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1. Introduction

last decade froma global value of 27 million USD in 199010 53
(FAO 2001).

1988;

Ronnberg eral. 1992 Beveridge efal. 1994 Richardson and Jorgensen 1996; Bonsdorff
et al. 1997; Matila and Raisanen 1998; Pita et al. 1999; Hanninen et al. 2000
. 2000; Troeller al. 2003). There is growing concern that such monoculture practces

aylor et

1995, Cost-Perce
1996, Sorgeloos 1999, Naylor ef al 2000, Chopin et al. 2001).
pe form of
water treatment must be done. Two main ways for this involve either bacterial
004
duce wastes
004). These fllers
. 1996), water which

species due to their high costof operation (Zucker and Anderson 1999).
b s
water which are
the plantsbi i e al. 2004). Using thi

dded

H, 1994). 1

1994)




salmon
2000)
(Troel eral.
sy
Gracilaria, as well 2004). Neari ef .
f d had high

‘growth ates, Surplus algac was used 10 support the growth of ahalone. They speculated

e further
educed and the growth o abalone could have been doubled.
that land bused
bl » water. Aftera
six year pilot concept for mussels
year project 006 to further

developacommercial IMTA in the Bay of Fundy (Reid e al, 2008)
‘ Ineprated aquaculture is not, however, a completely new idea; more radi
hina, Japan and South

2004 fish n net pens

possible and, when today's technology is appled. re able o become a more



n
2004; Barrngton e al. 2009).
z
I
2008). weder
be large and are thought (0 be cost effectve (Lindahi ef al. 2005)
Objectives.
“The objective of this project was to evaluate the potential of wastes from an
i for M. dulis,
he
for poential
The
presence
i order o see if ingestion occurs.
i
T i dry weight, ash-free

compared 0 that of mussels fed an algal di



2 iochemi i antic cod
aquaculture (IMTA).
2.1 Introduction
Reid eral.
monid usein

IMTA settings. Troell et al. (2009) eported that particulate organic concentrations are

consider musslsinan
IMTA seting. Four
ind Norberg 1998 Troel et al
fnaly otal par
3
finfish aquacultre sits in order to deal with these various ssues.
affected by the
008 o be
wastes.
hwill be s
bt
aquaculture s
food
Therefore, "
them.
pol faty acids
PUFA) etal, 3 long chain
1997), are
dof
(DHA, 2001 -

between 5 and 1 for bivalve growth (Joseph 1982, 1989: Whyte e . 1991 Napolitano
etal. 1992: Thompson et al. 1993; Pazos et al. 1997; Budge et al. 2001). Mussels also.




(Budge et al. 2001).
p 2002). There
blue mussel
1977), and seasonal
Wiggin 1979). Khan e a. (2006a) found
Duri d
would decrease.
an integrated
food source for other organisms should be described and bettr understood.
s known that i
1975). udofe
For exampl par
ganic matter
proportion of p 1993). s
food
1997). Three

zooplankion (20:109, 22:109 and 22:111) were found to be useful biomarkers for the
dispersion of wases from fsh farms (Biesen and Parrish 2005). The presence of these
ifthey are

20:109, 22:1011 and 22:109 which comprise 15.386.0%, 23.129.9% and 1 4208% of

total FA (Biesen and Parish 2005).



mussels wil ingestreject
" f q wastes
wastes
22 Methods
221 Sampling.
Effluent f i

collectd over a two week period from six different anks. Each of the six tanks contained
on average 667 juvenile (1 year old) cod that had an average weight of 88.5 g and

ke atany
P pa The tanks had
stand-pipe

drain (Fig. 2.1).

waste,

short period. To account for this, sampling was done atthee different imes of day, one

our prior LTI, 1 pipe
pulled (post-lush, T+11), 12 hours aftr th pipe had been pulled (mid-way between
fushes, T+12 pip . Tow). were




(mam

2.1. Diagram of water flow through the stand-pipe of tanks that held juvenile
Atlantic cod in an onshore aquaculture fcilty

Inorder o fully q wasi

e generated

by fish the influent was also sampled. Due o the sand-bed file all partcles present in

ight) 7
influent was removed from the <70 um size f

ion total weight. Fish were fed. on
average, 391.1 g of feed daily which was taken into account when determining the

amount o solds entering and leaving the tanks.

» hose o the he tanks

(500 m and 70 a

Each of thes fractions were sampled for thei dry weight content,ash free dry weight,

). toal itrogen

TN, lipid class profile and faty acid profie.

222 Particle analysis and weight determi
ihrough a pre-
12 um GFIC il as then p
g I 50°C, weighed and
c free dry weighs.
Paricle . 100um

analyzed via the Coulter Multisizer



223 Settling rates

18 for

“The time for

thecyl
rate. The ffloent was left 10 setle for known periods of time (5, 10 and 15 min for >500
Jm and 2,3, 5 and 2.5 b for <70 um), and any remaining suspended paricles were

culaes h The

within  given size fraction.

224 Lipid analysis

(1999)

Canada).

bath for 4 10 10 minutes. The sample was then centrifuged at 5000 rpm for two minutes
Chioroform was.

together »

(Buchier Instruments, Fort Lee, N.J.

Lipid composition was determined using an ltroscan Mark V TLC-FID and
L

silica conted C
applied 10 silica ods and focused into a narow band using 100% acetone. In the first
§

The

100% acctone.

Water (5:4:1) The rods were dried in  constant humidity chamber before each
Peak data was




372 (SRI

Chemicals, . Louis, Mo., USA) were used o calibrate the Chromarods.
Lipi 14%

BFyMcOH at 85°C for 1.5 hours. FAME composition was determined using 4 HP 6890
Series GC FID equipped with a 7683 autosampler and 30 m (0.25 m inernal diameter)

2mlmin,
X4 195°C atarate of
0 15 minutes. ata rate of

2C/min and held for 325 minutes. Injector temperature started at 150°C and ramped at
ate of 50

260°C. Bl

component FAME mis (Product number 47885-U).
DOC and T values were obtined from a Shimadzu TOC-VCPH. Samples were
acidified 0 pH 2 with 2M HCI (ACS grade with organic carbon <0.05%) prior 0 anlysis

a Elmer Series
[ fumed n an HCY bath for 24
W edried for 24 hours
unil being un on the anlyzer
228 Satstical analyss
sig N Hol-Sidak
! 03 (5PSS ., All el
ae given as mean S
23 Results
231 Dry weight
a he
amountof- ®
1 waste




Table 2.1 Jid waste (g
p<0.05)
‘Sampling period <0um 70-500 um oy
Flush 0162001 0t
Pre-flush 272167 24379
Postflush 3182239 42142
Mid-way between 2065379 260286

The passive flow sampling periods (pre, post and mid-way between flushes) were

Nush (Fig. 22).
amount that period, it was
only a smallfracton of the partculates leaving the tanks daily foral size fractions. OF
the 974 g of total and

the tanks daily only 132425 g (13.66%) was released during the flush.

och ank inan onshors cod
e fractions
|

SD.

Fig. 22 Amount of particulate mater (g/day) leaving eac
sl i psive o and e T oo e e
(= 6 anks). The <70 um Tucton was ccmete e lfuent.Eor b

Au
correction for the influent. OFthis, 34.8421.6 ¢ (36%) was particles <70 um while
 finally 31.948.5 g (33%)

O 97,4137 g of dry mater et the aquaculture tanks daily after

30.529.9 g (31%) was present as paticles of 70-500 um,




0

was partiles of >500 um (Fig. 2.3). This means that 24.9% of the 3916116 g fed o the

fish left as waste.

Fig. 2.3, Total paticulate mater (g/day) for theee size fractions of partcie in cffluent
6 anks).

o —
')

was corrected for influen. Error bars are + 1 SD.

sampling
periods and size fractions (Table 2.2). Particles <70 wm had the lowes! organic content in
the 70-500 um had the

passive flow,

from he

period mid-way betuween flushes had a significantly higher organic content than the other

time periods for particl he

sampling periods for any size fracton.

2, Organic content (% DW) for thrce size fractions of paticles obtained from
cfluent esing o ks (1= days 1 = ks o vy etwen s

Differe
it diffrnces among ¢ fscions (Hom Sk p <009

<70um 70-500 um 500 um

Flush 30,1407 @170 10227
Pre-flush 387262 58602 420899
Postflush 28276 01242 512801

Midway between 6782104 6872153 6332146
fushes




onderto

forparticles >500

i the flush,

o v
Fig. three size fractions of
Tractions are indi letters while brackets

between sampling periods (Holm:S

ik p <0.05). Eorbars e+ 1 D,

of pass » " the ). Particles

0170-500 um were found 1o have the i

L organic content (64.5425.2% DW)

followed o 3

(48.0£19.8% DW)



a0 s 50

Fig. 2.5, Organic content (%) for three different sze fractions of particles obtained in
effuen leaving cod tnks (n =4 sampling times). Groups with diferent leter
ienincanty diTerent from éach other (Holm-Sidak p <0.05).Eorbars ar + 15D,

232 Particle characteristics

Panicle disributions given by the Coulter Moltisize for partcis <70 ym showed
hatthe majorty of partices were in the smallr sizes (Fig. 2.6). I terms of volume
occupied by parile,lrger partices comprised a larger percentage ofthe tota volume

for ll sampling periods except for the flush.



Post-flush

Percent volume occupied

s M e

5 15 25 3 45 5 15 25 35 45

Particle diameter (um)

for the four

Fig. 26.
sampling periods obtained via Coulter counter.

particles by f

h par

arger partcles again comprised the larger percentage.



B [rp—

Percan ot v (0

from the sum of all individual samples (pooled sample).

.

on weight) was determined afte known periods of time. I leftfor S min, 75.226.8% of

1 this ner , 2.8). This impl

35%of




Fig 28,
m and <70 ym

233 Lipids

). Esro bars are + 1 SD.

Lipid content o partcles did not vary among sampling times with the exception

particles obtained mid-way between flush periods (Table 2.3). Parices of 70-500 um had

z
fush periods.

effluent leaving cod tanks (n =4 days, n = 6 anks for mid-way between flushes).

i <W0um 70500 pn 500 um.
Flush [Ty 1302419 9401353
Pre-flush 2220148 13101622 5248303
Postflush 2642122 119129.17 553273
Midway between 0555031 16612267 11561815

fushes
oW, s
contentof from

that obtained pas



less lip v There lipid across the

lipid
contentof 10.452.3% DW. Partcles of 70-500 m obtained doring the passive flow had a
significantly higher lipid content than partcles <70 um. Lipid content of the three size.

fraction

e passive flow were 182115, 13.952.5% and 7.423.6% DW for partcles

<70 um, of 70-500 m and >500 um respectively.

Fig. 29. Lipid content (% DW) for three size fractions of particles obtained from effluent
g fushing (n = 4

i i indicated by bra
* (Holm-Sidsk p <0.05)

Errorbars are + 1 SD,

Inorder to provide an overall comparison among size ractions of prtcles

i cand 210). The only

lesslpi
particles 70-500 um.



BT

Fig. 2,10, Lipid content of three differen sze frctions of paticles obtsined from effluent

areindicated by * (Holm-Sidak p <0.05). Ertor bar e + 1 D,

Lipid ected in periods showed
some significant differences, usualy <9% tota lipid (Table 2.4). One notable exception
was particles >500 jum from the mid-way between lushes sampling, which had a very

large fre faty acid (FFA) content (825 t

ger than all

otallpid) that was significantly

other sampling times, and a significanty smaller acetone mobile polar lipid (AMPL)

content (3% total lpid),



Table 24, Lipi particles
i = 6 tanks for
mids
<005)
Lipidelass  Sampling <Toum S0um  >500um
period compos position 5 composition
Hydrocarbon 0 3442284 2 2832289
6154 576:510°
205 3165353
i lou0n e oovoor
Tricylglycerol 1360s775 13308364 14184778
13990250 1498532 4452329
1530s346 14332623 9754319
16385305 17378180 523688

3021977 5902368 e
3U90s148 443022 356212006
36542698 4308692 45.61=1308
B30 4938 815682412

Free faty acids

Sterol 78S60 6252426 865=245
10026170 858289 104741019
826506 594212 9912649
843118 6955115 381eS§7
Acetone mobile 931072 s41s327 645202
polar lipds. Brde DB b 7
10982534 0357 132602708
SRioe  Weas  Swses
Phospholipids 466:207 7408337 13014757
2000:206 12782449 219921512
2259100 136044 13772581
[EEENTU ) 541904
be
Lipid content Flush 8828 130019
(% DW) Preflsh  22+148 1310622
Poscsh 264212 1191917
055:031° 16642267

Midway
between flushes




o i I had e
passive low: however, ) Paricles of
s hower
DAG tpids (AMPL) and PL thn the as The fush
(1AG)ind
- t
o

FEA in the flush for particles 70-500 m (15% totl lipid).
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‘sampling periods (Holm-Sidak p <0.05). Errr bars are + 1 SD.



pos

particl sizes » 500 um comp

the other two size fractions.

Liid profle =

s

Percent composition (% total lipid)

Fig. 213.1 from

= Groups erent
significantly different from each other (Holm-Sidak p <0.05). Error bars are + 1 SD.

234 Fatty acids

period and the three passive periods (largest diference 9% (otal FA) (Table 2.9, There

weh smaller 17% towal FA).



w“

‘ Table 25. The F/ total FA)of three dif fractions of paticles
Diff
i Only
FA consistng of 50.9% total FA are shown.
Fatyacid  Samplingperiod <70 um T0500um  >500um
composition % composition % composition
50 Fiush 612070 2017 735038
Preflush 6668238 7952146 6242165
Postflush 701 70126 436342
Midwaybeoween  8.16:024 734212 4982277
160 Flush 063N 35350243 BATL6Y
Pre-flush 396:248" 30,9303
Poscflush  3736:215° 3509414 1902
Midway between 42642042 38470283 257921478
16107 Flush 308057 351:070 3762027
Pre-flush 668157 4422028 387al66’
ost. Al 7208358 5492283 332147
Midwaybeoween  332:037%  208019" 338319
ushe
180 Flus 1 9854140 10062089
Pre-flush 267213 12082136 17655467
Postflush 1254164 [1.00:041 807567
Midway beoween  15.134072% 120520617 890596
Tushes
18107 Flush 260011 305028
el 2085049 310:030° 4512059
Postflush 296:041 3198003 3352120
Midwaybetween 2512017 2748011 265235
ush
18109 Fiush 1077:061 11875018 11802212
Pre-flush 0108133 11521079 84=1 3
Postflush 015218 2IELI®  S$4a420"
Midwaybetween 10426103 1321110° 8782556
18206 Flush 2530148 338019 3452039
Pre-flush 2212030 325040 2342079
Post-flush 2062035 387:076 182081
\ Mid-way between  2.26:022° 89:037 2450156
flushes.
20109 Flush 241:042 275074 290:051
Pre-flush 230070 2570 1532005
Post-lush 1942061 239s097 1982086



Midwaybetween 1732016 186022 1438095
fushes,
20503 Flush 2206043 208058 3551059
Pre-flush Soosion 23030 2501y
Postfush 2972065 60:048 1024055
Midwaybetween 1482016 209:054 2604201
fushes,
21011 Flush 382077 398e143 5621
Pre-flush 308142 360s1S1  263+138
sl 2508160 318=174 3294107
Midwaybetween  220:042  281s053  234s149
flushes.
2:603 Flush et alsosn 4siean
Pre-flush 287:0.40 332100
Postflush Smess e 2mam
Midwaybeween 1532020 275:0.57% 2724205
fushes
(Fig. 2.14).
total F 180 which was

present in larger
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Fig 214, The 1 oty i et s 500% ol FA il e
perio
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between sumpling periods (Holm-Sidak p <0.05). Eor barsare + | SD.



When the faty scid composition of different particle sizes was looked st

FAthan those 500
Jum. Patices of 70-500 um lso tended to have an equivalent content of individual FAS

for,

e e largest was

adifference 21 meglg DW in 16:0 for paticles <70 um. Most ofth differences between

were also <12 32 mg/g DW

for

the oher two size fractions.
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<0.05). Error barsare +




2. 2.16).

b flush

found 1o be

comprised of 38-63% SF;

27% MUFA, 10-125% PUFA and 6-7% of o3 faty acids.

‘groups than particles from the passive flow on an mg/g DW basis

e

E::

i

5l " L i o |
Ve AR s

Fig. 216,51
Mo

=9 days). Signifi
(Holm-Sidak p <003) Frror barsarc + 1 SD.
Partiles <70 um had a very low PUFAJSFA of 0.1740.02 and 0.2240.08 for

n

» Fig. 217).

Particles obtained during the flush period also had a higher ratio of DHAEPA.



PUFASFA DHAEPA  uBlob
F;

Fig. 217, Dife P

P <0.05). Error bars are
+15D,

e
. the

(Fig. 2.18). The 11 major FA,
around 90% of the identified FAs. Of the 11 main FAS, (wo were the essential FAs DHA
and EP 21011 and
20:109. proportion of 14:0 and
m and less 70-500 . prop

of 18:206 than paricles 70-500 wm.
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Fi 218 The 11 i FA forhree s ctionsof prices obtained in ot lening
<o
size factions (Holm-Sidak p <0.05). Eror bars are + 1 SD.

Fatty acid groups in particles <70 um for the passive and flush periods were also

averaged and summa 219). Sawra 19457 5%
total FA) of FAS i particles <70 um followed by MUFA (26.022.5% total FA) and
PUFA (11.043.19% total FA).

—

2.19. Sum of different FA classes (% ttal FA) and the FA ratios for particles <70
i o e efPueat aving oo ks o =4 saplngtypes). Eorbrs a5 1 S




GEAR
007) (Table propor

Newfoundland sesion.

Table 26,1

(A 1. 2007)
(Holm-Sidak p <0.05).

Lipid
dlass Phytoplankion (Alkanan efal. 2007)

[
(n=4)

TAG 1632123
FEA 81266
T

AMPL 156249

PL_ 4612189 51.0:04" 3012148 1637:856"

“The FA composition of ffluent was also compared o that of natural
007) (Table 2.7,

proportion of 20:53, PUFA and 3 than the natural seson.



Table 2.7. FA profle of "
007). Diff
groups (Holm-Sidak p <0.05).

Flush
(=)

0142001 0172015 0153008
39 220043 0212049 266108
2603 149751119 14212067 312022 247078 2461070
ISFA 450141686 2839:1179" 6332:155° S881s5.66" 61.8745.76"
SMUFA 2015618 227921136 X
SPUFA 377422023 4146:1843  10.17:082" 12565366 10975311

Tod 34151969 2302172 630:068 780278 6642244

‘

Tob6 385561 469280 3082017 265041  276:027
Su¥ob 80448 7082301 1972029 3082098 248101
235 Dissoled constituents

not different

were much higher and significantly different from al passive flows (Table 2.8).

able 2.3, i
od tanks at different sampling periods (n =4 days, = 6 tanks for mid-flush).

Flush Preflsh  Postfsh  Mid-way
between flushes.

Carbon 1791565 655 U8THA0 120575

Nitrogen 3024105 3552606 31240 31054

Water from the flush period had an average concentraton of 1791465 M of
carbon and 3922105 uM of nitrogen (Fig. 2.20). However, due (o the relatively small
volume of water that leaves the tanks during a flush period, only 0.3740.10 g and

o i

121.984.1 M and However,due to the
16,1522 g of carbon

e
and 145413 g ofnirogen daiy.



E .., |
‘ I
. L
N [ g
Fig 220.C
daye). Error bars are .1 D,
e T only
5 and 0.7% of the ol amount ofdssolved carbon and nitogen
. othe 95841

131

ando:

values, a total of 12.343.8 and 14.3£1.4 g of arbon and nitrogen leaves the anks daily.

w0
3.10% and 3.7% respectively ofthe weight fed t fish daily.

24 Discussion

2

EfMuent output and particle characteristies
comection
hat 24.9% of the feed aded 10 the system leaves as solid waste, being i cither feed fines

orfeces.
15:25% of the amount e was excreted as solid waste by rainbow trout
obtained via C "

! Cripp leaving
n

partcles was greater than the more numerous smaler particles



M
significant proportion of particles >22.5 um (Defossez and Hawkins 1997). This suggests
hat M. edulis will have the greatest ingestion ate ofonly a small proportion of the <70

" 36% of the effuent. However the
i
1997).
M
L 1993). Due to the <70
than arger partc high
proporion of the <70 be rjected by
M.eduisin < m pt
2005), which
y aller particles it s
04 .y willnges thelarger p
“There i also evidence that mussels ingest mesozooplankion i the 100 0 1000 um size
range as 3and 6 mmin al
2000) bl s ingested
il Davenport 2002), Jso cvidence of size selection

by mussels when ingesting zooplankion in favour of smaler zooplankion (Lchane and
Davenport 2006). Ancther study found that oysters which ingested zooplankion would

contraled by surface chemisry (Tamburr and Zimmer-Faust 1996).
Based on the sbove although t i possible for M. edulis © ingest larger paricies
present i th effuent the quantity of ingestion is unclea. It s expected that based on the
ferential islkely tht the
es. More work a

edulis of
ineffuent

Based on our findings 1 kg of cod fed 1.5% their body weight dily would
produce 3.7 g of waste of which 1.3 g would be partculates <70 . M. edulis require 3



56

etal. 1985),

. @ 1980) Assuming
M. e 1 kg of cod fd 1.5% o
Would provide 150 ¢ (2.8% aion and 70%

"
e has he

more apidly setling paricles.

13% of s

10% oftheie
from DON (Gorham 1988). The TN mgn

effluent from an Alaniic salmon hatchery.
“The large FFA content of paricles can be explained since FFA are produced

and Parrish 2005). Mussels can obtain energy from the TAG content of paricles s TAG
1986; Fraser

1989),
2

Temporal variation in output from cod tanks

L) however, mid-way beween
Mushes period. The mid-way between flushes period had a much larger FFA content than

» »
“The mid

pe
ingested was passed by Atlantic salmon (Srier ef al. 1999).

differences for mostlpid classes and FAS (Appendix Li. Therefore the flushis an ideal



time to colect a large amount of wast from tanks over a short period of time when
i lipids and FA are
Tipid and FA was from the flush. The

a2 FEA and the

sand-bed fier
as the increased
140 and 16:0. 70

groups. Particles of

rker 18:206, This presentin

which would also explain the large organic and ipid content.

4 from

of wa
varies, Waste unavailable 1o mussels, that being >70 um, has a greater lipid and FA
content. This e abilty of added

viaaquaculure feed could be quite low.
243 Evaluation o cod wastes as a diet for Mytius edulis

“The 46.2428.1 mg/g AFDW of lipd present i paricles <70 um was clos 10 the
6279 my/g AFDW of
nommally ingest.

‘Samples for this experiment were taken in the spring when algae blooms are

Known to oceur.
WOl FFA Newfoundiand




Seston had on average 13% FF/ red 38% FFA
leaves 25% of FFA %
effluent could have come from seston inthe influent. The TAG, sterol and AMPL content

levels of FFA and much lower levels of PL
phytoplankion.
PUF) 27).This
PUFA and 03 FAs

ingest
(276:0.27%) was clos o that of seston (3.8-4.7%); however, the amount of 20:503
13% 20:503. 20503,

ingest 2545 Bivalves are ki

require a ¥o6 ratio between 5 and 15 (Joseph 1982, 1989; Whyte f a. 1991
Napolitano et al. 1992; Thompson e l. 1993; Pazos et al. 1997; Budge et al. 2001). The
w36 ratio for a3

Levels of the

essential FA 20:406 that is  major precursor of prostaglandins which influence

product were

comparable o seston

2.4 Conclusions
other rge
g i
and FAs which willlead 0 loading of the benthos
important




waste

eduction ach

ved by mussls.



25 Appendix |

10% (ol
Tipid/FA/DW) or greater and hack Shading denotes p < 0.01 (Holm-Sidak). Groups with

different

satistically significanty.

Sie P
(um)
Mass 70500 0162003
@ >0 806226
DWiDsy
Onic <70 500806
content
@ DW)
Lpd <0 Ssssa
content
@%DW)
FFA 7050 5902368
>500 386322185
AMPL 5500 6aSs202
PL <70 13.0127.57"
16:0 <0 40632134
180 <70 11342084
70-500  9.85+1.40°
Il <0 308057
w50 -
W53 <0 220048
2603 3122022
0500 4152087

Preflush

3873625

44.30:2.09"
35.62:20.06"
4528.74"
21.99215.12°
96248

12082136

4422028
3992049

2608055

Postflush

451430
253721048"
4286758

43082692
456121308
1377:7.08"

37.36£2.15™

7208353
5492283
2071065

Mid-way
between fluthes

275821691

78201044
0552031

4938881
1862412
34924.68"
5412908
15132072
12052061

332:037
208:0.10"

2664108
1532029




(Holm-Sidak). e
from cach oter.
Sgnificanly.
Size (um) Flush Passive
Vi B
(& DW/day) 70500
Ongaic content 5500 o027 a9
(% DW)
Lipid content o [ 180s111
(@ DW)
He a0 344284 025057
MKet < 52413 112:095
FFA 70-500 59.0283.64 44.3012.09
DAG 0500 1662056 2708130
AMPL 70500 sS4 11594354
o 0 4662297 24002296
70500 7408337 12782449
o anks. 10% (ol o
denote p <001 (Hol-Sidak i
<0
Mass 8) Tsl@ 05309 L8RS
Organic conten (% D) 45738971° X 2342103
Lipid coment (4 DW) 386362 -
TAG 15.071.14* 15.00£1.73* 8405451
140 7632091 = 73133
160 WSS 2 2662664
18109 2 1218073 8720244
18:206 2262020 3605033 2




i 167 ke/yearin
Seafood i a major source of omega 3 (63) PUFAs. Bialves are an important source of
i et al. 2007)
200
Ling and
Jones 1995).
2009). Blue musses
the Bay of
Y008b; Reid e al. 2008

acid profile of the diet fed 1o mussels can disectly affect the fatty acid profie of the
1 20060). i
affecttheir nutitonal value for thei human consumers. In regard 10 IMTA it i therefore.

important to understand how the biochemical composition of mussels will be changed
through feeding fish waste as opposed 1o their normal diet.
Thea

of this study
It This

e length, dry weight,

N, lipd profi i fed fish waste and




32 Methods

ten week growth tral

Notre Dame Bay NL) fed fish effluent when compared to mussels fed algae or sarved.
nd

mussels fed fish ffloent versus an algac diet (Shelfsh Diet 1800, Instant Algae® Reed
Mariculture).

321 Trophic marker experiment
Asmall
upwithaSL 2533 cm shell L lwas.
circulaed back
24 hours p u
food, cach i . their shell
Jength recorded,
32 Ten week biochemical trial
for 10 weeks.
a perimen. Each A
160 (4.5-6.4 cm shell

diets (no food, algae and fish waste). The mussels were fed 1.5% of thei body
weightdaily.

Effluent was collcted from a sngle tank containing Atlantc cod. The effloent

70 um screen.

m GEIC Dry
weight

15% izh Diets were



was removed. Starved mussel
received only sand bed fillered sea water

Every 2.5 weeks, 20 individuals were randomly selected removed from cach rack

taken and tested fortheir £coli and Salmonella content by the Canadian Food Inspection
Agency (CFIA).

biomass of mussels remained constan, The amount fed 1o ach tank was adjusted to
maintain a 1.5% BW/day raion.
323 Six month growth trial

Six fow-throgh tanks were aranged into two rows of three, e row being
clevated above the other. The clevated tanks were set up 0 drain ito the lower tanks

Adantic cod (1 year old, 30 ¢

acontrol
250 musels (1.8:2.2 m L)
fish
feed (Skiets i 15% iy weight. Based on
fishin each of
e tanks was expected o provide musels below withat least 1.5% of their DW daily
“The stand-pipe for the f

which ,, ot

time 1o fl

the lrger concentation of waste

Mussels below the controltank were fed 1.5% of their DW daily with a
commercial shellfsh diet, Water 0 the tank was turmed offafter aditon of the diet for
tw hours or unil water clarity etumed. Water sumples were aken overtme during this

removed over time.
forshelllength (SL), wet weig
¥

X e dry
N und

calculated




d Condition index #100. "

for their E . FIA. Repl
dvertentl
324 Biochemical analysis
Lipid composition was determined with an latroscan Mark V TLC-FID and slica
couted © method.
i 224
Fatty acid methyl st
wsinga 30m (025 um

a8 1 2 mlfmin.
‘CHN content was determincd using a Perkin Elmer Series 1 Mussel samples
iod a1 80°C, Small

» 921 mg)

running on the analyzer.

(Phenomenex, USA) and a Varian CP-3800 GC. The carrier gas was helium with a
constant flow of 1.5 m/min. Oven temperature started at 110°C and ramped 10 320°C at

rate of 32*Clnin. Split injection (1:15) of 2 ul was used at 250°C with a detector

femperature of 320°C.

325 Statistcal analysis
i Holm-Sidak
Jaid for both
ol »
the
and a Dunn's Methoo test was performed when data aied the assumption ofequal
arance o ! 203 (spss

Inc). Al results ar given as mean = SD.



33 Results

331 Trophic marker experiment

The .

hree diffe

(Table 3.1). All

and 16:401), fagellate

(18:206 and 18:4053) and bactrial (18:1007) markers present. Mussels fed algae or

f mussels fed fil

(02:0.18%), fed
mussels.

Taed. hesr

e i s conol
Senifcant diffrnc

3).

s weamens. i Sdk 2005

i i
Different leters denote

Faty acid Control Algae Effluent
16107 7842095 433105 489075
16401 0020.00" 0282015
18107 2051025 2022015
18206 213035 2772048
18403 2042089 3042109
2:1all 0.00:0.00" 020:0.158"
20:109 271062 2912096
204 06 549075 464056
20:503 15672114 14192256
2:503 0612020 0652022
2603 14904171 1306+141
S Bacerial 253074 82822.40°

S 28795398" 25694287
EMUFA 1484133 238941.22" 235122.40°
SPUFA 54.864273" 51632205 4886s4.22"

To3 30.442177 332027 35552536

06 575070 861043 8182040
PUFAISFA 1952042 238021 1932032
DHA/EPA 09620.16 095:0.12 0932008
w3lob 4642059 4128044 434051
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significantly decreased throughout the experiment.
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Fig. 3.1.Total

for
). Groups with
Eror

bars re + 1 SD.

tipid) for

3.3). There was one.

musseltanks. One of

hada significantly smaller proportion of PL than one of the effuent fed tanks (E2).
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ol lipid)

I
(n= 18) and at the nd of the experiment after feding thee different dicts (algac,

cach other (Holm-Sidak p <0.05). Error brs are + 1 SD.

mussels fed any of the diets at the end ofthe experiment (Table 3.4). There were no
significant changes n th lipid class compositon (m/g WW) of mussels fed any diet

throughout the experiment
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When the o

mussels (Fig. 3.3).

across the thre diets at the end of the experiment

1

Lipid content (mglg WW)

L& &‘rf‘}@ RPN éc@#gv @

Fig. 3.3, Lipid class content (mg/g WW) of mussls a the start (n = 19) and end of the

roups
+Sidak p <0.05).

ih differe
Error bars are + 1 5D,

The FA content (mg/g W) did not statistcally diffe across the replicate anks at

the end of the experiment (Table 3.5). There were also o significant changes i the FA

content (mg/g WW) of musscls fed any of the diets throughout the experiment.
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345 how WW) for

fed mussels had signifcantly decreased throughout the experimen.

.
=
£ , | canes
£SE
=
.
v]
i ,
El
e
,

Fip34. Tl futyscid oment (gly W) o el s i (0= 1) od of

<00 o a5 15D

There were several differences inthe composition of individual FAs among tanks

atthe end of the e

3.6) Effluent fed mussel propor

compared tothe other diets. The proportion of 16:0, 20:406, 21:53 and 18:109

dat the end of h i forcifuent fed prop
proportion of 18:206 than mussels

a larger prop
s

Gargest difference 19 of otal FA).

averaged
her er osigifcn chnges hsered for sarvd sl (. 3.9 howerer, e
fed

significant changes.
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Effluent fed mussels decreased i the proportion of the essential FA, EPA
160, Effluent
marker 18:206, the essential FA 20:406 and the two non methylene-
interruped dienes (NMID) 20:2a and 22:2b
To mussels

termestial

fed all hree diets at he end of the experiment was undertaken (Fig. .6). Effluent fed

mussels had i

fcantly larger proportion of 18:109, the terestial plant marker

2 202and prop 20:503
" s diets. Effluent fed proporton of
17:1and 2040

than sarved mussels.

sz,

SIS IS {,\0’- e"d’@»"@“

ST s

8

Faty acid composition (%)
3 8

Fig.3 s i e
o e of ek expnt (0.5, oo wih difren s v
signifcantly different from each other (Holm.-Sidak p <0.05). Error bars ae + 1 SD.

“The amount of individual FAs (mg/e WW) did not significantly change for

mussels fed

diet t the end of the experimen,



Table 3.7.
st

) and end of 3.
Starved
st ST S
0212011 0272028 03620,
010204 ol
02712037 011014 0132013
0132010 008011 0112012
0182010 0052004
007004 0042003 0042004
104050 0022002 0032003
012:013  002:001 0032002
012:009  003:003 0032002
0082007  009:011 0082009
0132008 008010 0062006
0122013 008011 0072007
081205 041:039  056:051
04 003003
0072007 04
117071 0032003 0042004

0242014 043054 055065 081038 0795061 0442011 035202




0

the amount ofindividual FAs between algae fed and effluent fed mussels were seen (Fig.
3. FA content (ms FAs for
dand however, i effluent

e mussels. Efflent fed mussels decreased in thir amount of 18:0, 18:403, 18:109 and
the essential FAs, DHA and EPA.

H
H
LSS P R
e G LI
Fig. 3.7 Faty acid content (mg/g WW) of mussel a the start n = 18) and end of the
it and no food: 0 = 6). Groups
from. Sidak p <005).

Eror bars are 2 1 SD.

There were three significant proportional changes in the differen FA groups (%
total FA) throughout th 2 mussels

Table 3.8

Of SFA while the other had an increased MUFA from the star of the experiment. Effluent

e tanks fd algae s well as one

of the starved mussel tanks.



STSEsor 0T




I terms of the quanites (mg/g WW) of different FA groups here were no

significant changes during the experiment for mussels fed any diet (Table 3.9). There

K

of the diets at the end of the experiment.
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“The replicates for cach diet were averaged (0 beter compare the treatments (Fig.

38) for starved or fed

mussels decreased i the proportion of SFA, MUFA and PUFA.

Fatty acid compositon (% tolal FA)
5885883

Fig FAS (% total FA) for

o of e wack expeimen e fcding e it (e et ad 7 o = ).

Groups with diffeent letters re sgnificanty different from each other (Holm-Sidak.
5). Error bars are + 1 SD.

When mussels »

alone there were several differences in terms of the sum of diffeent FA groups (% total

FA) (Fig. 3.9). Efflent fed mussels had a larger proportion of bactrial FAs and a

Efflent fed

han algae fed




Fatty acid composition (% ttal FA)

v
&
;‘& & &
Fi 39 Samaf it s of Al FA) s o it s,
il dierent

o e gty o s sch o ook <008, Evr brs e +
1D,

Tn terms o the FA group, dend

a decrease n the amount of SFA and o3 in effluent fed mussels

of the experiment wer
(Fig. 3.10). There were no differences among the thrce dicts.

MUFA  PUFA

fvilim i

5 of diffcrent groups of Fas (mg/g WW) for mussls at the start
oot st Muent and
0o ). Groups with il s gy il o ach e
(Holm-Sidak p <0.05). sD.




"
Fortune 1.2007) (Table 3,10

" larger proportion of AMPL

he
experiment Hatbour
(Tabie 311, han

that of mussels collected from Charles Arm and Fortune Harbour
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Charl Harbour and the mussels used EX!

In general the FA c mussels wsed
values for cultured mussels; however,there was a smaller proportion of EPA and 18:0 in
cultured mussels in 2000 and 2001,

Table. 3.1 FAyof
i

2007)
significant differences between groups (Holm-Sidak p <0.05).

Alkanani et al, 2007

Fatty acid 3 5
160 13612131 13692189
16:107 396197 5815376
150 3208066 00:085"
18107 225:0,64"
18:109 1.3320.44"
18206 1612083
182403 36722.16°
2100 2452168
2020 0752114
2406 2852116 2674136
50 17.0213.49° 21282362
21:503 1202064 1.20:044
20 249112 2152108
22:603 19992428 19824345
When Fi
“harl " several

differences were found (Table 3.13). All thee diets had a significantly larger proportion
of the essential FA EPA (20:50:3) than both averages for cultured mussels,as well as

significantly smallr proporton of 18:109. Effluent fed mussels had a sgnificantly
smaller proportion of 16:0.as wellas the essential FA DHA than farmed mussel values;

b proporton of the essential
A mussels.




‘a5 well a an increased amount of theterrestial plant marker 18:206. Both algac and

in the lterature.

Table 313,

it f Ml et ot 200 Difent e e
significant differences between groups (Holm-Sidak p <0

Alkanani et al. 2007 Growth Trial Sart
2000 2000 Starved Algac Eiflueat
=75 n=6 = n=6

160 6=137 D640 1281=179 12415l 103817

16107 3966197  SSIST6 6408392 376:116  317a194

IS0 3201066 300:085  330xl30  400s124  281s035
520,

18107 16406 220:062 1972017 1798046
18109 1020.6° 1752046 183s041"
18206 1412047 1222055 1612028
18403 2126147 1626138 0882028
0109 3052073 327068 3222081
2020 313068 266:087 2272079
406 276208 263094 3444102
503 12012221 2005288 22672655
2503 148031 120030 116:062  185:0.39

2020b 301073 24951 230000 219099 393:008°
QLS02EE 10998428 17482520 18552304 15.182079"

“The amounts of FA groups for mussels used in this experiment were similar 0
experiment (Table 3.14); e

wasa 1nd PUF

Is fed al
for several FA groups (Table 3.15). Mussels fed all diets had a sgnificantly smaller

diets. fed mussels had.




mussels fed the other tw dicts.

Table. 3.14. Sum of

Muent and

FA groups for

2007)
differences between groups (Holm-Sidak p <0.05).

Alkanani et al. 2007 Growth Trial Start

2000 T
Farty acid =67
TSFA BaEE
SMUFA 145530°
SPUFA 61.9530°
Y03 857
SPUFABSFA 24202
“Table. 3.15. Sum of FA groups for mussels fed three different dits algac, cfflucnt and
i FA groups for
- 007). Different
differences between groups (Holm:Sidak p <0.05).
Alkanani ef al. 2007 Growth Trial End
2000 Suned  Algie Eiffuent

Fatty acid [ n=6
SFA BEI6 195219 162217
IMUFA 2085 198505 252004
SPUFA 674 s8I0 552

3 A4SH0 56:53% MseLT
SPUFAE  24:02'  26:04° 30102 30804 34s05°
A

Bacterological ests of mussels prior o th start of the experiment found E. coli
level of 210 MPN.
Salmonella (Tabie 3.
foralltnks while . collevels remained low (18 ~ 230 MPN/100 ).




Table. 3.16. . coli and
s doociad.
Tank Diet E.coli MPNI00 ) Salmonella

sI Starved <I8 ND
52 Starved 20 ND
Al Algac 20 ND
e I 45 ND
El Efflent 170 ND
5] Effluent 130 ND

333 Six month growth trial

(Table 3.17); b

DW and the final DW of the mussels in cach tank. Similar results were seen for AFDW

acl

increased through the course ofthe experi
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experiment (Fig. 3.11);

the intermediae dates (largest differences were 0.4
and 14,
fed tank, gae fed g
AFDW, SL and C1 than mussels fed fsh effluent a the end of the experimen. The only

L.0.04 2 DW, 0.04 g AFDW

igher S for mussels fed algac.

i ) e o)

Fig. 311, Regressions of DW (mg), AFDW (mg), SL (cm), and C1 of mussels fed an

indicates a.
Significant difference between diets (Holm-Sidak p <0.05). Ertor bas arc = 1 SD.

“The C and N profile of mussels fed both diets followed a similar trend, carbon

(Table 3.18).
i the nd of the experiment




. W) for
ank 18 sk 19 0d 20 clen) at he oy

5) and end of a six month

‘roups (Holm-
Sidak p <0.05).
Start Tank 18 Tank 19 Tank 20
Carbon E=n 5T 126567 126217
Nitrogen 66" 102s5" 10s1* 107:3°
I there

were no significant differences (Kruskal-Wallis one way ANOVA for N due 1o fuled.
normality test); (Fig. 3.12). Protein content,calculated from nitrogen via a conversion

factor of 58, of fish efluent increased

mg/g DW at the start of the experiment to 592227 and 62817 mg/g DW respectivly.

L= g - |1
£ ] Ew wl
£ £ wf

a £
Fig. 3.12. . N and proten content (nglg DW) for mussels  he st 0= 15 snd end

of the experiment after fed a
letersare sign
15D,

) and fish efflunt (n = 10). Groups with different
cantly different from each other (Holm-Sidak p <0.05). Error bars are +

“The C:N of mussels fed both diet significantly decreased throughout the

N Fig. 3.13). There

fed the two diets.



I

10). leters
significantly differen from each other (Holm-Sidak p <0.05). Erro bars are + 1 SD.

Fig. 313.C:

fed cither diet (Table 3.19), There were no sig

ant changes in the lipid content (mg/g

WW) for mussels fed cithe dietthroughout the experimen.

Table 319, Li WW) ofthre tanks of
18 aligac,tank 19 and 20 el b 15) and end of
). Different »
<005)
Start Tank 18 Tank 19 Tank 20
Updcontent 24342988 714791 12608132 211121773
(el WW).

When o effluent tanks were averaged and compared agains the slgae fed tnk

WW) between
mussels fed the two dits (Fig. 3.14); however,lpid content of effluent fed mussels had

antly decreased throughout the expe




9%
wwr  fish el ®
experiment. Groups leters are
Snheany Gt o e ot otk <009 s b a1 1.
I terms of theliid class compositon (% total lipid) the only significant
pe prop
MPL the effhuent fed tanks
(Table 3.20). The prop HC for PL

increased over the course of the experiment. The proportion of TAG decreased for

inone of the ffluent It

experiment. There were no significant differences between replicate effluent tanks.



Table 3.20. 1 o d
dicts (ank 18 agae, tank 19 and 20 efMuent) at the start (0 = 15) and end point of a six
Different

(Holm-Sidak p <0.05).

Lipd class Stn Tank 18 Tuk1®  Tak2o
Tydrocarbon  TS32LI¥ 0005000 000000 000000
Sereser 0432060 009018 03003 045:0%)
Melhyleser 0293055 000:000  000s000 000000

hylkeione 2892671 006012 005009 024029
Metylketone 1 00:000  000:000  000:000
Triacylglycerol 656151074 7642091 886+217°  0.17+626
Frecfuyacd 2085509 308362 279a65 268223

Sterol 161700 920s205 1026109 10815264

Acctone mobile
polarlipid 4342167 5942099 327155 269:085"
Phospholipid 5452408 73982525 70.62:548°  73.8245.00"

proportion of AMPL iz 315,

prop L inthe
proportion of TAG while the proportion of TAG decreased for algae fed mussels. Algac.

fed prope PLand effluent

their proportion of PL.



s

)

Lipid class composition (% total ipid)

$EEEL LIPS P

i .13, Lt cls comprkion %l k) o s s (1= 14 1

and 8)of the experiment ater feeding algae an

Juent. Groups with
iy ditrent o e (ot Sk 2008 Error

«
different eters re signifi
bars are + 15D,

Quantiatively there were no differences i the amountof individual lipid classes

among mussels fed both diets at the end of the experiment (Table 3.21); however, there

for mussels fed both dicts. The

amount of HC and TAG decreased for mussels inall tanks and the amount of PL

increased for one of the ffluent ed mussel tanks, There were no significant differences

between the replicate effluent anks.
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dicts (tnk 18 algae,tank 19 and 20 effluent) a the start (n = 15) and end point of a six

(HolmSidak p <0.05).

Lipid class Surt Tank 18 Tank 19 Tank 20
ydroc 049:047  000:000°  000:000°  0.00:000
Seryleser  0.10:017 0012002 004005 006:0.12
Methyleser 0072012 0004000 000s0; 000:000
Ethylkeone 073199 0015001 0012001 0032004

Methylketone 02260 0 000:000

Triscylglyeerol 1633817 113:060° 1126031 113081

Free futyacid 04820 032:033  037:035 053083
Sterol 3Seld 126:041 1202014 256279

e 2 0420 066:077

far lipid

Phophorgd__ 1225072 ILi6s68  w9selsy  lonasiasi®

d classes for

algae fed and effluent fod mussels (Fig. 3.16). Efflunt fed mussels were found to have

ST,

he

TAG und PL

HC,TAG, ST



8

—tart

— Algae
— Effluont

8

Lipid content (mg/g WW)

N -
CEEEEL S EES SPE

= 14y and end of the

Fig. 3.1
lettrs are significantly different from each other (Holm-Sidak p <0.05). Error bar are +
15D,

dictat the end of ),

toul F pe

Table
i 1 s o ang 0 i st ') o o s o

apatmen 0w 4. Difln et denoe it iflerncs o gops (ol
Sidak p <0

St Tank 18 Tank 19 Tank 20
FAconieni 17758828 078541 8092156 135821060
(mglg WW)
‘When the otal »

347, Toul WW) for




Fig. 3.17. FA content (mg/g WW) for musselsat the start (n = 14) and end of the

experiment aftr feeding algac and fish cfluent (n = 4 and 8). Groups with different
leters. 2 Erro bars are +

1D,
There were a few proportional differences among tanks i terms of FA

ositon (% tota FA) a the end ofthe experiment (Table 3.23) all of which were

between thealgac fed tank and one or both of theeffluent tanks. There were no

fed ank:

decteased in their proportion of 20:503, 14:0 and 18:403 as well as increased i their
proporton of 18:0, 17:1 and the NMID 22:2b. Mussels i the two efflucnt fed tanks also.
had a significantdecrease in their proportion of 16:107, 16:204 and 16401 as well as

NMID

propor

1011 the effluent fed tanks.

as wellas mre 18:403 than mussels in one o th effluent fed tanks,



102

dicts (ank 18 aga, tank 19 and 20 effluent)at the beginning (n = 15) and end of a six
Different

(Holm-Sidak p <0.05).

Fatty acid Start Tank 18 Tank 19 Tank 20
150 638:055 205017 15220 1382041
160 12826113 1248:031 12801053 1285059

16107 16934126 449:044  3R2:065  dsselal’
16204 14220150 053006 0421008 038016"
I6401 11320260 0062002 0.12:003" I
17:1 L2068 67712000 7422117 761a125
180 1622036 2512024 3202009 323051°
18107 241505 2442013 2670100 271032
18109 1152035 2594014 e
18206 068:010° 268016 138:030° 131014
18403 223020 1152000 0762016 110032
201 I0:015 325027 477:006" 482036
21al1 0412014 098:006'  170:027 167018
083:010° 272602 407057 463044
685:061" 452 4962084
30852201 15065160°  1S31el08' 1508187
093:006 083021 087016 6620
1220190 280:021"  344:071"  336:056"
60:097  1186s046 1378053 1406218
fed
tank snd the start of 218).

Both diets increased n thir proportion of 17:1, 180, the terrstral plant marker 18:206,

0:1011/20:109, the NMID 22:2b, the 1 FAS 20:406

and 224603, As well, boh treatments decreased in their proportion of 14:0, 16:107,

16204, 16:401 FA20:503, -

proportion of 18:167, 18:109 and the

significant decrease in their proportion of 18:403.
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henthe FA c total FA) of the end of

the experiment were compared alone many significan differences were found (Fig. 3.19).
pe 3

Efle

eer propor plankion makers
20:109720: 1011 and the NMID 20:2a as wellas the essential FA 22:603 but a decreased
proportion of the essental 20:406 compared with algae fed mussels.

s

n (% total FA)
8

H

gs

8 )

.-

Eolu I]_JLuuLuL..JL.uIII wll
CELAICSESI LTSS

=

o il S <000 e st 5.

individual FAS (mgle

ifferences among mussls fed cithe dieta the nd of the experiment (Table 3.24),

FAs (melg. the

experiment o mussels e both diets. Musselsfed both had a decreased 140,

161107, 16:20 and 21:503 at the end of the experiment.



105

able 3.2,
diets (tank 18 algae, tank 19.and 20 effluent) at the beginning (n = 15) and end of asix
Different

(Holm Sidak p <0.05).

Start Tank 18 Tank 19 Tank 20

L16:050 1162064 112:023 204187

fi WIW) of FAs between

320). Most for

‘mussels fed both diets betseeen the start and end of experiment; howener, ot all were

" .

i the amount of the NMIDs 20:24 and 22:25 for mussels ed effluent and both diets saw

asigaificant increase n the essental FA 20406,
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experiment based on the proportion (% total FA) of FA groups (Table 3.25). The algae
fed tank

propor There were

Algae
fed mussels had a increased proportion of bacterial FAs and PUFA.atthe end of the

experiment as well propori and o3,

SFAS and a3

3.25. The sum of FA groups (% total FA)for three tanks of mussels fed diffrent
i ok 18 ga,ak 19 20 fMuen) a the s (=15 and e of i oot

Sidak p <0.05).
Faty acid Start Tank 19 Tank 20
TBaciernl 3332072 11212097 11272138
SSFA 21650155 1942050 19.1120.56"
SMUFA 25755112 2. mowf 26.37:264
TPUFA 51.4121.95" 50792081 51952296
03 oo semmivh  mease  wersh
WW) o FA groups ed, there were no
dife 1s fed cither dictat the end of W (Table 326,

the experimen.

PUFA and o
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Table .26 The sumof P, roup (gl WP Cor ek of sl fod e,
diets (tank 18 a 19 and 20 ffluent) a the start n = 15) and end of a six month
Dien
Sidak p <0.05).
Date K 19

060:032 0912019

3862181° 1.58:0.33

219+0.41

TPUFA 9.1284.30" 4112079

S03 sk oo 2msst

fed tank and

the start ..mmm 321, Mussels fed both diets significanty increased i the
proportion of bacterial FAs between the beginning and end of the experiment, Both diets
FA and

decteased in
IUFA while effluent fed mussels increased in MUFA. The proportion of w3s decreased

for both diets and algae fed mussels increased in the proportion of PUFA.

—art
—Algac
— Efluent
§oo
by
A
Bactorial  SFA  MUFA  PUFA o0

coptofFAs o s e (.= 4 sod e e
St 2009 Eor

Fig. 321, Sum of differ
o xperimen s feding agae and s €

bars are + 1 5D,

In /g WW) of FA groups.

) however,




d end pointof the Ei

amount of SFA

the 3

amount of SFA and w3 througho the experiment

Fatty acid content (mg/g WW)

SFA  MUFA  PUFA a3

Fig. 322, Sum of different FA groups (mg/g WW) for mussels at the sart (n = 14) and
i 48). Groups with
Sidak p <0.05). Error

:
ly different from each other (Holrm

different eters are signi
burs e + 1 5D,

AN (Table
3.27) or quantitatively (mg/g DW) (Table 3.28) among mussels fed cither diet at the end

both qualitatively and quaniitatiely throughout the experiment, The amount of gutamine
(GLN) was found to have increased quantitatively for mussels in one of the efflucnt fed

tanks during the experiment,




“Table 3.27. The i A 4 i
diets (ank. 19and the six
groups (Holm-Sidak p <0.05).
Amino acid Start Tank 18 Tank 19 Tank 20
AAA 1372043 231sl18 1352062
allE 10120, 7436, 387670
ALA 5978200 411047 4345077
APA 1362218 1092189 1162189
ASN 0332056 000:000° 00020
ASP 6468350 4682061 4472058
GLN 1682147 3045128 2582213
GLU 522097
aLy 10523
GPR 2235193
His 1872161
HLY L12s162
HYP 5
ILE 5372239
LEU 8232280
Lys 0582100
MET 2042092
PHE 4572252
PP 1072152
PRO 5562175
SER 2558141
THR 221221
R 289+199
VAL 5002261 3452038




“Table 3,28,
Gk

the six

19 and
eroups (Holm.Sidak p <0.05).
st Tank 18 Tank 19 Tank 20
AAA 154291 48a18 73228 45219
alLE 2102 042008 1682202 1602278
ALA 309294 2164110 144252 155256
ApA 52284 742125 49485 47579
ASN 75229' 1832 000:000° 00050,
AsP 21273 2332170 162848 158248
GLN 19:40" 612:808 9845305 830:699
GLU 19,6261 1892145 14068 156259
6Ly 30489 332 3SIe23 4495199
GPR 1021 2209 61256 77263
His 9.4299 63273 92266 105256
HLY 85550 1202 424 22038
e 248254 295489 177559 158256
ILE 2158 1952123 142443 150245
LEU 248257 330:202 9260 87281
Lys 822105 32556 101288 000:000
MET 81s31 74247 56420 64217
PHE 18.526.1 1582111 21233 143833
PP 41ss6 58287 32246 28849
PRO 2.3 2382174 1572125 176s134
SER 99277 103277 020 99208
THR 73259 272101 58228 96215
YR 104846 97586 88230 93234
VAL 198570 1758119 120539 1139
hen th Ad)of anks
the algae tank effluent fed

s (Fig. 3.23). Effluent fed

proportion of ASN, GLN

changes in their AA composition (% total AA) during the experiment.
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n

s fed both diets at the end of

hen th AA) for
was found. Mussels fed
effluent fed mussels
Em bowed

ASNand GLN.
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eduis found in Char

(Alkanani
et al. 2007; Table 3.29). There were a few significant ifferences between mussels from

proportion of TAG and a
smaller proportion of PL which was most ikely due 10 thetime of year sampled. When
330).0nc
Table. 329, o
differences between groups (Holm-Sidak p <0.05).
Alkanani et al. 2007 rowth Trial St
June. May 22
Lipid class et} =Tl
TAG W T 65,6210,
A 20:06 21252
ST 57207 15.647.1°
AMPL 39213 43217
PL a83e27 Sasa0"
TL (mglg WW) 26630 24308




Table. 3.30.1
007). ifferent leters are.
significantly different from each other (Holm-Sidak p <0.05).
ki L 200 Growth Trial End
Lipid — June Aug. Sept. Ot Algae  Effluent
class T o7 n=d =1 n=d
TAG 38607 785 T8 157274
FFA 20806 10:07  10:05 3412
Sterol  $7:07°  B0:LI®  69:05%  8521.3*
AMPL 39413 50:09 72431 81478
PL 483:27' 7604109 688:111" 628476
TL o 266s30  120ell 123214 139512
(mg/g
WW)
the experiment
Chark NL
(Al 2007) (Table 3.31
ch 16:107 and

essential FA EPA inthis experiment as opposed (0 that recorded by Alkanani et al.

(2007)



ur

Table. 331 i s fed i
beginning of the growth experiment in comparison (0 the FA composition of farmed
2007) e

significantly different from each othr (Holm-Sidak p <0.05).

Alkanani et al. 2007 Growth Trial Sast

El May 22

Fatty acid n=67 n=75 =10
160 6113 3692149 2822113
16:107 3962197 5812376 16932126

16204 0402035 0412023 142201
180 320:066" 300:0.85" 1626036
18:107 16420.6° 2251064 241052
18:109 1022068 1332044 1152045

18206 1412047 1612083 06820.1
18:403 2126147 367216 2232019
201011 1982088 1492171 0442014°
20109 3052073 2452168 1312015"
2020 3132068 0752114 08320.10"
2. 2762082 28521.16" 0.6020.10°

20503 120:22° 170235 308221
21503 1482031 1202064 0922006
2.2 3012073 24921.12" 1242019
2:603 21502288 19.9924.28" 6:60:097°

When the F the experiment
for mussels from Charles
et 33 there was a

decteased amount of the essential FA DHA in mussels fed both diets as opposed (0 the.

recorded values

20406

prop

10 mussels from Charles Arm and Fortune Harbour.



g

Table. 3.3 for
of i

(Alkanani et al. 2007). Groups

other (Holm-Sidak p <0.05).

Alkanani et . 2007 Growth Trial End
2000 2000 Effluent
Fatty acid n=67  n=75_ =1
160 61T 13692199 1283052
16:107 396197 5815376 3692103
16204 0.40:035 0412023 0402011
180 320:066 300:085 323034
18107 164206 2252064 2695022
18109 1022064 1332044 3612157
18206 1412047 1612083 1342022
18403 206147 3670216 093:030"
20111 198088 1492171 1692021
20109 3052073 2458168 4802024"
2020 313:068  075sL14" 4352056
x 276:082 2852116 4742068
20:503 12012221 17026349 15208142
21503 1482031 120: 0762033
22 012073 2492112 340059
22603 2050288 19992428 13926125
FA groups
i hark d Fort

Harbour (Alkanani et . 2007) (Table 333). There was a smaler proporion of SFA,

PUFA




beginning of
2007).
from each other (Holm-Sidak p <0.05).

Fauty acid =6
SFA BaLE
SMUFA 1355305
SPUFA 61.9:30"
So3 478237
SPUFA/SSFA 24202
£
harle 2007; Table 3.34
. PUF MUFA.

e cnd

Table. 3.34. Sum of F
i
(Alkanani et al. 2007). Groups with different et are significanly different rom each
other (Holm-Sidak p <0.05).
Alkanani e al. 2007
2000 2

Growth Trial End
Algae Efluent

001

Faty acid N=67 =75 =1
TSFA EEn 26027 105:03 10305
SMUFA 145530° 177201 1200 268619
SPUFA 61.9:30° 60824.0" Siels sl
a3 78237 95135 TN NE
SPUFAISFA 24202 26204 28401 27202

2008) (Table 3.35). The amount of threonine (THR), phenylalanine (PHE), and |

w
salloprovinciallis.
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Table. 3.3 mussels
salloprovinciallis (Sengor et al. 2008).
AminoSengor et al. 2008 Algae Eifluent
acid M. is st End Start End
THR 266 5859 772101 8063 77220
VAL 214 185557 1755119 24264 126236
MET 92 60225 74w7 91431 60217
ILE 219 184547 1956123 240456 151540
LEU 353 1182204 330s202 31320 78265
PHE 313 130256 IsSelll 209553 132432
His 158 19s1l3 63573 822100 9955
Lys 87 102801 32:56 73118 S1e79
ARG 22 - - : :
M el
339).
of th
end of d cither diet

(Table 3.36). The £ coli counts vared

Table. 3.36. .

from 410 240 MPN/100 8.

Gank 18 algae, 19 and 20 efflocnt)at the end of  ix month growth experiment. ND - ot
detcted.

Tank E. coli (MPNNI00 ) Salmonella
s o ND
1 4 ND
2 20 ND




34 Discussion
341 Trophic marker experiment
warkers 20109 and 22: 011

biomarkers for organic wastefrom fish farms (Biesen and Parish 2005). These n

cod effluent. Absence 1 s fod algac mad

it contained in h
2000
may not
estion. There were
” !
The increase in bacerial markersf 1 fed efluent was
;b
hcould bacteia over tme.
“The lack of it can be

tank and dit (same shellish diet used in experiment). It s likely that any increases in

these marke bove the
marker 22:111 was not present s prior 10
h fecding experiment which lent o s ignificance,
u lipid and F. 2 of musels
Reid ef al. 008

reported increased growth rates of M. edalisin an IMTA settng. A potental explanation
for this i that partculate mater from infsh cages may be used by mussels as an

from
the farm (Stiling and Okumus 1995),



342 Ten week biochemical trial
The dectease in DW as well as AFDW in mussels fed agae was not expected. It
mussels,
oppor though the |
1985)itis p rtion was.
weight,
“The significant decrease in lipid content (mg/g WW) forstrved mussels was
expected.
inferior diet.
A study by Alk L A
edulis as well

importance of FA and lipid classes in seston for the wet weight of mussels. The FA and

Tipid classes of
Alkanani et al, 2007)
he "
efflucnt did not negaively afect the ipid lass composiion of mussels. The ipid class
| compositons were sim Harbou
NLih 1lipid
) the mussels
“This ppor
(g aga
expected.

hat eff inferior diet.
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of Chark

by mussels (0 replace essential FAs (Klingensmith 1982; Pond et al. 1998,
Zhukova et al. 1991; Prato ef al. 2010

007). forthe
T— been

found t play i resistance to microbial lipases (Irazu et al. 1984; Pirin e al. 2007).

FAS in ffluent fed mussels i i likely they
FA 20406 was
most likely
etal. 2007) : he
marker for aquaculture wasies.
FAs

18 821.6%,algac = 19.521.9% and effluent = 16.261.7% total FA) compared t0 mussels
from Charles Arm and Fortune Harbour NL (25 41 8% and 23.622.3% total FA)
suggests thatthe amount of available food was insuffcient This is further supported by

WW) i el he
experimen.
! requirements
fed mussels had
allthee dies.
“The resulsofthe bacteriologicaltesis, done by CFIA found levels of £, colf and
Thisis

z
‘comparable o the results btained from a sx year pilot test of IMTA i the Bay of Fundy
hich found FIA 2008




343 Six month growth trial

Although no significant growth occurred (with the exception of SL) for mussels
 AFDW and Clat the

This
u E
of 5% of their
10%
particles <70 um,
and end of fed both
occur. The large protci fed
nial The €A
(1984)
(C:N foral mussels suggests that both dits were rich in N
fed mussels
mussels performance was
hat effluent did not mussel lpid
Mussels fed TAG content

“This change fror
TAG 0 PL

lipid cass in

Mtilus galloprovincialis during the spring and summer s TAG: howener,during the

L PL 2010). The,

concluded i the winter which would support this trend.
Results for total FA content (mg/g WW) were similar (0 those for total lipid
content (mg/g WW). Mussels fed effluent showed a significant decrease in thei total FA



content (mg/g

an inferior diet 10 algac.

Some of

end of the exper ch p
markers 20:109 and 20: 11 in effluent fed mussels. This supports the potential use of

dcators of NMIDs
202430 na
e end ofthe experiment sugeststht they were defcient in essenial FAS. The larger
presence of marker 4
found s
o fish fam wastes is necded

10 determine its usefulness.
“The increased amount of the diatom markers 16:1007 and 16:20:4 as well s the
essental FA EPA in this experiment as opposed 0 that recorded by Alkanani et al.
of DHA

differences are due 10 the dietof the mussel.
“The higher level of the zooplanikion marker supports the idea for thei use as
indicatorsof fish farm wastes; however,the zooplankion marker 22:101 1 was not found

in musels from Charles Arm and Fortune Harbour

Ik L e Castion

rkers as indicators of

able of ingesting mesazooplankion (Davenport f . 2000). The essential FA 20406,
inboth, fed musels, was present in
ed s well s the effluent. It s

likely his FA was. Budge et al. (2001 dlevels
of 20:406 f in mussels tha cd

mussels were capable of selectvely rtaining this FA,

of the The

lossof  that the




FAs. Although "

nutritionally stressed, based on the significantly lower levels of PUFA and 03 in ffluent

terms of FAs. i FAsfo i The

effuent

Tikely accumulated bacteria with age.
“There is one potential explanation fo th highlevels of bacterial FAs found in

! from Chark
nd FAs caused a
groups prop
mussels fed both diets were nutritionaly siressed.
diets
DW). Leuc 1965; Rosenthal et al.
1074), s
mussels.
found i any of
i it sed in
his experimen
“The £ coli and Salmonella counts for mussels fed effuent afer a six month
p by CFIA This again
the pilot IMT Bay o
20080).
344 Conclusions
1 d effuent fed
Eifluen fed T a larger proportion

(5% total FA) of MUFA atthe end of the experiments than aligae fed mussels. The same.
can be aid for Effluent




in ther o3 content for

han algae fed mussels.

musels fed
he B
total c
SFA. PUF:
MUFA ncr cifluent fed
mussels.
EP
18:109 and the terestrial plant masker 18:206.
well
aF The increase
in NMIDS for
However, there
i am
20080).
itislikely that it may be wsed food

(1995). This would potentialy explain the increased growth reported for musselsin an
IMTA settng in the Bay of Fundy (Reid et al. 2008b).

“The increased plant marker fed

! Both the fish feed
a ¥ his
¥ for fish farm

however,the level o
of algac “The same can

id for kers 20:109 and 22: 11 1 i
the growth

experiment these FAS

s markers of fish farm wastes.



4. Summary

4.1 Physic fochemi Attantic cod

(Gadus
‘aquaculture (IMTA)

fed il

time. K during th

fush accounted for 13.6% of the totaldry mass daily. This allows for easy collection of a

large amountof

¥ ot FA) did

(iferences accounting for <9% total ipid and <4% total FA). This coupled with the

idealtime to sample efflcnt from cod tanks. It should be noted however that although

the lipid and FA composition are similar thre s a larger amount of ipid (% DW) in

1 um 024
36% 33% of theeffluent
1%, Paricle

disribution in erms of number of particles was greatly skewed towards smaller paricls;

bowener, the p

Settling rates of partcles

arger particls.

particl sizes

of par however,
140,160 and

proporton of the terestrial plant masker 18:206 in paricles 70-500 wm.



e well

e I is that <70 um, |
kg of cod ed 1.5% ther body weight daly could potentially provide 150 10 | kg of
‘mussels for ther daily mainenance requirements

Effluent i

21011

markers for aquaculture wasic.

24 hour per

have significantly more 22: 11 than those of starved of algae fed mussels. This

confirms that mussels do ingestcod effluent.

month period. Effluent increase n the
proporton of MUFA as wellas  decrease in the proportion of SFA and 3 FAs. Efflvent
fed mussel proportion of EPA propo

of al plant marker Igac fed

ler proportion of MUFA, 18:109 and the NMID 20:24

mussels consistenty had a sm

proporton of o3,
“The amount of PUFA and essental FAS present n the effluent was inadequte

I o the
proportion of NMIDs in mussels fed fluent which suggests that they were lacking.

essential FAs. Increased protein content of mussels fed effluent for one of the

s likely efloent

f aquaculture hows FA
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present i larger propor
Wial1 rkers f
aa
ingesting mesazooplankion.
43 Conclusions
The use of the
36% of the
from
e fraction th

spread. The remaining wastes would sete very rapidly o the sea flor. This suggests if

» Other:
i i wastes that

feeding on the larger particulates while they are il in suspension.
A While
K " han a diet of algae. It

Tipids and FA etc.) when used

s solediet, i it s used i conjunction with a more preferable diet it could help,

supplement and improve growth

“This hs several implications for open water IMTA systems, If the mussels cannot

balancing forthe IMTA system, If mussel only utilze aquaculture wastes to supplement
their

of high natural production and more waste reduction d

ing periods of low natural
production. This assumes that phytoplankton is more inviting than cod wastes.



It should be

et ofthe diet is composed o fish effuent. This could reduce the cost o feed mussels as

as food for mussels.
“The presence of zooplankton markers and the teresrial plant marker 18:206 in
cod effluent as well s

proper fecding on
aa This will field set itshould
not
and monitored.
b dalisin an IMTA seting, more work
ch Further rescarch
o
uent

potental for mussels in IMTA. Further studie to better understand the use of

plant marker agquacalure
wastes s also required.
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