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PREFACE

This species profile is one of a series on coastal aquatic organisms,
principally fish, of sport, commercial, or ecological importance. The profiles
are designed to provide coastal managers, engineers, and biologists with a brief
comprehensive sketch of the biological characteristics and environmental require-
ments of the species and to describe how populations of the species may be
expected to react to environmental changes caused by coastal development. Each
profile has sections on taxonomy, life history, ecological role, envirommental
requirements, and economic importance, if applicable. A three-ring binder is
used for this series so that new profiles can be added as they are prepared. This
project is jointly planned and financed by the U.S. Army Corps of Engineers and
the U.S. Fish and Wildlife Service.

Suggestions or questions regarding this report should be directed to:

Information Transfer Specialist
National Coastal Ecosystems Team
U.S. Fish and Wildlife Service
NASA-S1idell Computer Complex
1010 Gause Boulevard

Slidell, LA 70458

or

U.S. Army Engineer Waterways Experiment Station
Attention: WESER

Post Office Box 631

Vicksburg, MS 39180
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Figure 1.

American eel.

AMERICAN EEL

NOMENCLATURE/TAXONOMY /RANGE

Scientific name . . Anguilla rostrata

Preferred common name . . . American
eel (Figure 1)

Other common names . . . . . Anguille,

yellow eel, green eel, black eel,
little eel, bronze eel, glass
eel, silver eel, river eel
Class . » . . . . . . . . Osteichthyes
Order . . . . . . . . . Anguilliformes
Family . . . . . . .. . Anguillidae

Adults or various
developmental stages occur in
freshwater rivers, coastal
waters, and the open ocean from
the southera tip of Greenland,
Labrador, and Newfoundland south-
ward along the Atlantic coast of
North America, into the Gulf of
Mexico as far as Tampico, Mexico,
and in Panama, the Greater and
Lesser Antilles, and southward to
the northern portion of the east
coast of South America (Tesch
1977). The species is abundant
from Maine to Mexico, is resident

Geographic range:

in the Mississippi Valley, and
occurs in the West Indies and
Bermuda  (Figure 2). Bertin
(1956) reported the latitudinal
range for the American eel as 5°
to 62° N. It occurs in warm
brackish and freshwater streams,
estuaries, and coastal rivers.
The American eel sometimes occurs
in cold freshwater trout streams
in mountainous regions. Adults
are occasionally found in land-
locked 1lakes, primarily in the
Northeastern United States. Its
distribution has increased
because of its hardiness and the
ease with which it can be trans-
planted into new habitats.

MORPHOLOGY/IDENTIFICATION AIDS

American eels undergo a series of
morphological changes in their Tlife
cycle; these characteristics are
presented in the LIFE HISTORY section.
The following material was summarized
primarily from Fahay (1978) and Tesch
(1977).
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Figure 2.
Bight. Eels
estuaries.

Major rivers that support the American eel in the South Atlantic
also are common in other freshwater tributaries, and in bays and



The body is elongate and snake-
like (Figure 1). The dorsal and anal
fins are confluent with the rudimen-
tary caudal fin. Pectoral fins are
present, but ventral (pelvic) fins are
absent. The body is covered by minute
embedded scales (often causing speci-
mens greater than 3 to 5 years of age
to appear scaleless). The lateral
line is well developed. The mouth is
terminal; jaws contain bands of small,
pectinate or setiform teeth. A long
tooth patch also occurs on the vomer.
The number of vertebrae ranges from
103 to 111 but usually is 106 to 108
(Schmidt 1913).

No other anguillid eels occur in
North American coastal waters, but the
American eel's spawning grounds coin-
cide closely with those of the Europe-
an eel (Anguilla anguilla). External-
ly visibTe traits of the two specimens
are similar; however, the European 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, but this is not generally
accepted at present (Fahay 1978).

No data are available that
conclusively point to 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 Atlantic seaboard, but
they concluded that the differences
were due to variations 1in selective
pressures among environments in which
growth occurred.

REASON FOR INCLUSION IN SERIES

The American eel supports valu-
able commercial and limited recrea-
tional fisheries throughout most of
its 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 South Atlantic Bight. Elvers are
shipped to Japan where they are
cultured in ponds. Pond rearing of
eels in the United States is 1in a
developmental stage, and there is a
potential for development and expan-
sion of an eel culture industry.

The American eel js an important
prey species of larger marine and
freshwater fishes and is 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 1ife cycle of the American
eel includes oceanic, estuarine, and
riverine phases (Figure 3). Many
details of its life history are only
generally wunderstood or have been
inferred from knowledge of the conge-
neric European eel. Little has been
reported on eel 1ife history in rivers
along the South Atlantic Bight; much
of the information presented below is
based on work 1in Middle and North
Atlantic areas of the United States
and Canada.

Different stages of the eel's
life cycle are known by a variety of
common names that are used throughout
the scientific literature. The larvae
are called Jleptocephali (sing. =
leptocephalus); they first metamor-
phose into unpigmented "glass eels"
that gradually develop pigmentation
and are then called elvers. Elvers
migrate into freshwater where they
remain several (sometimes many) years
and are called yellow eels. Yellow



o“\‘\
ot metamorphosis
SILVER EEL

YELLOW EEL

mlgratlor\
metamorphosis

GLASS EEL/ELVER

Figure 3. Diagrammatic representation
of the American eel's 1life history.

eels may be sexually undifferentiated
(gonads contain no definable gametes),
hermaphroditic (oogonia and spermato-
gonia present), or sexually differen-
tiated (females with oogonia; males
with spermatogonia present), but none
of these stages are capable of repro-
duction and, hence, all yellow eels
are immature., Maturation is accompa-
nied by changes in body color and
morphology; maturing eels migrate
downriver and through the ocean to the
spawning grounds and are known as
"bronze eels" or "silver eels."
Details of 1life history for these
stages are provided below.

Spawning

The American eel is catadromous.,
It spawns in the sea but spends most
of its T1ife 1in rivers, freshwater
Takes, and sometimes estuaries. After
maturity it returns to the sea (Fig-
ure 3). The age at maturity has not
been well defined; Fahay (1978) re-
ported that maturation occurred beyond
age III for males and at age IV-VII
for females from northerly popula-
tions, but recent data suggest that
maturation 1is more rapid in popula-
tions along the South Atlantic Bight.

Helfman and Bozeman (unpublished MS,!)
collected sexually differentiated
males and females at age IIIZ in the
Altamaha River, Georgia, and concluded
that females there may have matured at
earlier ages and smaller sizes than
eels in northern areas whereas males
matured at the same age and size as
northern eels. Hansen and Eversole
(in press) and Harrell and Loyacano
(1980) collected differentiated males
and females as young as age II and
ITI, respectively, 1in the Cooper
River, South Carolina.

Prior to seaward migration in the
fall, maturing eels begin a metamor-
phosis into the silver eel stage, as
described in the Yellow and Silver
Eels section.

Eels migrating from Chesapeake
Bay are in a more advanced state of
metamorphosis than those migrating
from Canadian waters; this supposedly
enables eels to reach the southerly
spawning grounds in relatively similar
stages of maturity (Wenner and Musick
1974). The difference in the extent
of metamorphosis between migrating
eels from Canada and Chesapeake Bay
suggests that migrating eels in South
Atlantic rivers could be even further
developed than those in Chesapeake Bay
at the outset of migrations. Helfman
and Bozeman (unpublished MS?) conclud-
ed that reproductive migrations from
the Altamaha River, Georgia, occurred
during late winter or early spring,
but Hansen and Eversole (in press) and
Michener (1980) indicated that migra-
tions occurred during the fall in the
Cooper River, South Carolina.

lpopulation attributes of Ameri-
can eels in a Georgia river. G. S.
Helfman and E. L. Bozeman, Department
of Zoology and Institute of Ecology,
University of Georgia, Athens, GA
20602. Submitted to Trans. Am. Fish.
oc.

2In this case, age is the number
of years spent in freshwater (see the
GROWTH CHARACTERISTICS section for
aging methods).



Few details are known about the
oceanic spawning migration of the
American eel. The first collections
of adults in offshore waters were
reported by Wenner (1973) in the open
ocean southeast of Cape Cod, Massachu-
setts, east of Assateague Island,
North Carolina, and southeast of
Chesapeake Bay. The means by which
eels navigate to spawning grounds are
poorly understood. Miles (1968)
concluded that the eel was capable of
noncelestial orientation (southward),
and Rommel and Stasko (1973) dindicated
that eels may use geoelectric fields
generated by ocean currents to navi-
gate. Robins etAal. 1](1979) photﬁ-
graphed two adult Anguilla eels on the
floor of the Atlantic Ocean 1in the
Bahamas at depths of about 2000 m, and
although it was impossible to deter-
mine if the specimens were European or
American eels, the authors believed
them to be prespawning A. rostrata.

Stasko and Rommel (1977) tracked
five migrating eels in the lower St.
Croix River Estuary, New Brunswick,
Canada, and found that one eel moved
25 km in 20 hr and another moved 38 km
in 40 hr. Eels they studied showed
considerable vertical movements in the
water column; behavior did not change
with diel or tidal cycles. Silver
European eels traveled at 44 km per
day when migrating to spawn (Tesch
1977). Edel (1976) believed that the
depth at which American eels migrate
in the ocean varied with 1ight inten-
sity so that swimming depth would vary
with turbidity of the water.

Spawning by American eels has
never been directly observed, and
spawning areas have been delineated on
the basis of collections of Tlarvae.
Spawning apparently occurs in the
Sargasso Sea as early as January or
February and may continue into August.
Tesch (1977) summarized work by
Schmidt (1923), Vladykov (1964), Smith
(1968), and Vladykov and March (1975),
and showed a spawning zone south of
Bermuda and north of the Bahamas that
1s centered at about 25° N and 69° W.

The youngest stages of American eel
larvae coexist with European eel
larvae, but American eel Tlarvae pre-
dominate west of 62° W and south of
24° N (Fahay 1978). Fahay also
reported that A. rostrata larvae have
not been found east of 50° W.

The depth at which spawning
occurs is not known, but Taning (1938)
reported that larvae collected near
Bermuda occurred only at depths
between 550 and 2200 m. Egg diameter
of A. rostrata is about 1.1 mm (Tesch
1977). TIncubation periods of American
eel eggs are not known.

Fecundity is 10 to 20 million
eggs per female (Vladykov 1955, cited
by Fahay 1978; Eales 1968). Relation-
ships between eel size and fecundity
for 21 eels were reported by Wenner
and Musick (1974) as:

log F = -4,29514 + 3.74418 log TL, or
log F = 3.2290 + 1.1157 log W;
Where F = number of egqgs per female,
TL = total Tength, mm, and
W = total weight, gq.

Adult eels presumably die after
spawning. None have been observed to
migrate up rivers, and occurrences of
spent eels have not been reported.

Larval (Leptocephalus) Stage

Hatching occurs from February
through August (Vladykov and March
1975; Fahay 1978), and the Tlarval
stage lasts about 1 year or perhaps
longer. The body is lanceolate in
shape, sharply pointed at both ends,
and deepest at the middle (see Tesch
[1977] or Fahay [1978] for illustra=
tions). The size at hatching has not
been described, but Schmidt (1925)
collected 7- to 8-mm larvae in Febru-
ary. The smallest larvae collected by
Vladykov and March (1975) and Smith
(1968) were 12 wmwm and 17 mm,
respectively.



During the 1leptocephalus stage,
the larvae grow and are transported by
ocean currents. Larvae collected by
Schmidt (1925) were 7 to 8 mm long in
February, 20 to 25 mm 4in April, 30 to
35 mm in June, 40 mm in July, 50 to 55
mm in September, and 60 to 65 mm by
the end of the first year of 1life.
The longest leptocephalus collected by
Vladykov and March (1975) was 69 mm.

Vladykov and March (1975) sug-
gested that Tarval A. rostrata may
spend more than 1 year in the sea.
Limited evidence also suggests that
some eels remain in the leptocephalus
stage for more than 1 year. Smith
(1968) reported a 50-mm leptocephalus
near the spawning grounds during
April. This larva was too long to
have been spawned in the immediate
season (Fahay 1978).

The Northern Equatorial Current
and the Gulf Stream transport larvae
northward along the eastern seaboard
of North America. Sampling has shown
that larvae are abundant 1in the
Florida Straits and in the area
between Bermuda and the Bahamas from
April through August (Smith 1968), and
Eldred (1971) found A. rostrata lepto-
cephali in the Gulf of Mexico and
Yucatan Straits, but mechanisms by
which the larvae are dispersed into
the Gulf of Mexico and southward to
the coast of South America have not
been determined.

Glass Eel Stage

During the pelagic phase, lepto-
cephali reach a size and physiological
state at which they begin to metamor-
phose. The early stages of this tran-
sition involve: (1) shrinkage in size
and weight, primarily due to a reduc-
tion in water content; (2) changes in
the configuration of the head and
jaws; and (3) accelerated development
of the digestive system (Fahay 1978).
After these changes occur, the eels
are similar in overall morphology to
yellow eels, but they lack external
pigmentation and are called "“glass

eels." Glass eels actively migrate
toward Tland and freshwater, and as
they approach coastal areas, external
pigmentation develops and the body
becomes uniformly dark brown. At this
stage, metamorphosis is complete and
the eel is now called an elver.

Elver Stage

Most elvers move 1into coastal
areas, estuaries, and up freshwater
rivers 1in the Tlate winter or early

spring.  Vladykov (1966) suggested
that elvers generally arrive in
southern estuaries earlier and at

smaller sizes than in the north, but
catch records indicate considerable
overlap in the timing of shoreward
movements along the Atlantic coast.
Such movements have occurred during
April in Narragansett Bay and near
Washington, DB.C.; February and March
in Delaware; January in Long Island
Sound and Rhode Island estuaries; off
Nova Scotia in April, and the Bay of
Fundy in summer (Fahay 1978). In the
South Atlantic, migrating elvers have
been collected during January in
Florida and South Carolina and during
January through May, with peak catches
in March and April, in North Carolina
(Smith 1968; Hornberger 1978, cited by
Sykes 19813 Sykes 1981). Elvers
moving into South Atlantic estuaries
and rivers typically are 46 to 60 mm
long. Helfman and Bozeman (unpub-
lished MS.3) collected 49- to 56-mm
glass eels from the Altamaha River
Estuary, Georgia, in late February;
daily growth rings on the otoliths
showed 250 to 300 days of age.

Small numbers of elvers regularly
arrive in estuaries in the fall, and
Fahay (1978) suggested that these

3Growth rates of American eels in
a Georgia estuary. G. S. Helfman and
E. L. Bozeman, Department of Zoology
and Institute of Ecology, University
of Georgia, Athens, GA 30602.
Submitted to U.S. Natl. Mar. Fish.
Serv. Fish. Bull.



"early" arrivals may be the earliest
spawned individuals or a segment of
the main body of leptocephali that is
moved northward more quickly by
localized water currents. Alterna-
tively, these elvers may be "late"
arrivals produced from Tleptocephali
that did not metamorphose during the
previous winter/spring.

Elvers occupy freshwater-salt-
water transition areas before ascend-
ing rivers. During this period,
elvers are active at night and burrow
or rest in deep water during the day
(Deelder  1958). This  nocturnal
behavioral pattern causes the elvers
to be transported upstream by flood
tides that occur at night, and they
drift back down during ebb (Fahay
1978). Pacheco and Grant (1973)
reported similar patterns for elvers
at the mouth of the Indian River,
Delaware, and Tesch (1977) noted
equivalent behavior by European eel

elvers. He also indicated that A.
anguilla elvers orient to river

currents for upstream movement, and if
the current becomes too weak or too
strong (velocities not specified),
eels may move into backwater areas,
severely delaying upstream progress,
Basic similarities 1in behavior of
European and American eel elvers
suggest that A. rostrata elvers would
be similarly affected by extremely
fast or slow river currents.

Fahay (1978) stated that as
upstream migration to freshwater
streams begins, males tend to stay in
brackish water while females move into
fresher water, but this is based on
observed distribution patterns of
older eels rather than direct observa-
tion of elver behavior. When elvers
cease their migration, they begin a
growth and differentiation period in
which they are called yellow eels.

Yellow and Silver Eels

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

primarily in freshwaters whereas males
are generally found in salt- or brack-
ish waters. Dolan and Power (1977),
however, concluded that an extensive
review of Tliterature did not support
this "female-freshwater, male-salt-
water" theory. Recent studies con-
tinue to be inconsistent. Helfman and
Bozeman (unpublished MS®) found that
females represented 94% of the sexu-
ally differentiated yellow eels
collected from freshwater areas of
the Altamaha River in Georgia and 64%
of the differentiated yellow eels in
estuarine areas. However, collections
of eels from the Cooper River, South
Carolina, showed a minor variation of
sex ratio from fresh- to saltwater.
Females contributed 97%, 95%, and 93%
of the differentiated eels collected
from fresh-, brackish-, and saltwater
areas, respectively (Harrell and
Loyacano 1980; Michener 1980; Hansen
and Eversole, in press).

In addition to the freshwater-
saltwater variation in the sex ratio,
a geographic variation in the distri-
bution of the sexes has been hypothe-
sized. Viadykov (1966) stated that
male eels predominate in middie and
southern Atlantic populations (New
Jersey to Florida) whereas females
predominate from New York to Newfound-
land. Work in the Cooper River, South
Carolina, and the Altamaha River,
Georgia (described in the preceding
paragraph), however, does not support
this hypothesis. Viadykov believed
that a Tatitudinal change in sex
composition was related to the size-
differences in elvers along the coast,
and he said that smaller elvers
entering southern streams supposedly
become males whereas the larger elvers
entering northern systems probably
develop into females (see the ENVIRON-
MENTAL REQUIREMENTS section for
alternate explanations). As with
freshwater-saltwater variations in the
sex ratio, Dolan and Power (1977)
suggested that Tatitudinal variations
were not well documented. They stated
that the apparent geographic distribu~
tion of sex in the American eel could


















































