fork Length (10 mm s i z e  groups) 

Figure 27.-Length-frequency d i s t r i b u t i o n  f o r  male and female blueback 
herr ing ,  Chowan River at Tunis, .  N .  C .  21 March - 4 May 1971. 



combined i s  shown i n  Table 12 and expressed g r a p h i c a l l y  i n  F igu re  28. The mean 

v a l u e s  from Table 12 a r e  a l s o  p l o t t e d  i n  Figure  28. Unlike t h e  a l e w i f e  a t  Tu- 

n i s ,  t h e r e  i s  l i t t l e  o r  no agreement i n  t h e  age- length  comparisons with  t h e  o t h e r  

s tudy  sources  l i s t e d  i n  Table  12. Thus, e i t h e r  ou r  sample w a s  t oo  small (on ly  

10% of t h e  f i s h  sampled had s c a l e s  taken f o r  age  a n a l y s i s ) ,  o r  t h e  blueback 

h e r r i n g  a t  Tunis grow slower than i n  o t h e r  a r e a s .  

Of t h e  blueback h e r r i n g  cap tured  a t  Tunis ,  57.3 pe rcen t  had spawned pre -  

v i o u s l y  wi th  35.3 pe rcen t  having spawned once and 2.9 pe rcen t  t h r e e  t i m e s  (Table  

11).  The t o t a l  pe r cen t  r e p e a t e r s  tended t o  be smal le r  than t h a t  found by Joseph 

and Davis  (1965) and S t r e e t  and Adams (1969) .  

A t  Tunis ,  94 pe rcen t  of t h e  blueback h e r r i n g  spawned f o r  t h e  f i r s t  t ime 

a t  age  4-5 (Table  11).  Marcy (1969) found about  70 percen t  spawning f o r  t h e  

f i r s t  t ime a t  ages  4 and 5 i n  Connect icut  River .  

The t o t a l  l eng th - fo rk  l eng th  r e l a t i o n s h i p  f o r  blueback h e r r i n g  a t  Tunis  i s  

shown i n  Figure  29. The formula exp re s s ing  t h i s  r eLa t ionsh ip  w a s  used t o  con- 

v e r t  Marcy's (1969) and Natze l  and S t a n e k ' s  (1966) t t a l  l eng th  d a t a  f o r  b lue -  i. 
back and a l e w i f e  t o  f o r k  l eng th  (Table  12) .  The t o t b l  l eng th - fo rk  l eng th  re-  

! 
l a t i o n s h i p  f o r  blueback h e r r i n g  and a l e w i f e  was assubed t o  be  similar. 

In  summary, t h e  age - l eng th  and age  a t  f i r s t  sp  wning d a t a  f o r  s t r i p e d  

b a s s ,  American shad and blueback h e r r i n g  o f f  sho re ,  add a l l  a l e w i f e ,  a g r e e  w e l l  
I 

wi th  t h e  f i n d i n g s  of r e s e a r c h e r s  i n  o t h e r  a r e a s .  ~ o d ~ v e r ,  t h e  d a t a  f o r  A m e r i -  

can shad and blueback h e r r i n g  i n sho re  d i d  no t  a g r e e  w L l l  w i t h  t h e  l i s t e d  sou rce s ,  

probably,  a s  mentioned b e f o r e ,  because of t h e  small s 

Tagging Resu 1 t s I 
During t h i s  t h r e e - y e a r  s tudy  pe r iod ,  3,147 anadromous f i s h  were tagged o f f  

t h e  North Ca ro l i na  c o a s t  (Tab l e s  13, 14,  and 1 5 ) .  Most of  t h e  f i s h  tagged came 



Sexes combined 
A = 198.40 LO- 11 
r = 0 . 9 0  

-------- Male - A =  197.90 L ~ . ~ ~  
r = 0 . 8 5  

-.- Fema 1 e 
A = 200.90 ~ O . 1 2  
r = 0 . 9 5  

- 

Fork Length (mrn) 

Figure 28. --Fork length - age r e l a t i o n s h i p  f o r  blueback herring,  
Chowan River at Tunis, N.  C . ,  21 March - 4 May 1971. 



T o t a l  Length  (mm) 

F i g u r e  29. -To ta l  l e n g t h  - f o r k  l e n g t h  r e l a t i o n s h i p  f o r  b lueback  
h e r r i n g ,  Chowan R i v e r ,  A p r i l  26, 1972. 



Table 13.--Anadromous f i s h  tagged by area offshore North Carolina, 1968 - 1969 

Species AREA I AREA I1 AREA I11 AREA IV TOTAL 

Striped bass 
(Morone s a x a t i l i s )  

American shad 
(Alosa sapidissima) 

Shortnose sturgeon 
(Acipenser brevirostrum) 0 

Atlantic sturgeon 
( Ac ipen ser  oxyrhynchus 0 

Blueback herring 
(Alosa a e s t i v a l i s )  

Alewife 
(Alosa pseudoharengus) 

Hickory shad 
(Alosa mediocris) 



l'able 14.--Anadromous f i s h  tagged by area o f f s h o r e  Nor'lh Caro l ina ,  1969 - 1970 

Spec ies  AREA I AREA I1 AREA 111 AREA I V  TOT& 

St r iped  bas s  
 oron one s a x a t i l i s )  0 

American shad 
(Alosa sap id iss ima)  0 0 0 2 2 

Shortnose s turgeon 
( Acipenser brev i ros t rum)  0 

A t l a n t i c  s turgeon 
(Acipenser oxyrhynchus) 0 3 83 4 9 0 

Blueback h e r r i n g  
(Alosa a e s t i v a l i s )  0 9 6 1 16 

Alewife 
( Alosa pseudoharengus) 0 0 18 4 22 

Hickory shad 
(Alosa rnediocris) 0 0 0 0 0 



Table 15.--hadromous f i s h  tagged by area offshore  North Carol ina,  1970 - 1971 

Species AREA I AREA 11 AREA 111 AREA IV TOTAL 

Striped bass  
(Morone s a x a t i l i s )  0 0 59 783 842 

American shad 
(Alosa sapidissima) 0 0 0 301 30 1 

Shortnose sturgeon 
(Acipenser - brevirostrum) 0 0 

A t  1anti.c sturgeon 
(Acipenser oxyrhynchus) 0 0 I0 84 94 

B lueiback h e r r i n g  
(Alosa a e s t i v a l i s )  0 0 150 467 6 17 

Al.ewife 
( Alosa pseudoharengus) 0 0 30 163 193 

Hickory shad 
(Alosa mediocris) 0 0 1 47 48 



from Area I V  (2 ,562) .  I n  Area 111, 573 anadromous f i s h  were tagged;  i n  Area 

11, 1 2  n~lildromous f i s h  were tagged; and i n  Area I., no anadromous Irish wcrc 

tagged. 

A l l  t h e  tagged s t r i p e d  b a s s  were confined t o  Areas 111 and I V ,  wi th  84.4 

pe rcen t  be ing  tagged i n  Area I V .  However, du r ing  t h e  second segment a lmost  

equa l  numbers of s t r i p e d  b a s s  were tagged i n  t h e s e  two a r e a s .  A l l  t h e  308 

American shad tagged were cap tured  i n  Area I V .  Only fou r  shor tnose  s turgeon 

were tagged,  two i n  Area 111 and two i n  Area I V .  Of t h e  187 A t l a n t i c  s tu rgeon  

tagged,  most were tagged i n  Areas 111 and IV; however, t h r e e  were tagged i n  

Area 11. Tagging f requency ,  by a r e a ,  w a s  a lmost  equa l l y  r eve r sed  f o r  t h i s  spe-  

c i e s  i n  Areas 111 and IV d u r i n g  t h e  second and t h i r d  segments of t h e  s tudy.  

Blueback h e r r i n g  were tagged most f r e q u e n t l y  i n  Area I V Y  wi th  25 pe rcen t  tagged 

i n  Area 111 and l e s s  than one pe rcen t  i n  Area 11. A l l  t h e  a l e w i f e  were tagged 

i n  Areas  111 and I V  w i th  78 pe rcen t  be ing  tagged i n  Area IV.  Only 48 h ickory  

shad were tagged du r ing  t h e  e n t i r e  s tudy .  One was tagged i n  Area 111 and 47 

were tagged i n  Area I V .  Of t h e  1,204 c l u p e i d s  tagged,  none had been r e tu rned  

I 
by 1 November 1971. 

I 
A s  of 1 November 1971, 212 t a g s  had been re tukned d u r i n g  t h e  t h r ee -yea r  

s tudy.  A t o t a l  of 197 t a g  r e t u r n s  came from s t r i p e ,  b b a s s  and 15 came from A t -  

l a n t i c  s turgeon.  The o v e r a l l  r e c a p t u r e  rates f o r  s t r i p e d  b a s s  and A t l a n t i c  

s tu rgeon  were 11.2 pe rcen t  and 8.0 p e r c e n t ,  r e s p e c t  ve ly .  t 
Tagging a r e a s  a r e  shown i n  Figure  2. Recaptuie  a r e a s  a r e  shown i n  Fig- 

u r e  30 (Off shore  and In sho re  North Ca ro l i na  and ~ h e d a ~ e a k e  Bay),  Figure  31 
I 

(Upper Chesaprake Bay t o  Connect icut  1, Figure  32 (Missachuse t t s and Cape cod ) , 

and F igure  33 (Maine). i I 

A t l a n t i c  Sturgeon 

F i f t e e n  t a g s  (8.0%) were r e t u r n e d  from t h e  187 A t l a n t i c  s tu rgeon  tagged 

(Table  1 6 ) .  A l l  15 were tagged i n  Areas I11 and I V .  Two of t h e  s tu rgeon  were 

r ecap tu red  i n  Pamlico Sound and one w a s  r e cap tu red  i n  Albemarle Sound (F igu re  30). 











Tab le  16.--Summary of recap tured  A t l a n t i c  s tu rgeon  a s  of 1 November 1971, tagged o f f s h o r e  North Ca ro l i na ,  December 
1968 - March 1971 

Net 
Date nau t  . Fork 

Date recap-  Days miles Weight* length* 
Season Tag No. tagged Locat ion t u r e d  Locat ion Gear o u t  t r av .  (kg)  (cm) 

1969-1970 A00006 3-21-68 Avon 5-25-68 Mecocks, L I ,  NY - - -  65 401 9.5 ---  

1969- 1970 A00388 1-31-70 Ocracoke Is.  2-24-70 Stumpy Pt.Bay NC G i l l n e t  24 35 2.3 68.6 
A00543 2- 5-70 15 mi.N.Cape Lookout 3- 4-70 Qracoke s e a  buoy NC Trawl 27 25 11.8 108.0 
A00633 2-18-70 Portsmouth Is. 3- 16-70 I '  I n l e t  NC Trawl 16 5 9.5 101.1 
A00307 1 - 16-70 Ocracoke I n l e t  3- 6-70 I I  

I I  I I  Trawl 64 5 3.1 70.4 
A00306 1-16-70 I I 3- 7-70 Eamlico Sound G i l l  n e t  50 45 2.0 64.0 I I  

(/I1 L t .  beacon 
Rodanthe NC) 

A00661 3- 4-70 Portsmouth I s .  3-25-70 Oregon I n l e t  NC Tr a w  1 21 66 15.0 121.9 

5 m i .  sou. Va .  l i n e  
7 m i .  no. K i t t y  Hawk 
Cur r i t uck  L igh t  
Cur r i t uck  L igh t  
Cur r i t uck  Ligh t  
Cur r i t uck  L igh t  
15 m i .  sou.0regon I n l e t  
15 m i .  sou.0regon I n l e t  

12-21-70 Bear I n l e t  NC 
- - -  H a t t e r a s  Bight  NC 

4-  3-71 Bear I n l e t  NC 
2- 71  H a t t e r a s  I n l e t  NC 

12-11-70 K i t t y  Hawk NC 
12-11-70 K i t t y  Hawk NC 
3-25-71 Bear I n l e t  NC 

12-23-70 Albemarle Sound NC 

G i l l  n e t  - - -  
G i l l  n e t  
Tr a w  1 
Trawl 
Tr aw 1 
G i l l  n e t  
G i l l  n e t  

Mean 51.6 89.3 8:2 92.5 

* Weight and leng th  when tagged 



One t a g  w a s  re tu rned  dur ing  t he  f i r s t  segment from Mecocks, Long I s l a n d ,  New 

York (F igu re  31) .  This  s turgeon t r a v e l e d  401 mi l e s  i n  65 days a t  a mean d a i l y  

r a t e  of 6.2 miles .  During t h e  second segment, one s turgeon moved about  25 mi l e s  

no r th  a long  t he  beach,  and another  t r a v e l e d  over  60 mi l e s  no r th  of Portsmouth 

I s l a n d  t o  Oregon I n l e t .  During t h e  t h i r d  segment, s turgeon tagged i n  November 

and December i n  Area I V  showed a de f in i t e .  tendency t o  m ~ v e  southward a long  t h e  

c o a s t  of North Caro l ina .  F ive  o u t  of e i g h t  r e c a p t u r e s  came from Areas I1 and 

111. Three were taken i n  g i l l  n e t s  o f f  Bear I n l e t  i n  Area 11, 117 t o  200 m i l e s  

sou th  from where they were r e l e a s e d .  Hovever, du r ing  February and March t h i s  

southward movement appeared t o  r eve r se .  Four s turgeon tagged du r ing  t h i s  pe r iod  

were recap tured  5 t o  401 m i l e s  no r th  of where they were r e l e a s e d .  The remaining 

s turgeon were r ecap tu red  i n  t h e  same area they were r e l e a s e d .  Trawls and g i l l  

n e t s  were t he  methods of r ecap tu re .  There w a s  no iapparen t  c o r r e l a t i o n  between 

s i z e  of t h e  f i s h ,  days  o u t ,  o r  d i s t a n c e  t r a v e l e d .  

on ly  2.7 pe rcen t  of t h e  s tu rgeon  tagged were c a p a b l  !2 of spawning. Therefore ,  

Most of t h e  s tu rgeon  tagged were small (modal group .95.0 t o  99.9 cm), and 

few r e t u r n s  were expected from in l and  spawning a r eab .  I n s t ead  of any d e f i n i t e  

i n sho re  spawning mig ra t i on ,  t a g  r e t u r n s  i n d i c a t e d  s i urgeon were found mostly 
I 

near  t h e  i n l e t s  and appeared t o  move sou th  a long  th$ c o a s t  from November through 

accord ing  t o  s t u d i e s  by Vladykov and Greeley (1963) 

January ,  and northward a long  t h e  c o a s t  du r ing  l a t e  + i n t e r  and e a r l y  spr ing .  
I 

i n  t h e  S t .  Lawrence River ,  

S t r i p e d  Bass I 
Tab les  17 and 18 i n d i c a t e  t h e  s t a t u s  LJL s t r i p  4 d b a s s  r ecap t i i r e s  as of 

1 November 19'71. The o v e r a l l  r e c a p t u r e  rate f o r  thA! 1,752 s t r i p e d  b a s s  tagged 
I 

w a s  11.2 pe rcen t .  These t a g  r e t u r n s ,  summarized by bea r  and a r e a ,  sugges t  sev-  

eral t e n t a t i v e  conc lus ions .  P r i m a r i l y ,  t h e  i n sho re  zone (0-10 fa thoms)  between 

Cape Henry, V i r g i n i a ,  and Cape ~ o o k o u t ,  North Ca ro l i na ,  s e r v e s  as t h e  w in t e r i ng  





s b l e  18.-Summary o f  r e c a p t u r e d  s t r i p e d  b a s s  as of  1  November, 1971, t agged  o f f s h o r e  North  C a r o l i n a ,  December 1968 - Elarch 1971 

Ke t 
Date  n a u t  . Fork 

D a t e  r ecap-  Days m i l e s  Weight* length* 
?ason Tag no. t agged  L o c a t i o n  t u r e d  L o c a t i o n  - OFFSHORE NORTH CAROLINA Gear o u t  t r a v .  ( k g )  - (cm) 

F a l s e  Cape 
F a l s e  Cape 
K i t t y  Hawk 
F a l s e  Cape 
F a l s e  Cape 

C u r r i t u c k  L i g h t  
K i t t y  Hawk Beach 
Buxton 
C u r r i t u c k  Beach 
C u r r i t u c k  Beach 

Haul s e i n e  
Unknown 
Unknown 
Unknown 
Unknown 

C u r r i t u c k - F a l s e  Cape 
C u r r i t u c k - F a l s e  Cape 
C u r r i t u c k - F a l s e  Cape 
C u r r i t u c k - F a l s e  Cape 
C u r r i t u c k - F a l s e  Cape 
C u r r i t u c k - F a l s e  Cape 
Ocracoke I n l e t  

H a t t e r a s  B i g h t  
Cape H a t t e r a s  P o i n t  
2  m i .  sou.  Oregon I n l e t  
C o r o l l a  Beach 
1  m i .  sou. Oregon I n l e t  
C o r o l l a  Beach 
H a t t e r a s  I n l e t  

Haul s e i n e  
Haul  s e i n e  
Tr  aw 1 
Haul  s e i n c  
Haul  s e i n e  
Haul s e i n e  
Trawl 

370-1971 A00682 
A00697 
A00696 
A00726 
A00683 
BOO08 1 
BOO178 
A00998 
A00985 
BOO 134 
BOO 15 1  
BOO297 
BOO467 

C u r r i t u c k - F a l s e  Cape 
C u r r i t u c k  L i g h t  
C u r r i t u c k  L i g h t  
C u r r i t u c k  L i g h t  
Curri- 
C u r r i t u c k  L i g h t  
C u r r i t u c k  L i g h t  
C u r r i t u c k  L i g h t  
C u r r i t u c k  L i g h t  
C u r r i  t uck  L i g h t  
C u r r i t u c k  L i g h t  
Avon 
Oregon I n l e t  

Haul s e i n e  Oregon I n l e t  
H a t t e r a s  B i g h t  
H a t t e r a s  B i g h t  
K i t t y  Hawk 

m e g o n  T n I e t  
Nags Head 
H a t t e r a s  B igh t  
Oregon I n l e t  
H a t t e r a s  B igh t  
H a t t e r a s  I n l e t  
C u r r i t u c k  L i g h t  
H a t t e r a s  I n l e t  
4  m i .  s o u t h  S a l v o  

Haul s e i n e  
Hook & l i n e  

Haul s e i n e  
Haul s e i n e  
Haul s e i n e  
Haul s e i n e  
Haul s e i n e  
Haul s e i n e  
Haul s e i n e  
Haul s e i n e  



Table  18 ( c o n t . )  

Season Tag no.  
D a t e  
tagged Loca t ion  

K i t t y  Hawk 
K i t t y  Hawk-Currituck 
K i t t y  Hawk-Currituck 
4 m i .  sou. K i t t y  Hawk 

C u r r i t u c k - F a l s e  Cape 
C u r r i t u c k - F a l s e  Cape 
C u r r i t u c k - F a l s e  Cape 
C u r r i t u c k - F a l s e  Cape 
C u r r i t u c k - F a l s e  Cape 
C u r r i t u c k - F a l s e  Cape 
C u r r i t u c k - F a l s e  Cape 
C u r r i  t u c k - F a l s e  Cape 
C u r r i t u c k - F a l s e  Cape 
C u r r i t u c k - F a l s e  Cape 
K i t t y  Hawk-Currituck 
C u r r i t u c k - F a l s e  Cape 
C u r r i t u c k - F a l s e  Cape 
K i t t y  Hawk-Currituck 
H a t t e r a s  I n l e t  
C u r r i t u c k - F a l s e  Cape 

C u r r i t u c k  L i g h t  
C u r r i t u c k  L igh t  
Avon 
C u r r i t u c k  L i g h t  
C u r r i t u c k  L igh t  
Oregon I n l e t  
Avon - Oregon I n l e t  
Oregon I n l e t  
Chicamacomica 
C u r r i t u c k  L i g h t  
K i t t y  Hawk 

Da te  
r e c a p -  
t u r e d  Loca t ion  - INSHORE NORTH CAROLINA Gear 

Croa tan  Sound Pound n e t  
Stumpy P o i n t  Bay G i l l  n e t  
Albemarle  Sound G i l l  n e t  
P o i n t  Harbor ,  Albemarle  Sound Haul  s e i n e  

P l e d g e r  Landing,  Albemarle  Sound 
P o i n t  P e t e r ,  Paml ico  Sound 
Stumpy P o i n t  Bay 
Col l i n g t o n  Harbor  
Pasquo tank  R i v e r  
L a u r e l  P o i n t ,  Albemarle  Sound 
A l l i g a t o r  R ive r  
A l l i g a t o r  R i v e r  
Albemarle  Sound e n t r a n c e  
Cypress  Swamp, Albemarle  Sound 
Cypress  Swamp, Albemarle  Sound 
Stumpy P o i n t  Bay 
Roanoke Sound 
Roanoke Sound 
Sou th  Roanoke Sound 
P o i n t  Harbor ,  A lbemar le  Sound 

G i l l  n e t  
G i l l  n e t  
G i l l  n e t  
Haul  s e i n e  
G i l l  n e t  
G i l l  net .  
G i l l  n e t  
G i l l  n e t  
G i l l  net.  
G i l l  n e t  
G i l l  n e t  
G i l l  n e t  
Haul  s e i n e  
Haul  s e i n e  
Haul s e i n e  
Haul s e i n e  

Manns Harbor  Bay 
A1 bernar l e  Sound 
Roanoke Sound 
Albemarle Sound e n t r a n c e  
Albemarle  Sound e n t r a n c e  
Long Shoal  Rv., Paml ico  So 
Pan l i c o  R i v e r  
C u l l  r o c k ,  Paml ico  Sound 
Stumpy P o i n t  Bay 
Albemarle  Sound e n t r a n c e  
Co in jock ,  North R i v e r  

G i l l  n e t  
G i l l  n e t  

- - - 
G i l l  n e t  
G i l l  n e t  

~und  G i l l  n e t  
Pound n e t  
G i l l  n e t  
G i l l  n e t  
G i l l  n e t  
G i l l  n e t  

Days 
OU t 

34 
34  

295 
699 

4 2 
5 2 
30 
59 
48 
14 
29 
29 
29 
40 
39 
55 - - 
- - 
7 2 

114 

3 
3 3 
30 
44 
5  5  
1 1  
15 
18 
24 
7 

8 3 

Net 
n a u t .  
m i l e s  
t r a v .  

Fork 
Weight* length* 

(kg)  (cm) 



ab l e  18 (cont . )  

Net 
Date naut .  Fork 

Date recap- Days mi l e s  Weight* length* 
eason Tag no. tagged Location tured  Location - INSHORE NORTH CAROLINA Gear o u t  t r a v .  (kg)  (cm) 

Avon - Chicamacomico 
Ch icamacomico 
Oregon I n l e t  
Oregon I n l e t  
Curr i tuck  Light 
Oregon I n l e t  
Curr i tuck  Light 
Oregon I n l e t  

Stumpy Poin t  Bay 
Pamlico Sound ent rance  
Manns Harbor Bridge 
Albemarle Sound 
Stumpy Po in t  
Albemarle Sound ent rance  
Croatan Sound 
Chowan River en t rance  

G i l l  n e t  
- - -  

G i l l  n e t  
Hook & l i n e  - - -  
G i l l  n e t  
2-boat t rawl 
G i l l  n e t  

Mean 64.3 53.0 2.9 57.5 



D a t e  
ieason Tag no. tagged Loca t ion  

Da te  
r e c a p -  
t u r e d  Loca t ion  - CHESAPEAKE BAY Gear 

K i t t y  Hawk- C u r r i t u c k  
K i t t y  Hawk 
F a l s e  Cape 
F a l s e  Cape 
K i t t y  Hawk-Currituck 
K i t t y  Hawk-Currituck 
K i t t y  Hawk 
K i t t y  Hawk-Currituck 
K i t t y  Hawk 
K i t t y  Hawk 
K i t t y  Hawk 
K i t t y  Hawk-Currituck 
K i t t y  Hawk 
K i t t y  Hawk-Currituck 
K i t t y  Hawk-Currituck 
K i t t y  Hawk 
K i t t y  Hawk 
K i t t y  Hawk 
F a l s e  Cape 
K i t t y  Hawk-Currituck 
F a l s e  Cape 
F a l s e  Cape 
K i t t y  Hawk-Currituck 
K i t t y  Hawk 
K i t t y  Hawk 
K i t t y  Hawk 
K i t t y  Hawk 
K i t t y  Hawk-Currituck 
K i t t y  Hawk 
K i t t y  Hawk 
F a l s e  Cape 
K i t t y  Hawk 

Poquoson Rv., V i r g i n i a  
Choptank Rv.,  Maryland 
Maryland P o i n t ,  Maryland 
James Rv., V i r g i n i a  
N e l l s  C r . ,  V i r g i n i a  
Grove P o i n t ,  Mary l and  
S t e e l  f l e e t  James Rv., V i r g i n i a  
Hampton, V i r g i n i a  
Sandbr idge ,  V i r g i n i a  
Chesapeake, V i r g i n i a  
E l i z a b e t h  R i v e r ,  Por t smouth ,  V a .  
F o r t  E u s t i s ,  V i r g i n i a  
Nansemond Rv., V i r g i n i a  
Back Rv. ,  V i r g i n i a  
Back Rv., V i r g i n i a  
Back Rv., V i r g i n i a  
P a t u x e n t  Rv., Mary l and  
Rock Hall, Maryland 
Choptank Rv., Maryland 
Choptank Rv., Maryland 
F i s h i n g  P t . ,  James Rv., V i r g i n i a  
F i s h i n g  P t  . , James Rv., V i r g i n i a  
F i s h i n g  P t . ,  James Rv., V i r g i n i a  
F i s h i n g  P t .  , James Rv . , V i r g i n i a  
F i s h i n g  P t . ,  James Rv., V i r g i n i a  
F i s h i n g  P t . ,  James Rv., V i r g i n i a  
F i s h i n g  P t .  , James Rv., V i r g i n i a  
F i s h i n g  P t . ,  James Rv., V i r g i n i a  
F i s h i n g  P t . ,  James Rv., V i r g i n i a  
D e a l ' s  Is. ,  Maryland 
F i s h i n g  P t . ,  James Rv., V i r g i n i a  
F i s h i n g  P t . ,  James Rv., V i r g i n i a  

Pound n e t  
Pound n e t  
G i l l  n e t  
G i l l  n e t  
Haul s e i n e  
G i l l  n e t  
G i l l  n e t  
Pound n e t  
Haul s e i n e  

- - -  
- - - 

G i l l  n e t  
- - -  

Pound n e t  
Pound n e t  
Pound n e t  

- - -  
- - -  

G i l l  n e t  
G i l l  n e t  
Haul s e i n e  
Haul  s e i n e  
Haul  s e i n e  

. Haul  s e i n e  
Haul s e i n e  
Haul s e i n e  
Haul -t i n e  
Haul s i e  
Haul s e i n e  
Ho.3ic Sr l i n e  
Haill w i n e  
Haul s e i n e  

Days 
o u t  

1 3  
3 1 
67 
48 
29 
3 3 - - 
2 2 
17 
26 
19 
18 
15 
18 
18 
17 
47 
59 
7 1 
44 
6 1 
6 1 
34 
3 3 
3 3 
33  
33  
28 
3 3 
5 

56 
33  

Net 
n a u t .  
m i l e s  
t r a v .  

Weight* 
( k g )  

0.7 
0.9 
0.9 
0.9 
0.7 
1 . 1  
1 . 4  
0 .4  
1 .1  
0 .9  
0.7 
0 .9  
0 . 9  
0.9 
1 . 1  
0 . 7  
0.9 
0 .9  
0 .7  
1 . 1  
0 . 7  
0 . 9  
0 .9  
1 . 1  
0.7 
0 . 9  
0.7 
0 . 9  
2 . 5  
0 . 9  
0 .4  
2.5 

Fork 
length* 

(cm) 



Table 18 (cont.) 

Season Tag no. 
Date 
tagged Location 

Kitty Hawk-Currituck 
Kitty Hawk 
Kitty Hawk-Currituck 
Kitty Hawk 
Kitty Hawk 
False Cape 
Kitty Hawk-Currituck 
False Cape 

Currituck-False Cape 
Currituck-False Cape 
Currituck-False Cape 
Currituck-False Cape 
Currituck-False Cape 
Curritusk- Fa les Cape 
Currituck-False Cape 
Currituck-False Cape 
Currituck-False Cape 
Currituck-False Cape 
Kitty 
Kitty Hawk-Currituck 
Currituck-False Cape 
Currituck-False Cape 
Currituck-False Cape 
Currituck-False Cape 
Currituck-False Cape 
Portsmouth Is. 
Currituck-False Cape 
Currituck-False Cape 
Currituck-False Cape 
Currituck-False Cape 
Currituck-False Cape 
Portsmouth Is. 
Portsmouth Is. 

Date 
recap- 
tured Location - CHESAPEAKE BAY 

Susquehanna Rv. , Md. 
Pocomoke Rv., Md. 
Town Point, Maryland 
Reedville, Va. 
Deale, Md. 
Patuxent Rv., Md. 
Magothy Rv., Gibson's Is., Md. 
Chesapeake Beach, Md. 

Newport News, James V., Va. 
Potomac Rv. 
Little Creek, Va. 
Bowler's Wharf, Rappahannock Rv.Va. 
Bowler ' s Rock, Rappahannock Rv. ,Va. 
Pocomoke Sound, Va. 
Colonial Beach, Potomac Rv., Va. 
Tolchester Beach, Md. 
Rock Hall, Md. 
Miles Rv., Md. 

- - k l e ; - Y ~ - R v .  , Va. 
Tappahannock, Rappahannock Rv., Va. 
Dover, Choptank Rv., Md. 
Senaca Cr . , Md . 
Poquoson Rv. , Va . 
Grey Pt. Bridge, Rappahannock Rv.Va. 
James Is., Md. 
Vienna, Nanticcke Rv., Md. 
Wicomico Rv., Md. 
Mouth of Patuxent Rv., Md. 
Warton Point, Md. 
Mouth West Rv., Md. 
James Rv. Br., Va. 
Chesapeake Bridge, Md. 
Thomas Pt. Lt., Md. 

Gear 

Gill net 
Gill net 
Hook & line - - -  
Hook & line 
Gill net 
Hook & line 
Hook & line 

Gill net - - -  
Gill net 
Gill net 
Gill net 
Gill net 
Gill net 
Gill net 
Gill net 
Gill net 
Eyke net 
Gill net 
Gill net 
Gill net 
Haul seine 
Gill net 
Hook & line 
Gill net 
Gill net 
Hook & line 
Gill net 
Hook & line 
Hook & line 

- - - 
Hook & line 

Days 
out 

64 
46 
7 1 
59 
112 
62 
144 
569 

- - 
- - 
8 
25 
8 1 
44 
102 
30 
3 2 
37 
7 7 
104 
118 
62 
90 
122 
43 
87 
69 
41 
37 
186 
110 
169 
11 1 

Net 
naut. 
miles 
trav. 

Fork 
Weight* length* 
(kg) (cm) 



le 18 (coot.) 
Net 

Date naut. Fork 
Date recap- Days miles Weight* length* 

son Tag no. tagged Location tured Location - CHESAPEAKE BAY Gear out trav. (kg) (cm) 

0-1971 BOO505 2-15-71 False Cape 3- 1-71 Poquoson Rv., Va. Haul seine 14 47 5.0 73.0 
BOO126 12- 9-70 Currituck Light 12-18-70 Chesapeake Bridge Tunnel, Va. Hook & line 9 46 1.8 49.7 
A00991 12- 9-70 Currituck Light 2- 9-7 1 York Rv., Va. Gill net 62 105 2.3 60.7 
BOO503 2- 15-71 Currituck-False Cape 3-10-71 Nansemond Rv., Va. Gill net 22 70 1.8 50.0 
BOO509 2-15-71 Currituck-False Cape 3- 6-71 Rappahannock Rv.,Bowler's Rock, Va. Gill net 28 120 1.8 47.0 
BOO160 12- 9-70 Currituck Light 4-15-71 Patuxent Rv.,Benedict, Md. Gill net 127 170 3.2 64.1 
BOO166 12- 9-70 Currituck Light 4-15-71 Choptank Rv., Md. Gill net 127 210 2.7 54.4 
BOO064 12- 9-70 Currituck Light 4-24-71 Dorchester Co.,Transquaking Rv.,Md. Hook & line 136 170 2.7 59.5 
A00728 11-18-70 Currituck Light 4-15-71 Point of Shoals, James Rv., Va. Gill net 146 66 5.4 77.0 
BOO460 1-31-71 Oregon Inlet 4-26-71 Sandbridge Beach, Va. Haul seine 40 85 2.3 55.0 
BOO649 3- 18-71 Hatteras Bight 5- 5-71 Jug' s Cr. ,Rappahamock Rv. , Va. Gill net 11.3 87.1 48 230 
BOO114 12- 9-70 Currituck Light 5- 4-71 Crystal Beach, Md. Gill net 146 220 1.8 53.0 
800596 3- 12-71 Oregon Inlet 7-18-71 Severn Rv., Md. Hook & line 128 210 7.2 80.0 

Mean 66.6 130.8 2.0 48.0 

Kitty Hawk-Currituck 
Kitty Hawk-Currituck 
Kitty Hawk-Currituck 
Kitty Hawk-Currituck 
Ocracoke-Hatteras Inlet 

Portsmouth Is. 
Portsmouth Is. 
Hatteras Inlet 
Portsmouth Is. 
Currituck-False Cape 
Hatteras Inlet 
Hatteras Inlet 
Portsmouth Is. 
Core Banks, Drum In. 

Location - NOR'IH OF CHESAPEAKE BAY 

Cap Cod, Mass. 
Sako~net Pt., Rhode Island 
C.!pe Cod, Mass. 
Westport Harbor, Mass. 
Nantucket Is., Mass.. 

Nauset Beach, Chatham, Mass. 
Naragansett Bay, Rhode Is. 
Cuttyhaunk, Mass. 
Amagansett L.I., N.Y. 
Cape Cod Bay, N. Truro, Mass. 
Twin Lights, Atlantic Highlands NJ 
Cape Cod Bay, Mass. 
Pleasant Bay, Chatham, Mass. 
Sandy Hook, N J. 

Hook & line 
Trap 
Hook & line 
Hook & line 
Hook & line 

Hook & line 
Hook & line 
Hook & line 
Haul seine 
Hook & line 
Hook & line 
Hook & line 
Hook & line 
Hook & line 



Table  18 ( c o n t . )  

Season Tag no. 

1970- 197 1 BOO244 
A00773 
BOO 144 
BOO 174 
BOO 150 
BOO545 
BOO466 
BOO083 
BOO530 
A007 19 
BOO650 
A00765 
BOO407 
BOO0 16 
A00788 
BOO636 
BOO106 
BOO074 
BOO0 11 
BOO369 
BOO508 
A0070 1 
A00927 
BOO132 
BOO576 
A00712 

Da te  
tagged -- 

2- 1-70 
2- 1-70 
2- 1-70 
2- 1-70 
2- 1-70 
1- 17-70 
2- 1-70 
2- 13-70 

12- 15-70 
11-21-70 
12- 9-70 
12-  9-70 
12- 9-70 
3-  12-71 
1-31-71 

12- 9-70 
3-12-71 

11-18-70 
3- 18-7 1 

11-20-70 
1- 14-7 1 

12- 9-70 
LL4k43- 
3-18-7 1 

12- 9-70 
12- 9-70 
12- 9-70 

1-13-71 
2-15-71 

11- 18-70 
12- 9-70 
12- 9-70 
3-  12-71 

11-18-70 

L o c a t i o n  

Date  
r e c a p -  
t u r e d  L o c a t i o n  - NORW OF CHESAPEAKE BAY Gear 

Por t smouth  Is. 
Por t smouth  Is. 
Por t smouth  Is. 
Por t smouth  Is. 
Por t smouth  I s .  
H a t t e r a s  I n l e t  
Por t smouth  I s .  
C u r r i t u c k - F a l s e  Cape 

Oregon I n l e t  
K i t t y  Hawk 
C u r r i t u c k  L i g h t  
C u r r i t u c k  L i g h t  
C u r r i t u c k  L i g h t  
Oregon I n l e t  
Oregon I n l e t  
C u r r i t u c k  L igh t  
Oregon I n l e t  
C u r r i t u c k  L i g h t  
H a t t e r a s  B igh t  
K i t t y  Hawk-Currituck 
Ocracoke I n l e t  
C u r r i t u c k  L i g h t  

- - - w m m k  
H a t t e r a s  B igh t  
C u r r i t u c k  L i g h t  
C u r r i t u c k  L i g h t  
C u r r i t u c k  Ligh 
H a t t e r a s  I n l e t  
C u r r i t u c k - F a  l s e  Cape 
C u r r i t u c k  L i g h t  
K i t t y  Hawk-Currituck 
C u r r i t u c k  L i g h t  
Oregon I n l e t  
C u r r i t u c k  L igh t  

Sandy Hook, N . J .  
P l e a s a n t  Bay, Chatham, Ilass.  
Thames Rv., Norwich, Conn. 
Long I s l a n d  Sound, Rye, N .Y .  
Amagansett ,  Long I s l a n d ,  N.Y. 
P l e a s a n t  Bay, Chatham, Mass 
N a r r a g a n s e t t  Bay, Rhode Is. 
Camp E l l i s ,  Saco Rv., Maine 

Long I s l a n d ,  N.Y. 
2 m i .  o f f  Cape May I n . ,  N . J .  
Montauk P o i n t ,  L . I . ,  N . Y .  
E l i z a b e t h  Is. ,  Woods H o l e ,  Mass. 
Cape Cod Bay, Elass. 
Cape Cod, P o p p o n e s s e t t  Bch. , Piass. 
M a t t a p o i s e t t e  Rv. ,  Mass. 
Shinnecock,  I n . ,  L . I .  
Barnegat  I n l e t ,  N.  J. 
Duxbury , Mass. 
Long Beach, N . Y .  
Cape Cod Bay, Barns tab l -e ,  ) lass.  
B a r n e s t a b l e ,  Plass. 

B e C o + F & L m o u  t h  , Mass. 
Monmouth Beach, N . J .  
B a r n s t a b l e ,  Mass. 
Coney I s l a n d ,  N.Y.  
Warich, Rhode I s l a n d  
New London, L . I . ,  N . Y .  
B a r n s t a b l e ,  >lass.  
Long Is. Sound, Plarnaconeck, N.Y. 
Plontauk P o i n t ,  L . I . ,  N.Y.  
Cape Cod Bay, Rock Harbor ,  !lass. 
Cape Cod Bay, B i l l i n g s g a t e  I s . > l a s s .  
Plum Gut Is. L . I . ,  N . Y .  
Long I s .  Sound, o f f  Harnford, Conn, 

Hook & l i n e  
Hook & l i n e  
Hook & l i n e  
Hook & l i n e  
Haul s e i n e  
Hook & l i n e  
Hook & l i n e  
Hook & l i n e  

Haul s e i n e  
Trawl 
Hook & l i n e  
Hook & l i n e  
Hook & l i n e  
Hook & l i n e  
I-look & l i n e  
Hook & l i n e  
Hook & l i n e  
Hook & l i n e  
Hook & l i n e  
Hook & l i n e  
Hook & l i n e  
Hook & l i n e  
Hook & l i n e  
Hook & l i n e  
Hook & l i n e  
Hook & l i n e  
Hook & l i n e  
Hook & l i n e  
Hook Sr l i n e  
Hook & l i n e  
Hook & l i n e  
Hook 5 Line 
Hook & l i n e  
Hook & l i n e  

Days 
OU t 

152 
134 
103 
166 
169 
2 17 
- - -  
- - -  

146 
178 
180 
180 
178 
7 4 

128 
191 
9 8  

209 
107 
223 
142 
179 
203 
111 
210 
165 
219 
185 
156 
260 
246 
24 1 
129 
250 

Net 
n a u t  . 
m i l e s  
t r a v .  

Fork 
Weight* length* 

( k g )  (cm) 



Date  
Season Tag no. tagged Loca t ion  

Net 
Da te  n a u t .  Fork 
r e c a p -  Days m i l e s  Weight* length* 
t u r e d  L o c a t i o n  - NORTH OF CHESAPEAKE BAY Gear o u t  t r a v  (kg)  (em) 

BOO135 12- 9-70 C u r r i t u c k  L i g h t  8 -  6-71 Woods Hole ,  Mass. Hook & l i n e  240 475 4.1 69.9 
BOO014 12- 9-70 C u r r i t u c k  L i g h t  9 -  18-71 Cape Cod, B i l l i n g s g a t e  Shao l s ,  Mass. Hook & l i n e  283 585 5.9 74.5 
800365 1-13-71 H a t t e r a s  I n l e t  - - -  Montauk P o i n t ,  L . I . ,  N . Y .  Hook & l i n e  - - -  5 10 9 . 5  88 .0  
BOO613 3-14-71 Oregon I n l e t - K i t t y  Hawk 9-23-71 Shrewsbury Rv.Br. , Highlands ,  N. J .  Hook & l i n e  193 313 5.9 74 .0  
800480 1 -3  1-7 1 Oregon I n l e t  8-21-71 Chatham Harbor ,  Mass. Hook & l i n e  202 517 2 . 3  52.5 
BOO571 3-12-71 Oregon I n l e t  10-13-71 Montauk P o i n t ,  L . I . ,  N .Y .  Hook & l i n e  215 400 5.0  71.0 
A00830 12- 3-70 C u r r i t u c k  L igh t  10-15-71 Sakonnet  P o i n t ,  Rhode I s l a n d  H o o k & l i n e  316 388 10.0 95.5 

~ ~ - ~ 

Mean 174.7 482.0 8 . 4  80.2 

* Weight and l e n g t h  when tagged 



grounds f o r  t he  migratory segment of t he  A t l a n t i c  coas t  s t r i p e d  bass  population. 

Three main groups of f i s h  appear t o  congregate o f f  t h e  North Carol ina coas t  dur-  

i ng  t h e  period November t o  March: s t r i p e d  bass  which e n t e r  Albemarle and Pam- 

l i c o  Sounds, North Carol ina (apparent ly  mostly small f i s h ) ,  f i s h  from Chesapeake 

Bay (mixed s i z e s ) ,  and predominately l a rge  s t r i p e d  bass  which spend the  summer 

from New Je r sey  northward (Figure 34 ) .  

The tagging d a t a  summarized i n  Table 17 r e q u i r e s  some explanat ion.  R e -  

t u r n s  from the  1968-1969 taggings d i f f e r  somewhat from t h e  1969-1970 and 1970- 

1971 programs. During the  f i r s t  segment, tagging e f f o r t s  were confined along a 

r e l a t i v e l y  small por t ion  of t h e  coas t  (Oregon I n l e t  t o  the  North Carolina-Vir- 

g i n i a  border)  and were concentrated during February 1969. During t h e  o t h e r  two 

segments, tagging e f f o r t s  covered the  e n t i r e  North Carol ina c o a s t  and extended 

from November through March each segment. The f i r s t  segment'swork, t he re fo re ,  

d id  no t  g ive  an adequate sample of t h e  s t r i p e d  bass  over-winter ing along the  

North Carol ina coas t .  The low r e t u r n  r a t e  from Noqth Carol ina sugges ts  t h a t  
I 

i n  s p i t e  of t h e  l a rge  ca t ches  made by North ~ a r o l i d a  fishermen, p a r t i c u l a r l y  

beach s e i n e r s  and ocean trawlers, these  fishermen hbve had l i t t l e  e f f e c t  on t h e  

over-winter ing  s t r i p e d  bass  population. The f i s h ,  i n  f a c t ,  may be under-harvested 

by North Carol ina fishermen. The g r e a t  ma jo r i ty  o f )  s t r i p e d  b a s s  caught by the  

North Carol ina oceanic hau l  s e ine  and t rawl  f i s h e r d s  during t h e  1968- 1969, 

1969-1970, and 1970-1971 segmentswere small f i s h ,  nb more than t h r e e  o r  four  
1 

yea r s  old.  P r i o r  t o  t h i s  per iod ,  t h e  oceanic ca tch  ;was q u i t e  small and was 

dominated by l a rge  f i s h .  In  a d d i t i o n ,  p r i o r  t o  ca tdhing  them dur ing  t h i s  s tudy,  

l a r g e  s t r i p e d  b a s s  w e r e  r a r e l y  encountered i n  the  odean south of Cape Ha t t e ra s .  

It i s  be l ieved  t h a t  t h e  t a g  r e t u r n  d a t a  do not ,  g ive  a t r u e  p i c t u r e  of t he  

movements of l a rge  s t r i p e d  bass .  During t h e  s tudy,  373 f i s h  weighing lok i log rams  

o r  more were tagged. Of t h e  35 f i s h  of t h i s  s i z e  group recaptured ,  26 (74%) 
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were from nor th  of Chesapeake Bay. A l l  of these  recaptured f i s h  were taken dur-  

ing  t h e  l a t e  sp r ing  and summer, a f t e r  t h e  spawning season. Where these  f i s h  

spawned i s  no t  c l e a r .  The g i l l  n e t s  used t o  capture  s t r i p e d  bass  i n  the  inshore  

waters  of North Carol ina a r e  designed t o  ca t ch  f i s h  2-5 years  o l d ,  and f i s h  

g r e a t e r  than 10 kilograms a r e  r a r e l y  captured.  Therefore, the  a c a  J j s t r i b u -  

t i o n  of t hese  l a rge  f i s h  i n  t h e  inland waters of North Carol ina i s  unknown ex- 

cept  on the  Roanoke River spawning grounds a t  Weldon, North Ccrol ina.  Most 

fishermen i n  Vi rg in i a  a l s o  concent ra te  on smaller  f i s h .  A l a rge  f i s h  (11.3 kg) 

from Rappahanock River,  V i rg in i a ,  ( 5  May 1971) was probably on i t s  way t o  o r  

from t h e  spawning grounds. I n  Maryland i t  i s  i l l e g a l  t o  keep s t r i p e d  bass  over  

15 pounds i n  weight dur ing  Apr i l  and May ( t h e  spawning season).  The presence of 

these  l a r g e  f i s h ,  t he re fo re ,  goes l a r g e l y  undetected i n  the  in shore  waters of 

North Carol ina ,  V i rg in i a ,  and Maryland dur ing  t h e  spawning season. 

The nor thern  movement of l a r g e  f i s h  t o  New England w a s  i n  b a s i c  agreement 

with Merriman (19411, al though he  bel ieved the  southernmost po in t  of t h e  m i -  

g r a t i o n  rou te  w a s  Chesapeake Bay. He s t a t e d  f u r t h k r  t h a t  s t r i p e d  bass  found 

south of Cape Hatteras d i d  not  in te rmix  with nor thern  s tocks .  However, dur ing  

t h i s  s tudy,  s t r i p e d  b a s s  tagged south of Cape ~ a t t d r a s  were recaptured  i n  Chesa- 

peake Bay nor th  t o  Massachusetts.  

Vladykov and Wallace (1952) suggested t h a t  st/riped b a s s  from North Caro- 
l 

l i n a  sounds and Chesapeake Bay do not  in te rmingle ,  bu t  l a rge  f i s h  from both a r e a s  
I 

may c o n t r i b u t e  to t h e  mid-At l a n t i c  and New England bopulat  i ons  of s t r i p e d  bass .  
I 

They made no comments on whether o r  not  f i s h  overwibter ing on t h e  North Carol ina  

c o a s t  might evLer Chesapeake Bay. A s  i n  t h i s  s tudy,  Chopotonand Sykes (1961) 

found t h a t  s t r i p e d  b a s s  tagged on the  North ~ a r o l i n d  c o a s t  en te red  Albemarle Sound 

and Chesapeake Bay. A few of t h e i r  f i s h  were a l s o  caught a long t h e  mid-Atlant ic  

and New England c o a s t s .  



In contrast to the results obtained during the first segment when haul 

seines and gill nets captured similar numbers of tagged striped bass, gill nets 

and sports fishermen were responsible for more than 50 percent of the recaptures 

during the second and third segments (Tables 19, 20, and 21). 

Mortality - 
.. .. Striped Bass 

Basic assumptions involved in the estimation of mortality are: (1) No 

loss of tagged releases caused by handling and after-effects of the tag; ( 2 )  

either no loss of recaptured striped bass because of failure of fishermen to re- 

turn them, or the ratio of undetected to detected recaptures remains essentially 

constant during each experiment; and (3)  all tagged striped bass were avail- 

able to the fishery. 

Only those striped bass that appeared in good condition and displayed no 

signs of distress after tagging were released in the studies presented herein. 

For the purpose of estimating mortality, the tagged or experimental popu- 

lations are assumed to react as their parent groups. There is evidence which 

indicated large striped bass (10 kg or more) may go largely undetected in in- 

land waters of North Carolina, Virginia, and Maryland. Generally, when tagged 

fish become unavailable to the fishery, the result is an increase in the total 

and natural mortality estimates. If these fish remain unavilable to the fishery, 

they are, for all practical purposes, lost to natural causes and should be con- 

sidered as a valid part of natural mortality estimates when applying management 

techniques established as a result of these estimates. 

The loss of recaptured fish because of failure of fishermen to return them 

is believed negligible. The incentive to return tags was high and cooperation 

with commercial and sports fishermen was excellent. It was assumed that the ratio 

of undetected to detected recaptures did not change during the experiments. 



Table 19.-Fishing gear  used t o  recapture  s t r i p e d  bass  tagged o f f sho re  North Carolir~a,  
1968 - 1969 

Major Recapture Areas 
North of 

In s ide  N. C. Offshore N. C. Chesapeake Bay Chesapeake Bay To ta l s  
Fishing gear No. Percent  No. Percent  No. Percent  No. Percent  No. Percent  

Gill n e t  2 50.0 0 0.0 10 25.0 0 0.0 12 22.2 

Haul s e ine  1 25.0 1 20.0 13 32.5 0 0.0 15 27.8 

Trawl 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 

Pound n e t  I 25.0 0 0.0 6 15.0 0 0.0 7 13.0 

Fish t r a p  0 0.0 0 0.0 0 0.0 1 20.0 I 1.8 

Sport 0 0.0 0 0.0 5 12.5 4 80.0 9 16.7 

Unknown 0 0.0 4 80.0 6 15.0 0 0.0 10 18.5 



Table 20.-Fishing gear used t o  recapture s t r i p e d  bass tagged of fshore  North Carolina 
1969 - 1970 

Major Recapture Areas 
North of 

Ins ide  N. C. Offshore N. C. Chesapeake Bay Chesapeake Bay To ta l s  
Fishing gear No. Percent  No. Percent  No. Percent No. Percent  No. Percent 

G i l l  ne t  11 68.8 0 0.0 14 56.0 0 0.0 25 38.5 

Haul se ine  5 31.2 5 71.4 1 4.0 2 11.8 13 20.0 

Fyke ne t  0 0.0 0 0.0 1 4.0 0 0.0 1 1 .5  

Sport 0 0.0 0 0 .0  4 16.0 15 88.2 19 29.2 

Unknown 0 0.0 0 0.0 5 20.0 0 0.0 5 7.7 



Table 21. --Fishing gear used t o  r ecap tu re  s t r i p e d  bas s  tagged off  shore North Carol ina,  
1970 - 1971, as of 1 November 1971 

Major Recapture Areas 
North of 

I n s i d e  N. C.  Off shore N .  C. Chesapeake Bay Chesapeake Bay To ta l s  
F ish ing  gear  No. Percent  No. Percent  No. Percent  No. Percent  No. Percent  

G i l l  n e t  13 68.4 0 0.0 8 57.1 0 0.0 2 1 26.6 

Haul s e i n e  0 0.0 10 76.9 1 7 .1  1 3.0 12 15.2 

Tr a w  1 1 5.3 0 0.0  0 0.0 1 3.0 2 2 .5  

Crab dredge 0 0.0 0 0.0 1 7 .1  0 0.0 1 1 .3  

Pound n e t  1 5.3 0 0.0 0 0.0 0 0.0 1 1.3 

Sport  f i s h i n g  1 5.3 1 7.7 4 28.6 30 90.9 36 45.6 

Unknown 3 15.7 2 15.4 0 0.0 1 3.0 6 7.5 



T o t a l  m o r t a l i t y  ( Z  = F+X = f i s h i n g  p l u s  n a t u r a l  m o r t a l i t y )  e s t i m a t e s  

were o b t a i n e d  by f i t t i n g  l i n e a r  r e g r e s s i o n s  t o  t h e  n a t u r a l  l o g a r i t h m s  of  monthly 

r e c a p t u r e s ,  a d j u s t e d  f o r  unequal  f i s h i n g  e f f o r t ,  p l o t t e d  a g a i n s t  monthly ( r e c a p -  

t u r e )  t ime p e r i o d s  (Bever ton and H o l t ,  1957).  The s l o p e  of t h e  r e g r e s s i o n  i s  

t h e  i n s t a n t a n e o u s  t o t a l  m o r t a l i t y  rate. F i s h i n g  e f f o r t  w a s  assumad t o  be e q u a l  

bacause  no d a t a  were a v a i l a b l e .  

Monthly i n s t a n t a n e o u s  t o t a l  m o r t a l i t y  rates ( 2 )  c a l c u l a t e d  f o r  s t r i p e d  

b a s s  p o p u l a t i o n s  i n c l u d e d  i n  t h i s  s t u d y  are p r e s e n t e d  i n  Tab le  22.  P r e s e n t e d  

a l s o  are t h e  monthly rates of  r e d u c t i o n ,  e x p r e s s e d  i n  p e r c e n t a g e s ,  f o r  t h e  sea- 

s o n a l  e x p e r i m e n t a l  p o p u l a t i o n s .  The mean t o t a l  r e d u c t i o n  p e r  month f o r  t h e  1968 

through 1971 f i s h i n g  s e a s o n s  was 2 4 . 3  p e r c e n t .  The mean r e d u c t i o n  p e r  month due 

t o  f i s h i n g  was 3 .6  p e r c e n t .  

A s e a r c h  of  t h e  l i t e r a t u r e  r e v e a l e d  no s o u r c e s  of s t r i p e d  b a s s  m o r t a l i t y  

i n f o r m a t i o n  u t i l i z i n g  t a g - r e c a p t u r e  d a t a  ana lyzed  by t h e  method used  h e r e i n  and 

a s  o u t l i n e d  by Bever ton and H o l t  (1957) .  I d e a l l y ,  m o r t a l i t y  estimates u t i l i z -  

i n g  t h i s  method would have been o b t a i n e d  by f i t t i n g  l i n e a r  r e g r e s s i o n s  t o  t h e  

n a t u r a l  l o g a r i t h m  of  a n n u a l  r e c a p t u r e s ,  wherein  a n n u a l  r e c a p t u r e  d a t a  would be  

d e s i r e d  o v e r  a p e r i o d  of a t  l e a s t  t h r e e  y e a r s  f o l l o w i n g  a n n u a l  t a g g i n g  p e r i o d s .  

H a s s l e r  e t  a1 (1966 and 1967) p r e s e n t  e s t i m a t e d  o v e r a l l  e x p l o i t a t i o n  

rates f o r  s t r i p e d  b a s s  i n  t h e  Albemarle  Sound a r e a  of  North C a r o l i n a  as  26 p e r -  

c e n t  and 24.5 p e r c e n t  r e s p e c t i v e l y ,  f o r  t h e  y e a r s  1965 and 1966. These e x p l o i -  

t a t i o n  r a t e s  are a c t u a l l y  annua l  p e r c e n t a g e s  of t a g  r e t u r n s  and d o  n o t  accoun t  

f o r  r e c a p t u r e d  f i s h  from which t a g s  were  n o t  r e t u r n e d .  The e x p l o i t a t i o n  r a t e s  

p r e s e n t e d  shou ld  then  b e  c o n s i d e r e d  t h e  a b s o l u t e  minimum. 

The method o u t l i n e d  by Bever ton and H o l t  (1957) and used h e r e i n  assumes 

no l o s s  o f  r e c a p t u r e d  t a g s ,  o r  t h a t  t h e  r . , t i o  of  l o s t  t o  r e c o v e r e d  r e c a p t u r e d  

t a g s  remains  e s s e n t i a l l y  c o n s t a n t  o v e r  t h e  s e l e c t e d  time p e r i o d s  (months) d u r -  

i n g  e a c h  exper iment .  If t h i s  is a v a l i d  assumpt ion ,  t h e  s l o p e  o f  t h e  r e g r e s s i o n  



Table 22.-Instantaneous and monthly m o r t a l i t y  r a t e s  c a l c u l a t e d  from s t r i p e d  bas s  
tagging d a t a ,  o f f s h o r e  North Caro l ina  1968 - 1971 

Ins tan taneous  Month 1 y 
Mor t a l i t y  r a t e s  Mor t a l i t y  r a t e s  ( p e r c e n t )  

Year Months To ta l  F ish ing  Other To ta l  F ish ing  Other 
per iod r e  leased (Z)  ( F) ( X I  ( l - e - = )  ( l - e -x )  ( l - e -x )  

1968-1969 December-March 0.347 0.070 0.276 29.5 6 .8  24.4 

1969-1970 December-February 0.294 0.028 0.276 25.2 3.0 24.4 

1970- 197 1 November-March 0.186 0.009 0.178 17.3 1  . O  16.5 

Monthly means 0.278 0.036 0.243 24.3 3.6 21.8 



from which t h e  h a r v e s t  r a t e  o r  monthly f i s h i n g  m o r t a l i t y  r a t e  i s  determined 

would no t  change. 

The e x p l o i t a t i o n  r a t e ,  based on mean r e c a p t u r e  d a t a  p resen ted  i n  Table 

17, i s  11.2 pe rcen t  which i s  cons idered  t h e  a b s o l u t e  minimum h a r v e s t  r a t e .  

The mean monthly f i s h i n g  m o r t a l i t y  rate presen ted  i n  Table  22 i s  3 .6  percen t  and 

does  no t  t ake  i n t o  account  unequal f i s h i n g  e f f o r t  t h a t  probably e x i s t e d  over  t h e  

months involved.  If  t h e  monthly f i s h i n g  e f f o r t  w a s  known and t he  r ecap tu re  

d a t e  a d j u s t e d  t o  a c o n s t a n t  o r  equa l  monthly e f f o r t ,  t h e  s l o p e  of t h e  r e g r e s s i o n  

would change and r e s u l t  i n  a t  l e a s t  s l i g h t l y  d i f f e r e n t  m o r t a l i t y  e s t ima te s .  

The mean monthly f i s h i n g  m o r t a l i t y  r a t e  of 3 . 6  pe rcen t  was p ro j ec t ed  t o  

r e p r e s e n t  an  annual  h a r v e s t  rate (Beverton and Ho l t ,  1957). The c a l c u l a t e d  an-  

nua l  f i s h i n g  m o r t a l i t y  r a t e  f o r  s t r i p e d  b a s s  tagged i n  t h e  ocean o f f  North Caro- 

l i n a  and r ecap tu red  from North Caro l ina  t o  Maine (bo th  ocean ic  and e s t u a r i n e )  

was 35 percen t .  This  d i s a g r e e s  w i th  e x p l o i t a t i o n  r a t e s  and i n d i c a t e s  a much 

h ighe r  and probably more v a l i d  h a r v e s t  than i s  i n d i c a t e d  by t h e  percentage of 

r e c a p t u r e s .  

The mean monthly n a t u r a l  ( o t h e r )  m o r t a l i t y  r a t e  p resen ted  i n  Table 22 i s  

presumed t o  be h i g h  because tagged f i s h  s t i l l  a t  l a r g e  a r e  inc luded  i n  t h e  es- 

t ima te  as n a t u r a l  l o s se s .  

B i o l o g i c a l  S t u d i e s  

Data from 290 s t r i p e d  b a s s  were taken  f o r  l eng th ,  weight and age  ana ly se s .  

I n  a d d i t i o n ,  152 were examined f o r  food h a b i t s  and 35 f o r  fecundi ty .  

Data from 202 American shad were taken f o r  l eng th ,  sex ,  weight ,  and a g e  

a n a l y s e s  of which 60 (45 a d u l t s  and 15 j u v e n i l e s )  were examined f o r  food h a b i t s  

and 43 f o r  fecundi ty .  

A sample of 362 a d u l t  b lueback h e r r i n g  and 72 a l e w i f e  were examined f o r  

l eng th ,  weigh t ,  age and sex. An a d d i t i o n a l  16 blueback h e r r i n g  and 11 a l e w i f e  

were ana lyzed  f o r  food h a b i t s .  



T a b l e  27.-Mean f e c u n d i t y  and r a n g e  f o r  e a c h  a g e  group lo£ 35 s t r i p e d  b a s s  from 
o f f s h o r e  North C a r o l i n a ,  J a n u a r y  1970 - March 19711 

Number 
Age of  f i s h  Mean f e c u n d i t y  Fecund i ty  range 



Fork Length (cm) 

Figure 35.--Fecundity - fork length relationship for 35 striped bass, 
offshore North Carolina, 1969 - 1971. 



Weight (kg)  
I 

Figure 3 6 .  --Fecundity - weight  r e l a t i o n s h i p  for 35 s t r i p e d  b a s s ,  
o f f s h o r e  North C a r o l i n a ,  1969 - 1971. 



Age ( y r s . )  

F i g u r e  37 . -Fecund i ty  - a g e  r e l a t i o n s h i p  f o r  35  s t r i p e d  bass, o f f s h o r e  
Nor th  C a r o l i n a ,  1969 - 1971. 



American Shad - Fecundity was also estimated for 43 female American shad 
ranging from 42.0 to 50.6 cm fork length,and from 4 to 9 years of age. Esti- 

mated fecundities as well as other data from each fish are shown in Table 28. 

The method of calculating fecundity was the same as with striped bass 

above. When the fecundity values obtained by the two methods were compared, 

a significant difference was found (paired comparisons d.f. = 42, t = 2.18*, 

and P = (-05 >.025). 

Mean fecundity was 281,137; the range was 197,323 for a 5-year old fish 

to 457,530 fo a 9-year old specimen (Table 29). Lehman (1953) examined American 

shad in Hudson Rive; and found fecundities ranging from 116,000 to 468,000 for 

fish 3 to 9 years of age. He found linear relationships and high correlation 

0.9) between fecundity and length, weight, and age. Nichols and Massman (1963) 

also found linear relationships between fecundity and length, weight and age 

for fish from 4 to 7 years of age in York River. 

In this study, significant relationships were also found between fecundity 
l 

and fork length, weight, and age with T values of 4!56**, 4.22**, and 2.07" re- 
I 

specively (Figures 38, 39, and 40). Linear and curvilinear regressions were 

also computed between fecundity and spawning marks but no significant relation- 

ship was found at the 95 percent level. 

Procedures similar to Jackson and Tiller (1952) for striped bass and Leh- 

man (19531, as modified by Davis (19571, for ~mericab shad were utilized to de- 
I 

termine total estimated fecundity. The above researchers determined total es- 

timated fecundity by adjusting sample unit counts to \represent a sample size 

of 1 gram. Tt~e total number of ova for each fish wad then calculated from the 
I 

sample unit mean and the total weight of the ovaries. : 

In this study, an actual total ova count for each 1-gram sample was taken.?he 

total estimated fecundity for each fish was determined by calculating the number of 



Table 28.-Age, fork length, weight and estimated fecundity of 43 American shad caught off the North Carolina coast, 
1970 - 1971 

Est. fe- Est. fe- 
Fork cundity cundity Total 

Specimen length Weight Right ovary right Left ovary left est. fe- 
number (cm) (kg) Age Weight@ Ova/g ovary Weight(g1 Ova/g ovary cundity 

AMS- 25 
AMS-41 
AMS - 37 
AMS- 14 
AMS- 3 
AMS- 2 
AMS- 4 
AMS- 16 
AMS- 42 
AMS - 40 
AMS-48 
AMS - 49 
AMS-51 
PMS - 20 
AMS- 7 
AMS-27 
MS-28 
AMS-45 
AMS-23 
AMS- 18 
AMS-32 
AMS-39 
AMS- 5 
AMS- 9 
AMS- 12 
AMS- 1 
AMS-35 
AMS-30 
AMS- 17 
AMS- 21 
AMS - 24 



Table  28 ( c o n t . )  

E s t .  f e -  Es t .  f e -  
Fork c u n d i t y  cundi  t y T o t a l  

Specimen l e n g t h  Weight Right  ovary r i g h t  Le f t  ovary l e f t  est.  f e -  
number (cm) (kg )  Age Weight(g1 Ova/g ovary Weight (g)  Ova/g ovary c u n d i  t y  

AMS- 6 
AMS-46 
AMS- 33 
AMS-22 
AMS-26 
AMS - 47 
AMS-34 
AMS- 11 
AMS- 19 
AMS- 10 
AMS - 50 
AMS-36 

* S c a l e  had me or more spawning marks 



Table 29. -Mean fecundity and range for each age group of 35 American shad from 
offshore North Carolina, March 1971 

Number 
Age of fish Mean fecundity Fecundity range 



Fork Length (cm) 

Figure 38. -Fecundity - f o r k  length r e l a t i o n s d i p  f o r  43  American shad, 
o f f s h o r e  North Caro l ina ,  March 1971. 



Table  29.-Mean f e c u n d i t y  and r a n g e  f o r  each age  group of 35 American shad from 
off s h o r e  North C a r o l i n a ,  March 197 1  

Number 
Age of  f i s h  Mean f e c u n d i t y  Fecundi ty  range  



Fork Length (cm) I 

F i g u r e  38.  -Fecund i ty  - fork l e n g t h  r e l a t i o n s h i p  f o r  43 American shad ,  
off shore North C a r o l i n a ,  March 1971. 



Weight (kg) 

Figu re  39.-Fecundity - weight  r e l a t i o n s h i p  f o r  43 American shad, 
of £shore  North Ca ro l i na ,  March 197 1. 



Age ( y r s . )  ' 1 

Figure  40.-Fecundity - age r e l a t i o n s h i p  fo r  35 American shad, o f f s h o r e  
1 

North Ca ro l i na ,  March 1971 



ova per gram f o r  every ovary ,  then mu l t i p ly ing  t h a t  va lue  by t he  weight of the  

r e s p e c t i v e  ova r i e s .  The es t imated  f e c u n d i t i e s  of t h e  r i g h t  and l e f t  o v a r i e s  

were then added t o  o b t a i n  t h e  t o t a l  es t imated  f ecund i ty .  

When t h e  t o t a l  es t imated  f ecund i ty  v a l u e s  ob ta ined  by t h e  two methods were 

compared, no s i g n i f i c a n t  d i f f e r e n c e  was found f o r  s t r i p e d  bas s ;  however, a s i g -  

n i f i c a n t  d i f f e r e n c e  was found f o r  American shad. 

The fpcundi ty  method f o r  American shad used i n  t h i s  s tudy  i s  thought t o  be 

b e t t e r  than Lehman's (1953) method as modified by Davis (1957) because i t  t a k e s  

i n t o  account  d i f f e r e n c e s  i n  s i z e  between t h e  two o v a r i e s  of a given f i s h .  The 

smal le r  ovary w i l l  g ene ra l l y  have a g r e a t e r  number of ova per  gram (58.8 percen t  

of t he  t ime ) ,  and t h e  l a r g e r  ovary g e n e r a l l y  c o n t a i n s  more ova (88.2 percen t  of 

t h e  t ime) .  Thus, t h e  number of ova conta ined  i n  any ovary i s  more a f u n c t i o n  of 

t h e  s i z e  of t h e  ovary r a t h e r  than a func t i on  of t h e  ova s i z e .  

The method used by Lehman (1953) as modified by Davis (1957) gene ra l l y  

r e s u l t s  i n  h ighe r  t o t a l  es t imated  f e c u n d i t i e s  than t h e  method used h e r e i n .  When 

a mean i s  computed f o r  t h e  number of ova per  gram of two o v a r i e s  which a r e  d i f -  

f e r e n t  i n  t o t a l  weight ,  and t he  combined t o t a l  weight of t h e  two o v a r i e s  i s  mul- 

t i p l i e d  by t he  mean number of ova per  gram, t h e  r e s u l t  w i l l  be cons ide rab ly  h igh .  

For example, American shad #33 (Table  28) :  

Right ovary :  Weight i n  grams - 58 L e f t  ovary: Weight i n  grams - 81 
#I ova pe r  gram -2328 /I ova pe r  gram -1883 

Lehman's method (1953 modified by Davis (1957):  

139 grams ( t o t a l  weight of both o v a r i e s )  2106 (mean number of ova per  gram = 

292,734 ( t o t a l  e s t ima ted  f ecund i ty ) .  

The method used d u r i n g  t h e  p r e sen t  s tudy:  

58 grams = t o t a l  weight of r i g h t  ovary 
81 grams = t o t a l  weight of l e f t  ovary 
2328 = number of ova per  gram f o r  r i g h t  ovary 
1883 = number of ova per  gram f o r  l e f t  ovary 
135,024 = t o t a l  number of ova i n  r i g h t  ovary 
152,523 = t o t a l  number of ova i n  l e f t  ovary 
287,547 = t o t a l  e s t ima ted  f e c u n d i t y  



A s  mentioned above, when t h e  t o t a l  es t imated  f ecund i ty  v a l u e s  ob ta ined  by 

t he  two methods were compared f o r  s t r i p e d  b a s s ,  no s i g n i f i c a n t  d i f f e r e n c e  was 

found. One can s e e  from Table  26 when t h e  numbers o f o v a  per  gram of each ovary 

a r e  compared f o r  s t r i p e d  b a s s ,  t he  d i f f e r e n c e s  a r e  n e g l i b i b l e  even f o r  those  

s t r i p e d  bas s  cap tu red  du r ing  November ( long  b e f o r e  t h e  spawning season)  which 

had much h ighe r  ova pe r  gram coun t s  than  f i s h  cap tured  nea re r  t h e  spawning 

season. 

The low f e c u n d i t i e s  of American shad found du r ing  t h e  p r e sen t  s tudy  sug- 

g e s t s  female American shad sampled a long  t h e  North Caro l ina  c o a s t  were probably 

moving n o r t h  t o  spawn i n  t h e  New York-New England a r e a  r a t h e r  than  i n  North 

Caro l ina  w a t e r s  (Davis  1957). This  suppos i t i on  i s  f u r t h e r  s t reng thened  by exami- 

n a t i o n  of t h e  s c a l e s  of t h e s e  f i s h ,  77 pe rcen t  had spawned p rev ious ly ,  a phenomenon 

most commonly encountered i n  shad spawning i n  North A t l a n t i c  t r i b u t a r y  r i v e r s .  

Sex and Female Matur i ty  - Offshore  

Random samples of 102 s t r i p e d  b a s s ,  5 2  American shad, 362 blueback h e r r i n g ,  

and 72 a l e w i f e  were taken  from trawl c a t c h e s  and examined f o r  s ex  and female m a -  

t u r i t y .  Females were examined f o r  ma tu r i t y  acco rd ihg  t o  appearance of o v a r i e s  

i n  t h e  body c a v i t y ,  a method similar t o  t h a t  used b$ Higham and Nicholson (1964) 

f o r  menhaden. They gave f i v e  s t a g e s  ( I - V )  r ang ing  drom immature (S t age  I) t o  

spen t  (S t age  V). The a r b i t r a r y  s t a g e s  of m a t u r i t y  a s s igned  i n  t h e  f i e l d  were as 

fo l lows:  I 

Stage  I - Ovar ies  small, occupying on ly  a s m a l l  1 f r a c t i o n  of t h e  body 
c a v i t y .  Ova i n v i s i b l e  t o  t h e  naked-eye .  

S tage  I1 - Ovar ies  occupying about  o n e - t h i r d  t b  one-ha l f  of t h e  body 
c a v i t y .  Ova i n v i s i b l e  t o  t h e  nakedjeye. 

S tage  111 - Ovar ies  occupying about  t w o - t h i r d s  b f  t h e  body c a v i t y .  
Ova v i s i b l e  through ova r i an  membrane. 

S t age  I V  - Ovar ies  occupying about  t h r e e - f o u r t h s  o r  more of  t h e  body 
c a v i t y .  Ova r e a d i l y  s epa ra t ed  from t h e  f o l l i c l e s  when t h e  
o v a r i a n  w a l l  i s  p re s sed  ( r i p e ) .  



S t a g e  V - O v a r i e s  f l a b b y ,  b l o o d s h o t ,  and occupying l e s s  than  one- 
h a l f  o f  t h e  body c a v i t y  ( s p e n t ) .  

A l l  f e m a l e s  examined f o r  m a t u r i t y  c o n t a i n e d  o v a r i e s  c l a s s i f i e d  as S t a g e  I ,  

S t a g e  11, o r  S t a g e  111 i n  m a t u r i t y .  Females dominated t h e  s t r i p e d  b a s s ,  Ameri- 

can  s h a d ,  and a l e w i f e  samples  and male b l u e b a c k s  dominated t h e  b lueback  sam- 

p l e s .  R e s u l t s  are summarized i n  Table  30. 

Sex and Female M a t u r i t y  - Chowan R i v e r  a t  Tun i s  

Random samples  o f  542 b lueback  h e r r i n g  and 387 a l e w i f e  were t aken  from a 

s e r i e s  of  seven pound n e t s  on Chagan Rive r  a t  T u n i s  and examined f o r  s e x  and 

f e m a l e  m a t u r i t y .  Samples were t a k e n  weekly.  

Male b lueback  h e r r i n g  dominated  samples  from 21 March 1971 th rough  6 A p r i l  

1971. However, s ampl ing  conduc ted  on 14 A p r i l  1971 i n d i c a t e d  t h e  r a t i o  o f  

males t o  f e m a l e s  had a l m o s t  approached a n  e q u i l i b r i u m ,  w i t h  f e m a l e s  dominant 

(52%). T h i s  w a s  a l s o  t h e  b e g i n n i n g  o f  t h e  peak spawning p e r i o d  f o r  b lueback  

h e r r i n g ,  as  r e f l e c t e d  by p e r c e n t a g e s  o f  r i p e  v e r s u s  s p e n t  f e m a l e s .  Beg inn ing  

14 A p r i l  1971 f e m a l e s  dominated  t h e  samples  and c o n t i n u e d  t o  do s o  u n t i l  sam- 

p l i n g  w a s  t e r m i n a t e d .  A l l  f e m a l e s  examined were e i t h e r  r i p e  o r  s p e n t .  

The same p a t t e r n  i s  a l s o  i n d i c a t e d  f o r  a l e w i f e .  Fishermen were c u t t i n g  

f e m a l e s  f o r  r o e  d u r i n g  t h e  second and t h i r d  weeks i n  March, and u n c u l l e d  sam- 

p l e s  were n o t  a v a i l a b l e .  A l l  f e m a l e s  examined were  e i t h e r  r i p e  o r  s p e n t .  R e -  

s u l t s  are summarized i n  Tab le  31. 

F i s h i n g  Among t h e  Fore ign  F l e e t  

Tows were  made among t h e  f o r e i g n  f i s h i n g  f l e e t  d u r i n g  February  and March 

1971. One 40-minute  tow was made on 15 F e b r u a r y ,  s i x t e e n  miles e a s t - s o u t h e a s t  

o f  t h e  V i r g i n i a  l i n e ,  and 15 miles o f f  C u r r i t u c k  Beach among 15-20 f o r e i g n  f i s h  

i n g  v e s s e l s .  Two 30-minute  tows were  made on 16 and 17 March, 20-25 m i l e s  east 

o f  C u r r i t u c k  L i g h t  House among f o u r  E a s t  German v e s s e l s .  A l s o ,  o n e  30-minute  



Table  30.--Sex and female  ma tu r i t y  of 52 s t r i p e d  b a s s ,  52 American shad, 362 bluehack h e r r i n g  and 72 a l ewi f e  from 
o f f s h o r e  North Ca ro l i na  1970 - 1971 

NO. Female matur i ty* 
Tat .  No. Per-  f e -  Pe r -  S tage  Per -  Stage Per -  S tage  P e r -  Stage Per -  Stage Per-  

Spec i e s  Month no. males c e n t  males c e n t  I cen t  I1 c e n t  111 c e n t  IV c e n t  V cen t  

S t r i p e d  b a s s  
(Morone s a x a t i l i s )  Nov.-Mar. 102 12 11.8 90 88 .2  18 20 - - - - 72 80 - - - - - - - - 

American shad 
( Alosa s ap id i s s ima)  March 52 8 15.4 44 84.6 1 2.3 - -  43 97.7 - -  - - - - - - - - 

Blueback h e r r i n g  
(Alosa  a e s t i v a l i s )  Dec.-Apr. 362 196 54.1 166 45.9 42 25.3 85 51.2 39 23.5 - -  - - - - - - 
Alewife 
(Alosa pseudoharengus) Feb. -Mar. 72 25 34.7 47 6 5 . 3  4 8.5 43 91 .5  - -  - - - - - - - - - - 

___- 

* See t e x t  f o r  exp l ana t i on  of s t a g e s  Page 117 



T a b l e  31.-Sex and female  m a t u r i t y ,  by week, of 542 b lueback  h e r r i n g  and 387 a l e w i f e  from u n c u l l e d  samples  a t  Tunis 
on Chowan R i v e r ,  North C a r o l i n a ,  1971 

S p e c i e s  

No. Female m a t u r i t y  1 
Week No. i n  No. P e r -  f e -  P e r -  S t a g e  P e r -  S t a g e  P e r -  S t a g e  P e r -  S t a g e  p e r -  S tage  P e r -  
o f  sample males  c e n t  males c e n t  I c e n t  TI c e n t  111 c e n t  IV c e n t  V c e n t  

Blueback h e r r i n g  
( ~ i o s a  a e s t i v a l i s )  3 -21  20 

3-29 19 
4 -  6 101 
4- 14 100 
4 -  20 10 1 
4-27 9 9 
5 -  4  102 

T o t a l s  542 267 49.3 275 5 0 . 7  

Alewife  
( A l o s a  pseudoharengus)  3- 1 

2 

3-23 
3-29 
4 -  6 
4-  14  
4- 20 
4- 27 
5- 4  

T o t a l s  387 207 5 3 . 5  180 46.5 

See t e x t  f o r  e x p l a n a t i o n  (Pages  117-1181 

Uncul led  samples  n o t  a v a i l a b l e  f o r  weeks o f  3-8-71 and 3-15-71 



tow w a s  made 55 miles e a s t - s o u t h e a s t  of Cape Henry, V i r g i n i a ,  amid 45-55 f o r e i g n  

t r a w l e r s  and t h r e e  f o r e i g n  f a c t o r y  s h i p s .  The composi t ion of t h e  f o u r  tows made 

among t h e  f o r e i g n  f i s h i n g  f l e e t  i s  summarized i n  Tab le  32. 

On 16 and 17 March an I r i s h  t h r e e  b r i d l e  t r a w l  w a s  u s e d ,  and on 15 Febru- 

a r y  a  !I41 Yankee t r a w l  w a s  used ( F i g u r e s  5  and 7 ) .  The I r i s h  t h r e e - b r i d l e  trawl 

appeared t o  be  similar i n  d e s i g n  t o  t h e  g e a r  of  t h e  f o r e i g n  v e s s e l s ;  however,  

t h e  1/41 Yankee trawl i s  s m a l l e r  b u t  more d u r a b l e  than  t h e  I r i s h  t h r e e - b r i d l e  

t r a w l .  

A t o t a l  of 346 b lueback  h e r r i n g ,  24 a l e w i f e ,  and 2 American shad were 

tagged and r e l e a s e d  i n  areas where a f o r e i g n  f l e e t  was E i s h i n g .  A s  y e t ,  no t a g s  

have been r e t u r n e d .  I n  a d d i t i o n ,  107 b lueback  h e r r i n g  and 18 a l e w i f e  were saved 

f o r  d e t a i l e d  b i o l o g i c a l  a n a l y s e s .  The a r a l y s e s  i n d i c a t e d  t h a t  45  p e r c e n t  oL 

t h e  f i s h  caugh t  on 15 February  were immature ( S t a g e  I ,  s e e  " B i o l o g i c a l  S t u d i e s  - 

Sex and Female M a t u r i t y "  p. 1171. '  A l so ,  b lueback  h k r r i n g  averaged  20 m i l l i -  

m e t e r s  smaller than  t h e  mean l e n g t h  f o r  a l l  b lueback  h e r r i n g  o f f s h o r e  North 

C a r o l i n a .  T h i s  i n d i c a t e s  t h e  f o r e i g n  f l e e t  was c a t c h i n g  immature f i s h  on 15 

February  1971. I n  t h e  o t h e r  samples ,  h e r r i n g  averaked  a b o u t  t h e  same s i z e  and 

d e g r e e  of m a t u r i t y  as t h e  t o t a l  o f f s h o r e  sample of d e r r i n g .  

R e s u l t s  of P r e l i m i n a r y  Albemarle  Sound 4 ampl ing  

The pr imary  o b j e c t i v e  of  t h i s  p r e l i m i n a r y  i n s h b r e  anadromous f i s h  i n v e s t i -  

g a t i o n  was t o  d e t e r m i n e  t h e  f e a s i b i l i t y  of s u r f a c e  ( 5 - f t . p l a n k t o n  n e t  w i t h  1 mm 

mesh),  midwater ( e x p e r i m e n t a l  3 - b r i d l e  t r a w l ) ,  and b  b t tom ( sh r imp and c r a b  t r a w l s )  

sampl ing g e a r s  f o r  c o l l e c t i n g  anadromous s p e c i e s  i n  t h e  Albemar le Sound and i t s  

t r i b u t a r i e s .  It w a s  a n t i c i p a t e d  t h a t  g e a r ,  m e t h o d s , a n d  t e c h n i q u e s  f o r  sampl ing ,  

developed d u r i n g  t h i s  p r e l i m i n a r y  i n v e s t i g a t i o n ,  would b e  u t i l i z e d  i n  a n  expanded 

r e s e a r c h  e f f o r t  on anadromous f i s h  t o  be i n i t i a t e d  upon c o m p l e t i o n  of t h i s  s tudy .  



T a b l e  32.-Composition of c a t c h  made among t h e  f o r e i g n  f i s h i n g  f l e e t  o f f s h o r e  North C a r o l i n a ,  15 February  and 
16-17 March 1971 

Da te  and l o c a t i o n  
No. of 
samples S p e c i e s  

No. o f  Weight 
f i s h  ( k g )  

Fork l e n g t h  (mm) 
mean range  

15 Feb. 1971: 16 m i l e s  
ESE V a .  l i n e ,  15 miles 
E C u r r i t u c k  Bch, N.C. 

16 Marh 1971: 55 m i l e s  
ESE of  Cape Henry V a .  

16 ,  17 Mar. 1971: 20-25 
m i l e s  E. C u r r i t u c k  L i g h t -  
h o u s e  

1 B lueback h e r r i n g  254 
Alewife  I 17 
S e a  h e r r i n g  
American shad 2 

1 Black  sea b a s s  
Weakfish 
Summer f l o u n d e r  
B u t t e r f  i s h  
Common s e a r o b i n  
Porgy 
Boston mackerel  
4 s p o t  f l o u n d e r  
Sea  s c a l l o p s  
Hake 

2  Blueback h e r r i n g  197 
Alewife  25 
S e a  h e r r i n g  9  
B u t t e r f i s h  
Spiny dog f i s h  14 
Cancer c r a b  2  0  
S p i d e r  c r a b  20 
Asteris 
Squid 
Windowpane 7  
A t l a n t i c  mackerel  
C l e a r n o s e  s k a t e  4 



Since sampling was conducted only during the last month (June 1971) of 

the final segment, no attempt was made to differentiate between the effective- 

ness of different gears. Trawling was often difficult because of numerous 

"hangs" consisting of stumps, logs, and broken-off and abandoned net stakes. 

However, 26 successful sampling stations were established and 32 samples were 

obtained in the Albemarle Sound and its tributaries (Figure 4 ) .  

For purposes of this report, Albemarle Sound is divided into eastern and 

western portions with the dividing line running from the west side of Perquimans 

River on the north, to the east side of Scuppernong River on the south (Figure 4 ) .  

Samples taken in the mouths of rivers are considered to be from the sound rather 

than from the rivers. 

Anadromous species appeared in samples of botH eastern and western Albe- 

marle Sound and all its tributaries except Scuppernong River. 

Striped bass (140 to 266 mm) were taken in samples of both eastern and 

western Albemarle Sound and Perquimans, Little, Pasquotank, and Alligator Rivers. 

American shad (juveniles) were taken in eastern Albemarle Sound and North River. 

One juvenile hickory shad was taken in Roanoke River, Blueback herring (juve- 
I 

niles) were taken in Little and North Rivers and aledife (juveniles) were taken 

in Chowan and North Rivers. 



SUMMARY AND CONCLUSIONS 

Off shore North Caro 1 ina 

Between 1 February 1968 and 1 July 1971, 1,038 trawl stations ranging in 

depth from 3 to 300 fathoms were taken by the RIV Dan Moore between Cape Roman, 

South Carolina and Cape Charles, Virginia. 

Anadromous fishes totaling 9,734 were collected: 2,541 adult striped bass, 

466 American shad (374 adults and 92 juveniles), 48 adult hickory shad, 4,104 

blueback herring (3,711 adults and 393 juveniles), 2,375 alewife (2,202 adults 

and 173 juveniles), 190 Atlantic sturgeon and 10 shortnose sturgeon. 

Striped bass and a few hickory shad were captured between Cape Lookout and 

the North Carolina/Virginia border. Blueback herring were captured from Beaufort 

Inlet to Cape Charles, Virginia. American shad and alewife were scattered from 

Hatteras Inlet to Cape Charles, Virginia. Atlantic sturgeon were captured mostly 

from Cape Lookout to the North CarolinaIVirginia border with a few caught off 

Wrightsville Beach and Beaufort Inlet. 

Striped bass were limited to depths of 10 fathoms and less. A few American 

shad were caught between 83 and 129 fathoms. Most American shad, hickory shad, 

blueback herring, and alewife were limited to depths of 20 fathoms and less. 

Definite seasonal differences in abundance were noted in the ocean off 

North Carolina. Anadromous fishes were most abundant from December through March. 

Fork length-frequency distributions were plotted for striped bass, Atlantic 

sturgeon, American shad, blueback herring, and alewife. 

Random samples of striped bass, Atlantic sturgeon, blueback herring and 

alewife were weighed and measured. Curvilinear regressions expressing length- 

weight relationships are presented for each of these species. 

Ages of 290 striped bass, 134 American shad, 76 blueback herring, and 50 

alewife ranged from 2 to 15, 2 to 11, 2 to 8, and 4 to 8 years old, respectively. 



C u r v i l i n e a r  r e g r e s s i o n s  e x p r e s s i n g  t h e  a g e - l e n g t h  r e l a t i o n s h i p s  were c a l c u l a t e d  

and p l o t t e d  f o r  each of t h e s e  s p e c i e s .  

S t r i p e d  b a s s  a p p a r e n t l y  deve lop  a n  a n n u l u s  from l a t e  October  e a r l y  Novem- 

b e r  t o  l a t e  December e a r l y  January .  The peak a n n u l u s  f o r m a t i o n  p r o b a b l y  o c c u r s  

i n  e a r l y  December. 

A t o t a l  oE 3,147 anadromous f i s h e s  w a s  tagged.  A s  of lNovember  1971, no 

t a g s  had been r e t u r n e d  f rom any of  t h e  1 ,204 c l u p e i d s  tagged.  The r e c o v e r y  r a t e  

f o r  A t l a n t i c  s t u r g e o n  was 8 p e r c e n t ,  and t a g  r e t u r n s  i n d i c a t e d  a southward c o a s t a l  

movement f rom November t h r o u g h  J a n u a r y  and a nor thward c o a s t a l  movement a f t e r  

January .  The r e c a p t u r e  of 197 s t r i p e d  b a s s  i n d i c a t e d  s t r i p e d  b a s s  o v e r w i n t e r -  

i n g  o f f  t h e  North C a r o l i n a  c o a s t  e n t e r  Pamlico  and Albemarle  Sounds,  Chesapeake 

Bay, and move nor thward a l o n g  t h e  A t l a n t i c  c o a s t  t o  Maine d u r i n g  t h e  s p r i n g  and 

summer. 

The mean monthly t o t a l  and f i s h i n g  m o r t a l i t y  rates f o r  t h e  1968 th rough  

1971 f i s h i n g  season  were 24.3 and 3.6 p e r c e n t ,  r e s p e c t i v e l y .  When t h e  mean 

monthly f i s h i n g  m o r t a l i t y  r a t e  was p r o j e c t e d  f o r  a p e r i o d  of twe lve  months,  a n  

a n n u a l  m o r t a l i t y  r a t e  of  35 p e r c e n t  was c a l c u l a t e d .  T h i s  p e r c e n t a g e  a p p e a r s  t o  

b e  a b e t t e r  estimate o f  t h e  a n n u a l  h a r v e s t  rate t h a n  t h e  11.2 p e r c e n t  " e x p l o i t a -  

t i o n  r a t e "  de te rmined  f rom t a g  r e t u r n s .  

Stomach a n a l y s e s  of  102 s t r i p e d  b a s s  i n d i c a t e d  s t r i p e c  3ass remain a c t i v e  

and o p p o r t u n i s t i c  f e e d e r s  d u r i n g  t h e  w i n t e r ,  f e e d i n g  dn a v a r i e t y  o f  f i s h  and 

i n v e r t e b r a t e s .  Stomach a n a l y s e s  o f  45 a d u l t  American /shad r e v e a l e d  t h e y  n o t  

o n l y  eat f i s h ,  b u t ,  on o c c a s i o n ,  eat f i s h  to t h e  e x t e n k  t h a t  t h e y  c a n  b e  c o n s i -  

d e r e d  a major  £cod i t em.  Stomach a n a l y s e s  of  15  j u v e n i l e  American shad r e v e a l e d  

a n c h o v i e s ,  a food  i t e m  r a r e l y  e n c o u n t e r e d  i n  such f i s h i s .  

F e c u n d i t y  was d e t e r m i n e d  f o r  35  s t r i p e d  b a s s  between 7 and 13 y e a r s  o l d .  

T o t a l  e s t i m a t e d  f e c u n d i t i e s  r anged  between 614,243 and 4 ,057,059.  L i n e a r  



r e g r e s s i o n s  e x p r e s s i n g  w e i g h t - f e c u n d i t y ,  f o r k  l e n g t h - f e c u n d i t y  and a g e - f e c u n d i t y  

r e l a t i o n s h i p s  were c a l c u l a t e d  and p l o t t e d .  

Examination of t h e  gonads of  s t r i p e d  b a s s ,  Aaer i can  shad ,  b lueback h e r r i n g  

and a l e w i f e  r e v e a l e d  a predominance o f  f emale  s t r i p e d  b a s s ,  American shad,  ale- 

w i f e ,  and male b lueback  h e r r i n g  i n  t h e  ocean o f f  North C a r o l i n a .  O v a r i e s  of  f e -  

ma les  ranged f rom immature t o  ma tu r ing .  None were r i p e  o r  s p e n t .  

Sampling among f o r e i g n  f i s h i n g  v e s s e l s  r e v e a l e d  t h a t  t h e  E a s t  Germans 

and o t h e r s  were t a k i n g  anadromous f i s h  o f f  t h e  North C a r o l i n a  c o a s t .  

Albemar l e  Sound and T r i b u t a r i e s  

Fork l e n g t h - f r e q u e n c y  d i s t r i b u t i o n s w a r e  p l o t t e d  f o r  male and f e m a l e  b l u e -  

back h e r r i n g  and a l e w i f e  on t h e  Chowan R i v e r  a t  Tun i s .  

Random samples  o f  b lueback  h e r r i n g  and a l e w i f e  t aken  a t  Tun i s  were weighed,  

measured and sexed.  C u r v i l i n e a r  r e g r e s s i o n s  e x p r e s s i n g  t h e  l eng th -we igh t  rela- 

t i o n s h i p s ,  by s e x ,  were c a l c u l a t e d  and  p l o t t e d  f o r  each  o f  t h e s e  s p e c i e s .  

S c a l e  a n a l y s e s  of  40 male and 26 f e m a l e  a l e w i f e ,  t aken  a t  Tun i s ,  i n d i c a t e d  

t h e s e  f i s h  ranged from 3-8 and 4-8 y e a r s  o l d  r e s p e c t i v e l y .  S c a l e  a n a l y s e s  o f  

36 male and 32 f e m a l e  b lueback  h e r r i n g  t aken  a t  T u n i s  i n d i c a t e d  t h e s e  f i s h  

ranged f rom 4-7 y e a r s  o l d .  C u r v i l i n e a r  r e g r e s s i o n s  e x p r e s s i n g  t h e  a g e - l e n g t h  

r e l a t i o n s h i p s  were c a l c u l a t e d  and p l o t t e d  by s e x .  

Examinat ion  of gonads  o f  b lueback  h e r r i n g  and a l e w i f e  r e v e a l e d  ma les  were 

dominant b e f o r e  t h e  spawning peak. A n e a r  e q u i l i b r i u m  was i n d i c a t e d  d u r i n g  

t h e  spawning peak.  Females were dominant a f t e r  t h e  spawning p9ak. O v a r i e s  of  

f e m a l e s  ranged from r i p e  t o  s p e n t .  

Twenty-s ix  s u c c e s s f u l  sampl ing s t a t i o n s  were e s t a b l i s h e d  i n  t h e  Albemarle  

Sound and i t s  t r i b u t a r i e s .  Anadromous s p e c i e s  were t aken  i n  a l l  areas sampled 

e x c e p t  t h e  Scuppernong Rive r .  



MANAGEMENT IMPLICATIONS 

R e s u l t s  p r e sen t ed  h e r e i n  i n d i c a t e  a l a r g e  popula t ion  of ove rwin t e r i ng  

"jumbo" s t r i p e d  b a s s  a r e  a v a i l a b l e  t o  t h e  North Ca ro l i na  ocean ic  trawl f i s h e r y .  

A t  t h e  p r e s e n t  t i m e ,  t h i s  r e sou rce  i s  l a r g e l y  unexplo i ted  excep t  f o r  those  f i s h  

caught  by New England s p o r t s  f ishermen a f t e r  t h e  spawning season.  The m a j o r i t y  

of North Ca ro l i na  trawlers a p p a r e n t l y  a r e  i ncapab l e  of f a s t  towing speeds  wi th  

gear  s u i t a b l e  f o r  t a k i n g  s i g n i f i c a n t  numbers. The excep t i on  i s  a r e c e n t l y  i n -  

t roduced f i s h i n g  mo,thod c a l l e d  " p a i r  t r awl ing" ,  wherein two t r a w l e r s  tow one 

l a r g e  t r a w l  between t h e  two b o a t s  a t  h i g h e r  than  normal rates of speed. An ex- 

ample of t h e  i n c a p a b i l i t y  of most commercial f i s h i n g  t r a w l e r s  was demonstrated 

by t h e  RIV -- Dan Moore. With e f f i c i e n t  gea r  and g r e a t e r  towing speeds ,  t h e  v e s s e l  

caught  commercially s i g n i f i c a n t  q u a n t i t i e s  of "jumbo" s t r i p e d  b a s s  (most ly  l a r g e  

females  wi th  r o e )  wh i l e  f i s h i n g  among commercial t r a w l e r s  t a k i n g  few o r  no 

s t r i p e d  ba s s .  

With a n t i c i p a t e d  developments i n  i nc r ea sed  e f f i c i e n c y  of gear  and f i s h i n g  

methods, t h e  "jumbo" s t r i p e d  b a s s  popula t ion  ove rwin t e r i ng  o f f  t h e  North Ca ro l i na  

c o a s t  cou ld  be e x p l o i t e d  t o  t h e  e x t e n t  t h a t  t h e  s p o r t s  f i s h e r y  f o r  t h i s  s p e c i e s  

from North Ca ro l i na  t o  Maine cou ld  be s e r i o u s l y  endangered.  The d e s i r a b i l i t y  of 

encouraging an  i nc r ea sed  commercial e f f o r t  on l a r g e  s t r i p e d  b a s s  i s  ques t i onab l e .  

Cons idera t ion  of uniform r e g i o n a l  r e g u l a t i o n s  (North  Ca ro l i na  t o  Maine) regard-  

i n g  t h i s  popu l a t i on  of l a r g e  s t r i p e d  b a s s  appea r s  d e s i r a b l e .  I n  a d d i t i o n ,  an 

i nc r ea sed  e f f o r t  to o b t a i n  r e l i a b l e  c a t c h  s ta t is t ics  On a r e g i o n a l  b a s i s  i s  

nece s sa ry  t o  de te rmine  i f  t h i s  popu l a t i on  of l a r g e  s t r i p e d  b a s s  i s  be ing  h a r -  

v e s t e d  a t  or nea r  a s u s t a i n e d  l e v e l .  i 

It a p p e a r s  t h e  m a j o r i t y  of t h e s e  l a r g e  s t r i p e d  ba s s  are females .  I f  c a t c h  

s ta t is t ics  show a c o n t i n u a l  d e c l i n e ,  d r a s t i c  measures would be  r e q u i r e d  imme- 

d i a t e l y  to a f f o r d  p r o t e c t i o n  t o  t h i s  v a l u a b l e  r e sou rce .  



S t r i p e d  b a s s  tagged whi le  overwin te r ing  o f f  t h e  North Caro l ina  c o a s t  were 

recap tured  from North Ca ro l i na  (Albemarle and Pamlico Sounds) t o  Maine. Simi- 

l a r i t i e s  between o f f s h o r e  and Chowan River samples of r i v e r  h e r r i n g  were a l s o  

found. More d e f i n i t e  t agg ing  programs w i l l  be  r e q u i r e d  on anadromous s p e c i e s  i n  

Albemarle and Pamlico Sounds du r ing  t h e  f a l l  and s p r i n g  ( a f t e r  t h e  spawning run )  

t o  de te rmine  t o  what e x t e n t  anadromous f i s h  i n  t h e s e  a r e a s  a c t u a l l y  c o n t r i b u t e  

t o  A t l a n t i c  c o a s t  ( o f f s h o r e )  popula t ions .  More d e f i n i t i v e  t agg ing  and b i o l o g i c a l  

s t u d i e s ,  such as s p e c i e s  and yea r  c l a s s  composi t ion and m o r t a l i t y ,  should be con- 

ducted on r i v e r  h e r r i n g  o f f s h o r e  and i n  t h e  v a r i o u s  e s t u a r i n e  wa t e r s  of North 

Caro l ina  t o  de te rmine  t o  what e x t e n t  t hose  f i s h  found o f f s h o r e  c o n t r i b u t e  t o  

North Ca ro l i na  and o t h e r  popu l a t i ons  a long  t h e  A t l a n t i c  c o a s t .  S i m i l a r  work 

should be done on American shad t o  b e t t e r  d e f i n e  t h e  r e l a t i o n s h i p s  of t h e  o f f -  

shore  and i n sho re  s t ocks .  

Since it w a s  determined t h a t  f o r e i g n  f i s h i n g  v e s s e l s  were t ak ing  ana-  

dromous f i s h  o f f  t h e  North Ca ro l i na  c o a s t ,  a con t inued  moni tor ing e f f o r t  t o  

determine what e f f e c t s ,  i f  any ,  t h i s  f i s h i n g  p r e s s u r e  may be hav ing  on domest ic  

c a t c h e s  i n  North Ca ro l i na  e s t u a r i n e  w a t e r s  w i l l  be  requ i red .  Major e f f o r t s  

should a l s o  be  expanded i n  gea r  r e s e a r c h  t o  accomplish t h i s  o b j e c t i v e .  
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