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ABSTRACT
The first objective of this study consists of an exhaustive description of growth of the eels living in the lake Oubeїra (Parc National of El
Kala, Algerian northeast) by the application of both external (size, length of the pectoral fin and ocular diameter) and internal (weight of
the liver, the gut and the gonads) anatomic criteria, according to their degree of silvering of EelRep (2005), over a period of 3 years. 95%
were females, of which more than half were silvered and they exhibited an extremely fast rate of growth with OI ˃ 8.72, FI˃5% and
relatively high mean somatic index (GSI-HSI-GIs =1.37%-1.85%-1%),the silvering transition occurs at a very young age (5±0.87 years).
Onemale was identifiedin this investigation, against ˂ 5 % of non-sexually differentiated individuals. The relationship between the size and
the weight revealed a majorantallometry (Wt=1E-07Lt3,3973) and finally, a positive correlation was noted between: GSI - size (r2=60%), GSI
- weight (r2=60%), and negative between GIs-weight, GIs-size and GIs-age of eels (r2 varying between 50 and 62%).
Key words: Anguilla anguilla, growth, morphology, somatic index, Silvering, Algerian northeast.

INTRODUCTION
The European eel Anguilla anguilla, recently considered ‘outside safe biological limits’ [21] andhas
become red-listed as ‘Critically Endangered species’ [19], Miller et al. [26] highlighted the fact that the three
northernHemisphereanguillid species experienced recruitment declines at similar times and that this implies
common causes of the declines. Forthis,the European Union adopted a regulation “establishing measures for the
recovery of the eel stock” [21].
Therecent study of Amilhat et al. [3] shows that female eels from the Mediterranean area are capable of
migrating into the Atlantic Ocean and may, therefore, contribute to the spawning stock; the authors added that
despite the large distances that the eels travelled, even those that escaped to the Atlantic were still several
thousand km from the assumed their spawning area. But before, they have to get ready for this migration and
acquiring so the characters of marine fish of big depth; by suffering a whole series of physiological, anatomic
and morphological transformations. Among the most spectacular, we name: increased eye diameter [4,36,30,5];
enhancement of silver-colour-body and decreased of gut weight [4,32,25,14]; increased of length of the fins [22]
and weight of gonads [16,17,5,25,14]…etc
In the light of this information and pushed by the lack of data on the growth of the European eel of South
Mediterranean perimeter, we envisaged this study, that the primary purpose is to describe the external and
internal anatomic characters of this fish as well as the silvering metamorphosis to begin its transoceanic
migration.
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MATERIAL AND METHOD
Lake Oubeïra is a fresh water lake with a surface area thatcovers 2 200 hectares and that have a maximal
depth of 4m. It is located approximately 4 km from the shores of the Mediterranean Sea, at N36°50, E08°23
(Fig. 1). It is fed by four important watercourses: OuedDemetRihana (North), OuedBoumerchene (Northeast),
OuedDeyL’Graa (East) and OuedMessida (South). This lake is a designated wilderness area (registered with the
"RAMSAR" Convention) of the Parc National d’El Kala that has the unique distinction of hosting the most
important wetland complex of the Maghreb area. The average air temperature is 17.50 °C,for January (the
coldest month) this value is 11.65 °C and for August (the hottest month) it is 25 °C [8].
There is currently no hydraulic management framework for thelake, and recruitment of the populations of
eels is done by natural means.

Fig. 1: Lake Oubeïra, in northeastern Algeria.
Capture and treatment of the eels:
Sampling was carried out monthly betweenNovember 2010 and February 2012.Eels were captured using
nets with a 10 mm mesh, they were brought back alive to the laboratory on ice and then weighed (total mass,
Wt, to thenearest of g) and measured (total length, Lt, to the nearest of mm).
Morphological criteria:
The horizontal and vertical diameters of the right (Ar, Br) and left (Al, Bl) eyes and the length of pectoralfin
(Lf) were measured (to the nearest tenth ofmm), to calculate the Ocular Index “OI” [30] and the pectoral Fin
Index “FI” [12] (Tab. 1)
Table 1: Characteristics and coding of the criteria used to describe the silvering state of eels
Criteria
formula
Application
FI (%)
FI (%) = (Lf/Lt) × 100
FI< 4% = yellow eel
FI ≥ 5% = silver eel
OI
OI = {((Ar +Br)/4×((Al + Bl)/4)×π/Lt}
OI ≤ 6.5 = yellow eel
OI ˃ 6.5 = silver eel
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Somatic index:
After dissection and evisceration of eels, we weighed their gonads, liver and empty gut (to the nearest tenth
of g), to calculate the Gonado-Somatic-Index“GSI”, Hepato-Somatic-Index “HSI"and Gut-Index “GIs”[13]
(Tab. 2).
Table 2: Somaticindex determination
Indice interne
formule
GSI (%)
GSI (%) = (Wgonads/Wt) × 100
HSI (%)

HSI(%) = (W liver/Wt) × 100

GIs (%)

GIs (%) = (Wgut/Wt) × 100

Application
GSI ˂ 0.4% = yellow eel
GSI ≥ 1.4% = silver eel
HSI ˃1.5% = yellow eel
HSI ≤1.5% = silver eel
GIs ˃1.5% = yellow eel
GIs≤1.5% = silver eel

Silvering index:
The degree of silvering was deduced using the REPRODUCTIVE capacity of the European EELs [15].
Length-weight relationship:
As fish grow in length, they increase in weight. The length–weight relationships were calculated using
theequation:
W (t) = aLb
a is a coefficient relative to body form;
b is an exponent indicating isometric growth when equal to 3.0, allometrymarjorantwhen >3 and
allometryminorantwhen <3 [20].
Modelling of growth:
For modeling of growth of the eel population in question, weused the following von Bertalanffy equation:
Lt = L∞ (1-exp-K(t-t0))
This model is perhaps one of the most widely usedmodels to describe age and growth relationships of
fishes. The above equation describes how an individual’slength (Lt), is predicted as a function of its age (t)as a
result of the values of the parameters kand L∞. kis the instantaneous growth rate (units of time, year-1) and L∞
isthe maximum length attained by an average individual in thepopulation.
We also usedgrowth according to weight, represented by the following equation:
Wt = W∞ (1 – exp–K(t-t0))b
Otolith analysis:
Age was estimated by counting of the otlithswinter rings of captured eels [29].
Statistical analysis:
Fit of the model to the data was measured by the coefficient of Pearson’s r-squared, r2.
Results:
Growth of eel:
The weight of 328 eels captured during this study, was ranged from 45 to 1330 g; the relationship between
length and weight was: Wt=1E-07Lt3,3973,the allometry coefficient b is higher than 3 (b=3.3973) reflecting that
growth is a majorantallometric.
The Von Bertalanffy equation for the theoretical growth of captured eels was:
Lt=811.529(1-exp-0.035(t-(-2.57))for size (r2=0.68) and Wt=939.345 (1– exp–0.05(t-5.32))3.397 for weight (r2=0.64).
Morphological criteria:
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Fig. 2: Meansize distribution of captured eels in terms of the degree ofsilvering (number of eels; ±S.E.).
According to the EelRep classification of the degree of silvering (Fig. 2), we encountered:
15 eels that were not sexually differentiated (SI) (mean size = 376.2 ± 40.21 mm);
312 females eels, of which 60 % were migrants (size ˃ 700± 26.97 mm), ¼ were pre-migrants and 15 were
residents ;
One male was identified measuring 415 mm.
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Fig. 3: Mean age distribution of captured eels in terms of the degree of silvering (number of eels; ±S.E.).
Aged of 5±0.87 years only, the females of the lake Oubeїra can be already considered as silvers migrants
(Fig. 3).
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Fig. 4: Mean FI distribution of captured eels in terms of the degree of silvering (number of eels; ±S.E.).
We found that all mean FI (%) are superior to 5.5 %, whatever is the stage of eels captured (Fig. 4).
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Fig. 5: Mean OI distribution of captured eels in terms of the degree of silvering (number of eels; ±S.E.).
The male, the indeterminate as well as the females (residents and pre-migrants) have a mean OI ˂ 6; on the
other hand, mean OI of the silver female generally exceeded 8.72 ± 1.77 (Fig. 5).
Somatic Index:

15 MardjaTahri and Mourad Bensouilah, 2016/ Research Journal Of Fisheries And Hydrobiology 11(2),
February, Pages: 10-18
4

GSI (%)

3.5 15; 0.12; 0.26; 0.79

Percentage (%)

3

1

HSI (%)

47; 0.29; 0.38; 0.71

GIs (%)

2.5
2

78; 0.46; 0.34; 0.66

180; 0.58; 0.73;
0.45
7; 0.30; 0.22; 0.27

1.5
1
0.5
0
SI

SFII

SFIII

SFIV

SFV

SMII

EelRep Silvering Index
Fig. 6: Mean GSI, HIS and GI (%) distribution of captured eels in terms of the degree of silvering (number of
eels; ±S.E.of GSI, HIS and GI respectively).
We noted that mean GIs (%) of residents is 3X that of migrants; besides, the GSI decreased from 1.85 ±
0.26 % (of residents) to 1 ± 0.22 % (of migrants). Finally, the silver migrants females showed the higher GSI
(1.44 ± 0.58 %) (Fig. 6).
As regards morpho-anatomic relationships, we determined positive correlation between GSI-size (r2=60%)
and GSI-weight (r2=60%) of captured specimens; on the other hand, GIs is negatively correlated with fish age,
size and weight (r2 varying between 50 and 61%).
Discussion:
Our results demonstrate, for the first time, that the eels of the lake Oubeїra (Algerian northeast) exhibited an
extremely fast rate of growth; their sex-ratio is very widely dominated by the females (95 % among which more
half is considered as silvers migrants against ˂5 % of not sexually differentiated resident individuals).This may
be explained by the effect of the environment’s temperature on the specimens (the average temperature of the
lake being close to 17 °C).
Of the 328 eels captured during the study period (November2010-February 2012), the fishsizes, weights
and ages are ranged from 300-895 mm, 45-1330 g and 1.6-6.58 years respectively. This size distribution is
similar to the one observed by other investigators at the same study site (330-380 mm); on the other hand, eels
were found to be much smaller (230-630 mm) in the Mellah lagoon [11]. In Europe, the size ofthe silver females
that were captured at38 different sites ranged from 450 to 863 mm [41]. Regardingthe other species of eels; their
American neighbor Anguillarostratahas been reported to have a mean size of 853 mm [40], while female
Japanese Anguilla japonica are 614±40.5 mm insize [39] and the mean size of Australian Anguilla
australisis945 mm [35].
The mean size of females silvering increasedwith the size of the watershed, indicating that the
physicalcontext of the watershed exercised a degree of control over thesexual differentiation of the eels [2] and
thus also over thereproductive potential of the watershed. This preponderance oflarge female eels was also a
reflection of the use of nets with a10 mm mesh. Due to the selectivity of the fishing gear, thedistribution of the
observed sizes does not perhapsfully reflect the sizedistribution of the whole eel population in Lake Oubeïra.
Furthermore, a high degree of variation in size for a given agewas observed for a population, and
substantial differences insize ranges have been reported for the various age groups ofAnguilla Anguilla
[4,34,27,28]. These disparities could bepartially due to interpretation of their age, while the largediversity in
environments that the eels occupy may alsocontribute to the observed variation in growth, as a result ofthe
productivity of the environment (e.g. availability of food)and the density of eels (e.g. competition). Lastly, eel
size hasbeen shown to increases as the distance from the sea increases [7,10].
In our study, the length-weight relationship revealeda majorantallometry (Wt=1E07Lt3,3973), what does
mean that the weight increase more quickly than the length.It is in accordance with theresults of Boulenger et al.
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[7] on length-weight relationship for silver eels captured from 13 European catchments, who highlights that b
varied between 2.446 and 3.326 (male / female=2.348-3.405 / 2.507–3.670).
During the metamorphosis from yellow to silver eel, increases in eye diameter and retinal surface area
occur in A. anguilla [31], A. japonica [43], A. dieffenbachiiand A. australis [38,23]. An Ocular Index (OI)
relating total body length to external surface area of the eyes can be calculated to assess the degree of silvering
transformation of the eel, avoiding the need to sacrifice individuals to assess internal development of the
gonads. OIs of artificially matured eels can attain the value of 27 [6], but, the threshold values of OI indicating
an eel has naturally started its silvering process are lower but vary widely in the literature. Pankhurst [30]
estimated that silvering occurred at OIs>6.5. Fontaine [17] showed that individuals not having started the presilvering stage had OIs of 4.33 ± 0.24 (min-max=2.94-5.70), while OIs in the later stages were 8.48 ± 0.42 (minmax=5.58-11.4). Marchelidon et al. [25] and Acou et al. [1] estimated the critical OI was 8. Durif [12]
concluded that the value of 6.5 is valid only for the classification of male eels (size ˂ 450 mm) and that the
borderline value is 8 for the females. The author added that if Ocular Index is alone used for the evaluation of
silvering, the percentage of error increases up to 10 % (while there will be 3 % for the males). As regards our
study, mean OI of the silver female generally exceeded 8.72 ± 1.77, while that of other eels did not exceed 6.
As with OI, the fin indexFI (%) is assumed to be indicative of preparation for transoceanic migration. All
eels captured in this study had FI ˃ 5 %, categorizing them clearly as silver eels according to Durif et al. [13].
The hepato-somatic index,HSI (%), of eels was found to decrease from 1.72 ± 0.59 % to 1.24 ± 0.30%
during metamorphosis by Durif et al. [13] because the eel ceases feeding before migration. In addition, their
comparative study found GSI increased progressively from 0.21 in female yellow eels to ≥ 1.5% in silver eels
with increases of follicular diameter, thickening of follicular wall and appearance of many lipidic vesicles
[18,24]; this increase in gonad size was shown to be a good criterion to estimate the state of advancement of the
silvering process in the different eels [25,13]. Finally, the gut of sexually maturing eels atrophies and feeding
ceases once migration begins, although reversals have been observed [37,13]. The cessation of feeding prior to
migration means that the metabolic demands of migration and spawning must be met from a stored reserve,
accrued before migration begins and recently isotopic analysis indicates that eels do not feed during long
spawning migration [9]. Durif et al. [13] found gut indices (GIs) decreased from >4.6% in non-migrant to ≤1.8
in late stage silver females
All external and internal somatic indices recorded indicate silver eels in lakeOubeїra were at advanced
states of maturation and confirm the extremely fast growth rates estimated. Indeed, for residents, we recorded
means for GIs, HSI and GSI of 2.78%, 1.36% and 0.3% respectively, compared to 1 %, 1.16 % and 1.4 % for
migrants. GSI (%) exhibited positive correlation with fish size and weight, but GIs was negatively correlated
with eel age, size and weight.
REFERENCES
1.

2.
3.

4.
5.

6.

7.

8.
9.

Acou, A., F. Lefebvre, P. Contournet, G. Poizat, J. Panfili and A. J. Crivelli, 2003. Silvering of females eels
(Anguilla anguilla) in two sub-populations of the Rhône Delta. Bulletin Français de Pêche et de
Pisciculture, 368: 55-68.
Adam, G., E. Feunteun, P. Prouzet and C. Rigaudcoord., 2008. L'anguille européenne Indicateurs
d'abondance et de colonisation, Projet Indicang, Edition Quaeed, pp: 393.
Amilhat, E., K. Aarestrup, E. Faliex, G. Simon, H. Westerberg and D. Righton, 2016. First evidence of
European eels exiting the Mediterranean Sea during their spawning migration.Scientific Reports 6, 21817;
doi: 10.1038/srep21817.
Bertin, L., 1951 Les anguilles. Payot, Paris.
Beullens, K., E.H. Eding, P. Gilson, F. Ollevier, J. Komen and C.J.J. Richter, 1997. Sex differentiation,
changes in length, weight and eye size before and after metamorphosis of European eel (Anguilla anguilla)
maintained in captivity. Aquaculture, 153(1-2): 151-162.
Boëtius, I., J. Boëtius, 1967. Studies in the European Eel, Anguilla Anguilla(L.).Experimental induction of
the male sexual cycle, its relation to temperature and other factors.MeddrDanm. Fisk.-ogHavunders, 4(11):
339-405.
Boulenger, C., A. Acou, T. Trancart, A. J. Crivelli and E.Feunteun, 2015. Length–weight relationships of
the silver European eel, Anguilla anguilla(Linnaeus, 1758), across its geographic range. Journal of
AppliedIchthyology, pp : 1-4.
Boumezbeur, A., 2003. Réserve intégrale du lac Oubeïra, Wilaya El Tarf. Fiche descriptive sur les zones
humides Ramsar. Ministère de l’agriculture et du développement rural, pp: 7.
Chow, S., H. Kurogi, S. Katayama, D. Ambe, M. Okazaki, T. Watanabe, T. Ichikawa, M. Kodama, J.
Aoyama, A. Shinoda, S. Watanabe, K. Tsukamoto, S. Myazaki, S. Kimura, Y. Yamada, K. Nomura, H.
Tanaka, Y. Kazeto, K. Hata, T. Handa, A. Tawa and N. Mochioka, 2010. Japanese eel Anguilla anguillado

17 MardjaTahri and Mourad Bensouilah, 2016/ Research Journal Of Fisheries And Hydrobiology 11(2),
February, Pages: 10-18

10.
11.

12.

13.
14.

15.
16.
17.
18.

19.
20.
21.
22.
23.

24.
25.

26.

27.
28.
29.
30.
31.
32.

not assimilate nutrition during the oceanic spawning migration: evidence from stable isotope analysis.
Marine Ecology Progress Series, 402: 233-238.
Daverat, F., L. Beaulaton, R. Poole, P. Lambert, H. Wickström and J. Andersson, 2012. One century of eel
growth: changes and implications. Ecology of Freshwater Fish, pp: 1-12.
Djebbari, N., Z. Boudjadi, M. Bensouilah, 2009. Infestation de l’anguille Anguilla anguillaL., 1758 par le
parasite AnguillicolacrassusKuwahara, Niimi&Itagaki, 1974 dans le complexe de zones humides d’El Kala
(Nord-Est algérien). Bulletin de l’Institut Scientifique, Rabat, section Sciences de la Vie, 31(1): 45-50.
Durif, C., 2003. La migration d'avalaison de l'anguille européenne Anguilla anguilla: Caractérisation des
fractions dévalantes, phénomènes de migration et franchissement des obstacles. Doctorat de l'Université en
Ecologie Aquatique, Université de Toulouse II pp: 357.
Durif, C., S. Dufour and P.Elie, 2005. The silvering process of Anguilla anguilla: a new classification from
the yellow resident to the silver migrating stage. Journal of Fish Biology, 66: 1025-1043.
Durif, C., P. Elie, S. Dufour, J. Marchelidon and B. Vidal, 2000a. Analysis of morphological and
physiological parameters during the silvering process of the European eel (Anguilla anguilla) in the lake of
Grand-Lieu (France). Cybium, 24 (3): 63-74.
EelRep, 2005. Estimation of the reproduction capacity of European eel. Quality of Life andManagement of
Living Resources Final report Period.
Fontaine, M., O. Callamand, 1941. Sur certains facteurs des migrations de l’anguille. Société Zoologique de
France, 1: 68-76.
Fontaine, Y.A., 1994. L’argenture de l’anguille: métamorphose, anticipation, adaptation. Bulletin Français
de la Pêche et de la Pisciculture, 335: 171-186.
Fontaine, Y.A., E. Lopez, N. Delerue-Le Belle, E. Fontaine-Bertrand, F. Lallier and C. Salmon, 1976.
Stimulation gonadotrope de l’ovaire chez l’anguille (Anguilla anguillaL.) hypophysectomisée.
Morphologie, activités adénylcyclase et phosphodiestérase de l’adénosine monophosphate cyclique. Journal
of Physiology, 72: 871-892.
Freyhof, J. and M. Kottelat, 2008. Anguilla anguilla In: IUCN Red List of threatened species. IUCN,
Gland. Available at www.iucnredlist.org (accessed 28 Nov 2012).
Froese, R., 2006. Cube law, condition factor and weight–length relationships: history, meta-analysis and
recommendations. Journal of Applied Ichthyology, 22: 241-253.
ICES, 2007. Report of the session of the joint EIFAC/ ICES Working Group on Eels, 2007 ICES CM
2007/ACFM: 23.
Lee, T. W., 1979. Dynamique des populations d’anguilles Anguilla anguilla(L.) des lagunes du bassin
d’Arcachon. Thèse de l’université des Sciences et Techniques du Longuedoc, Montpellier pp: 218.
Lokman, P.M., G.J. Vermeulen, J.G.D. Lambert and G. Young, 1998.Gonad histology and plasma steroid
profiles in wild New Zeland freshwater eels (Anguilla dieffenbachia and A. australis) before and at the
onset of the natural spawning migration. I. Females. Fish Physiology and Biochemistry, 19: 325-338.
Lopez, E. and Y.A. Fontaine, 1990. Stimulation hormonale, in vivo, de l’ovaire d’anguille européenne au
stade jaune. Reproduction Nutrition Development, 30: 577-582.
Marchelidon, J., N. Le Belle, A. Hardy, B. Vidal, M. Sbaihi, E. Burzawa-Gérard, M. Schmitz and S.
Dufour,1999.Etude des variations de paramètres anatomiques et endocriniens chez l’anguille européenne
(Anguilla anguilla) femelle, sédentaire et d’avalaison : application à la caractérisation du stade argenté.
Bulletin Français de la Pêche et de la Pisciculture, 355: 349-368.
Miller, M.J., E. Feunteun andK. Tsukamoto, 2016. Did a “perfect storm” of oceanic changes and
continental anthropogenic impacts cause northern hemisphere anguillid recruitment reductions? ICES
Journal of Marine Science, 73: 43-56.
Moriarty, C., 1983. Age determination and growth rate of eels, Anguilla anguilla(L). Journal of Fish
Biology, 23: 257-264.
Panfili, J., M. C. Ximénes and A.J. Crivelli, 1994. Sources of variation in growth of the European eel
(Anguilla anguilla) estimated from otoliths. Canadian Journal of Fish Aquatic Science, 51: 506-515.
Panfili, J., H. (de) Pomuai, H. Troadec and P.J. Wright, (éd.) 2002. Manuel de sclérochronologie des
poissons Coédition Ifremer-IRD, pp: 464.
Pankhurst, N.W., 1982a. Changes in body musculature with sexual maturation in the European eel. Journal
of Fish Biology, 21: 417-428.
Pankhurst, N.W., 1982b. Changes in the skin-scale complex with sexual maturation in the European eel,
Anguilla Anguilla(L.). Journal of Fish Biology, 21: 549-561.
Pankhurst, N.W. and P.W. Sorensen, 1984. Degeneration of the alimentary tract in sexually maturing
European eels Anguilla Anguilla(L.) and American eels Anguilla rostrate (LeSueur). Canadian Journal of
Zoology, 62: 1143-1148.

18 MardjaTahri and Mourad Bensouilah, 2016/ Research Journal Of Fisheries And Hydrobiology 11(2),
February, Pages: 10-18
33. Righton, D., K. Aarestrup, D. Jellyman, P. Sébert, G. van den Thillart and K. Tsukamoto, 2012. The
Anguilla spp. migration problem: 40 million years of evolution and two millennia of speculation. Journal of
Fish Biology, 81: 365-86.
34. Sinha, V.R.P. and J.W. Jones, 1967a. On the age and growth of the freshwater eel (Anguilla anguilla).
Journal of Zoology, 153: 99-117.
35. Sloane, R.D., 1984. Upstream migration by young pigmented freshwater eels (Anguilla
australisaustralisRichardson) in Tasmania. Australian Journal of Marine Freshwater Research, 35: 61-73.
36. Stramke, D., 1972. Veränderungen am auge des europäschenaales (Anguilla Anguilla, L.) wärhrend des
gelb-und blankaalphase. InstitutfürHydrobiologie und Fischereiwissenschaft der Universität Hamburg, pp:
101-117.
37. Tesch, F.W., 1977.The eel.Biology and management of anguillid eels.Chapman and Hall London U. K.
38. Todd, P.R., 1981a. Timing and periodicity of migrating New Zealand freshwater eels (Anguilla spp.). New
Zealand Journal of Marine and freshwater Research, 15: 225-235.
39. Tzeng, W.N. and Y. Iizuka, 2003.Identification and growth rates comparison of divergent migratory
contingents of Japanese eel (Anguilla japonica). Aquaculture, 216: 77-86.
40. Verreault, G. and P. Dumont, 2003. An estimation of American eel escapement from the Upper St.
Lawrence River and Lake Ontario in 1996 and 1997, in D.A. Dixon (éd.), Biology, Management, and
Protection of Catadromous Eels, American Fisheries Society Symposium, 33: 243-251.
41. Vollestad, L.A., 1992. Geographic variation in age and length at metamorphosis of maturing European eel:
environmental effects and phenotypic plasticity. Journal of Animal Ecology, 61: 41-48.
42. Von Bertalanffy, L., 1938. A quantitative theory of organic growth (inquiries on growth laws II). Human
Biology, 10: 181-213.
43. Yamamoto, K. and K. Yamauchi, 1974. Sexual maturation of Japanese eel and production of eel larvae in
the aquarium. Nature, 251: 220-222.

