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Health &
Welfare

Smolti�cation, seawater performance
and maturation in Atlantic salmon fed
di�erent levels of fat

12 February 2024
By Dr. Vasco C. Mota

Varying dietary fat levels (20–28 percent) during the
freshwater phase did not in�uence smolti�cation or male
early sexual maturation during the subsequent grow-out
phase

(https://www.globalseafood.org)
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Currently, the most common way of producing Atlantic salmon (Salmo salar) consists of a two-phase
production cycle matching the salmon’s anadromous lifestyle. First, parrs (juvenile �sh) are produced
and smolti�ed in a freshwater hatchery; thereafter, smolts (seawater-ready �sh) are transferred to sea
cages for grow-out. During the past decade, freshwater hatcheries have been replaced from
conventional �ow-through systems to recirculating aquaculture systems (RAS).

RAS are among the most environmentally sustainable systems to culture �sh, and in Atlantic salmon
production is especially relevant due to the possibility for water temperature control, freshwater
reutilization, higher �sh densities and larger smolts production. These RAS-controlled production
environments result in optimal conditions for fast �sh growth and shorter production time. However,
there are potential trade-offs between this fast growth and key physiological processes such as
inadequate smolti�cation and early sexual maturation which can ultimately impact the �sh health and
welfare, and the �nal product quality including poorer �sh �llet quality.

Smolti�cation or parr-smolt transformation involves a suite of physiological, morphological and
behavioral changes such as the development of the osmoregulatory ability that prepares the Atlantic
salmon for a life at sea. A few studies have investigated how smolti�cation is affected by dietary fat
levels and how seawater growth can be linked to dietary history and overall concluded that smolt
production may not be impaired by a reduction in dietary fat content. However, these studies were
conducted under seminatural conditions, using simulated natural photoperiod and �uctuating relatively
low temperatures, resulting in slow-growing �sh.

In contrast, the intensive rearing conditions in RAS, such as higher temperatures and continuous light
and feed promote high metabolic rates and fast growth. Consequently, there is a need to test the
interrelationship and possible interference between feed containing different levels of dietary fat during

The authors studied the effect of dietary fat levels on Atlantic salmon
whole-body fat and fatty acids composition, growth performance and
smolti�cation, and a previous dietary regime on seawater growth
performance and male early sexual maturation. Photo by Darryl Jory.
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smolti�cation in RAS, subsequent seawater performance and occurrence of early maturation in Atlantic
salmon male �sh.

(https://globalseafood.typeform.com/podcastq124)

This article – summarized from the original publication (https://doi.org/10.3389/faquc.2024.1323818)
(Mota, V.C. et al. 2024. Smolti�cation, seawater performance, and maturation in Atlantic salmon (Salmo
salar) fed different fat levels. Front. Aquac., 25 January 2024, Sec. Production Biology, Volume 3 –
2024) – presents the results of a study to determine the effect of different dietary fat levels on Atlantic
salmon whole-body fat and fatty acids (FA) composition, growth performance and smolti�cation, and
to assess the effects of a previous dietary regime on seawater growth performance and early male
sexual maturation at two temperatures.

Study setup
This research was carried out at the Tromsø Aquaculture Research Station (Kårvik, Norway). The study
determined the effect of i) dietary fat levels on Atlantic salmon whole-body fat and fatty acids
composition, growth performance and smolti�cation and ii) a previous dietary regime on seawater
growth performance and male early sexual maturation. In freshwater RAS, salmon parr (~19 grams)
were fed three fat levels (20, 24 and 28 percent) over a 14-week period at 12 degrees-C. Subsequently, in
seawater �ow-through systems, smolt (~96 grams) were fed a control diet (26 percent) for 12 weeks at
two temperatures (12 and 16 degrees-C).

Fig. 1: Schematic illustration of the experimental design. *The dietary
lipid inclusion during the Seawater FTS (�ow-through system) phase
was 26 percent for all groups.

https://globalseafood.typeform.com/podcastq124
https://doi.org/10.3389/faquc.2024.1323818
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For detailed information on the experimental design and �sh rearing and husbandry; formulation of
experimental diets; �sh sampling and various analyses, refer to the original publication.

Results and discussion
Overall survival was high (> 99.0 percent) during both experimental phases. The exception was the
Low-fat group during the Freshwater RAS phase, where an acute mortality event occurred after
sampling at week eight in one of the replicated tanks, resulting in average treatment group survival of
90.9 percent. The mortality was likely caused by a hydrogen sul�te release from one water pipe during
RAS routine maintenance. Fish growth curves show that the body weight was similar among the dietary
groups throughout the 26-week experimental period (Fig. 2). In contrast, the body weight in the 16
degrees-C groups was signi�cantly larger by 22 percent and 36 percent at respectively week 20, and
week 26 compared to groups grown at 12 degrees-C. Speci�c growth rate (SGR) for the Freshwater RAS
phase did not differ signi�cantly among the dietary groups, while SGR for the Seawater FTS (�ow-
through system phase was 19 percent signi�cantly higher in the groups grown at 16 degrees-C when
compared to the groups grown at 12 degrees-C. The thermal growth coe�cient (TGC; a versatile
predictor of growth over temperature) did not differ in any of the phases.

From smolt wastewater to algae
production: an economic approach on
aquaponic production
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use.
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The whole-body fat at the start of the experiment (week 0) did not differ among the three dietary groups
(11.3 ± 0.3 percent; Fig. 3). In contrast, at the end of the Freshwater RAS phase (week 14), the whole-
body fat from the Low fat group had decreased to 9.0 ± 0.7 percent and was signi�cantly lower, when
compared with the Control (11.1 ± 0.7 percent) and High fat groups (12.3 ± 0.7 percent). At the end of
the Seawater FTS phase (week 26), the whole-body fat was not signi�cantly affected by the dietary
history of the �sh. On the other hand, �sh grown at 12 degrees-C had signi�cantly lower whole-body fat
(14.4 ± 0.1 percent) when compared to the �sh groups grown at 16 degrees-C (15.6 ± 0.4 percent).

Fig. 2: Changes in �sh body weight (grams) throughout the 26-week
experimental period (N = 3, except N = 2 for Low fat group). Two
periods are shown: Freshwater RAS (0–14 weeks) and Seawater FTS
(14–26 weeks). * Indicate signi�cant differences between the two
temperature groups (P-value< 0.05). Adapted from the original.
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Continuous feeding, constant light and relatively high temperatures applied in current day RAS facilities
to produce smolts may interfere with smolti�cation and promote precocious maturation. In the present
study, we investigated the in�uence of different dietary fat levels (Low fat 20 percent, Control 24
percent and High fat 28 percent) on smolti�cation in RAS and subsequently their long-term effects on
outgrowth and sexual maturation in seawater FTS. We found that condition factor (k-factor, relating
length and weight of �sh), whole-body fat and fatty acids composition differed signi�cantly among
groups, whereas growth, smolti�cation and other indicators were unaffected by the diets.

Testes histology showed most testes as immature (stage I) with some testes maturing (stage III)
without clear effect of diets or temperature. However, �sh body weight and sex steroid androstenedione
were positively affected by temperature but not by diets at the end of the Seawater FTS phase.

All diet groups showed similar whole-body fat at the end of the seawater-FTS phase, regardless of the
earlier phase differences. This �nding suggests that smolts that were initially low on body fat level were
able to regain the fat level and thereafter maintain it similarly to the other two diet groups at a
maximum lipid load as it has been postulated previously for salmonids. Yet, feed intake was not
monitored in this study and possible differences in energy intake due to different feeding activity
cannot be ruled out.

Fig. 3: Fish whole-body fat content (percent) at week 0, 14 and 26.
Values are given as treatment group mean ± S.D. (N = 3, except Low
fat where N = 2). Superscript alphabets indicate signi�cant
differences among diet groups and * indicates signi�cant differences
between temperature groups (P-value< 0.05). Adapted from the
original.
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Temperature was previously shown to in�uence fat accumulation, where lower temperatures (5–6 vs 12
degrees-C) result in a higher accumulation in the liver. The whole-body �sh fatty acid (FA) composition
had some minor differences among groups, but the total FA classes – saturated fatty acids (SFA),
monounsaturated fatty acids (MUFA) and omega-3s – were not different among the three diet groups.
These results suggest that despite different fat level in the diets during the freshwater phase, the
content in FAs likely was within the �sh requirements, and therefore no major differences were observed
at the �sh body composition level.

Dietary effects on smolti�cation have been studied in �sh fed different diets through the development
from parr to smolt. In the current study, �sh were smolti�ed and grown in RAS units until approximately
90 grams and most smolti�cation markers measured indicate that �sh had smolti�ed independently of
their fat diet regime. The exception was a lower condition factor (k-factor) on the Low Fat diet group.
The reduction of the k-factor is a typical result of the increase length growth relative to body mass
during smolti�cation, and whether this observation in the Low Fat group is a result of the lower diet fat
content or a sign of strong smolti�cation is not clear.

In the seawater phase of Atlantic salmon aquaculture average mortality is 16–17 percent. A high
proportion of this mortality occurs in the �rst months after smolts have been transferred to sea cages.
Similarly, in the current study �sh fed during the freshwater to diets varying on fat composition
performed equally well in the seawater phase, with no mortality, similar growth rate and �nal whole
body fat composition. These �ndings support earlier �ndings that poor performance after seawater
transfer may not be the result of current commercial diets.

Maturation in Atlantic salmon is known to be in�uenced by factors such as photoperiod, water
temperature, exercise, genetic strain, rearing water quality and feed, with water temperature and
photoperiod appearing to be the most critical factors for the decision to start of delay maturation. In the
present study, no differences in male precocious maturation were observed among the dietary groups,
assessed by blood serum sex steroid levels or histological analysis of the testis. In contrast, males
reared at 16 degrees-C resulted in higher level of the sex steroids androstenedione compared to 12
degrees-C.

Perspectives
The current study showed no effects on smolti�cation, seawater performance and maturation of a low
(20 percent) and high (28 percent) diet fat levels compared to a control (24 percent) fat diet (similar to a
commercial feed). In contrast, whole-body fat and FA composition differed among dietary groups in the
Freshwater RAS phase. Moreover, �sh grown in a seawater FTS at 12 or 16 degrees-C for 12 weeks until
approximately 416–637 grams did not result in a difference in maturation in the male gonad histology
evaluation, despite some maturing testes. However, the sex steroid androstenedione levels may indicate
an onset of maturation of some �sh culture at 16 degrees-C.

Overall, these results indicate that no positive effects may arise from changing modern diets fat levels
on smolti�cation, seawater performance and maturation, but this study’s results also show that it may
not be advisable to culture Atlantic salmon at high temperatures due to the risk of male early sex
maturation.
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