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ABSTRACT

Wildish, D. J., J. D. Martin, A. J. Wilson, and A. M. DeCoste. 1986. Hydrographic and sedimentary conditions
in the L'Etang Inlet during 1985. Can. Tech. Rep. Fish. Aguat. Seci. i473: iii + 14 p.

Hydrographic and sedimentary measurements were used to assess the spatial extent and development of
anoxic/hypoxic conditions in the L'Etang resulting from pulp mill effluent discharge. A second aim was to
assess the development of anoxic/hypoxic conditions in sediments and water near the recently developed
salmonid cage culture sites at the seaward end of L'Etang Inlet.

There has been a slight decrease in production of corrugated paper by the pulp mill over the initial
design capacity. However, dissolved oxygen conditions in the receiving water remained the same as in a 1975
survey. There was no evidence that the anoxic/hypoxic zone caused by the discharge of pulp mill effluent had
moved seaward in the L'Etang Inlet.

At one salmonid culture site, which has been operating since 1980, the sediment in a localized area
directly beneath the cages was anoxic as indicated by negative redox values and overgrowth by a white,
microbial slime. Localized hypoxia/anoxia of this kind may result from sedimenting salmonid faeces or waste
food and occurs only where the sedimentary regime is a nel depositional one. Core data suggested that the
depositional rate at the salmonid cage site was -2 cm/year.
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Wildish, D. J., J. D. Martin, A. J. Wilson, and A. M. DeCoste. 1986, Hydrograpnic and sedimentary condi
in the L'Etang Inlet during 1985, Can. Tech. Rep. Fish. Aguat. Sci. 1473 iii + 14 p.

On a analysé 1l'eau et les sédiments de 1'inlet L'Etang pour évaluer 1'évolution de l'anoxie et de
i'hypoxie provoguées par le déversement des effluents d'une usine de pites et papiers et céterminer 1’é&tendue
de 1la zone touchée. On a zussi &tudié 1'évolution de l'anoxie et de 1l'hypoxie dans les sédiments et les eaux
3 proximité d’une station de salmoniculture en cages récemment installée & 1'embouchure de 1l'inlet.

La production de carton ondulé a baissé légérement en-degZ de la capacité de l'usine de pétes et papiers.
Cependant, la concentration d'oxygdne dissous dans les eaux réceptrices est demeurée lz méme que celle mesurée
lors d'un relevé, en 1975. Rien n'indiquait que la zone d'anoxie et d'hypoxie apparue & cause du déversement

des effiuents de l'usine s'est étendue vers l'entrée de 1'inlet.

Dans une des installations de samoniculture, ouverte en 1980, on a constaté que dans un secteur localisé,
situé juste sous les cages, les valeurs du potentiel redox étaient négatives et les sécdiments étaient couverts
d'une couche microbienne blanche, signes d'anoxie. L'apparition de zones d'hypoxie ou d'anoxie ainsi
iocalisées peut &tre due au dépdt des excréments des poissons ou des restes d'aliments et ne se voit gue dans
les lieux ol le régime de sédimentation net est favorable au dépdt des particules. L'analyse de carottes
indigue que le taux de sédimentation 3 l'emplacement des cages de salmoniculture est d'environ 2 cm/an.
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INTRODUCTION

Prior to 1971 the L'Etang Inlet was basically a
pristine body of inland marine water. Geographi-
cally, the Inlet is considered to have arisen during
the last Ice Age when a moraine at the socuth end of
Lake Utopia blocked the flow from the lake and forced
the freshwater out via the present Magaguadavic
River and the gorge at St. George. Because of the
limited freshwater runoff into the L'Etang, it
remains saline for much of its 14 km length. In
1967 2 causeway was built to carry a highway (Route
1) across the L'Etang approximately 2 km from its
most landward point. The causeway reduced tidal
exchange so that the maximum tidal amplitude in the
upper L'Etang was approximately i5 cm, although in
the Lower L'Etang ihe mean tidal amplitude is 5.5 m
with large spring tides ranging up to 7.8 m.

In April 1971 pulp mill effluent (PME) from a
small 250 t/day neutral sulfite pulp mill, which
produces corrugated lining paper, first began
entering L‘Vtang Hydrographic and benthic
conditions within Lower L'Etang before the PME had
markedly affecbed it were studied by Wildish et al.
(1971). Subseguent studies (Wildish et al. 1974,
Pocle et al. 1976) showed that the hydrographic and
benthic changes associated with PME had stabilized
by 1972-1975. This included an area on the seaward
side of the causeway which was anoxic at LW but which
became hypoxic as seawater returned on the flooding
tide. The c¢clean-up alternatives for L'Etang were
discussed following construction of a mathematical
model of the Upper L'Etang (Wildish et al. 1979}

In 1985 the pulp mill was producing slightly less
than its design capacity of 250 t/day (a maximum of
200 b/d&}’) .

Sea-cage culture of Atlantic salmon began in the
southwest Bay of Fundy in 1978 (Sutterlin et al.
1981) following the success of a pilot-scale study.
By 1985 five salmonid sea-cage culture facilities
were operating with an estimated annual production
of 213 t worth $2.3 million, of which 54.5 t worth
$0.6 million was from the L'Etang (E. B. Henderson,
pers. comm.). During 1985 additional sites became
operational and applications were received for
further sites. The preferred sites were in the
seaward part of L'Etang Inlet which has year-roun
temperatures above the lethal limit of -0.7°C
(Saunders et al. 1975) and is in a wave-protected
harbor. Salmonid culture operations involves high
fisn densities zand feeding large guantities of
pelietea food. The build-up of fish faeces and waste
food beneath the cages can result in the development
of anoxia in sediments and water (see Kadowaki et al.
1980).

The twin aims of this study were therefore to:

- determine the extent of ancxia/hypoxia in the
upper part of Lower L'Etang caused by pulp-
mill pollution, and

ia beneath

- determine whether anoxia/hyp
existing or anned culture
already present and to obtail
for planned ciiities startin
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using the same hydrographic and sediment
measurements.

METHODS

Hydrographic and sediment core sampling was
carried out during late summer 1985 from the NAIS
using the hydrographic boom and winch. Photographic
sediment profiling was accomplished from the J.L.
HART on 20 September or from the fishing vessel
S.L.S. on 25 September.

HYDROGRAPHY

Bottom seawater samples were taken with a
closing water bottle (2.5 L capacity) from within 1 m
of the sediment. A clean bucket was used to collect
surface samples. Temperature was determined by
inserting a mercury thermometer read to the nearest
0.1°C. Subsamples of seawater were taken as follows:

~ 300 mL for determination of dissovled oxygen
{D.C.) by the azide modification of the
Winkler method (Strickland and Parsons 1968).
Expressed as mg0p/L or as percentage of
saturation.

- 100 mL fo” determination of salinity by
conductimetric determination on a Guildline

.

AU@OSd; apparatus. Expressed as S o/oc.

-~ 2=-5%5 mlL for determination of the UV absorbance
at 250 nm (A250) with deionized water in the

e

reference cell. Expressed as 4250 x 10

~ 15 mL for determination of adencsine tri-
pnosphate {(ATP) in the living microorganisms
within the sample. Tne sample was filtered
on & 0.45-yu Swinnex filter and the ATP
extracted in boiling Tris puffer {5 ml).
Analytical conditions were 100 uL sample or
standard ATP and 100 uL of Dupont luciferin-
luciferase {6 ml. deionized water per vial).
Enalysis involved integration of the first
10 s of light flash. Results included
correction for the actual volume of filtrate
remaining after bolling and is expressed as
ng ATP/L of seawater. An increase of 45% has
been made to the tha to account for salinity
carry-over as i et al. {(1977).

jak corer was deployed from the NAIS.
TI g zmpling cylinder within the corer was
50 ¢ g an internal diameter of 4.7 cm. The
surface ar mpled was therefore 17.36 cm®. The
er ted with orange peel retaining fingers
sediment and the plunger
he apparatus to free-fall

ing cylinders had be
r holes at 5 com int

11
eli rn. nole was covered wi 2
iece ical Sampling was wi h a
traight-bore, cut-of l ce syringe at & known depth
pelow the sediment-water interface. The 1 cc sample

was extruded 1n»o a Detri dlSJ and the sediment redox
potential at a combined
redox electrode ‘Or¢o
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inyolved repeatb inse tian f the sediment
profiler if the resistance to penetration of the
prism was markedly greater than Lhe previous
station. This allowed optimization of the depth
sampled by the profiler. The redox profile discon-
tinuity (RPD) depth in cm was detsrmined and other
perating and analytical details are given I1n Rhoads
Germano {1982). Two additional measures
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ce roughness, simply measured
ne maximum distance, in cm,
e nest and lowest
int of the sediment surface
E=)

{2} Tne organism-sediment index {(0SI)
shown in Table 1. It is a
composite of measures dasigned %o
iicate the degree of anoxic
elopment.

EMOTS ’ Organism-Sediment Index

Table 1. The R
(051). For sact the appropriate index
| .

is summed wi
VmOSt anoxic) to +11

noa possible
{most aerobic}.

Index

Observation value
Mean RPD Depth {om) >0-0.75 1
0.76-1.50 2
1.51-2.25 3
2.26-3.00 4
3.01-3.75 5
>3.75 5
Chemical Parameters Methane present -2
No/low D.O. -4
Successional 3tage Azoic -4
(primary succession) Stage 1 1
Stage 1-2 2
Stage 2 3
Stage 2-3 4
Stage 3 5
Successional Stage Stage 1 on a Stage 3 5
(secondary succession) Stage 2 on a Stage 3 5

REMOTS GDOrganism«SedLmeﬂ* Index = total of all
subset indices.

RESULTS

The hydrographic and sediment core stations
worked during August 1885 are shown in Fig. 1.
Stations were selectead for two reascns as follows:

™3

Upper Letang /u
Route 1 Causeway R\
‘_’_1

S —

Lower
Letang

1000 2000 Metres

ing
1985.

Fig. 1 Hydrograpnic and sediment core sampl
locations worked in the L'Etang during August,

- 3z transect to cover the suspected area of th
anoxic and hypoxic zones of the most landward
part of the Lower L'Etang caused by ghe input
of pulp mill effluents in the Upper L'Etang
{3tations 1-10).

- to be near existing and proposed {(11-29,
Fig. 1) salmonid culture sites correct in
1685.

A description of each station, in which old
station numbers refer to Wildish et al. (1971), is
shown in Table 2.

Because of changes in the status of salmonid
culture sites due to approvals, rejections or
relocations, we include a list of approved and
established sites (Table 3).



Table 2.

List of stations in L'Etang Inlet sampled

conventionally for sediment and seawater
characteristics.

Table 2. List of established and approved salmonid
aguaculture sites provided Dy the Department of
Forestry, Mines and Energy at St. George in April
1986. Locations shown in Appendix 8.

Name Area

Station Name Comments
1 Near Route 1 causeway 014 Station 15
2 Pull- and Be-Damned narrows
3 Near old Station 10
y Opposite Trainor's Cove
5 North of Guthrie Point, Near old
near powerline Station 7
6 South of Guthrie Point Near old
Station 8
7 01d Station 11
8 Indian Point
9 NE of Park Island
10 NE of Goss Point,
near Haddock Ledge
i1 Granger Cove, Jail Island
Salmon #2 L'Etang
12 Granger Point, Larry Ingalls Harbour
i3 L'Etang Harbour, D. Anthony
(former site)
1y L'Etang Harbour, Wayne Hooper
{former site)
15 West of Xings Point,
Ian Hamilton Lime Kiln Bay
1 Chris Saulnier
17 Colin Borthwick
18 Jail Island Salmon #1
19 Wayne Hawkins Bircn Cove
20 Fishermans Cove,
Garnet Matheson
21 Man of War Is. Bliss Haroour
2z Frye Island
23 Fox Island
2y Money Cove
25 MeCann Isliand
5 L'Etang Head
27 Greenlaw Cove, D. Anthony L'Etang Harbour
28 Sturgeon Cove
29 Hickey's Cove
30 South of Park Island Scoteh Bay

Jail Island Salmon #2
Larry Ingalls

Dana Anthony

Ian Hamilton

Chris Saulnier

Colin Borthwick

Jail Island Salmon #1
Wayne Hooper

Wayne Hawkins
Richard Palland
Pnillip Hooper
Jeffrey Stewart
Garnet Matheson
Brendan Armstrong
Reid Hatt

Maurice McGee

Weldon Mitchell
Phillip Hooper

Sea Farms

Sea Farms

L'Etang Harbour

Lime Kiln Bay

Birch Cove

ey

Back Bay
Bliss Harbour

Deadman's Harbour
Little L'Etang

-t D ah d ekt
YU B2 D) = W0 00~ Wb 0 Y

VSN
(eI

Bliss Harbour

sy

ny
(e}

HYDROGRAPHY

L highwater (HW) transect at Stations i-10
{(Fig. 1) was completed on 14 hugust (Appendix 1)
when the HW at Saint John was predicted to be at
1107 AST (Anon. 1985). 4 low water (LW) transect
at Stations 1-10 (Fig. 1) for 22 August is shown in
ippendix 2 when predicted LW was 1116 (Anon. 1985).

Of interest is the steady decline in dissolved
oxygen concentration along the transect for both HW
and LW surveys in the landwards direction (Fig. 2J.
At Station 1 the bottom seawater at HW is devoid of
oxygen (anoxic). Many of the other stations are
hypoxic consistent with earlier findings of Poole
et al. {1976).

An unreported study {(Appendix 3) completed in
shows that the hydrographlc conu‘u;o

ve to the tidal cycle near the Eoute 1

v are as shown in Fig. 3. At HW, seawater
oding through the causeway culverts in the
ction. As the ebb progresses,
iirection low reverses and anoxic, more di
seawater from Upper L'Etang forms a surface
Near LW, the anoxic, dilute layer dominates
seawater begins flooding back, it 1ifts the
anoxic layer. The more saline oxygenated, deeper
water here is subject to chemical oxygen demand and
undergoes partial depletion of its oxygen content.
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A4t Station 7 (Fig. 1), a 12 h tidal cycle
observation of hydrographic parameters was made in
1985. The complete results are tabulated in
Appendix 4. An obvious feature of this data is the
relationship between absorbance and ATP (Fig. 5.
When the absorbance is high, the ATP values 2lso
reach their maximum followed by 2 decline when
absorbance falls. Correlated with the high
absorbance is a drop in dissolved oxygen saturation
values, suggesting aerobic microbial activity and
or chemical oxidation because the saturation values
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increase after abscrbance values dec and clean
seawaber returns at the bottom of the flooding
tide. The situatio s similar to that at Station
1, near the causeway, a £ gh the bottom seawalber
st LW is never completely devold of oxygen.

Sediment cores were taken from Stations 11-30

{Fig. 1) and the results presented in Appendix 5.
111 of the values recorded are positive with the
single exception of #18. This suggests that normal
aerobic respiratiocn is the dominant metabolic
orocess occeurring throughout L'Etang sediment.
Lynch and Poole (1979) state that redox potential
measursments are good indicators of the predominant
form of microbial metabolism and electron accepior
used in this process. Hence:
Electron

potential acceptor Products

>0 Co 0

o £o -139  NO3 No3Z, NHf,

5 Ni3, %o

-sulfate reduction -150 to -200 308~ HS™, HpS
-methanogenesis -250 to =300 COp CHy

mpled close to the salmonid cages
7 cm of the sadiment profile
tive to the normal hydrogen
ucing bacteria were active.
ter in the profils,
present, indicating
C naerobic layer.
robic layer isWV9 cm
e nhas baen
£
n

"sw i

and because nls cultu
ng for 5 yr
e *ha ”ate of sedimen

is possible o
ion, due Lo
faecal matter, waste food plus
iu ntac$ow, as 2 cm per year. Scuba
f the bottom to be covered
icrobial mat consistent
hate reducing bacteria.

L total of 50 stations were sampled Wwith the
ZEMOTS camera systam of which 44 stations (Fig. 3)
were analyzed {Appendix 7).

the L'Etang landwards of Indian Point (Fi
sharp gradient in redox discon~

tinuity deptns, with the most landward Station,

%17, being anoxic to the sediment surface {Tablie 4).

This is conalstenn with finding a complete lack of

dissolved oxygen in bottom water at this station.
Station #18 is similar and both have a negative
or"anlam—:edlnent index value showing that &tihis
area is environmentally disturbed by the develop—
ment of anoxic conditions.

DISCUSSION

The 1985 survey data presented here shows no
svidence that the anoxic/hypoxic zone pelow the
causeway has moved significantly seaward, Dbecause
nottom water near HW 1s anoxic/hypoxic at the two
most landward stations (#1 & 2, Fig. 1) and the

Route 1 \\0/4
1L;$§

‘ezj%

Indian Point

{Blacks
Harbour

1000 2000 Metres

ig. 5. Sediment profiling stations worked on 20
and 25 September 1985.
Table 4. Redox discontinuity depth (RPD) and the

organism-sediment index calculated from sediment
profiling in L'Etang Inlet,

RPD Organism-sediment
Position Station {cm) index
Landwards 17 8] -3
18 0.1 -2
20 2.8 9
21 3.11 10
22 N/A ?
23 2.72 9
24 2.21 ?
25 2.22 8
26 N/A ?
27 5.67 11
28 7.02 11
Seawards 29 9.65 11
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flagellate, Gonyaulax excavata (Wnite 1981). The
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affected by pulp mill ¢ ukb
seawards since 1975.
2. Water quality in Lower L'Etang is adequate at
least to Indian Point.

3, Only one culture 3its showed evidence of a
build-up of faecal matter underneath the cages,
and was in a nei sedimeni depositional area.

4, Recommendations for monitoring water and
sediment quality in L'Etang in the future are:
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samples Lo bDe analyze 1
species and their densities as 2
means of early warning of the
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- a geographic survey of sediments in
the Lower L’E:a.g to map areas of
nal and erosional

t depositional
se in predicting where

e
sediments of

faecal ﬂauter b"ldup may occur
under salmonid cages.
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Appendix 1 Hydrographic parameters in the Lower L’'Etang for 14 August
1985 See station positions in Fig. 1. HW predicted as 11:07.
Station Depth Temp Salinity D.O.
# Time {m) {°C) {n/00) mg/L % saturation
Surface
1 10:30 Q 16.9 26.7 0 9]
2 10245 0 16.3 29.2 1.21 14.3
3 10:55 a 15.3 30.9 5.28 51.2
4 11:08 Q 15.5 31.1 5.65 67.1
5 11:1% 0 15.0 31.3 6.63 77.3
5 11:25 [} 14,7 31.4 7.01 1.8
7 11:35 0 15.2 31.3 5.91 80.7
3 11:50 §] 15,7 31.6 8.22 97.1
9 12:00 ¢ 14.5 31.86 3.35 98.7
i0 12:10 0 13.7 3.7 8.73 101.3
Bottom
H 5.18 16.0 30.9 EO 52.6
2 5.18 15.2 31.1 5.65 55.8
3 5.18 5.0 1.2 5.21 72.5
4 5,40 15.0 31.3 5.35 74,2
5 7.62 14.5 31.% 7.24 34.3
) 9.14 14.5 31.6 8.03 94,8
7 : 10.06 14.3 31.6 8.68 100.7
8 15 10.06 13.9 3.7 8.64 100.2
9 2:00 14,94 13.6 31.7 3.65 111.9
10 2:10 25.50 13.5 31.7 9.25 107.1

Appendix 2. Hydrographic parameters in the Lower L’'Etang for 22 August
1385. See station positions in Fig. 1. LW predicted as 11:16.

tation Depth Temp. Salinity D.0.
# Time {m) (°C) {o/00) mg/L % saturation
Surface
1 - - - - - -
2 - - - - - -
3 - - — - [ -
}4 - - - - - -
5 10:10 0 15.5 30.6 3.55 2.3
6 10:15 0 15.5 30.56 3.97 47.2
7 10:30 0 15.2 30.9 G4 51.7
8 10:45 0 15.4 31.1 1.46 53.7
9 11:00 0 15.0 31.3 6.49 75.8
10 11:20 0 14.2 21.8 8.31 96.4
3ottom
‘( - - - - - -
2 - P - - - -
3 - - - - - -
34 - — - - — -
5 10:10 2.13 15.8 30.7 3.83 45.5
) 10:15 4,27 15.4 31.0 5.18 80.5
7 10:30 5.79 15.3 31.0 4,76 55.7
8 10:55 8.53 14.0 31.7 7.42 31.4
9 11:00 9.14 13.9 31.7 7.94 g2.1
10 11:20 20.42 13.5 31.9 8.40 97.4
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Appendix 3. Hydrograpnlc parametlers in the Lower L'Etang for HW
15.07.77 and LW on 22.08.77. Unreported data collected by H. M.
and A. J. Wilson.

Temp. Depth Suspend. sclids
() (m) 4250 x 103 (mg/L) D.0.
09:40 17.5 0 1551 14
151 4.5 201 4
10:40 19.5 0 1500 15
16.8 5.0 151 3
11:49 19.0 0 827 10
17.0 5.0 127 3
12:40 18.5 0 898 9
17.0 4.5 125 2
13:40 18.7 0 860 13
i5.6 3.5 143 4
L
09:30 16.8 o] 1076 5 0
15.8 1.8 335 6 .2
10:40 18.3 0 1423 15 0
- 0.5 - - -
11:50 18.8 5} 1310 3 0
- 0.5 - - -
12:50 19.0 0 1160 13 0
- 1.5 - - -
13:55 18.8 -0 17 9 o
17.8 3.0 597 4 .2
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1985 at Station
. Saint John HW

Time Salinity D.0

AST {o/00) 4250 mg/L % sat. ATP
(&)

G7:30 14.5 310 2245 5.23 51.0 20
08:3¢C 14,7 308 200 5.41 83.2 280
09:30 15.0 209 197 5.4 63.2 260
10:30 15.3 309 202 5.487 £53.2 630
11:30 15.4 309 133 4.99 58.2 330
12:30 16.L 310 155 5.88 70.0 370
13:30 16.4 312 137 5.54 77.6 1020
14:30 15,3 314 59 7.28 85.0 ]
15:30 15.0 315 49 8.03 93.7 210
16:30 15.0 315 35 5.40 38.0 130
17:30 15.2 316 34 7.89 93.1 260
18:30 15.0 313 92 5.91 80.7 170
(8)

37:30 14,4 312 136 5.84 66.8 70
08:30 14,7 310 182 4,85 56.7 440
09:30 15.0 310 199 5.41 63.2 550
10:30 15.0 310 190 5.32 52.2 520
11:30 15.2 310 186 5.23 51.0 L1g
12:30 14,5 315 72 7.33 35.5 -
13:30 14,6 316 13 7.84 91.5 500
14:30 14.5 318 8 .31 98.2 80
15:30 14,90 317 ) 8.50 98.35 90
16:30 14,4 318 4 8.73 101.2 130
17:30 14.0 317 ) 8.40 97.4 120
18:30 14,2 317 20 8.03 93.1 110




measurements made in th

ers referring to Fig.

Station Depthn Temp. Salinity
# Time (m) (°C) (o/00)
29 11:25 0 13.2 32.3 8.54 97.2 5.89 28
12.2 13.0 2.3 8.50 96.7 5.31 27
12 12:00 0 12.9 32.3 8.17 93.0 8.07 28
18.3 12.9 32.3 8.26 gu.,1 7.22 22
5 12:30 s} 12,4 32.3 8.40 93.8 9.38 16
1.0 2.8 32.4 8.82 100.4 11.44 15
17 1:00 0 i2.4 32.3 8.59 95.9 17.25 17
12.2 12.8 32.4 8.59 37.8 17.49 16
27 1:40 0 12.2 22.4 8,45 34,3 12,60 i3
18.3 12.8 32. 3.68 38.8 12.22 1%
9 2:00 0 12.8 32.3 8,45 95.2 14,11 18
20,1 12.8 32.4 g.92 101.5 22.32 14
18 10:30 0 12.5 - 8.59 97.8 13.35 -
7.5 2.7 - 2.82 1504 11.83 -
28 11:30 o 12.8 32.3 8.54 37.2 8.17 26
9.1 13.5 32.3 8.68 100.5 11.25 28
27 12:15 0 12,9 2.3 8.87 100.9 12.60 28
9 13.0 32.4 8.59 97.8 12.29 15
25 12:35 0 12, 2.4 8.37 9.0 7.70 7
18.3 12.5 32.4 3.54 97.2 7.69 15
25 1:00 0 12.5 32.3 8.5 97.2 15.86
18.3 12.9 32.4 8.54 37.2 12.89 1
24 0:30 0 2 22.4 8.73 57.5 10.52 13
15.6 3.1 32.5 8.51 8.3 7.08 13
20 11310 0 12.5 32.4 59 97.8 g.27 12
12.2 12.8 32.5 8.54 97.2 8.08 13
21 11:30 0 12.3 32.4 8.68 96.9 3.54 14
12.2 12.3 32.5 8.31% 92.8 L.39 13
22 11:55 s} 2.8 2.4 8.36 85.1 7.82 13
14.6 4 32.5 8,40 93.8 9.89 13
23 12:45 0 13.0 2.4 8.82 100. 4 10.18 12
12.8 13.0 32 8.54 97.2 8.97 15




o
[av]

sctirode measure
#11-20 as esta

b

Station #

1T 1z 13 14 15 15 17 18 i3 25 21 22 23 24 25 26 27 28 2%
o 359 G H s
2.5 R 224 -146 129 109 & A
5.0 359 359 A 108 379 102 104 129 49 119 R N 329 104 94
2.5 y 284 -156 129 185 D D
10.0 29 = 279 114 84 139 99 Tuk 109 o
12.5 L 2814 128 154 144
5.0 159 184 49 126 129 144 164
7.5 208 INCE 154
20.0 164 194 124 169
22.5 239 184 184 214
25.0 129 144 84 164
27.5 309 269 194 239
30.0 182 204 94 164
32.5 259 184 265
35.0 182 209 159 209
3 219 2114
i

2 184 224 169
.0 234 254

o
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with the

0TS ® camera. Phy
&

Aoughne Mudclasts Redox ¥Metfhane
ieptl Diam. Mean pockets Low
# fcm) depth Contrast # D.0. Comments
H 4 13.6 8.72 2 1.2% 7.5 42 o] No Ampnipod tubes
2 4 8.4 1.85 2 - 6.1 28 0 No  Amphipod tubes
4 3% 4.3 0.8 0 - 4,3 21 Is) No Tube mat RPD > penetration
5 2% 3.1 3.6 0 - ? 24 0 Mo Tube mat RPD > penetration
5 3% 3.5 1.1 0 . ? 24 o] No Tube mat RPD > penetration
T 3% 3.3 1.0 0 - ? 24 9 No Tubes, hydroids, cobble, shell
8 2% 2.5 2.5 o} - ? 24 0 No  Tube mats, cobbles
3 4 19.9 0.7 4 3.56 8.1 24 0 No
10 g 17.8 0.5 2 0.48 8.7 26 0 No
11 4 15.2 1.2 3 0.4 3.8 28 o] No Largs tube at interface
12 1% 2.9 1.0 ) - ? 0 s} No Dense mats on sand
13 3% 4,3 1.8 s - ? 0 0 No  Dense mats, cobbles
T4 2% 2.7 1.2 3 - ? 21 0 Ho Cobbles & hydroids, poor sorting
13 3% 3.3 1.8 0 - 3. 41 o] No  Tube mat, cobbles
16 3% 5.5 0.3 9 - 5.4 19 Q No  Dense tube mat
17 B 9.7 0.4 2 0.5 0 0 ¢} Yes Microbial aggregate
13) i 3.6 1.0 0 - 4.1 29 ¢ No  Large polychaete worm
18) 4 10.9 1.8 2 1.0 0.1 y 0 Yes 2 relict void
20 4 7.4 0.5 4 0.5 2.8 24 0 No  Dark sediment bands
21 B 4.1 0.8 G - 3.1 43 0 No RPD indistinct
22 2% 3.7 1.7 s - ? 43 0 No  Mussel bed
23 E} 5.7 2.4 o - 2.7 10 0 No  Mussel bed
2 4 3.1 3.5 o - 2.2 17 0 No  Mussel bed
25 4 5.3 1.7 g - 2.2 37 g No Mussel bed
26 3% 2.9 1.5 0 - ? 37 0 No  Cobbles, debris, RPD > penetration
27 1% 3.5 0.8 2 Q.45 5.7 35 0 No
28 3% 18.7 0.7 B 0.45 7.0 19 0 Mo  Amphipods
29 I 13,5 0.8 o] - 9.7 31 0 No  Amphipods, diverse
30 3% 5.4 1.3 Q - 5,7 26 0 No Amphipods
31 3% 15,4 0.7 L 0.5 7.1 19 0 No Amphipods
32 3% 3.7 1.4 0.4 5.7 26 0 No Diverse surface fauna
33 it 4.5 0.7 1 0.5 5.8 43 0 No  Amphipod
34
35 4 10.5 0.5 0 - 5.8 57 Q No Amphipods, worms
26 3% 7.1 0.8 L 0.4 6.3 48 0 Ho  Amphipods
37
38 B 15.2 8.9 9] - 7.2 41 0 No
39 B} 2C.1 1.4 2 0.6 8.2 4 9 No
40 Y4 3.2 0.5 4 0.9 5.8 32 0 No  Tubes present
41 B 17.3 1.0 0 - 7.9 20 0 No Epifauna
4z
43
4y 3% 7.9 2.2 0o - 5.1 40 0 No  Cobbles
45 3% 2.1 1.2 2 0.5 ? 40 0 No Epifauna
L) 3% 1.9 0.7 o - 5.4 27 0 No Epifauna
47
48 4 13.8 0.3 4 0.3 7.5 25 s} No
49 4 201 1.2 1 0.4 7.0 29 0 No
50 4 16.4 1.6 2 0.5 7.1 1 0 No
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Appendix 8. Established and approved salmonid
aguaculture sites in L'Etang by Hay, 1985,




