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Feeding trials with Anguilla marmorata during the nursery culture were conducted to 
establish optimized protocols for transitioning from live to formulated diets. This study 
evaluated different weaning schemes over three phases of the nursery culture: from live 
feed (Artemia) to raw fish meat-based mash (FMT), from FMT to dry fish meal-based 
mash (FML), and from FML to dry formulated crumble diet. Specific growth rate (SGR), 
percent weight gain (%WG) and survival of A. marmorata elvers were assessed across 
treatments. The optimized weaning scheme for transitioning A. marmorata glass eel 
feeding from Artemia to FMT requires a 6.25% reduction of live feed daily for 16 days, 
resulting in the highest growth performance (SGR=4.49, %WG=109.25%) and survival 
(98.37%). Dietary transition from FMT to FML feeding, a 5% daily reduction of FMT with 
FML, over 20 days was found optimal. This treatment yielded superior growth 
performance with an SGR of 1.59, %WG of 68.80%, and survival of 62.00% (p<0.05). The 
final phase, transitioning from FML to a formulated crumble diet, was optimized with a 
25% daily reduction of FML over 4 days. Elvers on this feeding regime exhibited the 
highest growth (SGR=2.49, %WG=41.81%) and survival (100.00%). These weaning 
protocols effectively facilitated the dietary transition of A. marmorata during the nursery 
stage from live feed to dry-formulated diets within a 40-day period, enhancing the 
growth and survival of A. marmorata cultured in the brackish water nursery system. 
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INTRODUCTION 

Anguillid eels, belonging to the Genus Anguilla (Family An
guillidae), inhabit marine, freshwater, and brackish water 
environments, with 19 known species/subspecies.1,2 These 
eels are a valuable fisheries resource consumed globally, 
making them a target species for aquaculture. Among the 
Anguillid species, temperate eels such as A. anguilla and 
A. japonica are the most popular cultured and marketed 
species, holding high market value. However, the global eel 
farming industry relies entirely on the availability of wild 
glass eels, as captive production of glass eels has not yet 
been achieved.3 This reliance has led to a drastic decline 
in wild stocks of these temperate eels, prompting regula
tions to limit glass eel collection.4,5 The global eel trade has 
shifted due to the listing of A. anguilla in Appendix II of the 
Convention on International Trade in Endangered Species 

of Wild Fauna and Flora (CITES),6 resulting in increased 
sourcing and demand for tropical anguillid eels for aquacul
ture. 
In tropical countries like the Philippines, eel aquaculture 

is receiving increased attention for its high export poten
tial, particularly to neighboring countries in the East Pacific 
Region such as China, Taiwan, Hong Kong, Japan, South 
Korea, Vietnam, and Australia.7 In 2022, the eel was among 
the top exported fishery commodities in the Philippines, 
accounting for 7.9% (22,352 MT) of the total volume of ex
ported fishery products and 4.5% (Php 21.9B or $53.9M) of 
the total exported fishery product value.8 

The giant mottled eel, A. marmorata, has the widest ge
ographical distribution among anguillid species, thriving in 
tropical waters from the Eastern Pacific Ocean to the West
ern Indian Ocean.1,9‑12 Despite its wide distribution and 
availability, A. marmorata glass eels are considered bycatch 
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to A. bicolor pacifica, which has a higher market value due 
to its taste and meat equality that is comparable to the pop
ular A. japonica.13 Nevertheless, A. marmorata maintains a 
thriving export market in China and Taiwan, where it is sold 
frozen, processed, and alive.7 

Despite the abundance and potential of the tropical eel 
A. marmorata in aquaculture, understanding of its biology 
is still limited.14 Cadiz and Traifalgar15 explored the nurs
ery culture of A. marmorata concerning optimal salinity, 
but suitable diets and feeding protocols have not yet been 
fully developed. Eels are known to be predatory, feeding 
primarily on carnivorous diets such as planktonic crus
taceans during their early life stages.16 Since artificial prop
agation of eel larvae has not yet been developed, the eel 
aquaculture industry is dependent on wild-caught glass 
eels that are adapted to natural food present in their en
vironment. This condition makes wild-caught glass eels 
weaning to an artificially formulated diet during the nurs
ery stage challenging. Typical diets in the nursery culture 
of tropical anguillid eels are moist compounded dough-type 
feeds, which can deteriorate water quality, therefore requir
ing intensive water management due to nutrient leaching. 
This condition could also promote the outbreak of bacterial 
and fungal diseases that could significantly affect the nurs
ery culture of eels. Alternatively, the use of dry-formulated 
feeds in eel nurseries offers a significant advantage due to 
the ease of handling, preparation, storage, and reliability of 
its nutrient composition and quality. However, as eels are 
not adept at consuming dry feeds, weaning using a formu
lated crumble diet during the nursery culture is crucial for 
the adaptability of this organism to pelleted feeds in the 
grow-out phase of culture. 
Previous studies have shown the feasibility of weaning 

A. japonica, A. anguilla, A. australis, and A. bicolor17‑20 onto 
artificial diets. For instance, De Silva et al.18 investigated 
the weaning of A. australis to artificial diets using fish roe. 
Moreover, Hirt-Chabbert et al.19 examined various feeding 
stimulants to successfully wean A. anguilla glass eels and 
elvers to pelleted diets for optimum growth. However, 
weaning strategies for A. marmorata were not totally ex
plored, and the feasibility of different weaning strategies 
for this species was not fully investigated. During the early 
stage, glass eels struggle to get accustomed to formulated 
feeds, resulting in weight loss or slow growth. Typically, 
first feeding to artificial feeds results in lower survival rates 
and large variation in growth, with only 25-40% reaching 
the market table size.21 This makes it harder for eel farmers 
to effectively facilitate the weaning of A. marmorata to arti
ficial diets and efficiently culture this species. A better un
derstanding of the possible weaning strategies of A. mar
morata, from live feed to formulated solid feeds, will help 
optimize their culture, enhance growth and survival during 
the early weaning stages, and improve production in the 
nursery culture of this species. Thus, this study evaluated 
different weaning schemes for A. marmorata glass eels and 
elver. Specifically, this study evaluates the effect of differ
ent weaning strategies—transitioning from live feed to dry-
formulated feeds—on the growth performance and survival 
of A. marmorata glass eels. 

MATERIALS AND METHODS 

EXPERIMENTAL ANIMAL 

Wild-caught A. marmorata glass eels (av. wt. 0.11 g) were 
procured from eel collectors in General Santos City, South 
Cotabato. The procured glass eels were stocked in quaran
tine tanks, allowed to rest for 24 hours, and then treated 
with formalin (150 mg L-1 for 30 minutes) as a prophylaxis. 
Glass eels were further sorted to collect A. marmorata based 
on the pattern of caudal fin pigmentation.22 After sorting, 
the animals were acclimated to a salinity of 18 ppt in 
10-tonner tanks and fed ad libitum twice daily with Artemia 
nauplii at the Multi-species Hatchery Complex of the Uni
versity of the Philippines Visayas-Miagao, Iloilo Philip
pines. 

EXPERIMENTAL CONDITIONS AND WEANING 
PROTOCOLS 

Three feeding trials were conducted to transition glass eels 
from live feed to dry-formulated feeds. The treatments in
clude weaning from (i) live feed to raw fish meat-based 
mash (Trial 1); (ii) raw fish meat-based mash to dry fish 
meal-based mash (Trial 2); (iii) dry fish meal-based mash to 
formulated dry crumble (Trial 3). The best results from each 
trial were used in the subsequent trials to achieve the op
timum weaning protocol for the nursery culture of A. mar
morata. 
Treatments in all three experiments were carried out in 

90L polyethylene (PE) tanks, each filled with 40L of UV-fil
tered brackish water, 18 ppt, and supplied with mild aera
tion. Eels in all experiments were maintained at a salinity 
of 18 ppt,15 the temperature at 28°C, dissolved oxygen (DO) 
above 4 mg/L, and ammonia maintained at 0.08 mg L–1. 
Salinity and temperature were measured daily, while am
monia and DO were measured every three days. All experi
ments were conducted in a flow-through system with a flow 
rate maintained at 5.71 mL sec-1 

In Trial 1, A. marmorata glass eels with an initial average 
body weight (ABW) of 0.10 g were weaned from live feed to 
a raw fish meat-based mash. Newly hatched Artemia nau
plii was used as live feed for this experiment, and the for
mulated feed (raw fish meat-based mash, FMT) consisted 
of pre-prepared minced fish meat, potato starch, yeast, and 
vitamin and mineral mix. There were five treatments per
formed in triplicates, totaling 15 tanks, with 50 glass eels 
stocked in each PE tanks, in a completely randomized de
sign (CRD): (a) 100% live feed until termination; (b) com
bination of live feed and raw fish-meat based mash, with a 
gradual reduction of live feed by 6.25% day–1, (c) combina
tion of live feed and raw fish-meat based mash, with a grad
ual reduction of live feed by 12.50% day–1; (d) combination 
of live feed and raw fish-meat based mash, with a gradual 
reduction of live feed by 25.00% day–1; and (e) 100% raw 
fish-meat based mash until termination. Glass eels were fed 
twice a day (9 AM and 4 PM) at a feeding rate of 15% body 
weight (BW). Size sampling to adjust the feed allocation 
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and cleaning of culture tanks was done every four days, and 
the experiment lasted for 20 days. 
In the 2nd trial, A. marmorata glass eels (ABW= 0.15 g) 

were reared in PE tanks for weaning from raw fish meat-
based moist mash to dry fish meal-based mash. The com
position of the formulated diets was the same as in Trial 
1, except that fish meal was used instead of raw fish meat 
in the dry fish meal-based mash (FML). One thousand glass 
eels were randomly distributed in four different treatments 
in quintuplicate, with 50 eels stocked in each PE tanks, 
and fed 15% of BW (twice a day: 9 AM and 4 PM) with 
the following treatments for 28 days: (a) 100% raw fish 
meat-based mash until termination; (b) combination of raw 
fish meat-based mash and dry fish meal-based mash, with 
a gradual reduction of raw fish meat-based mash by 5% 
day–1 (c) combination of raw fish meat-based mash and 
dry fish meal-based mash, with a gradual reduction of raw 
fish meat-based mash by 10% day–1; and (d) 100% dry fish 
meal-based mash until termination. Sampling was done 
every seven days. 
The 3rd trial was conducted using 36-day-old A. mar

morata elvers, originating from the glass eel stocking and 
weighing an average of 0.56 g, were used for the weaning 
experiment from the dry fish meal-based mash to formu
lated crumble feed. The experiment was done in triplicate 
(30 elvers stocked in each PE tank) with the following treat
ments: (a) 100% dry fish meal-based mash until termina
tion; (b) 100% formulated crumble feed until termination; 
(c) combination of dry fish meal-based mash and formu
lated crumble, with dry fish meal-based mash gradually re
duced by 10% day–1; and (d) combination of fish meal-
based mash and formulated crumble, with dry fish 
meal-based mash gradually reduced by 25% day–1. Elvers 
were fed 15% of their BW, twice a day (9 AM and 4 PM). 
Sampling was done every four days, and the experiment 
lasted for 16 days. 

DATA COLLECTION AND ANALYSIS 

Prior to the start of each experiment, 40 randomly selected 
glass eels from the conditioning tank were sacrificed and 
sampled for initial weight, length, and mouth gape. Mouth 
gape was measured using a digital caliper. During each 
sampling period in the three experiments, ABW and sur
vival were recorded. ABW was obtained by weighing glass 
eels by group per replicate and survival was determined 
by individually counting eels per tank. At the end of each 
experiment, 10 eels per treatment were euthanized using 
tricaine methanesulfonate (MS-222) and sampled for final 
length and mouth gape. ABW, specific growth rate (SGR), 
and survival (%) of eels per treatment were also measured. 
The aforementioned growth indices were calculated as fol
lows: 

STATISTICAL ANALYSIS 

Statistical analysis was performed using IBM SPSS version 
26. The data were tested for normality using the Shapiro-
Wilk test. Following this, a one-way analysis of variance 
(ANOVA) was conducted to compare the means of the dif
ferent growth indices of A. marmorata reared under dif
ferent treatments in each feeding trial. Tukey’s multiple 
comparison procedure was used as the post hoc test to de
termine the statistical significance of the differences be
tween means at 95% confidence level. 

RESULTS 

EFFECT OF WEANING FROM LIVE FEED TO RAW FISH 
MEAT-BASED MASH (FMT) ON THE GROWTH AND 
SURVIVAL OF A. MARMORATA AT NURSERY STAGE 

Weaning from live feed to fish meat was completed after 
sixteen (16) days, achieving 100% replacement. A signif
icant difference between treatments was observed in the 
ABW of glass eels (p<0.05). At the final sampling, the high
est ABW was recorded in the treatment with 100% live feed 
until termination (ABW=0.21 g). However, this was not sig
nificantly different from the treatment with 6.25% reduc
tion of live feed day-1 (ABW=0.19 g), which was the sec
ond highest in terms of body weight. This was followed by 
the treatment with 100% FMT (ABW=0.13 g), the treatment 
with a 25% reduction of live feed day-1 (ABW=0.12 g), and 
finally, the treatment with a 12.5% reduction of live feed 
day-1 (ABW=0.11 g). 
The initial average body length of the glass eels was 

48.60 mm. A significant difference in body length was ob
served between treatments at the final sampling (p< 0.05). 
In the final sampling, glass eels in the treatment fed with 
100% live feed for 16 days had the longest body length 
(ATL=52.26 mm). However, this was not significantly dif
ferent from the treatment with a 6.25% reduction of live 
feed day-1, which had the second longest in body length 
(ATL=50.82 mm) (Table 1 ). 
The specific growth rate (SGR) results of the trial showed 

that glass eels fed with 100% live feed have the highest SGR. 
However, this was not significantly different from the sec
ond highest SGR, observed in the treatment with a 6.25% 
reduction of live feed day-1 . Meanwhile, glass eels fed with 
100% FMT and those in the treatment with a 25% reduction 
of live feed day-1 recorded SGRs of 3.63 and 1.87, respec
tively. The lowest SGR was recorded in the treatment with a 
12.5% reduction of live feed day-1, with an SGR of only 1.09 
(Figure 1 ). 
The highest weight gain (%WG) in the first weaning trial 

was observed in glass eels fed with 100% live feed 
(115.00%), this was followed by 6.25% reduction of live feed 
day-1 (109.25%), 100% FMT (88.00%), a 25% reduction of 
live feed day-1 (35.00%), and finally, a 12.5% reduction of 
live feed day-1 (19.09%) (Figure 2 ). There was a significant 
difference in the weight gain of glass eels among the treat
ments (p<0.05), although the difference between glass eels 
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Table 1. Initial and final weight and length of        A. marmorata   weaned at different rates after 16 days (Live feed to           
FMT).  

Growth 
Parameter 

Treatments 

100% Live 
Feed 

6.25% 
reduction 

12.5% 
reduction 

25% 
reduction 

100% FMT 

Initial average weight (g) 0.11 ±0.01 0.11 ±0.01 0.11 ±0.01 0.11 ±0.01 0.11 ±0.01 

Final average weight (g) 0.21 ±0.02 a 0.19 ±0.05 a 0.11 ±0.02 b 0.12 ±0.02 b 0.13 ±0.02 b 

Initial average total length 
(mm) 

48.60 ±0.00 48.60 ±0.00 48.60 ±0.00 48.60 ±0.00 48.60 ±0.00 

Final average total length 
(mm) 

52.26 ±0.46 a 50.82 ±0.57 ab 49.25 ±0.07 b 48.90 ±0.50 b 48.65 ±0.37 b 

Values are the means of the replicates ± SD (n=3). Values with different superscript letters are significantly different from each other (p<0.05). 

Figure 1. Specific growth rate of     A. marmorata   weaned at different rates after 16 days (Live feed to FMT).            
Values are the means of the replicates ± SEM (n=3). Bars with different superscript letters are significantly different from each other (p<0.05). 

fed with 100% live feed and those with 6.25% reduction of 
live feed day-1 was not statistically significant (p< 0.05). 
The survival rate of eels at different weaning rates was 

also assessed, with significant differences observed be
tween treatments (p<0.05) (Figure 3 ). The highest survival 
rate was recorded from glass eels fed with 100% live feed 
(98.78%), followed by the 6.25% reduction of live feed day-1 

(98.37%), 25% reduction of live feed day-1 (94.72%), and 
12.5% reduction of live feed day-1 (84.76%). The lowest sur
vival rate was observed in glass eels fed directly with 100% 
FMT (82.62%). No significant difference was found between 
the treatment with the highest survival (100% live feed) and 
the treatment with a 6.25% reduction of live feed day-1. 
Based on the results of this experiment, the optimal ap

proach for weaning glass eels from live feed to FMT is to re
place live feed with raw fish meat-based mash at a rate of 
6.25% day-1. 

EFFECT OF WEANING FROM RAW FISH MEAT-BASED 
MASH (FMT) TO DRY FISH MEAL-BASED MASH (FML) 
ON THE GROWTH AND SURVIVAL OF A. MARMORATA AT 
NURSERY STAGE 

The final average body weight (ABW) and average total 
length (ATL) for all treatments are summarized in Table 2 . 
A. marmorata glass eels were weaned from raw fish meat-
based mash (FMT) to dry fish meal-based mash (FML) with 
a gradual reduction of raw fish meat by 5% and 10% per day. 
Treatments including 100% FMT and 100% FML through
out the culture period were also evaluated. The results re
vealed significant differences between treatments for both 
growth parameters. Specifically, eels fed with a 5% reduc
tion of FMT day-1 exhibited the highest ABW and ATL after 
28 days (p<0.05). 
Specific growth rate (SGR) and percent weight gain 

(%WG) were assessed at the end of the experiment. The 
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Figure 2. Percent weight gain of     A. marmorata   weaned at different rates after 16 days (Live feed to FMT).            
Values are the means of the replicates ± SEM (n=3). Bars with different superscript letters are significantly different from each other (p<0.05). 

Figure 3. Percent survival of    A. marmorata   weaned at different rates after 16 days (Live feed to FMT).            
Values are means of replicates ± SEM (n=3). Bars with different superscript letters are significantly different from each other (p < 0.05). 

SGR and %WG of A. marmorata elvers are depicted in Fig
ure 4  and Figure 5 , respectively, with significant differ
ences observed between treatments (p<0.05). 
Eels fed with a 5% daily reduction of FMT exhibited the 

highest SGR at 1.87±0.04, followed by those with a 10% 
daily reduction of FMT (SGR=1.59±0.3). Eels fed with 100% 

FMT had a moderate SGR of 1.38±0.03, while those fed 
100% FML showed negative SGR at -0.32±0.08 (p< 0.05). 
Meanwhile, eels subjected to a 5% daily reduction of 

FMT achieved the highest %WG at 68.80, followed by those 
with a 10% daily reduction of FMT (%WG=56.29). Eels fed 
exclusively with 100% FMT recorded a %WG of 47.00, while 
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Table 2. Initial and final weight and length of        A. marmorata   weaned at different rates after 28 days (FMT to          
FML).  

Growth Parameter 
Treatment 

100% FMT 5% reduction 10% reduction 100% FML 

Initial average weight (g) 0.15 ±0.00 0.15 ±0.00 0.15 ± 0.00 0.15 ± 0.00 

Final average weight (g) 0.21 ±0.00 bc 0.28 ±0.02 a 0.23 ±0.01 ab 0.14 ±0.01 c 

Initial average total length (mm) 51.76 ±6.11 51.76 ±6.11 51.76 ±6.11 51.76 ±6.11 

Final average total length (mm) 55.68 ±1.31 bc 61.35 ±2.05 a 60.45 ±0.78 ab 52.89 ±0.40 c 

Values are the means of the replicates ± SD (n=5). Values with different superscript letters are significantly different from each other (p<0.05). 

Figure 4. Specific growth rate of     A. marmorata   weaned at different rates after 28 days (FMT to FML).           
Values are means of replicates ± SEM (n=5). Bars with different superscript letters are significantly different from each other (p<0.05). 

those fed with 100% FML exhibited a negative %WG at 
-8.67. The %WG findings corroborate the SGR results, with 
the highest %WG observed in the 5% reduction group and 
the lowest in the 100% FML group (p< 0.05). 
The percent survival of A. marmorata elvers was evalu

ated at the end of the experiment, and the results are de
picted in Figure 6 . Significant differences in survival rates 
were observed between treatments (p<0.05). 
Eels subjected to a 5% daily reduction of FMT exhibited 

the highest percent survival at 62.00%. This was followed 
by eels with a 10% daily reduction in FMT, which had a 
survival of 51%, and eels fed 100% FML, with a survival of 
41.00%. The lowest percent survival was observed in eels 
fed exclusively with 100% FMT, at 21.00%. These results 
highlight the superior survival performance of eels transi
tioning with a 5% daily reduction in FMT compared to other 
treatments (p<0.05). 
A significantly low percent survival was observed in eels 

fed exclusively with 100% FMT. This low survival may be at
tributed to the use of fish meat as a feed ingredient, which 

can act as a potential carrier of pathogens. This hypothe
sis is supported by the bacterial infections observed in de
ceased eels in tanks with 100% FMT. Figure 7  illustrates the 
results of the microbiological analysis conducted following 
the mass mortality event. The analysis revealed that tanks 
fed with 100% FMT were infected with three species of Vib
rio: V. harveyi, V. rotiferanus, and V. vulnificus. 
Based on the observed growth performance and survival 

across all treatments, the optimal approach for transition
ing A. marmorata from raw fish meat-based mash (FMT) to 
dry fish meal-based mash (FML) is to gradually replace fish 
meat with fish meal at a rate of 5% per day. 

EFFECT OF WEANING FROM DRY FISH MEAL-BASED 
MASH (FML) TO FORMULATED CRUMBLE FEED ON THE 
GROWTH AND SURVIVAL OF A. MARMORATA AT 
NURSERY STAGE 

The initial and final growth parameters, including body 
weight and average total length, are summarized in Table  
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Figure 5. Percent weight gain of     A. marmorata   weaned at different rates after 28 days (FMT to FML).           
Values are means of replicates ± SEM (n=5). Bars with different superscript letters are significantly different from each other (p<0.05). 

Figure 6. Percent survival of    A. marmorata   weaned at different rates after 28 days (FMT to FML).           
Values are means of replicates ± SEM (n=5). Bars with different superscript letters are significantly different from each other (p<0.05). 

3. The weaning scheme lasted for a maximum of 10 days, 
with the study continuing until the 16th day of the trial. 
The results indicate significant differences between treat
ments for both final average body weight and final average 
total length (p<0.05). Specifically, the treatment with a 25% 
daily reduction of FML, gradually substituted by crumble, 

resulted in the highest average body weight and total 
length. 
Specific growth rates and weight gain were also eval

uated in the feeding trial. Figures 8  and 9 illustrate sig
nificant differences in SGR and %WG among the different 
weaning schemes from FML to crumble diet (p<0.05). 

Early weaning protocols for the brackishwater nursery culture of the tropical anguillid eel Anguilla marmor…  (Quo

Israeli Journal of Aquaculture - Bamidgeh 93

https://ija.scholasticahq.com/article/124741-early-weaning-protocols-for-the-brackishwater-nursery-culture-of-the-tropical-anguillid-eel-_anguilla-marmorata_-quoy-gaimard-1984/attachment/249675.png
https://ija.scholasticahq.com/article/124741-early-weaning-protocols-for-the-brackishwater-nursery-culture-of-the-tropical-anguillid-eel-_anguilla-marmorata_-quoy-gaimard-1984/attachment/249676.png


Figure 7. Microbiological analysis of water samples after       Vibrio  occurrence (a) 100% FMT (b) 5% reduction fish         
meat day -1  

Table 3. Initial and final weight and length of        A. marmorata   weaned at different rates after 16 days (FML to          
crumble).  

Growth Parameter 
Treatments 

100% FML 10% reduction 25% reduction 100% crumble 

Initial average weight (g) 0.20 ±0.00 0.20 ±0.00 0.20 ±0.00 0.20 ±0.00 

Final average weight (g) 0.20 ±0.00 d 0.23 ±0.00 c 0.28 ±0.00 a 0.25 ±0.01 b 

Initial average total length (mm) 52.10 ±0.80 52.10 ±0.80 52.10 ±0.80 52.10 ±0.80 

Final average total length (mm) 53.51 ±0.98 c 56.77 ±0.53 b 60.19 ±1.81 a 57.18 ±0.33 b 

Values are the means of the replicates ± SD (n=3). Values with different superscript letters are significantly different from each other (p<0.05). 

The highest SGR was recorded in the treatment with a 
25% daily reduction of FML, gradually substituted by the 
crumble diet. This was followed by the 100% crumble treat
ment and the 10% daily reduction of FML treatment. In 
contrast, the lowest SGR was observed in the 100% FML 
treatment (p<0.05). 
The results for the %WG mirrored those observed for 

SGR. Elvers subjected to the treatment with 25% daily re
duction of FML, gradually replaced by crumble, demon
strated the highest %WG at 41.80. This was followed by 
elvers fed with 100% crumble (%WG=24.61) and those with 
a 10% daily reduction of FML (%WG=15.51). Conversely, the 
lowest %WG was recorded in elvers fed 100% FML (2.70) (p< 
0.05). 
Throughout the 16-day feeding trial, all treatments 

showed 100% survival, with no mortalities observed. Con
sistent with growth performance results, the best outcomes 
were observed in elvers subjected to a 25% daily reduction 
of FML, gradually replaced by crumble. This weaning 
scheme demonstrated the optimal growth performance, 

making it the most effective approach for transitioning 
elvers from FML to crumble. 

DISCUSSION 

Anguilla eels remain a challenging species for aquaculture, 
primarily due to the complexities in their life cycle and 
dependency on wild stocks for seed supply.23 The capture 
of glass eels during their onshore migration, and the sub
sequent feed weaning process are particularly critical and 
difficult stages of eel aquaculture.3,18 High mortality rates 
during the early weaning in the nursery culture are com
mon, largely due to eels struggling to adjust to dietary 
changes.3,24 The results from this study demonstrate that a 
gradual weaning approach yields the best growth and sur
vival outcomes for A. marmorata elvers in nursery culture. 
In the first experiment, glass eels fed exclusively on 

Artemia nauplii exhibited the highest growth performance. 
This preference can be attributed to the diet’s similarity to 
their natural food in the wild. The 6.25% daily reduction 
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Figure 8. Specific growth rate of     A. marmorata   weaned at different rates after 16 days (FML to crumble).           
Values are the means of the replicates ± SEM (n=3). Bars with different superscript letters are significantly different from each other (p<0.05). 

Figure 9. Percent weight gain of     A. marmorata   weaned at different rates after 16 days (FML to crumble).           
Values are the means of the replicates ± SEM (n=3). Bars with different superscript letters are significantly different from each other (p<0.05). 

of live feed showed a similar growth response to the treat
ment with 100% live feed, indicating that a slower transi
tion allows eels ample time to adjust to dietary changes. 
Conversely, faster weaning rates (12.5% and 25% daily re
ductions of live feed, and 100% FMT) were associated with 
poorer growth outcomes compared to the control group 

that received live feeds. This may be due to the eel’s diffi
culty to adapt quickly to the new diet, compounded by on
going morphological changes during early development.3,
18,24 The low activity of digestive enzymes in fish during 
their early developmental stages may explain the poor 
growth performance of eels with rapid weaning. Aya et al.25 
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observed that abrupt weaning of Leiopotherapon plumbeus 
larvae to an artificial diet from live feed resulted in signifi
cantly lower growth and survival rates compared to a grad
ual weaning strategy, suggesting that larvae were unable to 
effectively utilize the artificial diet during the early feeding 
stages. Additionally, rapid dietary changes can lead to de
creased body weight, as eels may starve or down-regulate 
their digestive enzymes, resulting in mortality.26 In fish lar
vae such as eels, Pyrrhulina brevis, and zebrafish, starvation 
can cause irreversible stress and increased mortality once 
a critical point is reached.27,28 Allowing sufficient time for 
diet transition is crucial to prevent such issues and ensure 
better growth and survival.3,18,26 Utilizing fish meat as a 
starter diet or as a main component in formulated diets has 
been documented to facilitate better and easier weaning of 
carnivorous fish species from live food to artificial diets.29 

In the second experiment, weaning glass eels from raw 
fish meat-based mash (FMT) to dry fish meal-based mash 
(FML) with gradual reduction of 5% and 10% fish meat per 
day resulted in superior growth performance as compared 
to the other treatments. These results align with the earlier 
findings by Degani and Levanon,30 who suggested that in
corporating raw meat into artificial feeds could improve ini
tial growth performance. The highest SGR and %WG were 
observed in eels fed with 5% daily reduction of FMT, fol
lowed by a 10% reduction. This trend emphasized the im
portance of gradual weaning to artificial diets. Studies have 
consistently shown that longer weaning periods result in 
better growth and survival compared to abrupt transi
tions.31‑33 Gradual weaning allows eels to acclimate their 
metabolic and physiological capacities to adapt to the new 
feed, enhancing their feeding response and growth. 
The lowest survival rate observed in eels fed solely with 

FMT may be attributed to bacterial infections present in the 
raw fish. Microbiological analysis revealed Vibrio species 
(V. harveyi, V. rotiferanus, and V. vulnificus) in tanks with 
100% FMT, suggesting that raw fish can be a vector for 
pathogens despite pre-freezing.34 Vibrio spp. are common 
in raw fish and warm saline environments,35 and their pres
ence in the tanks likely contributed to the observed mor
talities. Vibrio vulnificus, in particular, is known for causing 
vibriosis and septicemia in eels, with symptoms including 
red spots, loss of appetite, and inflamed anus.36,37 

In contrast to the previous experiments, the third trial 
demonstrated that a faster weaning rate (25% daily reduc
tion of FML) was optimal for transitioning to crumble di
ets. This is likely due to the advantages of early introduc
tion to solid diets, which enhances growth performance. 
Dry feeds have been shown to improve growth compared to 
moist feeds,38 and early adaptation to dry feeds facilitates 
easier weaning.39,40 Thus, 25% daily reduction of FML as 
a weaning scheme for transitioning from FML to crumble 
promotes good survival and higher growth performance for 
A. marmorata elver. 
In summary, this study presents effective weaning pro

tocols for A. marmorata at the nursery stage, transitioning 
from live feed to FMT, FMT to FML, and FML to crumble 
diet. The optimal schemes are: 6.25% reduction of live feed 
daily until reaching 100% FMT (16 days); 5% daily reduc

tion of FMT, substituted with FML (20 days); and 25% daily 
reduction of FML, substituted with crumble diet (4 days). 
These protocols enable a successful transition from live 
feed to artificial crumble diets over a total of 40 days, pro
moting better growth, survival, and production in the nurs
ery culture of A. marmorata. 

ACKNOWLEDGMENTS 

The authors want to thank the Department of Science and 
Technology-Philippine Council for Agriculture, Aquatic and 
Natural Resources Research and Development (DOST-
PCAARRD) for funding this study under the Nursery of Eel 
Enhancement and Development (NEED) Program. Appre
ciation is also extended to the Institute of Aquaculture, 
College of Fisheries and Ocean Sciences, University of the 
Philippines Visayas for the technical assistance, use of fa
cilities, and unwavering support, which were indispensable 
to the success of this project. 

AUTHORS’ CONTRIBUTION 

Conceptualization: Fredson H. Huervana (Equal), Rex Fer
dinand M. Traifalgar (Equal). Methodology: Fredson H. 
Huervana (Equal), Rex Ferdinand M. Traifalgar (Equal). 
Writing – review & editing: Fredson H. Huervana (Equal), 
Rex Ferdinand M. Traifalgar (Equal). Funding acquisition: 
Fredson H. Huervana (Lead). Supervision: Fredson H. Huer
vana. Formal Analysis: Kelee Ira B. Nodque (Equal), Cedric 
Jay A. Nantong (Equal), Richael P. Vargas (Equal), Rizza 
Mae T. Guyapale (Equal). Investigation: Kelee Ira B. Nodque 
(Equal), Cedric Jay A. Nantong (Equal), Richael P. Vargas 
(Equal), Rizza Mae T. Guyapale (Equal). Writing – original 
draft: Kelee Ira B. Nodque (Equal), Cedric Jay A. Nantong 
(Equal). Software: Kelee Ira B. Nodque (Equal), Cedric Jay 
A. Nantong (Equal). Data curation: Kelee Ira B. Nodque 
(Equal), Cedric Jay A. Nantong (Equal). Visualization: Kelee 
Ira B. Nodque (Equal), Cedric Jay A. Nantong (Equal), 
Richael P. Vargas (Equal), Rizza Mae T. Guyapale (Equal). 

COMPETING OF INTEREST – COPE 

No competing interests were disclosed. 

ETHICAL CONDUCT APPROVAL – IACUC 

Ethical review and approval were not required for the ani
mal study because this study adheres to the Philippine Na
tional Standard (PNS) on the Code of Good Aquaculture 
Practices (GAqP) for nursery fish culture (BAFS, 2017). Pro
tocols on rearing, handling, and animal welfare were 
strictly followed based on the guidelines stipulated in 
Philippine Republic Act Number 8485, known as the Animal 
Welfare Act of 1998. 

INFORMED CONSENT STATEMENT 

All authors and institutions have confirmed this manuscript 
for publication. 

Early weaning protocols for the brackishwater nursery culture of the tropical anguillid eel Anguilla marmor…  (Quo

Israeli Journal of Aquaculture - Bamidgeh 96



DATA AVAILABILITY STATEMENT 

All are available upon reasonable request. 

Submitted: August 07, 2024 CST. Accepted: October 09, 2024 
CST. Published: November 08, 2024 CST. 

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License 

(CCBY-4.0). View this license’s legal deed at http://creativecommons.org/licenses/by/4.0 and legal code at http://creativecom

mons.org/licenses/by/4.0/legalcode for more information. 

Early weaning protocols for the brackishwater nursery culture of the tropical anguillid eel Anguilla marmor…  (Quo

Israeli Journal of Aquaculture - Bamidgeh 97



REFERENCES 

1. Ege V. A revision of the genus anguilla shaw: a 
systematic, phylogenetic and geographical study. 
Dana Rep. 1939;16:1-256. doi:10.1163/
9789004629585 

2. Nelson JS, Grande TC, Wilson MV. Fishes of the 
World. John Wiley & Sons; 2016. doi:10.1002/
9781119174844 

3. Gisbert E, Mozanzadeh MT. Weaning European 
glass eels (Anguilla anguilla) with plant protein-based 
diets and its effects on intestinal maturation. 
Comparative Biochemistry and Physiology Part A: 
Molecular & Integrative Physiology. 2019;228:43-50. 
doi:10.1016/j.cbpa.2018.10.025 

4. Harrison AJ, Walker AM, Pinder AC, Briand C, 
Aprahamian MW. A review of glass eel migratory 
behaviour, sampling techniques and abundance 
estimates in estuaries: implications for assessing 
recruitment, local production and exploitation. 
Reviews in Fish Biology and Fisheries. 
2014;24:967-983. doi:10.1007/s11160-014-9356-8 

5. Jacoby DM, Casselman JM, Crook V, et al. 
Synergistic patterns of threat and the challenges 
facing global anguillid eel conservation. Global 
Ecology and Conservation. 2015;4:321-333. 
doi:10.1016/j.gecco.2015.07.009 

6. Crook V, Nakamura M. Assessing supply chain and 
market impacts of a CITES listing on Anguilla 
species. Traffic Bulletin. 2013;25:24-30. 

7. Shiraishi H, Crook V. Eel Market Dynamics: An 
Analysis of Anguilla Production. TRAFFIC; 2015:58. 

8. BFAR (Bureau of Fisheries and Aquatic Resources). 
The 2022 Philippine Fisheries Profile. Bureau Of 
Fisheries and Aquatic Resources Fisheries Building 
Complex, BPI Compound, Visayas Ave., Quezon City; 
2023. 

9. Aoyama J, Yoshinaga T, Shinoda A, Shirotori F, 
Yambot AV, Han YS. Seasonal Changes in Species 
Composition of Glass Eels of the Genus Anguilla 
(Teleostei: Anguillidae) Recruiting to the Cagayan 
River, Luzon Island, the Philippines. Pacific Science. 
2015;69(2):263-270. doi:10.2984/69.2.8 

10. Shirotori F, Ishikawa T, Tanaka C, et al. Species 
composition of anguillid glass eels recruited at 
southern Mindanao Island, the Philippines. Fisheries 
science. 2016;82:915-922. doi:10.1007/
s12562-016-1030-8 

11. Tsukamoto K, Kuroki M, Watanabe S. Common 
names for all species and subspecies of the genus 
Anguilla. Environmental Biology of Fishes. 
2020;103(8):985-991. doi:10.1007/
s10641-020-00988-3 

12. Nguyen AT, Dao HT, Quang HT, Hagihara S, 
Lokman PM, Damsteegt EL. Genetic diversity and 
population structure of the Giant mottled eel, 
Anguilla marmorata Quoy & Gaimard, 1824 in Central 
Vietnam. Fishes. 2022;7(5):286. doi:10.3390/
fishes7050286 

13. Cuvin-Aralar ML, Aya F, Romana-Eguia MRR, 
Logronio DJ. Nursery Culture of Tropical Anguillid Eels 
in the Philippines. Aquaculture Department, 
Southeast Asian Fisheries Development Center; 2019. 

14. Arai T. Biology and Ecology of Anguillid Eels. Vol 
340. CRC Press; 2016. doi:10.1201/b19925 

15. Cadiz R, Traifalgar RF. Optimum salinity for 
growth of tropical eel Anguilla marmorata Quoy & 
Gaimard, 1824 in nursery culture. Asian Fisheries 
Science. 2020;33(4). doi:10.33997/j.afs.2020.33.4.002 

16. Van Wichelen J, Verhelst P, Perneel M, et al. Glass 
eel (Anguilla anguilla L. 1758) feeding behaviour 
during upstream migration in an artificial waterway. 
Journal of fish biology. 2022;101(4):1047-1057. 
doi:10.1111/jfb.15171 

17. Takeda M, Takii K, Matsui K. Identification of 
feeding stimulants for juvenile eel. Bulletin of the 
Japanese Society of Scientific Fisheries. 
1984;59(4):645-651. doi:10.2331/suisan.50.645 

18. De Silva SS, Gunasekera RM, Ingram BA, Dobson 
JL. Weaning of Australian shortfin glass eels (Anguilla 
australis): a comparison on the effectiveness of four 
types of fish roe. Aquaculture. 
2001;195(1–2):133-148. doi:10.1016/
s0044-8486(00)00548-2 

19. Hirt-Chabbert JA, Skalli A, Young OA, Gisbert E. 
Effects of feeding stimulants on the feed 
consumption, growth and survival at glass eel and 
elver stages in the European eel (Anguilla anguilla). 
Aquaculture Nutrition. 2012;18(2):152-166. 
doi:10.1111/j.1365-2095.2011.00883.x 

20. Muchlisin ZA, Sofyan M, Dewiyanti I, et al. Data 
of feed formulation for Indonesian short-fin eel, 
Anguilla bicolor McClelland, 1844 elver. Data in Brief. 
2020;30:105581. doi:10.1016/j.dib.2020.105581. 
PMID:32346582 

Early weaning protocols for the brackishwater nursery culture of the tropical anguillid eel Anguilla marmor…  (Quo

Israeli Journal of Aquaculture - Bamidgeh 98

https://doi.org/10.1163/9789004629585
https://doi.org/10.1163/9789004629585
https://doi.org/10.1002/9781119174844
https://doi.org/10.1002/9781119174844
https://doi.org/10.1016/j.cbpa.2018.10.025
https://doi.org/10.1007/s11160-014-9356-8
https://doi.org/10.1016/j.gecco.2015.07.009
https://doi.org/10.2984/69.2.8
https://doi.org/10.1007/s12562-016-1030-8
https://doi.org/10.1007/s12562-016-1030-8
https://doi.org/10.1007/s10641-020-00988-3
https://doi.org/10.1007/s10641-020-00988-3
https://doi.org/10.3390/fishes7050286
https://doi.org/10.3390/fishes7050286
https://doi.org/10.1201/b19925
https://doi.org/10.33997/j.afs.2020.33.4.002
https://doi.org/10.1111/jfb.15171
https://doi.org/10.2331/suisan.50.645
https://doi.org/10.1016/s0044-8486(00)00548-2
https://doi.org/10.1016/s0044-8486(00)00548-2
https://doi.org/10.1111/j.1365-2095.2011.00883.x
https://doi.org/10.1016/j.dib.2020.105581


21. Larkin B. Weaning and Growth of Anguilla 
Australis Glass Eels and Elvers. Doctoral dissertation. 
Deakin University; 2000. 

22. Reveillac E, Gagnaire PA, Lecomte-Finiger R, et al. 
Development of a key using morphological characters 
to distinguish south-western Indian Ocean anguillid 
glass eels. Journal of Fish Biology. 
2009;74(9):2171-2177. doi:10.1111/
j.1095-8649.2009.02284.x 

23. Righton D, Piper A, Aarestrup K, et al. Important 
questions to progress science and sustainable 
management of anguillid eels. Fish and Fisheries. 
2021;22(4):762-788. doi:10.1111/faf.12549 

24. Gisbert E, Fernández I, Álvarez-González CA. 
Prolonged feed deprivation does not permanently 
compromise digestive function in migrating 
European glass eels Anguilla anguilla. Journal of Fish 
Biology. 2011;78(2):580-592. doi:10.1111/
j.1095-8649.2010.02879.x 

25. Aya FA, Nillasca VSN, Garcia LMB. Effects of 
weaning on survival and growth of silver therapon 
(Leiopotherapon plumbeus) larvae fed live and 
artificial diet. Aquaculture Research. 
2021;52(10):4799-4806. doi:10.1111/are.15313 

26. Benini E, Bandara KA, Politis SN, et al. Exploring 
first-feeding diets for European eel larval culture: 
Insights at morphological, nutritional, and molecular 
levels. PloS One. 2023;18(4):e0283680. doi:10.1371/
journal.pone.0283680 

27. Abe HA, Reis RGA, Paixão PEG, Fujimoto RY. 
Effect of short-term fasting and re-feeding on growth 
performance of larvae and juveniles Pyrrhulina brevis, 
an amazon ornamental fish. Journal of Applied 
Aquaculture. 2021;34(4):894-906. doi:10.1080/
10454438.2021.1904084 

28. Lucore EC, Connaughton VP. Observational 
learning and irreversible starvation in first-feeding 
zebrafish larvae: is it okay to copy from your friends? 
Zoology. 2021;145:125896. doi:10.1016/
j.zool.2021.125896 

29. Kubitza F, Lovshin LL. Formulated Diets, Feeding 
Strategies, and Cannibalism Control during Intensive 
Culture of Juvenile Carnivorous Fishes. Reviews in 
Fisheries Science. 1999;7(1):1-22. doi:10.1080/
10641269991319171 

30. Degani G, Levanon D. The influence of different 
feeds on growth and body composition of glass eels 
(Anguilla anguilla (L.)). Israel Journal of Aquaculture. 
1986;38:13-21. 

31. Ingram BA, Gooley GJ, De Silva SS, Larkin BJ, 
Collins RA. Preliminary observations on the tank and 
pond culture of the glass eels of the Australian 
shortfin eel, Anguilla australis Richardson. 
Aquaculture Research. 2001;32(10):833-848. 
doi:10.1046/j.1365-2109.2001.00620.x 

32. Melotti P, Perrucci G. Weaning trails on elvers of 
European eel, Anguilla anguilla L. Rivista Italiana Di 
Acquacoltura. 1989;24:119-124. 

33. Ma Z, Zheng P, Guo H, et al. Effect of weaning 
time on the performance of Trachinotus ovatus 
(Linnaeus 1758) larvae. Aquaculture Nutrition. 
2015;21(5):670-678. doi:10.1111/anu.12183 

34. Howgate P. Review of the public health safety of 
products from aquaculture. International Journal of 
Food Science & Technology. 1998;33(2):99-125. 
doi:10.1046/j.1365-2621.1998.3320099.x 

35. Novoslavskij A, Terentjeva M, Eizenberga I, 
Valciņa O, Bartkevičs V, Bērziņš A. Major foodborne 
pathogens in fish and fish products: a review. Annals 
of microbiology. 2016;66:1-15. doi:10.1007/
s13213-015-1102-5 

36. Boonstra M, Fouz B, van Gelderen B, et al. Fast 
and accurate identification by MALDI-TOF of the 
zoonotic serovar E of Vibrio vulnificus linked to eel 
culture. Journal of Fish Diseases. 2023;46(4):445-452. 
doi:10.1111/jfd.13756 

37. Hernández-Cabanyero C, Sanjuán E, Mercado L, 
Amaro C. Evidence that fish death after Vibrio 
vulnificus infection is due to an acute inflammatory 
response triggered by a toxin of the MARTX family. 
Fish & Shellfish Immunology. 2023;142:109131. 
doi:10.1016/j.fsi.2023.109131 

38. Ekanem SB. Effects of feeding frequency, moist 
and dry feeds on the growth of Chrysichthys 
nigrodigitatus Lacepede and on pond water quality. 
Aquaculture Research. 1996;27(2):107-112. 
doi:10.1111/j.1365-2109.1996.tb00974.x 

39. Baskerville-Bridges B, Kling LJ. Early weaning of 
Atlantic cod (Gadus morhua) larvae onto a 
microparticulate diet. Aquaculture. 
2000;189(1-2):109-117. doi:10.1016/
S0044-8486(00)00356-2 

40. Alves TT, Cerqueira VR, Brown JA. Early weaning 
of fat snook (Centropomus parallelus Poey 1864) 
larvae. Aquaculture. 2006;253(1-4):334-342. 
doi:10.1016/j.aquaculture.2005.06.006 

Early weaning protocols for the brackishwater nursery culture of the tropical anguillid eel Anguilla marmor…  (Quo

Israeli Journal of Aquaculture - Bamidgeh 99

https://doi.org/10.1111/j.1095-8649.2009.02284.x
https://doi.org/10.1111/j.1095-8649.2009.02284.x
https://doi.org/10.1111/faf.12549
https://doi.org/10.1111/j.1095-8649.2010.02879.x
https://doi.org/10.1111/j.1095-8649.2010.02879.x
https://doi.org/10.1111/are.15313
https://doi.org/10.1371/journal.pone.0283680
https://doi.org/10.1371/journal.pone.0283680
https://doi.org/10.1080/10454438.2021.1904084
https://doi.org/10.1080/10454438.2021.1904084
https://doi.org/10.1016/j.zool.2021.125896
https://doi.org/10.1016/j.zool.2021.125896
https://doi.org/10.1080/10641269991319171
https://doi.org/10.1080/10641269991319171
https://doi.org/10.1046/j.1365-2109.2001.00620.x
https://doi.org/10.1111/anu.12183
https://doi.org/10.1046/j.1365-2621.1998.3320099.x
https://doi.org/10.1007/s13213-015-1102-5
https://doi.org/10.1007/s13213-015-1102-5
https://doi.org/10.1111/jfd.13756
https://doi.org/10.1016/j.fsi.2023.109131
https://doi.org/10.1111/j.1365-2109.1996.tb00974.x
https://doi.org/10.1016/S0044-8486(00)00356-2
https://doi.org/10.1016/S0044-8486(00)00356-2
https://doi.org/10.1016/j.aquaculture.2005.06.006

	Early weaning protocols for the brackishwater nursery culture of the tropical anguillid eel Anguilla marmorata (Quoy & Gaimard, 1984)
	Introduction
	Materials and Methods
	Experimental animal
	Experimental conditions and weaning protocols
	Data collection and analysis
	Statistical analysis

	Results
	Effect of weaning from live feed to raw fish meat-based mash (FMT) on the growth and survival of A. marmorata at nursery stage
	Effect of weaning from raw fish meat-based mash (FMT) to dry fish meal-based mash (FML) on the growth and survival of A. marmorata at nursery stage
	Effect of weaning from dry fish meal-based mash (FML) to formulated crumble feed on the growth and survival of A. marmorata at nursery stage

	Discussion
	Acknowledgments
	Authors’ Contribution
	Competing of Interest – COPE
	Ethical Conduct Approval – IACUC
	Informed Consent Statement
	Data Availability Statement

	References


