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ABSTRACT

Amsrican eels, ANGUILLA ROSTRATA, (elvers through silver
stages) were collected between January and September 1781 from
tributaries of the Chesapeake Bay and the smastern shore of
Marvland. Age Groups I through IX were encountered. Age Group 111
was the most abundant age group among the yellow eels. Observed
lengths and weights—at—-age were gquite variable. The von Bertalanffy
equation 3 1t = 797.24 {(1—e¥¥-0_ 1253{(t-0.8528)) described
theoretical growth in length. American eels from the Chesapeake Bay
area were longer at a given age than BEuwropean eels, ANGUILLA
ARGUILLA, and American eels from areas north of the Chesapeake Ray
and tropical and subtropical areas, presumably due to the effects
of extremsely high and low water temperatures on feeding
periodicity. Also, American eels from the Chesapeake Bay area
appeared tg mature and migrate a2t an earlier age than eels from
northern areas. It was estimated that female esels became silver and
migrated by the age of six or seven yvears oF approximately 550
millimetsrs in total length ; while male sels became silver and
migrated by the age of five to seven or approximately 300
millimeters totzal length.

Fishing pressuwres appeared to be the greatest factor in
deteraining the sire distribution of eels 1n a2 given area. Also,
water temperatures had a great effect on CFUE during the course of

the st

iy

o

wdy . Mean catch-per—unit-effort for total numbers of eels

ted was highest during the months of May and Julvy.while mean

I
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CFUE values for total weights were highest during the months of
July and September. CFUE values for both total numbers and total
weights were highest at water temperatures of 25 to 29.% degrees C.
and in salinities 20 to 24.9%. Mean marginal increment widths on
otoliths of eels peaked in mid to late spring when eels were most
active. The average =size of vellow eels in the samples was 400
millimeters and 242 grams (Age Group V1., while the most preferred
market size is 450 grams or one pound. A commercial eelpot mesh
size of 1% by 1/2" diameter was recommended for use in VYirginia
waters.

Macroscopic and histological observations of gonadal tissue

g

n

examined in thi study showed no advanced sexual products present.
Most ovaries of vellow eels were Stage 11 . Eight transforming
female esls which had been collected from the lower James River
were examined and found to contain non—-overlapping gonads similiar
to the organs of Syrski. & female silwver esl had a Stage IV Ovary
and a testes from a males silver =2el was classified as Early Stags
IIT. The testes contained cryvpits of primary and secondary

spermatocyies which had not been photographed from eels before

under natural conditions.Reproductive maturation data supported the

{

hypothesis that the production of more advanced sexual products

must occur during eigraticon or just priocr to spawning.



INTRODUCTION

The American eel, ANGUILLA ROSTRATA, is a catadromous fish
which spawns in the western North Atlantic Ocean in the southern
Sargasso Sea. They grow to an adult stage in inland lakes, streams
and coastal areas bordering most of the western &tlantic Ocean
north to southern Greenland, Newfoundland island and the Gulf of
St. Lawrence south to approximately the mouth of the Amazon River
in Brazil {Vladvkov, 19643, Young &. ROSTRATS develop into
transparent larvae, leptocephali, which are passively transported
by occean currents to coastal areas wherein they transform into

elvers or glass esels.

Elvers generally arrive i1n the Chesapeake Hay during March and
Anril: however, they have beesn collected from late December through
mid-—HMay (VYIMS, unpublished). Elvers transform into vellow eels and
may remain in this juvenile stage for 5 to 20 years (Tesch,1977).
According to Bertin (1254) and Schwartz (12461), eels in freshwater
areas are usually females while males apparently stay in bracikish
o salt water. Most researchers now agree that male eels remain
near the coast in salt, brackish or freshwater. Dolan and FPower
{1977} and Passakas and Tesch (1780} reported that male vellow eels
{juvenilel) may transtorm into females and migrate considerable

diztances inland. Older yellow eels develop into sexually maturing

It

silver eels and migrate downstream towards the sea from late August

through mid-hNovember. They are guided presumably by electro-



navigation to the Sargasso Sea where the adults die after spawning

(Bertin, 195&4).

Early growth studies of anguilloid eels used s=cales for age
determination {(Gemzoe, 1908; Bertin, 1956; Sinha and Jones, 19467 and
12753 Gray and Andrews,1971; and Voronin et al.,1971. Scalesc were
subsequently shown to be poor aging structures for- eels; because,
they do not appear until several years after birth. Dtoliths are
presently preferred for age determination although methods aof
preparation and interpretation vary {(Ogden, 19703 Moriarty, 1973 and
197%2; Liew, 1974; Williams et 2l.,1%74; and Benech, 1275). Growth
rates for wild and cultured ee=l populations have been published (
Hellina, 1214; Frost, 19453 Bertin, 125363 Gunning and Shoop, 196Z2;
Viadvkov, 1%70; Bieder. 1271:; Tesch, 1271 and 1Z77:; Ord, 1978 and

Rasmussen et al., 1277).

The sagitta, laragest of the otoliths, has been considered the
most reliable structure for aging eels {(Tesch, 1771 and Williams et
al. 1274). Feriods of fast and siow seasonal growth can be
distinguished on otoliths by their different structural and
chemical characteristice {Liew. 1774). Supernumary or subsidary

scribed from eel otaliths {(Liew, 1274, Deeldler,

[
13
o
m
i
oy
]
iz
m
T
il
]
a3
n
1]

1974, Moriarty et al., 197% and Jellivman 1977). Under laboratory
the formation of these zones correlated with periocds of
tarvation induced by low temperatures, sudden temperature changes

or following periods of handling {(Liew, 1974). Jellyman (1977)



noted that there was little growth bevond the last annulus on
otoliths of New Zealand eels (sacrificed monthly) during winter
months when temperatures ranged between 2 € and 10 C, while
marginal increment widths increased rapidly during spring, summer
and fall. Slight decreases in growth rates were observed during

late spring and mid-summer when water temperatuwres reached 22 C.

Environmental {factors such as temperature, salinity and over
crowding may play an important role in the growth, sesx
determination and distribution of eels. Somatic growth and gonadal
differentiation in eels were accelerated to some extent in culture
experiments by slevating temperatures (D7 Ancona, 1957 and Euhlman.
197% . Water temperatures above Z8 € or below approximately S C
{varies by species) caused a loss of appetite and periods of little
or o growth in eels {Usui, 1974). Sinha and Jones (1973} noted
empty stomachs in the few eels collected during winter months in
Danish waters. Abundance of eels in trawl collections was low
during winter months 1n Virginia and was supportive of the
mugagestion that eels may overwinter by burrowing into smud (Wenner
and Musick, 1275). Thu=s, catch records of e=sls and mean monthly
marginal increment widths on otoliths may bhe correlated with

changes in seasonal water temperature.

The reproductive biology of anguilloid eels has been
sxtensively studied. Since the time of Aristotle, Modini {1777},

Svrski {1874) and other researchers have speculated on the



sexuality of eels. Reproductive aspects that have been
investigated include: sex ratio, size—-sex differentiation and
gonad maturation (Goode, 18813 Hermes, 1881; Fontaine, 17343
Bertin, 19543 D Ancona., 125%9; Satoh, 1246823 Egusa et al., 1273; Winn
and Richkus, 12753 Sinha and Jones, 197593 Tesch, 19277:; Rossip =t
al. 1972 and Moriarty, 197%); migration of silver eels {Wenner,
1272 and 1973: Wenner and Musick, 1974 and Westin et al., 1777:;
and artifical induction of maturation, embrvolegy, and sex: reversal
{(Fish, 12243 Satoh, 19462; Boetius et al., 1%47 and 1%80; beske,
1973%; Ghittino et al., 1975; Yamamoto et al., 1775 and Rieniarz st

al., 17981.)

Tesch {(1277) reported that in several European and American
studies silver eels were seszed by size alone {(ie. females > 509
mm., males < SO0 mm.). Recent aguacultwe experiments have
reported sex reverssl in eel cultwre ponds dus to over crowding
and/or starvation. Fassakas and Tesch (17807 demaonstrated that
Furopean eels may be phenotvypically male and karvotypically female:
"our results indicate that the genotypical glass eel females, which
probably enter the continental waters at a normal sex ratio, stay
in estuarine areas over crowded with eels — evidently, they then
developn male gonads so that the number of male yellow eels is

telv high®. Thus the influence of age, size., seascn
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and =salinity on the rate of gonadal development and the eventual
phenotvpic expressicn of the sex organs {including descriptions of

genesis and spermatogenesis) in wild populations of ezls warrants



further study.

The objectives of my investigation are (1) to determine the
age and annual growth rates of sels from Virginia waters, ((2) to
correlate catch records and growth increments from eel otoliths
with trends 1n seasonal water temperatures and salinities, (3) to
define macroscopically and histologically the stages of gonadal
development of American eels from wild populations in the
Chesapeake Hay region, and (4) to relate the rate of sexual

development of eels to the age, size, season of capture and

preference of habitat {(i1e. salinity regimel.

MATERIALS AND METHOLRS

—_r

Twentv-eight collections consisting of 533

American eels
{elver through silver stages) were abtained between the months of
January and September 17B1. A total of 2146 slvers were collected
with a meter nest, iapanese fvke net and dipnets during March and
April. Sampling stations for elvers included a2 culwvert that drains
| ake Maury on the lower James River, the dam on Wormley Creek, the
culvert on Bracken’s Fond and the main channel of the York River.
Yellow eels were sampled from Lake Maury and the lower James River,
lower Potomac River, Mattaponi River, Famunkey River, FPoropotank
River and York River ({(Figs. 1 and 2. Thirty foot and 16 foot
zemi-balloon trawls (9.1 and 4.% meteor), and baited =selpots were

used to collect yvellow eels. One silver female was taken in a



trawl in February from the upper York River. Fow male silver eels
were obtained from Mr. John Foster of the Maryland Department of
Natwral Resowces in Wye Mills, Maryland. These eels were captured
in Movember of 1280 in a fish trap placed helow a spillway on

Turvil Creelk (freshwater) near Dcean City, Marvyland.

Most of the esls in this study were cbhbtained during a VYIMS5-S5ea
Grant Froject on eelpot gear efficiency. Catch records from this
study are given in Appendix A. 4 total Q§‘2? sets of approximately
25 eelpots per set were made between May and September, 1981 in the
¥York River and saome of its® tributaries {(Fig 2). Rectangular and
cyvlindrical eeslpots constructed of galvanized wire or vinyl-coated
galvanized wire and hung with 1/72Y by 172" o 1" by 172" mesh were
used to captive eels. The number of eslpots fished in a set ranged
from 19 to 25 dus to the loss of pots just before or during a set.
Eelpots were fished at a location for a 1Z2-hour day and a 1Z2-hour
night periocd: howsver, during intervals of bad weather or at the
appraach of bad wesather,. fishing periods were shortened or
lengthened. Therefore, an adjusted total catch for a 1Z2-hour
fighing interval was calculated for each set. Four sets were
deleted from any final analysis: because, their fishing periods had
areatly overlapped day—-night interwvals. Catch-per—-unit—-effort
(CPUE) was calculated by diwiding total number or total weight of

sels collected in a set by the number of eelpots fished during the

=t .

n



fige and Growth

Total length in millimeters, wet weight in grams, sex,; stage
of gonad development and age were recorded for each eel. Sagittae
were removed and stored in glycerine. Frior to taking radial
measurements, otoliths were polished on a grinding stone and read
in glvcerine under a dissecting microscope equipped with reflected
light, a dark background and an ocular micrometer. Measurements of
the opaque and transparent zones were made on ctoliths where annuli
were clearly visible. A age of one was assigned to elvers.
Therefore, age represented the total number of years spent inshare

plus one as illustrated in Figure 3.

Water temperatures {degrees Centigrade) were taken on station
with a stem thermometer. Salinity (¥.)} and dissolved axvygen (mg/l}
were zampled in the field and later analyzed by the VIMS Ecology
and FPollution Department. Additional water temperatuwres
{1552-1981) were cbhitained from 2 computer listing of water
temperatwe records maintained for the VIMS pier site on the Yorlk

River.

Reproduction

Gonads of yvellow and silver eels wers examined macroscopically

to determins sex and stage of gonadal development. Samples aof

gonadal tissus from approximately 30 eels of various sizes were



removed for histological examination. Tissue samples were
preserved in 10¥% buffered formalin, Davidson®s solution or Bouin's
Fixative, and were stained with Harris’ s Hematoxylin and
counterstained with eaosin Y. In sexually developing females. the
width of the gonad was measuwred macroscopically to the nearest

millimeter to estimate the macroscopic condition of the gonad.

Identification of matw ity stages in eels corresponded to

those used by KHesteven {1%460) with some modifications.

Stage I. Yirgin—immatwre. Sexual organs not

visible.

Stage I1. Maturing wvirgin— Ssxual organs have

just begun to develop. Oocyte

in

st

T
n

qes I and I1 are present.

Stage I[11. Developing wvirgin— Increase in the
width of the ovary. QOocvyite stages I-
IV may be present. Testes still very
undeveloped or transforming into fe—
male =sex organ {ie. lobes are becom—

ing ribbon-shaped).

Stage IV. Developing silver phase— ovary is

whitish with reddish blood capil-



laries, Oocyte stages IV-VI pre-—
valent. Testes appears as a white
narrow band. Mests of secondary
spermatocytes prevalent. Body of
eel is characterized by enlarged
eyes, black fins and overall sil-

very appearance.

Classification of ococvyite stages corresponded to the six
matuwration interwvals described by Smith (1946) and Combs (19469).
The stages of spermatogenesis were classified according to Hyer

{19458F) .

Statistical Analysis

Means and standard deviations for observed and theoretical
lengths and weights and gonadal widths—-at—age were computed for an
analysis of growth rates, Relative growth (hl per year was

calculated from an eguation in Everhart and Youngs {(page 74, 1981).

Regression analyses of length on weight, length on otolith
radius and length and weight on gonadal width were computed with a
curve fitting program provided by Hewlett-Fackard for the Model

HP-&7 calcualator. The program provided least squares regression
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analysis for linear, exponential, logarithmic and power fits. The
coefficient of determination (r¥%¥2), y—intercept (a) and slope (h)

were provided in the output.

The theoretical growth equation for length-—at—age of eels was
oghtained by fitting observed mean length—at—age data to the von

Bertalanffy growth equation {(Ricker, 1975):

it = L g (l—ei¥x-Ei{t-to )
Where Lo, = maximum size which the length of the
average fish is tending
K = Brody growth cosfficient which measures
the rate at which length approaches
L co
to = a parameter that indicates the hypo-
thetical time at which the fish would
have been zero size if it had always
grown according to the above eguation
Growth parameters Lo ; K; to were calculated from the Walford
plot of 1t + 1, plotted agsinst 1t for estimates of leo, and by

the Beverton Method in which age is plotted against 1In {Leo —-1t},

{(Ricker, 1279). BSince the weight of an eel was so variable from
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vear to vear, an eguation for a Gompertz type "5" curve was used to
describe theaoretical growth of American eels in terms of weight

{Everhart and Youngs, 1981):

wt = wo eXi¥gt

where wt = weight at time t
wo = a growth coefficient for a time interval
e = base of the natuwal logarithms
arnd where gt = 1In wt/wo.
RESULTS

Age and Growth

fAge Groups I through IX were encountered among the 433 eels
aged {(Table 1}. & female silver eel was assigned an age of 13
vears during the first readingibut after multiple examinations,
they were rated as too poor for age determination and the fish was
deletesd from the sample. Storage of otoliths in glycerine for
zevaeral months resulted in a vagueness of the gopague zones on many
otoliths. As a result, radial measurements on otoliths were

ghtainad from only 72 eels.
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A linear relationship for fish length vs otolith radius (Fig.
4} existed for American eels from the Chesapeake Bay area. The
equation : Total DOtolith Radius = 10.78 + 0.10 (Length) was
obtained for this relationship and the correlation coefficient (r}

was 0.90.

Observed lengths and weights—at—age of the sels examined were

variable beyvond the slver stage {(Table 1). The equation : 1In W =

- .

0. 07

-

S+ Z.33 {(In LY and an r value of 0.98 described the

Ln

relationship between the length and weight of American e=sls from

the Chesapeake Hay area.

Eeiative growth {(h) wvalues {(Table 2Z) revealed that the most
suhstantial growth in length of esls coccured during the first I or
4 years of life, while the most substantial growth in weight
continued into the S3th or 6th vear of life. Mean cbhserved and
theoretical lencihs and weights were most variable between Age

Sroups 11T and Y1 which may be a reflection of the onset of sexual

maturation.
Theorstical growth for length-at—age {(Fig. 3) was described by
the wvon Bartalantfy equation: 1t = 797.24 (1 — eX¥-0.1053% (t -

0.8578 . Estimates of Lap by the Walford Plot and Beverion Method

ars illustrated in Figure &. The Beverton Method provided the most
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accurate estimate of Lo . The theoretical mean length of elvers
{Age Group 1} was underestimated perhaps due to the lack of

subhstantial growth data for leptocephali (Age Group ) and "pencil™

sels {(Age Group I13.

Theoretical weight was described by the equation: wt = 0,05
=¥dgt. The variahle, wo, was assigned a value of 0.05 grams or
approdimately ons fourth of the mean weight of an elver. VYalues
for at were calculated for each age group present. tilizing this
method, mean values obtained for the theoretical weights of eels

were very similar to mean observed weights—at—age data {(Fig. 7).

These data suggest that growth in weight of American eels is LIBRARY
of the

VIRCINIA INSTITUTE

of
MARINE SCIENCE

curvilinsar.

Ob=served m=an lengths—at—-age from the present study and other

Jond

ezl studies {Table 3.} generally indicated that fAmerican eels in
the Chesapeake Hay area were longer at a given age than eels from
areas north of the Chesapeake Bay and reported size—at —age for
Eureopean eels , (8. ANGUILLAY. Age Groups from the present study
were adiusted to concur with the age designatiens of other eel
studies. Data from ay study most closely resembled the data of
Harrell and lLovacanoc {1980} ;Scuth Carolina Wildlife and Marine
Resources Department (1981, and Hansen (1981). Their dats were
collected from the Cooper River System in South Caralina. American
gsls collected in Bermuda and aged by Boetius and Bostius (1757)

were shorter at a given age than eels from the Chesapeake Bay area
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and SBouth Carolina; however, they were slightly longer at a given
ag= than sels from mor2 northern states. Insufficent data were
available to test for size differences of sels between sampling

arsas used in the current study.

Water temperature and salinity showed some trends with growth
: however. these trends were not conclusive. Monthly marginal

incrament widths from the otoliths of 72 eels; peaked 1n mid to

tempsratures were still below 20 C (Fig. 8). Mean monthly CFUE
values for total numbers of sels collected in the VIMS-Sea Grant

Eelpot Gear Efficiency Study were highest during the months of May

Yo

e mean CFUE values for total weights were highest

i

sl Juilw, whi
during the months of July and September (Figs. %68 and 108 and
Sppendiy 4. Yalues for CPFUE were alszo high when water

Lenperatures were 25 fto 2%9.% 0. and at salinities of 20 to 24.9 L.

{Figs. B and 1CH}. CPUE wvalues in 1781 drastically declined when
water temperatwres averaged 30 L. in June and 292 E. 1n Sugust,

Most developing ovarisc appeared as the familiar whitish

nn—-likse organs illustrated by Hermes (1881} and Bertin (12567,

s

(Fig. 113. Ovaries developed in vertically crenulated patterns

ronnective tissue hetween the folds. Growth was

s
ot
5
T
3
i
(el
Joent
<,
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generally outward from the base of the vertebrae and downward into
the ventral body cavity. Larger and more sexually advanced eels
had more crenulations in their ovaries {ie. increases in thickness)
than smaller eels as previously reported by Dolan and Power (1277).
Most of the eels collected in my study were of Maturity S5tage 11
imaturing virginl!. From a histological perspective, oocyte stages 1
through IV were sncountered {(Appendix RY. & Stages IV ovary was

present in the female silver eel (222 am, 1870 g).

Ovarian matwation, width of developing owvaries, was corvrelated
with increasing fish size. A regression analysis of fish length,
weight, and age on ovarian widith produced correlation coefficients
af O0.874, 0.841 and G.547, respectively. Developing sex organs were
not macroscopically visible in eels less than approximately 250
millimeters or 30 grams (Figs. 128 and 12EB). Widths of ovaries

increased as the size of the eels increased. The ovary of the

N

female silver el was 25 millimeters wide. Therefore, American eels

with ovaries approaching 20 millimeiters i1in width may bhe nearing the
=ilver phase of development {(ie. Matwity Stage IV) and may
correspond te Age Groups Y1 and VII. Data were insufficient to

assess csasonal variations in ovarian width.

Five migratory silver eesls (1 female and 4 males! were
sxamined. The female silver eel (F2Z2mm and 1870g! had a Stage IV

gonad which was milky white with small reddish capilliaries

throughout (Fig. 13). Testes of silver eels from Turvil Creek in
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Marvyland appeared as very narrow white bands (Stage I11). A
massive amount of testicular development must ococuwr at sea as
suggested by Wenner {19743, These males ranged from 278 to 201 mm

and 34.0 to 42.0 g. They ranged in age from 5 to 7 years.

0+ the 533 American eels sxamined; s2ight were also designated
as transforming females based upon the description of Dolan and
Fowesr {(1977). These posessed non—overlapping lobed gonads somewhat
zimilar to the male =ex organ. the organs of Syrski (Figures 14 and
i), These eels were collected on separate occasions in April and
July From the Deep bater Shoals area in the James River and ranged
from 278 millimeters {(34.8g} to 3468 millimeters (B5.7g). Gonad
widths were from 1 to I millimeters. Transparent zones at the tips
of the lobes consisted of undifferentiated tissue (Fig. 15). Thus

development must procesd dorsally to ventrallwy.

Histological examination of gonadal tissue {Appendix B

revealed gocyte stages I through IV in ovaries and primary plus

W

ih

econdary spermatocytes were evident 1in testicular tissue. Thus,
production of more advanced sexual products must occcur at sea
during migration or Just before spawning. The histological
featuwres of a Stage I1 gvary included oocyte Stages I and I1
{Figuwres 1&A and 1568B). Theses ooccyites were very small and darkly
mtainsd with hematosvylin. Frotovitellonucleolil (FYN) which will
the nuclenlus of the cell were evident in the lighter

stained nuclear material. Frotovitellonucleolili were more evident
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around the inner sides of the nuclear membrane in Stage IV ococytes
{iFig. 15 A ¥RB). During this stage the ocuter cell wall, sometimes
called the zona radiata or vitelline membrane, and volk platlets
were develaping. Stage IV cocvtes were encountered almost
exclusively in the silver e=2l (Fig. 17 A4 & R). Testes of a silver
eel from Turvil Creek in Marvland contained crypts of primary
spermatocvyies and darker stained secondary spermatocyies as
described by Hyder {12459} (Stage 1II testes, Figs. 18a & 18b).
Unlike the gonads of most fishes which may exhibit all stages of
agocyte or sperm production simultanecusly during the course of a
single year (once matwity is reached) ,both the male and female
sexual products of eel gonads were generally in a relatively
homogenous stage. This would be consistent with the rapid gonadal
matuwration and once in a life time reproductive strategy adopted by

this group of fishes.

Ags and Growth

Mean lengths at age of American eels from the Chesapesike Bay
region most closely resembled those reported from South Carolina,
{Harrell and Lovacano,1%80: South Carolina Wildlife and Marine
fResources Department, 1$B1l: and Hansen, 1981.) These data indicated

that American eels from the southeastern region of the United
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States were longer at a given age than both European eels ,ANGUILLA
AMBUILLA, and American eels from the northeastern region of the
linited States. Canadian studies have primarily dealt with eels
from inland freshwater lakes where they appear to live longer and
grow larger than those in brackish water or other coastal areas.
Eels from the Chesapeake Bay appear to grow faster, mature earlier
and migrate at a vounger age {ie. live for a shorter period of
time) than those of other publiched age and growth studies. Ferhaps
the large size achieved by eesls from inland systems is due to
delaved sexuzal maturation wherein assimiliated food energy
continues to he shifted to growth and maintanence. Also,
differences in current and past fishing pressures and the
availability of food are factors which could contribute
substantially to variations in age distributions and growth rates

in wild populations of eels.

In this study, female esls showed the first signs of sexual
maturation at an age of three {(approximately 250 millimeters or 30
grams). They advancad to the silver stage at approximately six or
seven vears of age or 550 millimeters total length. Viadykov {(19270)
reported silver female e=sls from Buehec. Canada which ranged from
711-750 millimeters in total length and ranged in age from 14 to 18

vears., BNo male eels were identifiable in the current study

m

showever, male silver esels examined from Maryland were age five to
saven yvears. Male silver eels examined from the Cooper River Gystem

in South Carolina ranged from 250-318 millimeters in total length
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and had a mean age of three years, {Harrell and Loyacano, 1%80).
Therefore, American eels from southern areas do mature and migrate

at an younger age than eels from northern areas.

In previous age and growth studies on esls other workers have
all reported difficulties in assigning ages to individual fish.
Facey {(1280) was unable to compute a wvon Bertalantfy growth
equation for eels from Lake Chaplain, Vermont; since, he found poor
coefficients of determination {(0.27 and 0.29 +or length—at-age and

weight—at—age; respectivelvy). Those fish ranged from 43 ta 20

o,

=

centimeters total length,120 to 1645 gram= and 8 to 23 years of
age. Mo published reports which included theoretical grawth in
weight for American esls were found. Rasmussen and Therkildsen
{1979) reported von Bertalantfy growih parameters for A. ANGUILLA
fraom a small Danish stream { Lo =59.83cm, E=-0.11%94 and to =0.5683
Y. Von Bertanlatffy growth parameters for AMSUILLA ROSTRATA from the

Chesapeaks Bay area were: Le =77.7Z2cm, E=—-0.1%53 and to =0.83578.

of growth zones on octoliths and age designations of both species of
AMGUILLA Ffrom wild populaticns. One problem 1= the acocurate

recoqnition of supsrnumary rones which appear to occur with high

n]
fo]

frequency on ctoliths of eels. These zones may form during pericds
nf high o low water temperatures (ie. below 5 and above ZO C) low

oxvoen, salinity fluctuations etc. Such events appear to coincide
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with reduced sel growth and feeding. Future studies should focus
more on validation of annual markings on ptoliths and growth rates
af "wild® eel populations from a regional or local perspective.

s 8 tetracycline marking study; in which true growth of
individual eels could be calculated. would probably answer many of

e guestions about eels that have plaqued scientists for

Measn catch per unit of effort for eelpots was highest during
Mavw, July and September. VIMS trawl survey data between 12535 and

i282 indicate that catch—per—-unit-oaf-effort of eels in the York

River is generally highest in mid-spring (VIMS, unpublished). Locsl

commercial fishermen set eslipois in spring when water tempsratuwres
anproach 10 O and temporarily cease fishing when water temperatures
vz 25 0 are reported. In Marvland, Brody and Fostese (19813
reporited that total catch (1e. weight)! of esls in szelpots peaked at
i L and decreased at higher water temperatuwres. Water temperature
had.bhy far, the greatest effect on CFUE during the course cof the
nressnt study. High CFUE during spring may be attributed to very
active feeding atier a long period of starvation during winter
months. Therefore, eels are more vulnerable to baited fishing
gzars. In the Maryiand eelpot study. total catches of sels were
higher in the Sassafras Hiver which 1is under tidal influence, than
in the Dusguehanna River where water flow is controlled by 2 dam.
Eels in the York RHiver were most shundant in the meschaline reach |

Z2.0 o 15.5%.3: but, e=sls of mariketable sizes were found at the
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river mouth {(Guinea Marshes) and well into the fresh water reaches
of the Pamunksy and Mattaponi Rivers. Eels are rarely taken
directly fraom Chesapeake Bay waters except duwring the fall

lver sels.

I

emigration of s

Macrosconic and histological examinations of gonadal tissues
from eels collected duwring this study demonstrated that production

of spermatid, spermatozoa, sperm and oocyte Btages V oand VI omust

osocur during smigration or just pricr to soawning. The condition af
ovarian and testiculser tissues was genersally =imilisr throughoot
the gonad of an eel. This supports the hvoothesis of a one time .

Fl

i
n}
o

mass spawning period by American eel

0

- ctomicrparaphs from the
female silver gzl revealed a Stage IV ovarvy, similiar to those
illustratesd by bennsr {(1274), and Bertin {19534 . {(although

maturation stages were not identified in their texit). Testicular

tissue from silver eels in Marviand contained primary and secondary

zilver eslis. Thersfors, the male silver esls from the present study

wers  aore sexually advanced (by one stags)! than male yellow esls
of Bortin (1954) and male silver eels of Wenner (19743,



22

Histological comparisons of sesxual development in A. ROSTRATA for

]
=]

ilver eels migrating from different latitudes are still nesded to
canftirm if eels migrating from northern regions are less mature
histologically than esls migrating from southern regions as
proposed by Wenner (1973). At this time, advanced stages of gonadal
maturation of A, ANGUILLA and &.JAFONICA have been documented only

from artificial induction studies { Satoh, 17462; Boestius and

Bostius, 1947 and 1%80; Meske, 1973:; Ghittino st al.;1975; Yamamoto
2t 81.,1%975: and Bieniarz =t al., 1931,
Fishing pressure i1s probably the greatest factor determining

the sizs distribution of eels in a given area. During the 19367

]
.

Loral eel {fishermen reportedly landed eels over P0cm in length

which would correspond to Age Group XV and older (Table ).

Therefore., an estimate of L e (79.7cm! may be an indication af the
first signs of heavy sxploitation rates in the Chesapeske Bavy

region. Concern has been expressed over the trend toward smaller

in
pod

fzes of e=2is landed in Virginia by Mr. Georcoe Robbsrecht, the

Jomd
m
"

rasst esl shipper in the United States. Gmaller eels usually

i

1

bring substantisll lowsr prices or  ares noi salable. Fr.

4

Fobherecht sndorsecs the prohibition of es

1729 by 172" wire mesh (personal communication). He feels a
regulation is necesssry in order to conserve the eel resources ;as

£
B

we2ll as assures a good fultuwre economic retwn from Virginia fishesry

resgurces. The average size of ysllow eelis in this study was 40

czntimeters and 242 grams (Hge Group V. Buropean markets prefer



veighing 450 grams or
- Thersfore , eelpots
smaller eels { < 350
to

&0

23

centimeters {Age Groups VII and

constructed of 1" byl/2% wire mesh which

mm}

to escape would bhe the best mesh

use in VYirginia waters at this time.
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Table 1

Range ,mean and standard deviations of observed total length (mm),
and weight~-at—age (g) for American eels from the Chesapeake Bay area.

Standard
Age Mean Deviation N Range
TOTAL LENGTH (mm)

1 59.2 6.0 216 53-67

2 137.9 24.3 39 96-186

3 274.0 42.7 97 158-354

4 340.1 46.7 35 204=492

5 425.4 78.5 27 290-546

6 552.0 55.6 10 431-620

7 556.0 45.4 3 505-592

8 571.0 - 1 -

9 642.5 48.3 4 585-689

TOTAL WEIGHT (g)

1 0.2 0.1 216 0.1-0.3

2 3.4 2.5 39 0.6-7.9

3 37.9 17.8 97 6.5-90.2
4 78.9 36.6 35 36.6-198.0
5 165.5 101,1 27 35.0-367.7
6 340.4 96.4 10 157.6-454.2
7 398.5 24,7 3 381.0-416.0
8 433.9 - 1 _

9 718.4 172.9 4 534,4-877.7
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Table 2

Observed and theoretical sizes expressed as relative growth. (h).

Observed
Mean Relative Mean Relative
Length Growth. Weight Growth
(rom) Length (g). Weight
59.2 0.2 ‘
1,33 16.0
137.9 3.4
0.99 140,15
274.0 37.9.
0.24 1.08
340.1 78.9
0.25 1.10
425.4 165.5
0,30 1.06
552.0 340.4
0,01 0.17
556.0 398.5
0.03 0.09
571.0 433.9
0.13 0.66
642 .5 718.4
Theoretical
22.5 - 0,2
6.08 16.0
160.0 3.4
0.71 10.1
273.1 37.9
0.34 1,07
366.1 78.6
0,21 1.09
442 ,6 164 ,7
0.14 1.05
505.5 338.4
0.1 0.17
557.3 397.1
0.08 0.94
599.8 434.5
0.06 0.65

634.8 716.4



53

66 8¢ 8¢ 9¢ &G  9¢ Y - - = - - - - = NIBWUD(] 7CEHTyxUdSsSnuUsey

0L €9 79 %S Ly 9% 6 S £ Y & A A4 8T ST ~ puerdug GL6Ty¥BYUTS

08 8¢ 96 zs 6% €n Ty 8¢ € 97 €T 0¢ ST 6 - puetdug CH6Txx15011

8 48 6L 6/ 99 €S €S 0¢ s - 18 - - - - EpRUE) 7L6T LoTany

8 1L 79 €¢ 9% oY ¢ [T TT T = - epeUE) 0L6T 4e1n

¢ 05 9 6€ e S¢€ 6T Hwz - = = epeue) GGpT UITUS

6% L% Ty €€ € - - epnuiag /96T SNTIdoY

19 - - 19 1S5 8§ IS 87 9% 1% 9¢ 6z - - BUTTOIB)"S 1861 uosuey

- 69 89 19 %9 19 09 A 67 O% %€ ST zz ST - BUTTOIBD'S (86T TIP1IBH
9¢ - Gg 1€ € 1€ o0¢ 8 - - -

9 L9 e IS (% T 6€ 9¢ LE S€  9€ 0¢ or - = pueTLIe) 796T 193s0g

L9 19 19 0§ Ss% Gy LE e 8¢ 6T [T =~ - - - £ssaar N 0/6T u=p30

9¢ €5 oy Y 7y AN A RN S R *SI apoyd  T/6T I9peTg

€9 9 19 09 85 LS €Y - - - - - ~ - - JuowIdp 0861 £9ded

79 LS 96 6§ Tw  wg g vt - BTUT3ITA »ApPnig Juasaig

AIX IIIX IIX IX X XI IIIA IIA IA A AT III II I O UoTIBOOT, Apn3g

dnogd IOV
*sToe ueadoinyg pue UBDTISWY J0J Paurelqo (wd) a8e-3e-syizduay

£ °T9'd

upaw JO uosTaedwo)



9¢

+Apn3ys BTTINZuE BTTINSUVyy
0 dnoxn 98y =sioalo‘e38e poisnlpvys

69 66 JaBUUS( ZCHTxxUSSSNUSBY

pueT3uy GL6T»xBUUTS

€6 €8 LL puerduy CH6Tx»3501d

16 L6 T6 16 epeUER) ZL6T Latany

eprUB) 0L6T £exd

BPBUR) GC6T YaTug

epnuiadg /96T SnIIo0g

BUITOIB)"S TI86T uosuey

€8 eurTOIR)"S 0861 TT°I1iBH

8¢ 69 pueTA1eR 7861 1931so4

L8 L 7L 69 89 £9s19r*N 0L6T u3p30

*S1 9poyy TL6T 1°palg

18 LL SL LL €L L oL g9 Juomaap 0861 £2oej
BTUTSIEA xApPnis juasaiagd

IIXX IXX XX XIX IIIAX IIAX  IAX AX UOT18d07 Apnag

dNo¥s IOV

*I3u0d ¢ ITqel



LE

T L9°9 8°TT 08°88T 13 R YA 08°TOT 8°1I8Y% GI-T/L0
[4% 96°¢ VAN A 06°€6 C'0LT ov-¢L 6°CEY 0£-91/90
0¢ 6%7°'C 6°T 06°8T AR19 0L°S¢ T°%0¢ ST-1/90
< - 0°¢ £€€°6 6°2L 6T'6 G vhe 0€~-91/%0
1 - 0°¢ - 9°T¢L - 0°¢vE CT-T/%0

(o) [¢:)) (urar) £ep /yjuowm
N UuoT3eTAS(Q YIpTM UoTIeTAI( Iy8TomM uoTleTAd([ y38ua 93eq

paepuels peuoy paepuels ues paepueas ue a9y
ueay

*poTaad uoT1097T00 LAY AIBAO BY] JO YIPTM PUB ST99 UBDITIWY JO DZTS

% OTqBL



38

Fig.1
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Fig. 3 Age determination from an otolith of a 5+ age
American eel (309mm , 64qg).
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Fig., 6 Estimates of Lo by the Walford Plot and Beverton Method.
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FIG. 9 & 10.

46

Catch~per~unit-of-effort of American eels by month,
and water temperature and salinity intervals. Data
was obtained from the VIMS-Sea Grant Eelpot Gear
Efficiency study in the York River and its' tributar-

ies ( May through September 1981).
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Fig. 11 Photograph of a normal ribbon-shaped ovary of an eel
(60lmm, 396g) from Queens Creek on the York River.
The gonad width was 12mm.
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Fig. 14 Photograph of a lobe-shaped sex organ resembling the organ
of Syrski of male eels. This eel was possibly a transforming
female (334mm, 75.3g). Gonad width ranged from 3mm at the top
of the lobe to 2mm at the point of overlap between two lobes.

Fig. 15 Photograph of another possible transforming female eel (311lmm,
46.2g) captured at Deep Water Shoal on the lower James River.
Gonad width was 1mm. Note the upper portions of the lobes appear

transparent apparently due to the presence of undifferentiated
tissue.
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Fig. 16A Photomicrograph of a Stage II Ovary (400X) from an American
eel (591mm, 405.9g and age 6).

7 I

Fig. 16B Photomicrograph of Stage I and II oocytes (1000X) present
in a Stage II Ovary (PVN=protovitellonucleoli).
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Fig. 17A Photomicrograph of a Stage IV oocyte at 1000X (YP=yolk
platelets, ZR=zona radiata, N=nucleus, 0G=o0il globules
and PVN=protovitellonucleoli or basophilic inclusions).
The yolk platelets were just beginning to form.

Fig. 17B Photomicrograph of a Stage IV ovary from a silver-stage

American eel. Note that essentially all oocytes appear
to be in the same stage.
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Fig. 18A & B Photomicrograph of the testes of a silver eel (278mm,
34g, age 6-7) from Turvil Creek in Maryland. Note the crypts of
darkly stained spermatocytes (1000X, 1500X).
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