
Yu-San Han 1, Wann-Nian Tzeng\ Yung-Sen Huang2

and I Chiu Liao2
1 Department of Zoology, College of Science, National

Taiwan University, Taipei, Taiwan

抖rnO/
秒

TAIWAN
t
、,

1993 /
2Taiwan Fisheries Research Institute, 199 Hou-Ih Road, Keelung 202, Taiwan

(Accepted 28 May 2001)

Silvering in the Eel: Changes in Morphology, Body Fat Content, and Gonadal

Development

The commonly used criterion of maturing degree of the eel is skin color, with immature

adults as "yellow eel" and maturing adults as "silver eel". The process of metamorphosis in

eel is thus named "silvering". In eels, the common characters of silvering process are

accompanied by morphological (e. g. color and thickness of integument, eye size, body

length and weigl 前 , size of pectoral fins) and physiological (e. g. age at maturity, 的 ickness of

digestive tract, visual pigmen 的 , composition and function of skeletal muscle, swim bladder

structure, locomotory behavior, density of chloride cells in the gill) modifications, together

with the development of gonads. These modifications are beforehand preparation for the

sea environment. The knowledge about thefutu re spawning migration in the deep

Abstract

phenomena occurring in eel silvering comes mainly from studies in temperate eel species,

namely Japanese, American, and European eels, and this review is mainly concerned on the

morphological and gonadal changes during the silvering of eels.
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The life history of the catadromous eel genus Anguilla

is very complicated and distinctive. The eel spawns in

the deep tropical/subtropical ocean. Their leaf-like

larvae, leptocephali, are transported and dispersed by

ocean currents, and metamorphose into glass eels

after several months of drifting. Glass eels become

pigmented elv

freshwater until silvering. Eels undergo a complex

series of morphological and physiological changes as

they metamorphose from freshwater yellow form to

seagoing silver form in preparation for spawning

migration. Morphological changes associated with

this process include a change in skin color from

ers the andIn grow

Han, Y. s. w. N. Tze 嗯 , Y. S. Huang and I C. Liao (2001) Silvering
in the eel: changes in morphology, body fat content, and gonadal
development. J. Taiwan Fish. R白 , 9(1 &2): 119-127

In

yellow to silver/bronzelll, integumental thicknessI1.2),

increased eye size(3), shape of pectoral fil

snoutlll. On the other hand, physiological changes

include the degeneration of digestive tractlS), changes

of visual pigmentsl3), modification in the composition

and function of skeletal muscleI6), alternation of swim

bladder structure(7), change of locomotory behaviorl4),

higher density of chloride cells in the gillsl81, and

gonadal developmentl9).

The metamorphosis of eel
川 silver" stage could be regarded as the onset of

puberty. In teleosts, puberty

which ‘

Is from

的 the period during

of

reproduction

acquires

first

the capacity

starts withfor the time. It
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spermatogenesis in the male and oogenesis in the

female, and ends with the spermiation and ovulation

in the male and female, respectivelyll 日 ,111, For eels, the

development of gonads is quiet for many years till the

onset of silvering, but is limited to the beginning of

gamet tagenesis with low gonadosomatic index (GSI),

Furthermore, if silver eels are kept in aquaria, they do

not undergo further sexual maturation, The sexual

blockage at silver phase seems to exist in all eel

spec ies, though with

among speciesl'21.

Due

various levels of constraint

to the thedevelopment

in Southeast Asian countries,

of

cr, little

reproduction biology of the eel, as sexually mature

eels have never been caught in the wi Id, and si Iver

development

the

eels do not aloano口

bli而dnHeodm

糾

M

Y
目

,hH

OC

IS onlycaptivity, Thus,

approach to induce advanced gonadal development.

Experiment tl

Japanese eels dates back to 19741131. Unfortunately,

the larvae obtained usually did not survive long (253

days reported by Tanal 倍 , in Japan), and did not grow

into glass eels, Hence, in order to provide proper

management policy of eels 怡 . g, setting up fishing ﹒

forbidden seasons) and aid artificial propagation (e, g.

maturation), it is

understand

treatment

3

the choice of eels for artificial

helpful ar

silvering phenomena and mechanisms of the eel. In

ld to better

this review, we focus on the comparison of silvering

phenomena among anguillid eels according to the

results of our study and published papers, and the

possible roles of these changes during silvering are

discussed.

Migration in silver eel

It generally startsthe eelaccepted thatIS

downstream after

kilometers

ay

back

long ofas
...Jillspawning grouna

example, the Japanese eel is supposed to spawn in

the North Pacific Ocean west of the Mariana Islands,

the

to Its For

which mtyn away mop4EEthan 3000行loreIS

conti nenta I shelf of Asial141 In

eel seasons Jr silver

In

Japanese eels occurred

(Table 1), In European eel, the migration activity starts

in August, peaks in September/October, and declines

in January/Februaryl1l, In American eel, mig

peaks between late August and mid- Novemberl161. In

addition, for New Zealand longfin and shortfin eels (A

dieffenbachii and A australis, respectively), migration

occurs in March and April, about late autumn in the

southern hemisphereI17), These results

the migration time of silver eels occur mainly in

In

rI ca n

indicate that

autumn and winter for temperate species.

In fishes, reproductive processes often exhibit

rhythmsendogenous

externally, The external environmental 仁 ues that

used

controlled internally and

more commonly are

temperaturel181.

are photoperiod and

since theIn temperate

these are

zone,

fa 亡 tors

the

changes

sign ificant, they cou Id be used

triggers by the temperate eels for synchronization

of their reproductive acti

mechanism is still unclear and remains to be further

seasona I of two

as the silvering

vity, the

investigated

Feeding or not during silvering

Whether the eel continues or stops feeding during

silvering remains controversial. In European eel of

yellow stage, the seasonal variations in appetite show

that the food intake of the eel increases in March,

peaked in summer, and then declines during autumn

followed by a winter fast of several months which may
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be due to the lower water temperaturell,191, Since the

silvering seasons of the eel coincide with those of

declining food intake, and silver eels have regressed

digestive tractsl41, it is generally accepted that silver eels

do not feed

Japanese eels have regressed digestive tracts. However,

Beulleus et alY 日 I observed that cultured male eels

continue to eat and grow in silver stage, although with

Table 1.

121

poor appetite. In addition, Dollerup and Graverl211

found that after repeated induction of testes maturation

with HCG induce spermiation in male silver eels, they

are then given food and the food intake gradually

increases and eels grow both in size and weight. Their

atrophied alimentary tracts regenerate. This suggests

that, at least in the males, the reversibility of digestive

function is possible.

Comparison of characters in silver stage among Japanese, European and American eels

Characters A. japonica

Migratory time (period) Oct- Feb*

Age (years)
t 6.4 (mean)

♀ 8.3 (mean)

Size (em)
t 45-61 *

♀ 50-79*

Ocular index (01)
t 3.7-5.8*

♀ 3.2-6.9*

Conadosomatic index (CSI)
t 0.03-0.25*

♀ 0.69-2.24 *

Muscle fat content (%) 13-25 *

* Data based on Han et aI., unpublished.

Marchelidon et a 1.(22) found that naturally fasting

silver eels exhibit a more significant regression of the

that ofdigestive than yellow eE

experimental starvation. Pankhurst and Sorensen (23)

indicated that starvation alone does not result in gut

and

‘ Istract

degeneration in sexually

American eels, but gut significantly degenerates in

silver and hormone-injected sexually mature eels

suggest that the

Immature European

These resu Its regression

eel

of the

alimentary

hormone-triggered, not only because of fasting. In

natural cond ition, it is more possible that under the

effect of endocrine during silvering, the appetite of

tract silver shou IdIn

A. anguilla A. rostrata

Aug-Feb Aug- Nov

合 6-9 t 12.7 (mean)

♀ 8-12 ♀ 19.3 (mean)

t 35-41 t 35-47

♀ 54-61 ♀ 40-94

合 >6.2 >6.0

♀ >7.2

t 0.03-0.29 t 0.63 (mean)

♀ 1 .5 (mean) ♀ 1.62-3.48

10-28

silver eels were inhibited, and feeding may not be

necessary.

Size and age at first maturity

European eels, the

estimated to be 35-41 cm for males and 54-61 cm for

In of silver eelssize was

be

females, and the age of silver eels ranged from 8-12

years in females, and from 6-9 years in malesl1l. In

Japanese eels, our study showed that they reached

silver stage at the length range of 45-61 cm in males

and 50-79 cm in females (Table 1). Tzeng et al. 124)

found that the mean ages of silver Japanese eels were
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6.4 and 8.3 years in the male and female, respectively.

In American eels, the size and age of silver eels were

35-47 cm and 12.7 years for males, and were 40-94

19.3 years for femalesl161

phenomenon derived from these studies is that the

cm and The common

male eels enter silver phase at younger age and

的 orter body length than female eels.

The differences in age and size between silver

male and female raise a question: which factors

correlate to the onset of silvering? The body size? Age?

Or both? For American eels of silver stage distributed

Newfoundland, the ratio of

minimum values was 1.6 for body

length and 2.7 for age 125). In European eel of northern

and central waters, silver male eels were slightly older

(average about 1.5 years) than those from southern

Europe. The age difference between femal 臼 was

even greater ﹒ The average length, however, did not

differ to the same extent (1). In addition, Beulleus et al.
12 日 1 reported that European silver eels occur at earlier

between Georgia and

鬥laxlmum to

ages hatchery In naturalthanconditionsIn

Hence, these infer that theresu Itsenvironment.

silvering of eels seem to be more related to size than

to age.

Tzeng et a1.124) found that the growth rate of the

femal 目前 juvenile stage has no difference to that of

males, and it is well known that the size at maturity is

的 orter in males than in fel llales.

silvering was size dependent for each sex, then the

mean age at maturity should be younger in males

than in females. This is proved to be true as described

previously (Table 1). On the other hand, V011eatad 1261

indicated that the age at first maturity was negatively

growth ra

nutrition might become sexually mature earlier than

those with poor nutrition. This could partially explain

the variety in the age of silvering.

related te That is,to

Sex ratio

Ontogenetic

complicated,

determination

development

the

of the IS veryeel

ofmechanismand ItS

sti II In European eel,unclearIS

crlptlons

differentiation met various contradictory opinions: the

primordial gonad passes through an intersexual phase,

either a female or a male phase; the primordial gonad

of a female phase; or a testis-like primordial gonad

phase(2O1. It is thus difficult to determine the sex of the

eel eat early Ii
】

European eels 的 ow a variable sex ratio, ranging from

almost complete mal 臼 to predominantly females. It is

commonly believed that males prefer living

estuaries and brackish lagoons, and females are found

mainly in freshwaterlll. Sinha and )onesI4) raised a

possible explanation for th is phenomenon. If sex is

determined metagamically, then on arrival all elvers

are all asexual. Their migration is random and their

natural environment,

les In

sex is determined by the environmental cues in which

they grow up. That is, freshwater environment may

prefer the development of female sex, while bracki 的

thewater favor thecontrast,one,

development of male sex.

In culture ponds, where eels are usually reared in

high density, males predominate significantly. On the

other hand, glass eels could be feminized by feeding

them estradial-17 戶 128). These results indicate that the

on may

might possess bi-directional potential

development. Consider the situation happening in

natural and cultural conditions, density may be a

major role for eel sex determination. How the signal

of density is translated and processed to affect sex

differentiation rem

population suffer hig

cultured ponds) or lower food availability (in natural

environments), which would modify the endocrine

and

eels of sex

alns 九1aybe Ineels

crowded ter

condition affect the determ i nationF
、
du-hH

ι
EL sex

cascade of the eels toward the males. In 仁 ontrast, if

the space was spacious and/or the food was plenty,

prefer SEmight d Itterentl atlonthey

females.

�x

Morphological changes during silvering
sex

In silver stage, the ocular index (01) of European



Silvering in the Eel: 仁 hanges in Morphology, Body Fat Content, and Gonadal Development

sexually ma1

capacity, silver females and males of European eel

had 01 of >7.2 and >6.2, respectivelyl2OI. On the other

hand, the mean 01 in sexually maturing American

eels usually exceed 6.0. In our investigation, the

ranges of 01 of Japanese eel were between 3.2- 6.9

and 3.7- 5.8 in silver females and males, respectively

(Table 1), and was highly correlated to GSI (R2=0.65,

data not shown). Compared to the silver European

and American eels, the silver Japanese eel in Taiwan

01, which

>6.5 the ure InIn

has lower be dueI可lean

also increasedare

cellsm. On the other hand, the Fin-index (仟F I) of

Japanese eel in our study s吋h owed s引Ignl 的f訂IC臼ant Increase

l川n s釗il仰ve叮r stage but wa 刮s hi 愕gh圳1叫Iy over 叫lapped among

maturation st旭ages 乳, t趴h孔lUS no a clear-cut po叫In叫t cou 叫lid be

d血efined (unpublished). What is the benefit of having

larger pectoral fins and eyes for silver eels? It is well

known that eels have to migrate long distance to

reach the spawn i ng area. It is thus reasonable to

suppose that larger pectoral fins may add swimming

ability. Similarly, the large eyes and rich rod cells in

retinas are also adaptive to dim environment. Hence,

these modifications could be regarded as beforehand

demand of futurefor thepreparation

migration in the deep sea environment

The translocation of energy, especially the f泣 , from

muscle and I iver tissues to the gonads is sign ificant

during sexual maturation. In female Japanese eels of

silver stage, deposition of large amount of oil-droplets

and small amount of yolks in oocytes are actively in

progress, which needs the involvement of the liver. It

may be the cause for the livers to become slightly

larger in silver females and is reflected on the slightly

increasing hepatosomatic index (HSI). On the other

hand, no significant change of mean HSI was seen in

silver Japanese males (unpublished), as they did not

accumulate oil-droplet ar ν

and their testes are still far from

spawning

ld

spermatogon la,

123

matured.

Development of gonad during silvering

During silvering, the GSI of male New Zealand

longfin eel shortfin eel in non-migrating stages is less

than 0.05 月10. Spermatogonia are seen in the small

nests with 2 to 4 cells 日 21

to

In migrant shortfins, GSI

moderately increases to 0.20% with spermatogonia

mainly in type A and B stage, only a few spermatozoa

occasionally observed. On tl-

migrating longfin males have much-increased

(0.96%), and spermatozoa are seen in the testes of the

majority (83%). In American eel A. rostrata, the mean

GSI of the silver males was 0.63%. The testes have

are Ie hand,

GSI

well- defined tubules with distinct lumens lined with

spermatocytes and spermatogonia(2). In European eel

maintained in captivity, intersex yellow eels and male

silver eels have relatively low GSI between the range

of 0.01-0.04 and 0.03-0.29, respectivelyl2Ol, and the

formation of tubules with clear lumina is the only

are not

fer males, ofnests

In

=se resu Its show In



124 Yu-San Han, Wann-Nia 門 Tzeng, Yung-Sen Huang and I Chiu Liao

morphological

oi I-droplets

vitellogen ic

changes

and

The often enteroocytes

even early
|
η

stage sometimes

rapid

previous studies, the GSI in migratory females vary

from average 1.5% il
υ

japonica, 2.8% in A. bicolor bicolo 月 3.3%

austral 侶 , and 7.2% in A. dieffenbachip31 (Table 1). In

with increase of GSI.stage

1 A In

in A.

silver female ‘ Is between

other

ted to Its

Europe 3

spawning ground, the North Pacific Ocean west the

Mariana Islandsl'41 long distance migration

would take a few months for eels to reach there

Such

would thus be 川 energy wastefu I" to trigger gonadal

development early before its spawning time, and

evolution may thus favor low-degree developments of

gonads for eel species that have to migrate long

distances. If our speculation is 仁 orrect, then we could

be

IS shorter for eel assuch

stage compared to other anguillid

However, it is necessary to identify the other anguillid

eels' spawning area to clarify this hypothesis.

eels (Fig

Energy stores and the onset of silvering

:hesis was modified

Ronnekleiv et al.13sl, who suggested that puberty is

probably induced when fat stores, not weight itself,

reach a certain level. For eels, they usually cease

feeding in silver stage and have to migrate long

distance back to their spawning ground. The energy

migration and gonadal development

depends totally on larg

accumulated in the body. From this point of view, it

is reasonable to suppose that the migration in silver

phase may need a minimum level of fat reservesl361.

The hypothesis is also supported by our study in

required for

thus 鬥 a 鬥lOunt fat

Japanese

between

eels. In muscleThe fat stores

In

range

1 子 25% (mean 18%) in the silver stage

(Table 1) and the lowest limit of silvering is 13% in

However, Svedang and Wickstrbm(371

found that the silver European eels of few sampling

a 閃出 have mean muscle fat content lower than 10%,

some specimens have fat stores even as low as 1 %

both sexes

It

They suggest that the maturation process in eel may

more flexible than were thought before, and

migration together with gonad development might

arrest temporarily and resume feeding to a 亡 cumulate

enough fat reserves before migration started again.

Since the eel stage was judged only by visual

inspection in their study without gonadal histology

and data of morphometric index, error judgment of

stages might occur and result in the underesti ↑llatlon

of fat content in silver eels.

be

仁 onclusion

A The classification of maturation stages of the eel

can be done by the silver color of the skin, changes of

the morphometric indeces, or gonadal histology. The

usually coupled

silver

changes

together

of these characters are

silvering (Fig

remains in the pre-maturation stage although it enters

puberty. In addition, the male eels enter silver phase

at a younger age and 的 orter size than the females,

which may be the result of sex-related difference in

during 2) The eel

growth

by

le simultaneous In
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deep sea. To better understand the whole silvering of

eels, it is necessary and helpful to integrate studies

fields, e.g.

endocrinology, physiology, and ecology.

different molecu lar biology,from

7000
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Fig. 1. Hypothesis of the relationship between female GSI and migration distance.

Abbreviation: AA, Anguilla anguilla; AJ, A. japonica; AR, A. rostrata; AD, A.

dieffenbachii. The numbers inside parentheses indicate the GSI and distance (km),

respectively.
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