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Abstract

The population of Anguilla anguilla has decreased strongly in numbers at least since the 1970s. Is now
a critically endangered species (according to IUCN). Considering its social, economic, and ecological
importance, it is necessary to understand the biological mechanism that controls population dynamics,
in particular the passage from the resident phase to the migratory phase. During this phase of their life
cycle, the environment plays a key role in the maturation of the spawners, which undertakes the longest
spawning migration. This study aim was to evaluate the reproductive performance of female eel (4. an-
guilla), characterised by different levels of silvering, for use in artificial reproduction and/or restocking
programmes. For this reason, we collected 254 eels from Valle Nuova and compared the reproductive
performance of pre-migrant (Silvering Index III) and migrant (Silvering Index V) eels subjected to arti-
ficial reproduction, with hormone induction, and control of environmental conditions. All captured eels
were anaesthetised, measured and sampled to obtain an external indicator of their maturation status,
age and gonadosomatic index (GSI). In general, the results obtained showed that in this population, eels
with silvering index III, apparently not yet ready for migration, actually had the same reproductive per-
formance as eels with silvering index V when subjected to induced reproduction. In conclusion, the eels
of Valle Nuova, although characterised by a high presence of stage 111 eels, seem to have all the character-
istics to be able to participate in conservation actions of the species (induced reproduction and release
of the best broodstock into the sea).

Acknowledgments: This study was funded by the LIFEEL project (LIFE19NAT/IT/000851).
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ABSTRACT
The population of Anguilla anguilla has decreased strongly in numbers at least since the 1970s. Is now

a critically endangered species (according to IUCN). Considering its social, economic, and ecological
importance, it is necessary to understand the biological mechanism that controls population dynamics,
in particular the passage from the resident phase to the migratory phase. During this phase of their life
cycle, the environment plays a key role in the maturation of the spawners, which undertakes the
longest spawning migration. This study aim was to evaluate the reproductive performance of female
eel (A. anguilla), characterised by different levels of silvering, for use in artificial reproduction and/or
restocking programmes. For this reason, we collected 254 eels from Valle Nuova and compared the
reproductive performance of pre-migrant (Silvering Index IIT) and migrant (Silvering Index V) eels
subjected to artificial reproduction, with hormone induction, and control of environmental conditions.
All captured eels were anaesthetised, measured and sampled to obtain an external indicator of their
maturation status, age and gonadosomatic index (GSI). In general, the results obtained showed that in
this population, eels with silvering index III, apparently not yet ready for migration, actually had the
same reproductive performance as eels with silvering index V when subjected to induced reproduction.
In conclusion, the eels of Valle Nuova, although characterised by a high presence of stage III eels,
seem to have all the characteristics to be able to participate in conservation actions of the species
(induced reproduction and release of the best broodstock into the sea).

Background: The European eel, Anguilla anguilla (Linnaeus, 1758) is a catadromous teleost, which
exhibits a complex life cycle with spawning in the ocean and growing up in continental waters. This
species has been subject to extensive scientific inquiry due to its enigmatic natural ecology. The
available information indicates that the stock has declined severely in most of its distribution area and
the population has decreased dramatically since the 1980s (Drouineau et al, 2018; ICES, 2018). Is now
at a historical minimum and classified as “critically endangered” according to the international union
for conservation of nature (Pike et al., 2020; Dekker, 2003; ICES, 2021). Considering its social,
economic, and ecological importance, measures must be taken to monitor and restock the remaining
populations. Since the eel spends a long part of its life in fresh water and then migrates and reproduces
in the ocean (Tesch, 1977; Bonhommeau et al., 2010) undergoes various morphological and
physiological changes that transform it from a resident eel to a migrant or silver eel. Having a good
knowledge of the spawners, knowing their maturity level and being able to recognise them, is one of
the many objectives of researchers to use for release and restocking programmes.

Objective: This study aim was to evaluate the reproductive performance of female eel (A. anguilla),
characterised by different levels of silvering, for use in artificial reproduction and/or restocking
programmes.



Methods: In October-December (Autumn-Winter) period wild female eels were caught using
traditional “lavoriero” (downstream trap) in Valle Nuova, a typical closed lagoon (named “Vaile”)
near the sluices of the North Adriatic Sea (Italy). All captured eels (n. 254) were anaesthetised with a
bath of clove oil (0.2mL/L), measured and sampled to obtain an external indicator of their maturation
status (Durif et al., 2005, 2009). Morphometric parameters included: body length (BL, cm), body
weight (BW, g), horizontal eye diameter (EDh, mm), vertical eye diameter (EDv, mm), pectoral fin
length (PFL, cm), head length (HL, cm), pre-dorsal length (PDL, cm), horizontal body diameter
(BDh, mm) and vertical body diameter (BDv, mm) (Fig. 2). The following indices were calculated
according to the formulae below: Fulton’s Condition factor (K), eye index (EI) and pectoral fin length
index (PFI): Condition factor (K) = (BW*BL>) *10°; Eye index (EI) = 100*(((EDh + EDv) *0.257 &
*(10* BL)!); Pectoral fin length index (PFI) = 100* PFL BL-'. The initial stage of eels relative to the
silvering process (silver index - SI) was determined according to the classification system described by
Durif et al. (2005, 2009) and summarised below: SI I-II = Stage I-II = yellow eel = resident eel; SI
1l > Stage Il 2 silver eel 2 pre-migrant eel; SI IV-V 2 Stage IV-V 3 silver eel 2 migrant eel.
Scales were collected in 50% of the eels caught and age was determined by taking the first ring as Year
3 of the eel’s life. For a preventive analysis of the initial gonadal maturation, 10% of eels investigated
(for human consumption, pre-migrants and migrants, respectively) were transported to the laboratories
of the DIMEVET- Cesenatico. Eels were sacrificed with an overdose of 2-phenoxyethanol (800 ppm).
The eels were dissected, and the gonads were removed. The gonads were weighed (GW, g) and the
gonadosomatic index (GSI) was calculated as: Gonadosomatic index (GSI) = (GW BW!) *100. To
compare reproductive potential, n. 20 females (n. 10 pre-migrants and n. 10 migrants) were subjected
to induced reproduction. All eels were kept in a Recirculating Aquaculture System (RAS) consisting of
two fish-rearing tanks (1200 L each) and were maintained in complete darkness in seawater (salinity
31+1 g/L) at a controlled temperature of (15.5+0.5°C) until gonadal maturation was complete. The
animals were marked individually by inserting fish tags (FLOY TAG Mod Floy T-Bar Anchor) and
maintained in starvation for the entire duration of the trial. The females were weekly intramuscularly
injected with carp pituitary extracts (CPE), following the originally developed protocol by Mordenti et
al. (2012, 2013, 2018). Males were induced to mature by weekly injections with 1 IU/g BW hCG (Ohta
et al., 1997; Palstra et al., 2005) and started spermiating by 5 weeks after onset of treatment. Just
before fertilization experiments, simultaneously with DHP injection of females, the males received a
booster hCG injection (1 IU/g BW) to induce sperm maturation (Di Biase et al., 2017). In order to
compare the reproductive performance of pre-migrant and migrant eels, it was determined:
- the time spent by two different breeding groups to achieve or not gonadal maturation and the
reproduction;
- the weight of spawned eggs (%BW), calculated as: %BW= (BW DHP injection — BWpost
spawning) x 100/BW DHP injection. For the numerical calculation of the eggs a quantity of
1680 eggs/g of ovarian biomass was considered (Mordenti et al., 2012);
- the floating rate (%) was determined on buoyant eggs, obtained after maintaining an egg
sample for 30 min in a 500 mL beaker: floating rate (%) = (buoyant eggs/total number of eggs)
x 100 (Di Biase et al., 2017);



- the fertilization rate from each batch of spawned eggs was monitored at 2 hpf in order to
determine the % of fertilized eggs, calculated as: fertilization rate (%) = number of fertilized
eggs/ total number of eggs x 100 (Di Biase et., 2017).
All the results obtained were finally examined with analysis of variance ANOVA using the statistical
programme Smith (ssp, version 2.80, software 2005).
Results: The morphometric characteristics of the eels present in Valle Nuova are shown in Tab. 1. This
population was characterized by a very strong presence of pre-migrant eels (73.2% in stage III) and a
moderate presence of resident eels (5.5% in stage II), while only the category with the highest level of
silvering (21.3% in stage V) was present in the migrant eel group. In terms of size (weight and length),
the Valle Nuova eels did not achieve large sizes (no more than 600g in weight) and did not show
significant differences between pre-migrant and migrant females. However, the condition factor K, in
favour of the weight parameter, indicates that the reduced size was not due to food deficiency but
probably to the high densities of fish fauna in the lagoon which leads to strong food competition.
Furthermore, the homogeneity in size between pre-migrant and migrant eels indicates that size was not
directly related to the degree of maturation but was affected by the habitat and living conditions in
which the eels were found (Durif et al. 2009). In any case, the sizes reported by both groups were in
accordance with the maturation standards reported by Durif et al. (2005,2009). Finally, over 80% of
the adult eels observed were 7 to 8+ years old, a value in line with other populations found in the
northern Adriatic lagoons (Emmanuele et al., 2020). Regarding the timing to achievement of full
oocyte maturation, pre-migrant eels did not show any statistical differences compared to migrants,
taking 20.2+2 weeks for SI-III and 20.4+4 weeks for SI-V, respectively (Tab. 2). Similarly, pre-
reproductive weight gains did not differ significantly, with an average percentage increase of
123.39+6.92% in pre-migrants and 126.51+7.65% in migrants. This positive response of the stage III
eels to the hormonal induced stimulus can be explained by the fact that the IGS of the pre-migrant eels
(1.63£0.19) was entirely overlapping with that observed by Durif et al. (2005) in Atlantic eels stage
IV. Although the achievement of oocyte maturation occurred in all treated eels, 2 females with the
highest level of silvering (15V and 19V) were not suitable for spontaneous reproduction as the 15V eel
had a gonad with a level of oocytes in stage V below 50% (Mordenti et al., 2018) while the 19V had
over-maturation oocytes. Regarding eggs production, no significant differences were observed between
the two eel groups. In the SI-III group was obtained an average of 367.98+71.90 g, corresponding to an
average of 41.46+6.20% of body weight and equivalent to a total spawning of 618,206+120,792 eggs
(Tab. 2). In the SI-V group, an average of 352.53+18.9 g eggs were obtained, corresponding to
43.73+3.2% of body weight and corresponding to 592,256+31,752 eggs each. The production of more
eggs, in absolute terms, by the SI-III group was certainly only due to the larger initial size of the
females compared to the SI-V group. Concerning the percentage of floating eggs in post-reproduction,
the pre-migrating eels showed statistically lower rates (41.50+23.66%) than those obtained by phase V
eels (50.34+22.55%) (Tab. 2). Probably eels not yet fully ready for migration (SI-III) are able to
guarantee eggs production in line with migrating eels (SI-V) in terms of quantity but not in terms of
quality. Otherwise, no difference was apparent among rates of fertilization between both Silver index
groups.



Table 1. Morphometric parameters investigated in Valle Nuova. Data are given as the mean + SD.

VALLE NUOVA I i v \4
Eels (n. 254) n. 14 186 - 54
% 55 73,2 - 21,3
Body Weight (BW) g | 433.92+130.46 | 557.09+89.00 | - | 554.29+113.00
Body Lenght (BL) mm | 620.00£62.52 | 673.61£36.20 | - 670.87+46.26
Fulton's Condition Factor 1.75+0.22 1.81+0.15 - 1.83+0.23
Eye (E) mm 5.46+0.77 7.28+0.66 - 8.89+1.01
Eye Index (EI) 3.80+0.79 6.24x1.07 - 9.32+1.84
Pectoral Fin Lenght (PFL) mm 28.79+3.42 32.81+2.60 - 35.47+3.12
Pectoral Fin Lenght Index (PFI) 4.64+0.24 4.87+0.33 - 5.29+0.39
Head Index (EI) 12.06+0.72 11.71+0.53 - 12.11£1.04
Pre-Dorsal Index PDI 30.58+1.13 29.56+1.12 - 30.03+2.23
Body Circumference Index (BCI) | mm 1.8740.15 1.93+0.10 - 1.94+0.10
Gonadosomaic Index (GSI) 0.62+0.26 1.63+0.19 - 1.96+0.12
<6 - % - - - -
6-6+ 5.2% 20 S -
7-7+ 62.2% 80 64.1 50
8-8+ 20.9% - 18.9 33.3
Age 9-9+ 10.2% . 9.4 16.7
10-10+ 1.5% - 1.9 -
>10+ - - - -

Table 2. Zootechnical performance from artificial reproduction trials. Data are given as the mean + SD.

Initial Final Ovulation Weight Week Spawned Spawned Spawned Eggs Floating | Fertilization
Weight (g) Weight (g) n°/Total Gain (%) (n°) Eggs (g) Eggs (%) (n°) Rate (%) Rate (%)

S.I
m

618.62+£62.05 | 762.72+79.65 10/10 123.39£6.92 | 20.2+2 | 367.98+71.9 | 41.46+6.2 | 618.206+120.792 | 41.5+23.6 68.6+2.3

S.I

559.94+112.4 | 704.72+95.05 8/10 126.51£7.65 | 20.4+4 | 352.53x18.9 | 43.73x3.2 | 592.256+31.752 | 50.4+22.5 60.5+1.7

Conclusion: This study compared the reproductive performance of pre-migrant (Silvering Index III)
and migrant (Silvering Index V) eels subjected to artificial reproduction, with hormone induction, and
control of environmental conditions. In general, the results obtained showed that in this population,
eels with silvering index III, apparently not yet ready for migration, actually had the same reproductive
performance as eels with silvering index V when subjected to induced reproduction. In conclusion, the
eels of Valle Nuova, although characterised by a high presence of stage III eels, seem to have all the
characteristics to be able to participate in conservation actions of the species (induced reproduction and
release of the best broodstock into the sea).
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