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PREFACE 

Th is  species p r o f i l e  i s  one o f  a s e r i e s  on coas ta l  a q u a t i c  organisms, 
p r i n c i p a l l y  f i s h ,  o f  spor t ,  commercial, o r  eco log i ca l  importance. The p r o f i l e s  
a re  designed to p rov ide  coas ta l  managers, engineers, and b i o l o g i s t s  w i t h  a b r i e f  
comprehensive sketch o f  the  b i  01 og i c a l  c h a r a c t e r i s t i c s  and environmental r equ i re -  
ments o f  t he  species and t o  desc r i be  how popu la t ions  o f  the  species may be 
expected to r e a c t  t o  environmental changes caused by coas ta l  development. Each 
p r o f i l e  has sec t ions  on taxonomy, 1 i fe h i s t o r y ,  eco log i ca l  r o l e ,  env i  ronmental 
requirements, and economic importance, i f  appl i c a b l  e. A t h r e e - r i n g  b i n d e r  i s  
used f o r  t h i s  s e r i e s  so t h a t  new p r o f i l e s  can be added as they are prepared. This 
p r o j e c t  i s  j o i n t l y  planned and financed by t he  U.S. Army Corps o f  Engineers and 
the  U.S. F ish  and W i l d l i f e  Service. 

Suggestions o r  quest ions regard ing  t h i s  r e p o r t  should be d i r e c t e d  to :  

I n fonna t i on  T rans fe r  Special  i s t  
Nat iona l  Coastal Ecosystems Team 
U.S. F ish and W i l d l i f e  Serv ice  
NASA-Sl i d e l  1 Computer Compl ex 
1010 Gause Boulevard 
Sl i d e l  1 , LA 70458 

U. S. Army Engineer Waterways Experiment S t a t i o n  
A t ten t i on :  WESER 
Post O f f  i c e  Box 631 
Vicksburg, MS 39180 
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CONVERSION FACTORS 

M e t r i c  t o  U.S. Customary 

m i l l  imeters  (mm) 
cen t imeters  (cm) 
meters (m) 
k i  1  ometers ( km) 

square meters (m2) 10.7 6 
square k i  1  ometers ( km2) 0.3861 
hec ta res  (ha )  2.471 

To Obta in 

inches 
inches 
f e e t  
m i l  es 

square f e e t  
square m i l e s  
acres 

l i t e r s ( 1 )  , 
cub i c  meters  (m ) 
cub ic  meters 

0.2642 gal 1  ons 
35.31 c u b i c  f e e t  

0.0008110 acre- f e e t  

m i l  1  igrams (mg) 0.00003527 ounces 
grams ( g )  0.03527 ounces 
k i lograms ( kg )  2.205 pounds 
m e t r i c  tons ( t )  2205.0 pounds 
m e t r i c  tons 1.102 s h o r t  tons  
k i  1  ocal  o r i e s  ( kca l  ) 3.968 B r i t i s h  thermal u n i t s  

Ce ls ius  degrees 1.8(C0) i- 32 Fahrenhei t degrees 

U.S. Customary t o  M e t r i c  

inches 25.40 
inches 2.54 
f e e t  ( f t )  0.3048 
f a  thoms 1.829 
m i l e s  ( m i )  1.609 
n a u t i c a l  m i l es  (nmi )  1.852 

2 
square f e e t  ( f t  ) 
acres 2 
square m i l e s  (mi ) 

ga l  1  ons ( gal ) 3.785 
cub ic  f e e t  ( f t 3 )  0.0283 1 
acre- f e e t  1233.0 

ounces (02)  28.35 
pounds ( I b )  0.4536 
s h o r t  tons  ( t o n )  0.9072 
B r i t i s h  thermal  u n i t  (B tu )  0.2520 

m i l  1 imeters  
cen t imeters  
meters 
meters 
k i l  ometers 
k i  1  ometers 

square meters 
hectares 
square k i  1  ometers 

1 i t e r s  
c u b i c  meters 
cub i c  meters 

grams 
k i  1 og rams 
m e t r i c  tons 
k i  1  ocal  o r i e s  

Fahrenhei t  degrees 0.5556(F0 - 32) Cel s  i u s  degrees 
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I 
F igu re  1. American e e l .  

AMERICAN EEL 

S c i e n t i f i c  name . . A n g u i l l a  r o s t r a t a  
Pre fe r red  common name . . . American 

ee l  (F igu re  1 )  
Other common names . . . . . Angui l  l e y  

ye1 1  ow ee l  , green ee l  , b l a c k  e e l  , 
1 i t t l e  e e l ,  bronze ee l ,  g l ass  
ee l  , s i  1  v e r  ee l ,  r i v e r  ee l  

Class . . . . . . . . . . Oste ichthyes 
Order . . . . . . . . . Angu i l l i f o rmes  
Fami ly  . . . . . . . . . A n g u i l l i d a e  

Geographic range: Mu1  t s  o r  va r i ous  
developmental s tages occur  i n 
f reshwater  r i v e r s ,  coas ta l  
waters, and t h e  open ocean f rom 
t h e  southern t i p  of Greenland, 
Labrador, and Newfoundland south-  
ward a long  t h e  A t l a n t i c  coas t  o f  
Nor th  America, i n t o  t h e  G u l f  of 
Mexico as f a r  as Tampico, Mexico, 
and i n  Panama, t h e  Grea ter  and 
Lesser A n t i l l e s ,  and southward t o  
t h e  no r the rn  p o r t i o n  of t h e  eas t  
coas t  of South America (Tesch 
1977). The species i s  abundant 
f rom Maine t o  Mexico, i s  r e s i d e n t  

i n  t h e  M i s s i s s i p p i  Va l ley ,  and 
occurs i n  t h e  West I n d i e s  and 
Bermuda (F igu re  2 ) .  B e r t i n  
(1956) repo r ted  t h e  l a t i t u d i n a l  
range f o r  t h e  American ee l  as 5" 
t o  62' N. It occurs i n  warm 
b r a c k i  sh and f reshwater  streams, 
es tua r i es ,  and coas ta l  r i v e r s .  
The American ee l  sometimes occurs 
i n  c o l d  f reshwater  t r o u t  streams 
i n  mountainous reg ions .  Adu l t s  
a r e  o c c a s i o n a l l y  found i n  land-  
locked lakes ,  p r i m a r i l y  i n  t h e  
Nor theas te rn  Un i t ed  States.  I t s  
d i s t r i b u t i o n  has inc reased 
because o f  i t s  hard iness  and t he  
ease w i t h  which i t  can be t r a n s -  
p l a n t e d  i n t o  new h a b i t a t s .  

MORPHOLOGY/IDENTIFICATION AIDS 

American e e l s  undergo a  s e r i e s  o f  
morpho log ica l  changes i n  t h e i r  1 i f e  
cyc le ;  these c h a r a c t e r i s t i c s  a r e  
presented i n  t h e  LIFE HISTORY sec t i on .  
The f o l  l ow ing  m a t e r i a l  was summarized 
p r i m a r i l y  f rom Fahay (1978) and Tesch 
(1977). 



F i g u r e  2. Ma jo r  r i v e r s  t h a t  suppor t  t h e  American e e l  i n  t h e  South A t l a n t i c  
B igh t .  Ee ls  a l s o  a r e  common i n  o t h e r  f r eshwa te r  t r i b u t a r i e s ,  and i n  bays and 
e s t u a r i e s .  



The body i s  elongate and snake- 
like (Figure 1 ) .  The dorsal and anal 
f ins are confluent with the rudimen- 
tary caudal f in.  Pectoral f ins are 
present, b u t  ventral (pelvic) f ins are 
absent. The body i s  covered by minute 
embedded scales (often causing speci- 
mens greater than 3 t o  5 years of age 
t o  appear scaleless). The lateral 
1 ine i s  we11 developed. The m o u t h  i s  
terminal ; jaws contain bands of small, 
pectinate or setiform teeth. A long 
t o o t h  patch also occurs on the vomer. 
The number of vertebrae ranges from 
103 t o  111 b u t  usually i s  106 to 108 
(Schmidt 1913). 

No other anguill id eels occur in 
North American coastal waters, b u t  the 
American eel ' s  spawning grounds coin- 
cide closelv with those of the Europe- 

&e simi lar ;  however, the ~uropean eel 
has 111-119 vertebrae (mean = 115). 
Ege (1939) presented comprehensive 
morphological data for A. rostrata. 
Some authors have argued That European 
and American eels should be regarded 
as geographical variants of the same 
species, b u t  th is  i s  n o t  generally 
accepted a t  present (Fahay 1978). 

No data are available that 
conclusively point t o  geographic vari - 
ations in morphology, and no subpopu- 
lations have been distinguished. 
Koehn and Williams (1978) noted 
protein differences among juvenile 
eels collected from different loca- 
tions along the A t 1  antic seaboard, b u t  
they concluded that the differences 
were due to variations in selective 
pressures among environments in which 
growth occurred. 

REASON FOR INCLUSION IN SERIES 

The her ican eel supports valu- 
able commercial and 1 imi ted recrea- 
tional fisheries throughout most of 
i t s  range. Harvested adults often are 
shipped alive or frozen to Europe 
where they frequently are smoked 

before marketing, and a fishery for 
elvers (immature eels typically less 
than 60 mm long) has recently begun in 
the Sou th  Atlantic Bight. Elvers are 
shipped t o  Japan where they are 
cultured in ponds. Pond rearing of 
eels in the United States i s  in a 
developmental stage, and there i s  a 
potential for  development and expan- 
sion of an eel culture industry. 

The American eel i s  an important 
prey species of larger marine and 
freshwater fishes and i s  a predator on 
a variety of other animals including 
commercially important crabs and 
clams. Eels contribute to  the loss of 
nutrients from freshwater rivers and 
lakes because of their  great organic 
intake, large numbers, lengthy stay in 
freshwater, and subsequent migration 
to  sea (Barila and Stauffer 1980). 
Alteration of river flow into estu- 
aries could affect upstream migration 
of immature eels. 

LIFE HISTORY 

The l i f e  cycle of the American 
eel includes oceanic, estuarine, and 
riverine phases (Figure 3).  Many 
detai ls  of i t s  l i f e  history are only 
generally understood or have been 
i nferred from know1 edge of the conge- 
neric European eel.  Li t t le  has been 
reported on eel 1 i f e  history in rivers 
along the Sou th  Atlantic Bight; much 
of the information presented below i s  
based on work in Middle and North 
Atlantic areas of the United States 
and Canada. 

Different stages of the eel Is 
l i f e  cycle are known by a variety of 
common names that are used throughout 
the scientif ic  1 i  terature. The larvae 
are called leptocephali (sing. = 
leptocephalus) ; they f i r s t  metamor- 
phose into unpigmented "glass eels" 
that gradual 1y devel op pigmentation 
and are then called elvers. Elvers 
migrate into freshwater where they 
remain several (sometimes many) years 
and are called yellow eels. Yellow 
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F igure  3. Diagrammatic rep resen ta t i on  
o f  t h e  American e e l  I s  1  i f e  h i s t o r y .  

ee l  s  may be sexua l l y  u n d i f f e r e n t i a t e d  
(gonads con ta in  no de f i nab le  gametes), 
hermaphrodi t ic  (oogonia .and spermato- 
gonia p resent ) ,  o r  sexual 1y d i f f e r e n -  
t i a t e d  (females w i t h  oogonia; males 
w i t h  spermatogonia p resent ) ,  b u t  none 
o f  these stages a re  capable o f  repro-  
duc t i on  and, hence, a l l  y e l l o w  e e l s  
a re  immature. Ma tu ra t i on  i s  accompa- 
n i e d  by changes i n  body c o l o r  and 
morphology; matur ing  e e l s  mi g r a t e  
downr iver  and through t h e  ocean t o  the  
spawning grounds and a re  known as 
"bronze ee l s "  o r  ' ' s i l v e r  eels . "  
D e t a i l s  o f  l i f e  h i s t o r y  f o r  these 
stages a re  prov ided below. 

Spawning 

The Pmerican ee l  i s  catadromous. 
It spawns i n  the  sea b u t  spends most 
o f  i t s  l i f e  i n  r i v e r s ,  f reshwater  
1  akes, and sometimes estuar ies.  A f t e r  
m a t u r i t y  i t  r e t u r n s  t o  the  sea (F ig -  
u r e  3). The age a t  m a t u r i t y  has n o t  
been we l l  def ined;  Fahay (1978) re-  
por ted  t h a t  ma tu ra t i on  occurred beyond 
age I 1 1  f o r  males and a t  age I V - V I I  
f o r  females f r a n  n o r t h e r l y  popul a- 
t i o n s ,  b u t  recen t  da ta  suggest t h a t  
ma tu ra t i on  i s  more r a p i d  i n  popula- 
t i o n s  along the South A t l a n t i c  B igh t .  

He1 fman and Bozeman (unpubl i shed MS: ') 
c o l  l e c t e d  sexual l y  d i f f e 5 e n t i a t e d  
males and females a t  age I 1 1  i n  the  
Altamaha R iver ,  Georgia, and concluded 
t h a t  females t h e r e  may have matured a t  
e a r l i e r  ages and sma l l e r  s i zes  than 
e e l s  i n  no r the rn  areas whereas males 
matured a t  t he  same age and s i z e  as 
no r the rn  ee l  s. Hansen and Eversole 
( i n  p ress)  and H a r r e l l  and Loyacano 
(1980) c o l  l e c t e d  d i f f e r e n t i a t e d  males 
and females as young as age I 1  and 
111, r e s p e c t i v e l y ,  i n  t h e  Cooper 
R iver ,  South Caro l ina .  

P r i o r  t o  seaward m i g r a t i o n  i n  t he  
f a 1  1  , matur ing  ee l s  beg in  a  metamor- 
phosis i n t o  t h e  s i l v e r  ee l  stage, as 
descr ibed i n  t h e  Yellow and S i l v e r  
Eels sec t ion .  

Eels m i  g r a t i n g  f rom Chesapeake 
Bay are  i n  a  more advanced s t a t e  o f  
metamorphosis than those m i g r a t i n g  
f rom Canadian waters; t h i s  supposedly 
enables e e l s  t o  reach t h e  sou the r l y  
spawning grounds i n  r e l a t i v e l y  s i m i l a r  
stages o f  m a t u r i t y  (Wenner and Musick 
1974). The d i f f e r e n c e  i n  t he  e x t e n t  
o f  metamorphosis between m i g r a t i n g  
e e l s  f rom Canada and Chesapeake Bay 
suggests t h a t  m i g r a t i n g  e e l s  i n  South 
A t l a n t i c  r i v e r s  cou ld  be even f u r t h e r  
developed than those i n  Chesapeake Bay 
a t  t h e  o u t s e t  o f  migrat iongi Helfman 
and Bozeman (unpubl ished MSI ) conclud- 
ed t h a t  rep roduc t i ve  m ig ra t i ons  from 
t h e  A1 tamaha R iver ,  Georgia, occurred 
du r i ng  l a t e  w i n t e r  o r  e a r l y  spr ing ,  
b u t  Hansen and Eversole ( i n  p ress)  and 
Michener (1980) i n d i c a t e d  t h a t  migra-  
t i o n s  occur red  du r i ng  the  f a l l  i n  t he  
Cooper R iver ,  South Caro l ina .  

l ~ o ~ u l a t i o n  a t t r i b u t e s  o f  Ameri - 
can e e l s  i n  a  Georgia r i v e r .  G. S. 
Helfman and E. L. Bozeman, Department 
of Zoology and I n s t i t u t e  o f  Ecology, 
U n i v e r s i t y  o f  Georgia, Athens, GA 
30602. Submitted t o  Trans. Am. Fish.  
soc. 

2 ~ n  t h i s  case, age i s  t h e  number 
of years  spent i n  f reshwater  (see the  
GROWTH CHARACTERISTICS s e c t i o n  f o r  
aging methods). 



Few d e t a i l s  a re  known about t he  
oceanic spawning m i g r a t i o n  o f  t h e  
American ee l .  The f i r s t  c o l l e c t i o n s  
o f  a d u l t s  i n  o f f s h o r e  waters were 
repo r ted  by Wenner (1973) i n  t h e  open 
ocean southeast  o f  Cape Cod, Massachu- 
s e t t s ,  eas t  o f  Assateague I s l and ,  
North Caro l ina ,  and southeast  o f  
Chesapeake Bay. The means by which 
e e l s  nav iga te  t o  spawning grounds a r e  
p o o r l y  understood. M i  1 es (1968) 
concluded t h a t  t h e  ee l  was capable o f  
nonce les t i a l  o r i e n t a t i o n  (southward), 
and Rommel and Stasko (1973) i n d i c a t e d  
t h a t  e e l s  may use g e o e l e c t r i c  f i e l d s  
generated by ocean c u r r e n t s  t o  n a v i -  
gate. Robins e t  a l .  (1979) photo- 
graphed two a d u l t  An u i l l a  e e l s  on t h e  
f l o o r  o f  t he  A t l a n t i c  _ea cean i n  t he  
Bahamas a t  depths o f  about 2000 m, and 
a l though i t  was imposs ib le  t o  de te r -  
mine i f  t h e  specimens were European o r  
Ameri can ee l  s , t h e  authors be1 ieved 
them t o  be prespawning - A. r o s t r a t a .  

Stasko and Rommel (1977) t racked 
f i v e  m i g r a t i n g  e e l s  i n  t he  lower  S t .  
Cro ix  R i ve r  Estuary, New Brunswick, 
Canada, and found t h a t  one ee l  moved 
25 km i n  20 h r  and another  moved 38 km 
i n  40 hr .  Eels they s tud ied  showed 
cons iderab le  v e r t i c a l  movements i n  t he  
water  column; behav io r  d i d  n o t  change 
w i t h  d ie1  o r  t i d a l  cyc les .  S i l v e r  
European e e l s  t r a v e l e d  a t  44 km pe r  
day when m i g r a t i n g  t o  spawn (Tesch 
1977). Edel (1976) be l i eved  t h a t  t h e  
depth a t  which American e e l s  m ig ra te  
i n  t he  ocean v a r i e d  w i t h  l i g h t  i n t e n -  
s i t y  so t h a t  swimming depth would vary  
w i t h  t u r b i d i t y  o f  t h e  water .  

Spawning by Ameri can ee l  s has 
never been d i r e c t l y  observed, and 
spawning areas have been de l i nea ted  on 
the  bas is  of c o l l e c t i o n s  o f  la rvae.  
Spawning appa ren t l y  occurs i n  t h e  
Sargasso Sea as e a r l y  as January o r  
February and may cont inue i n t o  August. 
Tesch (1977) summarized work by 
Schmidt (1923), Vladykov (1964), Smith 
(1968), and Vladykov and March (1975), 
and showed a spawning zone south o f  
Bermuda and n o r t h  o f  t h e  Bahamas t h a t  
i s  centered a t  about 25" N and 69" W. 

The youngest stages o f  American ee l  
l a r v a e  c o e x i s t  w i t h  European ee l  
la rvae,  b u t  American ee l  l a r vae  pre-  
dominate west o f  62" W and south o f  
24" N (Fahay 1978). Fahay a l s o  
repo r ted  t h a t  A. r o s t r a t a  l a r v a e  have 
n o t  been f o u n d e a s t  W. 

The depth a t  which spawning 
occurs i s  n o t  known, b u t  Taning (1938) 
repo r ted  t h a t  l a r v a e  c o l l e c t e d  near 
Bermuda occurred o n l y  a t  depths 
between 550 and 2200 m. Egg d iameter  
o f  A. r o s t r a t a  i s  about 1.1 mm (Tesch 
1977). I ncuba t i on  pe r i ods  o f  American 
ee l  eggs a re  n o t  known. 

Fecundi ty  i s  10 t o  20 m i l l i o n  
eggs per  female (Vladykov 1955, c i t e d  
by Fahay 1978; Eales 1968). Re la t i on -  
sh ips  between ee l  s i z e  and f e c u n d i t y  
f o r  21 e e l s  were repo r ted  by Wenner 
and Musick (1974) as: 

l o g  F = -4.29514 + 3.74418 l o g  TL, o r  
l o g  F = 3.2290 + 1.1157 l o g  W; 

Where F = number o f  eggs pe r  female, 
TL = t o t a l  leng th ,  mm, and 

W = t o t a l  weight ,  g. 

Adu l t  ee l s  presumably d i e  a f t e r  
spawning. None have been observed t o  
m ig ra te  up r i v e r s ,  and occurrences o f  
spent e e l s  have n o t  been repor ted .  

La rva l  (Leptocephal us)  s tage 

Hatching occurs f rom February 
through August (Vladykov and March 
1975; Fahay 1978), and t h e  l a r v a l  
s tage l a s t s  about 1 yea r  o r  perhaps 
longer .  The body i s  l anceo la te  i n  
shape, sharp ly  p o i n t e d  a t  bo th  ends, 
and deepest a t  t h e  midd le  (see Tesch 
[ I9771 o r  Fahay [ I9781 f o r  i l l u s t r a -  
t i o n s ) .  The s i z e  a t  ha tch ing  has n o t  
been descr ibed,  b u t  Schmidt (1925) 
c o l l e c t e d  7- t o  8-mm l a r v a e  i n  Febru- 
a ry .  The sma l l es t  l a r v a e  c o l l e c t e d  by 
Vladykov and March (1975) and Smith 
(1968) were 12 mn and 17 mm, 
respec t i ve l y .  



Dur ing  t h e  l ep tocepha lus  s tage,  
t h e  l a r v a e  grow and a r e  t r a n s p o r t e d  by  
ocean c u r r e n t s .  Larvae c o l  l e c t e d  by  
Schmidt (1925) were 7 t o  8 mm l o n g  i n  
February, 20 t o  25 mm i n  A p r i  1  , 30 t o  
35 mm i n  June, 40 mm i n  J u l y ,  50 t o  55 
mm i n  September, and 60 t o  65 mm by  
t h e  end o f  t h e  f i r s t  y e a r  o f  l i f e .  
The 1 ongest  l ep tocepha l  us c o l  1  ec ted  by  
Vladykov and March (1975) was 69 mm. 

Vladykov and March (1975) sug- 
ges ted  t h a t  l a r v a l  A. r o s t r a t a  may 
spend more t han  1 yea r  i n  t h e  sea. 
L i m i t e d  ev idence a1 so suggests t h a t  
some e e l s  remain i n  t h e  lep tocepha lus  
s tage f o r  more t han  1 year .  Smith 
(1968) r e p o r t e d  a 50-mm 1 eptocephal  us 
near  t h e  spawning grounds d u r i n g  
A p r i l .  T h i s  l a r v a  was t o o  l o n g  t o  
have been spawned i n  t h e  immediate 
season (Fahay 1978). 

The Nor thern  Equato r i  a1 Cur ren t  
and t h e  G u l f  Stream t r a n s p o r t  l a r v a e  
nor thward  a long  t h e  eas te rn  seaboard 
o f  No r t h  America. Sampling has shown 
t h a t  l a r v a e  a re  abundant i n  t h e  
F l o r i d a  S t r a i t s  and i n  t h e  area 
between Bermuda and t h e  Bahamas f rom 
A p r i l  th rough August (Smith 1968), and 
E ld red  (1971) found  A. r o s t r a t a  l e p t o -  
c e p h a l i  i n  t h e  G u l f  o f  Mexico and 
Yucatan S t r a i t s ,  b u t  mechanisms by  
which t h e  l a r v a e  a re  d i spe rsed  i n t o  
t h e  G u l f  o f  Mexico and southward t o  
t h e  coas t  o f  South America have n o t  
been de te rmi  ned. 

Glass Eel Stage 

Dur ing  t h e  p e l a g i c  phase, l e p t o -  
cephal i reach a s i z e  and p h y s i o l o g i c a l  
s t a t e  a t  wh ich  t hey  beg in  t o  metamor- 
phose. The e a r l y  s tages o f  t h i s  t r a n -  
s i t i o n  i n v o l v e :  (1)  sh r inkage i n  s i z e  
and we igh t ,  p r i m a r i l y  due t o  a reduc-  
t i o n  i n  wa te r  con ten t ;  ( 2 )  changes i n  
t h e  c o n f i g u r a t i o n  o f  t h e  head and 
jaws ; and (3)  acce le ra ted  development 
o f  t h e  d i g e s t i v e  system (Fahay 1978). 
A f t e r  these changes occur ,  t h e  e e l s  
a re  s i m i l a r  i n  o v e r a l l  morphology t o  
y e l l o w  ee l s ,  b u t  t hey  l a c k  e x t e r n a l  
p i gmen ta t i on  and a re  c a l l e d  "g l ass  

ee l s . "  Glass e e l s  a c t i v e l y  m i g r a t e  
toward  l a n d  and f r eshwa te r ,  and as 
t hey  approach coas ta l  areas,  e x t e r n a l  
p i gmen ta t i on  develops and t h e  body 
becomes u n i f o r m l y  dark  brown. A t  t h i s  
s tage,  metamorphosis i s  complete and 
t h e  e e l  i s  now c a l l e d  an e l v e r .  

E l v e r  Stage 

Most e l v e r s  move i n t o  c o a s t a l  
areas, e s t u a r i e s ,  and up f r eshwa te r  
r i v e r s  i n  t h e  l a t e  w i n t e r  o r  e a r l y  
s p r i n g  . V l  adykov (1966) suggested 
t h a t  e l v e r s  g e n e r a l l y  a r r i v e  i n  
sou thern  e s t u a r i e s  e a r l i e r  and a t  
s m a l l e r  s i z e s  than  i n  t h e  no r t h ,  b u t  
c a t c h  records  i n d i c a t e  cons ide rab le  
o v e r l a p  i n  t h e  t i m i n g  o f  shoreward 
movements a l ong  t h e  A t l a n t i c  coas t .  
Such movements have occur red  d u r i n g  
A p r i l  i n  Nar raganse t t  Bay and near  
Washington, D. C. ; February and March 
i n  Delaware; January i n  Long I s l a n d  
Sound and Rhode I s l a n d  e s t u a r i e s ;  o f f  
Nova S c o t i a  i n  A r i  1, and t h e  Bay o f  
Fundy i n  summer [Fahay 1978). I n  t h e  
South A t l a n t i c ,  m i g r a t i n g  e l v e r s  have 
been c o l l e c t e d  d u r i n g  January i n  
F l o r i d a  and South Ca ro l i na  and d u r i n g  
January t h rough  May, w i t h  peak catches 
i n  March and A p r i  1  , i n  N o r t h  C a r o l i n a  
(Smi th 1968; Hornberger  1978, c i t e d  by  
Sykes 1981; Sykes 1981). E l v e r s  
moving i n t o  South A t l a n t i c  e s t u a r i e s  
and r i v e r s  t y p i c a l l y  a r e  46 t o  60 mm 
long.  He1 fman and Bozernan (unpub- 
l i s h e d  MS.3) c o l l e c t e d  49- t o  56-mm 
g lass  e e l s  from the  A1 tamaha R i v e r  
Estuary, Georgia, i n  1  a t e  February; 
d a i l y  growth r i n g s  on t he  o t o l i t h s  
showed 250 t o  300 days o f  age. 

Small numbers o f  e l v e r s  r e g u l a r l y  
a r r i v e  i n  e s t u a r i e s  i n  t h e  f a l l ,  and 
Fahay. (1978) suggested t h a t  these 

3 ~ r o w t h  r a t e s  o f  American e e l s  i n  
a Georg ia es tua ry .  G. S. Helfman and 
E. L. Bozeman, Department o f  Zoology 
and I n s t i t u t e  o f  Ecology, U n i v e r s i t y  
o f  Georgia, Athens, GA 30602. 
Submit ted t o  U.S. N a t l .  Mar. F ish .  
Serv. F ish .  B u l l .  



"early" a r r i v a l s  may be the  e a r l i e s t  
spawned individuals o r  a segment of 
the main body of leptocephali t h a t  i s  
moved northward more quickly by 
localized water currents .  A1 terna- 
t i ve ly ,  these e lvers  may be " l a t e "  
a r r i va l s  produced from leptocephali 
t h a t  did not metamorphose during the 
previous wi nter /spr ing.  

Elvers occupy f  reshwater-sal t- 
water t r an s i t i on  areas  before ascend- 
ing r ivers .  During t h i s  period, 
e lvers  are  act ive  a t  night and burrow 
o r  r e s t  in deep water during the day 
(Dee1 der 1958). This nocturnal 
behavioral pattern causes the e lvers  
t o  be transported upstream by flood 
t i de s  t h a t  occur a t  n ight ,  and they 
d r i f t  back down during ebb (Fahay 
1978). Pacheco and Grant (1973) 
reported simi l a r  pat terns  f o r  e lvers  
a t  the mouth of the  Indian River, 
Delaware, and Tesch (1977) noted 
equivalent behavior by European eel 
e lvers .  He a l so  indicated t ha t  - A .  
anguilla e lvers  o r ien t  t o  r i ve r  
currents f o r  upstream movement, and i f  
the  current becomes too weak o r  too 
strong (ve loc i t i e s  not spec i f i ed) ,  
e e l s  may move in to  backwater areas ,  
severely delaying upstream progress. 
Basic s i m i l a r i t i e s  i n  behavior of 
European and American eel  e lvers  
suggest t h a t  A. r o s t r a t a  e lvers  would 
be s imi la r ly  affected by extremely 
f a s t  o r  slow r i ve r  currents .  

Fahay (1978) s ta ted  t h a t  as 
upstream migration t o  freshwater 
streams begins, males tend to  s tay in  
brackish water while females move in to  
f resher  water, b u t  t h i s  i s  based on 
observed d i s t r ibu t ion  pat terns  of 
older e e l s  ra ther  than d i r e c t  observa- 
t ion of e lver  behavior. When e lvers  
cease t h e i r  migration, they begin a 
growth and d i f fe ren t ia t ion  period in 
which they are  cal led yellow ee l s .  

Yellow and S i lver  Eels 

Many authors (e.g. ,  Bigelow and 
Schroeder 1953; Vladykov 1966) have 
-stated t ha t  yellow eel females occur 

primarily in freshwaters whereas males 
a re  generally found in s a l t -  o r  brack- 
ish  waters. Dolan and Power (1977), 
however, concl uded t h a t  an extensive 
review of 1 i t e r a t u r e  did not support 
t h i s  "female-freshwater, male-salt- 
water" theory. Recent s tud ies  con- 
t inue t o  be inconsis tent-  Helfman and 
Bozeman (unpublished M S ~ )  found t h a t  
females represented 94% of the sexu- 
a l l y  d i f fe ren t ia ted  yellow e e l s  
col lected from freshwater areas  of 
the A1 tamaha River in Georgia and 64% 
of the d i f fe ren t ia ted  yellow ee l s  in 
es tuar ine  areas .  However, col lect ions  
of e e l s  from the Cooper River, South 
Carolina, showed a minor var ia t ion of 
sex r a t i o  from fresh-  t o  sa l twater .  
Females contributed 97%, 95%, and 93% 
of the d i f fe ren t ia ted  ee l s  col lected 
from fresh- ,  brackish-, and sal twater  
a reas ,  respectively (Harrel 1 and 
Loyacano 1980; Michener 1980; Hansen 
and Eversol e ,  in press) .  

In addit ion t o  the freshwater- 
sa l twater  var ia t ion in the sex r a t i o ,  
a geographic var ia t ion in the d i s t r i -  
bution of the sexes has been hypothe- 
sized.  Vladykov (1966) s ta ted  t h a t  
male e e l s  predominate in middle and 
southern Atlant ic  populations (New 
Jersey t o  Flor ida)  whereas females 
predominate from New York t o  Newfound- 
land. Work in the Cooper River, South 
Carolina, and the  Altamaha River, 
Georgia (described i n  the preceding 
paragraph), however, does not support 
t h i s  hypothesis. Vl adykov be1 ieved 
t h a t  a l a t i t ud ina l  change in sex 
composition was re la ted to  the s ize -  
di f ferences  in e lvers  along the  coast ,  
and he said t h a t  smaller e lvers  
entering southern streams supposedly 
become males whereas the l a rger  e lvers  
entering northern systems probably 
develop in to  females (see  the ENVIRON- 
MENTAL REQUIREMENTS section f o r  
a l t e rna t e  explanations).  As with 
freshwater-sal twater var ia t ions  in the 
sex r a t i o ,  Dolan and Power (1977) 
suggested t ha t  l a t i tud ina l  var ia t ions  
were not well documented. They s t a t ed  
t h a t  the apparent geographic d i s t r ibu-  
t ion  of sex in the American eel could 


































