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Amphipathic lipids.
Phospholipids; Structural lipids in cell membrane
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Figure 2. Structures of some important fatty acids
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Use of fatty acid profiiles to monitor the escape
history of farmed Atlantic salmon
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14 Table 6. Content of selected fatty acids (FAs) (>4 %) in salmon food pellets obtained from fish farms between 2011and 2013.
All FAs are presented in Table 52 in the Supplement at www.int-res.com/articles/suppl/g007p001_supp.pdf

12 4
Producer Recommended use 16:0 N8:1n-9§20:1n-9 22:1n-11 |18:2n—ﬂ 18:3n-3] 20:5n-3 22:6n-3

107 Bio Mar Salmon group  Summer, fish >0.5 kg 14.13 | 168.11 5.01 6.00 8.40 3.18 8.50 7.14
Bio Mar Salmon group  All year, large salmon  10.71 | 26.78 6.65 9.06 10.78 3.68 4.59 4.07

& Skretting All year, fish =0.5 kg 11.28 | 28.90 4.76 5.87 11.46 4.19 5.61 4.15
EWOS Flore All year, fish =0.5 kg 0.18 | 34.24 543 6.78 12.87 5.82 3.64 3.51
EWOs Summer, smolts 18.06 874 1.43 1.06 4.02 1.05 14.46 8.73

g EWOs Summer, large salmon  11.87 | 34.14 1.43 0.55 12.12 445 7.01 4.27
Bio Mar Salmon group  Winter, large salmon 9497 | 37.76 238 1.54 15.11 5.95 4.35 4.15
EWOs Winter, small salmon 12.04 | 3599 1.90 1.51 13.05 5.30 5.03 4.17

4 EWOs Winter, large salmon 10.12 | 36.61 4.37 5.85 13.48 5.67 3.16 3.58
EWOs Winter, large salmon 10.10 | 37.01 4.26 5.58 13.60 5.81 3.13 3.52
EWOs Winter, large salmon 10.72 | 36.50 3.70 4.12 14.22 549 3.03 3.25

2 4 Skretting Winter, large salmon 1077 | 33.34 2.85 3.73 12.41 5.28 5.15 5.21
Skretting Winter, small salmon 10.77 | 23.29 6.96 13.48 9.23 3.47 4.56 5.15

o Skretting Vitalis SA Broodstock feed 15.67 | 10.37 5.84 9.31 3.98 1.20 10.63 9.07

1 2 4 . o .
° ’ . 13?1n—9 - ’ Terrestrial Fatty acids trophic markers (FATMs);

Fig. 5. Salmo salar. Level of fatty acids (FAs, in %) 18:2n-6 against
18:1n-9 for escaped farmed salmon (red circles), presumably es-
caped brood fish (black squares) and wild salmon (asterisks)

Oleic acids (18:1 (n-9)), typical marine profile (10-25% of total FAs)

Linoleic acid (18:2 (n-6), typical marine profile (1-2 % of total FAs)

a-linolenic acid (18:3 (n-3), typical marine profile (1-3 % of total Fas)




Impacts of salmon farming on Atlantic cod spawning grounds
(ICOD, NFR project, 2015-2020)
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Wild fish feeding on waste pellets under the fish farms are easy to detect from FA analysis
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Fate and longevity of terrestrial fatty acids from caged fin-fish aquaculture
in dynamic coastal marine systems
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Fig. 7. Comparison of sum of OA, LA and ALA (average * standard error) of
infauna polychaetes sampled during peak production along a transect moving
away from a fin-fish farm. Different letters represent significant difference in
the sum of OA, LA and ALA.




Lipid methods at IMR
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Their lipid composition of these 4 animals are very different!
It was an analytical challenges and we ended up using 4 different
method to characterize the lipid composition

- Chol

Sponges Soft corals Sea anemone

Polymastia sp. Craniella zetlandi Drifa sp hormathia digitata
(1g/100 pg ash-free dry weight)

4,8 3,6 4,0 15,6
FA profile (% of total Fas)
16:0 4 i-15:0 4 16:0 18 14:.0 3
24:0 2 16:0 4 Iso 17:0 1 16:0 10
16:1 (n-11) 4  Br17:0(8Me) 3 18:0 4  16:11(n-7) 8
16:1(n-7) 2 Br17:0(9Me) 5 16:1 (n-7) 2 18:1(n-9) 4
22:1(n-7) 10  Br17:0(10Me) 3 18:1 (n-9) 5 18:1 (n-7) 3
24:1 (n-9) 3 Br19:0(10Me) 5 20:4 (n-6) 18  20:1(n-9) 5
24:1(n-7) 3 Br 19:0 (11Me) 8 24:5 (n-6) 12 22:1(n-11) 6
20:5 (n-3) 3 16:1 (n-7) 5 20:5 (n-3) 5  20:5(n-3) 17
26:2 A5,9 (NMI) 14  18:1(n-7) 4 22:6 (n-3) 3 22:5(n-3) 5
26:3 A5,9,19 16 (Br) 27:2 (n-x) 3 24:6 (n-3) 5 22:6 (n-3) 11
>10dominating 63 45 74 73

* Polymastia; (n-7)-MUFA and high levels of NMI-PUFA
* Craniella zetlandi; Dominated by bacteria FAs
» Softcoral; Extrem FA profile dominated by (n-6)-PUFA
* Anemone; high wax esters, marine FA profile
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Marine sponges

Polymastia sp.
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*Kingdom: Animalia
*Phylum:Porifera

*Class: Demospongiae

*Order: Hadromerida

*Family: Polymastiidae
*Scientific name: Polymastia sp.
*Norwegian: -

Characteristics:

These sponges form a yellow or orange cushion, up to 13 cm in diameter. The
cushion is covered by tapered, sometimes semi translucent papillae. Sometimes a
few papillae grow significantly bigger than the others.

Habitat:

The sponges are usually observed on rocky substrate, deeper than 15 meters.
Distribution:

These sponges are frequently reported from the British Isles and Scandinavia.

http://www.seawater.no/fauna/porifera/Polymastia.html
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Figure 1. Chromatogram of FA composition of Polymastia

There were identified 91 different FAs in the samples. However, more than 80 % of the total FAs were represented by the 22 FAs
(> 1% of the total FAs) shown in Fig3.

The lipids from Polymasti sp are dominated by in non-methyl-interrupted (NMI) PUFAs (32-40 % of the total FAs), followed by
MUFA (35-37 % of total FAs) and SFA (19-20%), while the PUFAs that normally are very high in marine organism only
contributed with 4-6 % of the total FAs.
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Figure 2. Fatty acids amount in polymastia translocated at different Figure 3. Fatty acids profiles of polymastia translocated at different distances of the fish
distances of the fish farm (right under, 0 m, 100 m, 350 m, 600 m farm (right under, 0 m, 100 m away and at a references area 2 km away).

away and at references area 2 km away).

There were only found some minor differences in the FAs profiles that were related to location from the fish farm.

The sponge at the fish farm (0 m) had lower relative levels of the short chain SFAs (14:0 and 16:0) and higher levels of the long chain SFAs (22:0
and 24:0) compared with the reference's areas. Differences were also found within the MUFAS, where the sponge at the fish farm (0 m) had lower
levels of 16:1 (n-7) and 24:1 (n-7) and higher levels of 24:1 (n-9) and 26:1 (n-x) compared with the reference areas.

The FA data suggest a small uptake of FAs from organic waste from the fish farm, and that this are incoporated into the FA synthesis of the
sponges; 18:1 (n-9) can be elongated into 24:1 (n-9).



Terrestrial FATM
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Figure 4. Relative amount of 18:1 (n-9) and 18:2 (n-6)
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There are an tendency of higher levels of terrestrial FATM in the animals located at the fish farm.
However, these FAs are very minor contributers (> 1%) to the lipids of Polymastia
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Marine sponges

Craniella zetlandica

Characteristics:

This spherical or hemispherical sponge can reach a diameter of 6 cm.
Live specimens are white. The surface is even, but with a rough, hairy
looking texture. It usually have only one or two oscules (openings).
Habitat:

It is found on rocky substrate deeper than 15 meters, but more
frequently below 40 meters.

Distribution:

This sponge is reported from most coastlines around the North-East
Atlantic, from the Arctic to the British Isles.

*Kingdom: Animalia

*Phylum: Porifera

*Class: Demospongiae

*Order: Teractinellida

*Family: Tetillidae

*Scientific name: Craniella zetlandica

*Norwegian: - http://www.seawater.no/fauna/porifera/zetlandica.html
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Marine sponges (Craniella zetlandica)
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Figure 9. Fatty acids amount in Craniella zetlandica translocated at different
distances of the fish farm (right under, 0 m, 100 m, 350 m, 600 m away and at

references area 2 km away).
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Figure 10. Fatty acids profiles of Craniella zetlandica translocated at different distances of the fish farm The 10 most dominating FAs, contribute

with 44-45% of the total FAs. The FA profiles are extrem complex in this animals



Terrestrial FATM
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Soft coral

. Blomkalkorallen er myk med polypper som sitter i sma hoder (og likner dermed
Drifa sp. blomkal).

Som de fleste andre koraller liker ogsa blomkalkorallene seg der det er stram og
dermed god fadetilgang. | norske fjorder finnes de pa relativt grunt vann, sa de er
godt kjent for dykkere og er dermed et yndet fotomotiv. De finnes ned til 1500
meters dyp.

Blomkalkorallen finnes i det nordlige Atlanterhavet inkludert rundt Grgnland,
Svalbard og i Barentshavet — langs norskekysten fra Vestlandet til og med
Finnmmark.

*Kingdom: Animalia
*Phylum: Cnidaria
*Class: Anthozoa

*Order: Alcyonacea

*Family: Nephtheidae

*Scientific name: Drifa sp.

*Norwegian: Blomkalkorall https://www.hi.no/hi/temasider/arter/blotkoraller



7] Soft coral (Drifa sp)
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Figure 9. Fatty acids amount in Soft coral

For the soft coral the lipid amount are decreasing as the
animal were closer to the salmon farm.

This may be explained by lower feeding rate or higher energy
consumtion to overcome strees.

There are also a clear differences in the fatty acids profiles.
The animals close to the farm have low levels of (n-3) PUFAs,
but high levels of (n-6) PUFAs
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Terrestrial FATM
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Sea anemone

Hormathia digitata

*Utbredelse: Den er en lavarktisk boreal art, utbredt fra Labrador til
Barentshavet. Finnes i Skagerak og Kattegatt. Fra Hordaland og nordover
langs hele kysten.

*Beskrivelse: De om lag 100 fullstendig retraktile tentaklene har varierende
rgdfarger. Munnskiven er kjgttfarget eller lyserad. Svelget er orange eller
blekt radgult. Fotskiven bred og flat, ca 80 mm i diameter. Kroppen er tykk
0g rynket.

Levested: Ofte ses denne arten festet til skall av levende eller dgde blgtdyr,
sa som stor havsnegl (Neptunea despecta) og kongsnegl (Buccinum
undatum). De dade snegleskallene huser ofte eremittkrepsen av

arten Eupagurus bernhardus. Man har ogsa funnet eksemplarer av sjgrosen
sittende pa skall av pyntekrabbe (Hyas sp.). Registrert pa dyp mellom 25 —

*Kingdom: Animalia
*Phylum: Cnidaria
*Class: Anthozoa
*Order: Actiniari 660 m.

*Family: Hormathiidae

*Scientific name: Hormathia digitata

*Norwegian: - http://www.marinbi.com/cnidaria/hormathia_digitata.html
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Sea anemone (Hormathia digitata) Fatty alchols
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The 10 most dominating FAs, contribute with >70 % of the total FAs



Terrestic FATM
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There are a trend of that some of the animals closes to the fish farms have more of the terrestic FATMs, but it is not significant as a group.
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Conclusion

The benthic organisms in this investigation have a very active lipid synthesis and have very different FA composition
* Polymastia; (n-7)-MUFA and high levels of NMI-PUFA
* Craniella zetlandi; Dominated by bacteria FAs
» Softcoral; FA profile dominated by (n-6)-PUFA
* Anemone; High wax esters, marine FA profile (store energy as lipids)

There were differences in the FA profile in one of the sponges (polymastia) and the soft coral (drifa) following the
transect mowing away from the fish farm. Indicating effects on the lipid metabolism and synthesis.

However, there were little evidence that FAs from the fish farm waste were incoporated into the lipids of this animals.

The FATM analysis does therefore not seems to be good method for tracing organic effluent from fish farms into
these hard-bottom benthic organisms.

The stable isotopes (§13C and §15N) showed high variation and it was only in the soft coral there were a systematic
differences that could be link to the distanse to the fish farm.



