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Figure 3.2: The proposed relationship between foraminifera and environmental variables on

saltmarshes (after de Rijk, 1995; Horton, 1997). As there is no published work for shallow sub-tidal
foraminiferal ecology, saltmarsh is used as an example, on the assumption that it is the most similar
habitat with available published data.
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Figure 3.3: Summary of diversity data for living foraminiferal assemblages, where the Fisher

(o) and Shannon-Weaver (H(S)) indices indicate the degree of species diversity. The main area of
interest is that of the brackish, marine and hypersaline lagoons (Source: Murray, 1991).
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Figure 3.4.6: Modern surface assemblages (life, death and total (life + death)), compared to fossil
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Figure 3.5: Percentage abundance versus total number of species, plotted logarithmically. The
contours are errors at + ‘x° % at 95% confidence level (Source: Patterson and Fishbein, 1989).
Dashed lines indicate the values for total number of specimens required together with the associated
error for given % abundance of species, as detailed in table 3.1.
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Figure 3.6: Principles of quantitative environmental reconstruction showing X,, the unknown

environmental variable to be reconstructed from fossil assemblage Y, consisting of m taxa in ¢ samples,
and the role of a modern ‘training set’ consisting of modern biological data Y of m taxa at n sites and
environmental data X for the same n sites (Source: Birks, 1995).
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Figure 4.4.1:
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Figure 4.4.6: Locheport Basin 2, Isle of North Uist.
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Figure 4.4.8:
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Figure 4.4.18: Caithlim Lagoon, Isle of Seil, Argyll.
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Foraminiferal assemblages collected from Oban nan Struthan, Isle of North Uist,

during May 1999. The CONISS cluster analysis was carried out with no data transformation.
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Figure 5.1.3:  Salinity values for six sample periods along Transects A, B & C at Oban nan
Struthan, Isle of North Uist, during May and September, 1999.
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Figure 5.1.4:  pH values for six sample periods along Transects A, B & C at Oban nan Struthan,
Isle of North Uist, during May and September, 1999.
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Figure 5.1.5:  Dissolved Oxygen values for two sample periods along Transects A, B & C at Oban

nan Struthan, Isle of North Uist, during September, 1999.

-56-



Figures and Plates Chapter Five

A
100
90
80 1
70 1
—®—Clay
&
% —B—gii
2
& —&—Sand
—H—q, Organic Content
Sample Number
B
100
90
80 1
70
" —€—Clay
an 60
g —&—i
8§ 50
5 40 —&—Sand
& —¥—q Organic Content
30 1
20
10 1
0 -
1 2 3 4 5 6 7 8
Sample Number
C
100
90 1
80 1
70 1
% 60 +Clay
g ——giit
g 501 —&—Sand
£ 40
—>— 9 Organic Content
30 1
20 1
10 1
0-

1 2 3 4 5 6 7 8 9 1011 12 13 14

Sample Number

Figure 5.1.6:  Particle Size and Organic content percentage data for Transects A, B & C, Oban
nan Struthan, Isle of North Uist.
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Figure 5.2.3 Salinity conditions during four sample periods for Duartmore Lagoon, Assynt,

during April and August 2000.
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Figure 5.2.4 pH conditions during three sample periods for Duartmore Lagoon, Assynt, during
April and August 2000. April Neap tide data is not available, owing to meter malfunction.
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Figure 5.2.5 Dissolved oxygen conditions during four sample periods for Duartmore Lagoon,
Assynt, during April and August 2000.
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Figure 5.2.6 Particle size and organic content percentage data for Duartmore Lagoon, Assynt.
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Figure 5.3.1:  Foraminiferal assemblages collected from Caithlim Lagoon, Argyll, during April
2000. The CONISS cluster analysis was carried out with no data transformation.
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Figure 5.3.3:  Salinity conditions during four sample periods for Caithlim Lagoon, Argyll, during
April and August 2000.
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Figure 5.3.4:  pH conditions during four sample periods for Caithlim Lagoon, Argyll, during
April and August 2000.
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Figure 5.3.5:  Dissolved oxygen conditions during four sample periods for Caithlim Lagoon,

Argyll, during April and August 2000.
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Figure 5.4.1:  Total foraminiferal dataset remaining after screening of the data for statistical
significance. The CONISS cluster analysis which produced the foraminiferal assemblage zones was
carried out using no data transformation through the unweighted Euclidean distance method, on an
unconstrained dataset.
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Figure 5.4.2:  Total foraminiferal dataset remaining after screening of the data for statistical
significance. The CONISS cluster analysis which produced the foraminiferal assemblage zones was
carried out using the unweighted Chord distance method, on an unconstrained dataset, in order to give
greater significance to the minor taxa.
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Figure 6.2: CCA Biplots for a) Sample — environment and b) Species — environment. Mf =

Miliammina fusca, Hd = Haynesina depressula, Ti = Trochammina inflata, Es = Eggerelloides
scabrus, Emar = Elphidium margaritaceum, Emac = Elphidium macellum, Jm = Jadammina
macrescens, Hg = Haynesina germanica, Ew = Elphidium williamsoni, C1 = Cibicides lobatulus, and
Ab = Ammonia beccarii var. batavus.

The six labelled environmental gradients are plotted as vectors, with the length of the arrow
proportional to the degree of influence over the biological assemblage and the direction of the arrow
being the direction of maximum change of that environmental variable within the samples / species.
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Figure 6.3: The relationship between the position of a basin sill in the tidal cycle, and the

average salinity within that basin, for the 15 sites included in the modem training set. Although the
lowest salinity is found in the basin with its sill at the highest position in the tidal cycle, and vice
versa, the overall pattern is not clear-cut, suggesting that the relationship between the two factors is
not straightforward; other variables must interact to complicate the connection between salinity and
the position of the sill in the tidal cycle.
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Figure 6.4: Taxon-environment response models. a) Gaussian unimodal relationship between

the abundance (y) of a taxon and an environmental variable (x). The three important ecological
parameters of the model are shown; u = optimum, t = tolerance, ¢ = maximum. The equation for the
expected value of the taxon’s abundance y is given for the Gaussian response model (modified from
ter Braak, 1988).

b) Linear relationship between the abundance (y) of a taxon and an environmental variable (x). The
equation for the expected value of the taxon’s abundance y in relation to x is given for the linear
response model (b, = intercept, by = slope or regression coefficient (modified from ter Braak, 1988;
after Birks, 1995).
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screened modem training set.
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Foraminiferal assemblage from a fossil core from Rumach VI basin, Arisaig,

Scotland, together with predicted average salinity values calculated by partial-least-squares (PLS)

calibration and Modem Analogue Technique (MAT).

(1955): L L L =silt and clay; X X X

Figure 6.8
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Figure 7.1: Maximum water depth at MHWST in the modem isolation basins sampled. The
majority are considerably shallower than the fossil basins during the fully marine or nearshore shelf

stage.
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Figure 7.2: MAT reconstructed average salinity, water depth and foraminiferal species
diversity versus depth for Loch nan Corr, Kintail. The graph of species diversity shows a general
trend of increasing species diversity with increasing water depth (the species diversity between 5 and
100 cm depth is for thecamoebians). Maximum species diversity occurs in the nearshore shelf (fully
marine) stage (600 — 726 cm).
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Figure 7.3: Potential errors in measuring only the minimum sill elevation. The marine input
over the sill indicated by the dashed line will be considerably greater than that over the sill indicated
by the solid line, yet both have the same minimum sill elevation. For this reason, an approximate
measure of marine input is suggested.
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Figure 7.4: Changes in the estimated marine input — basin volume ratio during the isolation

process. a) indicates fully marine conditions with marine sedimentation, with the wetted sill cross-
sectional area a and basin water volume ¢ at MHWST. b) indicates brackish or variable salinity
conditions with associated sedimentation, with the wetted sill cross-sectional area b and basin water
volume » at MHWST. c¢) indicates freshwater conditions with associated sedimentation, with the
wetted sill cross-sectional area ¢ and basin water volume ¢ at MHWST. This ratio will control the
salinity of the basin, with the basin water volume controlling the inertia within the system to changes
such as isolation and freshwater input.

-88-



Chapter Seven

Figures and Plates

g v Z 0 g v 2 O e 02t 0 s m § 0 € 07 0L 0 [ S 0 o 0 o o 0e O 00 0 (1) % 0 Lo 05 o
3 TR T W T T TR T T TFTIET T AT BT TR T R X s T T I T O
WoSWeIMm N s b . . s N . . N . . . . . N . . stz
euiescy 3
B . 5 B . . 4 o o N o . B . . . “ o .
‘ REZE JTHNCEE- e R I KN L e 1L i X 22 TR T I ST T T T Ry TR TR HUTTTE R £ B2 3 T ¥ R T W EE TR T T TR T ic
WNNUILRE
N . N . . | AR s S
== T SRR s W T S el T TR IR A A 3 o I
* H 1 . * 2 . * + s . *
- . P PR +af Al “ 4 PRI
1 4 + i 3 . 1 3 N +
I L Ebe B ke BRI ' LK ¥ E3
epion; - PN PO N N . - « e o 4 ~ -
CuunssIy PR .o . v . T . " I P
‘. 2 <L L . .o PN . ¢
. s . R . . 3 g
P . P 4+ P T 4 ol
3 = SAE] = b
1A 5 B Y 5 B Y N PE IR -4 A4
whipedial, ¢ e PR R PN N R a 2| . -, #|
& 2 1 W - HE 1
. B +
TR e b i B = T
o, Lt . R LURE RO <4l P A I $ 1
. o “ ..o -4 || O § +
. . b . H . M M
TS iy 3 T
D ., 3 IR F 2. .
L1 . - f B &
wnypiid3 . . I P -
. S el e . o~ N . H #]
- R o . g % . . H 9
o . 3 P . ¥
\anaoxd R J 3 . :
wapdi3 | e+ Tl .‘%‘ b Y “4 ey L
T, T T Oy T R g
smug L { »& . .“ N <o s m 1]
SopI0)I913063 DAY H : & - 3 H H
b1 by .t 4 ) 1 3 H
F T y o R Bt i 5 [ g
snireqol H A J -
SADINGID) E I o P - 2 .2 } H H
s N . N . 4 N N .
3 N 4 Y 3 2 3 : b
T T TR, G a e L e e L e i
JPN PR | NEAIE s IS s O x =y & f ¥
gjRung z
. . . " o 4 4 . odr
N A S IR G a g L A TR |
euiing
.. | -t e L Ll L] 4
T T
I e S B b S | w
R + . o . J 2
+ 4 < E 3 3 Y
. - . o o . DY
sy uj‘m!u;w L s s j
il Id L
neIVY
BluowwYy + + 4
P
eaueuwon 2% su
vuIsuleH s R
A -
WA
]
T
IUOBWEIIM ~3
wmpth3 pi - K
L - »
K T g O
EmEm:am.M.k YL * m anf G
BUMIWEYD0S |, oL
. R 4168
w
N N i
suesaew H #a
sunwEPar ‘
N,
ejeyu) 2
euIUWEYd0) | Fa K]
siv
'8N
w:.cém‘.i

Loch nan

1n

bas

10n

lat

180

he fossil

ionships in t

_89-

fera — foraminifera relat

ini

Foram

il.

intai

Figure 7.5
Corr, K




Chapter Seven

Figures and Plates

TSt 1§ 0 oot 0% 0 R ] v EZ : o0 00 0% 0 0c 0z O 0 [ TR TR vz 0 o0 0z 0 m
¥ - T Rz e e e e R e T s T +—TTT 02 — T 3T + =
(8]
A R . i i W 7] 3 b H H < 7 ] 3 ]
wnieAesxa S
wnpiydiz —
4 4 B 3, s s 4, 3 3 3! 4 4 | 2] 4 2+ —
— s I R T e e ) S e R ST = —i O T 5o e i o =
. . . . . N . 4 . N . N o o . L
o0s =
. . . . . . P . . . . s J . . o
A - : i -] N H N i N : : : i oot
— TR Cm —3 o T i T 3 £l o
3_cm=»\mm ‘o
BuUSAUABK [+ 3 .t 1 1 o s 1 1 ks 2 H t R <
. . . . . . . . . . R . f . e
D e =2 | T e e e e (R LT B 3= i —T T i I 3 o =
. . N . N J| ' J N J J J N 1)
: . : : . : 1 3 3 : ! $ |° =
“ . R . . + . “ . “ “ . 4]0t —_—
e e H— —r — v 3 T Hr °
elewenbs . 4 NN | ' . N . . | J 4
it o T P J LI IR | i 1 ' 3 i i 8
A d . X s 4 bl H 3 ! 3 K )
e — — — i ) 2
mcmuwMMomE »m . m ‘e . m ~ m m m m m 0e Cm
BUllLWEpe . . - o
“ s - 3 ) : i i i i i i i #fos ©
4 0 + A [ 4 3 4 3] N +} OR h
T TR T RE 3= it ERE HBEEE it T 1oy £l =)
Elegul . o A . o o
BULLRLIEG! | P e . . K H 3 2 3 | K g
“ . K ¥ + - 4 . ) . 4]
T o+ —fr L T 3t S 7 o g
elewudwos | . . | =
BLD0R0YC ], < * ' 4 L] » ‘. [l 1 <
P N “ N . . o of Jf2 nnv
£
3 NS . i .7 3 I 1 K3 )
‘ i i i H § H § § .m
i i § i § ¥ § § 2
T i I T Gy T 3T w0 m
-dds sapiow ! O
-Bewdoydey z =
J J . . J f J
7 m 3 T T Lo (¢ =
ess9,dwod M ¢ 1 * g
quod <
. . . . N . Y
T T 3 a1 31T =0 Cnlu.
sninpiu
e|jouBbAiyy L |
T ¥ ¥ T <
2ej020In ]
2ibnyng =
L i g - =
3 . 3o £
mm:o_no 0z m
elbmyig |« N . R dop o)
i . “|on o
T Ir -
A 4o
ww 1005} b
sixAdoswe)) |, B Y
et [l
sJoz I
S
Aenles s
six
.rma

-90-

Coigach.




Figures and Plates Chapter Seven

—
———
— 4
; q
! q
- 1
—— //’0‘9
174
< ]
4,;)/ E
., 7o)
/(, “J
(3
b — T,
“,
%,
“,
P Z
' 4 =z
i’
“,
%
“
%
[P
<
“, ol
k 1 2,
Z
“,
“
>
2 %,
' | 2 Z
t | , .
2, >
2 3
2
/(/
()
%,
.
L)
- %,
.
2
*,
< v joard e o vy [ uy = SN
T [2a} 28} (o] (2] — —_— o),/;
~)
~ ~
(dd) Knumpeg <
Figure 7.7: Optimum (weighted mean) average salinity (%o) for each of the eleven species in

the screened modem training set, using inverse Weighted Averaging (WA). Tolerance (standard
deviation) levels are indicated by the error bars.
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during May 1999. The CONISS cluster analysis was carried out with no data transformation.
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Figure A3.1.3: Scatter plot matrices for foraminifera — environment, environment — environment,
and foraminifera — foraminifera relationships in Oban Trumisgarry, Isle of North Uist
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Figure A3.4.3: Scatter plot matrices for foraminifera — environment, environment — environment,
and foraminifera — foraminifera relationships in Locheport 1, Isle of North Uist.
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Figure A3.5.1:

May 1999. The CONISS cluster analysis was carried out with no data transformation.
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Foraminiferal assemblages collected from Pool Roag, Isle of Skye, during April

2000. The CONISS cluster analysis was carried out with no data transformation.
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Scatter plot matrices for foraminifera — environment, environment — environment,
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and foraminifera — foraminifera relationships in Pool Roag, Isle of Skye.
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Figure A3.8.3: Scatter plot matrices for foraminifera — environment, environment — environment,
and foraminifera — foraminifera relationships in Loch na h’airde, Isle of Skye.
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Foraminiferal assemblages collected from Loch of Reiff, Assynt, during April 2000,

The CONISS cluster analysis was carried out with no data transformation.
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Figure A3.10.2: Foraminiferal assemblages collected from Lochan Sal, Assynt, during August 2000.
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and foraminifera — foraminifera relationships in Loch an Eisg-brachaidh, Assynt.

-127-



Appendix Three

Figures and Plates

o

sasenbg jo wing w10,

! —.:‘3 nrs _._c J _X_vm_:p_vn.c-_z. .Ll_ L ,c_ﬂ_ |- __VN|P J - _AV_N PR _Gﬂ n“c_r_ C_m_ i .O_Fv. J I ST U I
| | ] [ ]
1 — A - .. ]
. ]
. ]
B ——
]
N | _ | T
SSINOD R YU 50
S W a 0 N Y
N \© N 3 &
o W & Y o ™
ey o e mm%. &° St
& ° & & W N
S O o o Y O~
o N Y O o
&/. & S ou 0°
& o ¥
W .o,.o

& \
JIRYS da0ysteIN Anuieg 2jquLIEA

/

£/1/301

p/1/901

9/1/301

§/1/301

L/1/201

8/1/301

Jaquany ajduteg

Foraminiferal assemblages collected from Loch Roe Lagoon, Assynt, during April

Figure A3.12.1

2000. The CONISS cluster analysis was carried out with no data transformation.

-128-



Appendix Three

Figures and Plates

sa.uenbs jo wins [ejo ],
Tl ol 80 20 0

SSINOD

<o e vz o S L AT A T R T S L S S L
] a-n or———eeeaas  S— C— M\N\QO.—
. §/z/°01
= 8//201
L/g/o01
9/¢/201
1 -1 1 1 1 1
JOV. /@AW@&«W/O‘«/O .%.%A z/QAV 76/? //ZP
) 4%1/. Q® wao. b&v %z/ Ny g
& ¥ X RS ° o
R SS A SN ? N
¥ S N O \J &.ov ol
% OIS W o 9
»gd R o
O
o/
&
JIdUS aJoysaeaN 7 Ajurjes sjqerie A

Jaquinp Jjdweg

Foraminiferal assemblages collected from Loch Roe Lagoon, Assynt, during August

2000. The CONISS cluster analysis was carried out with no data transformation.

Figure A3.12.2

-129-



Appendix Three

3 9R°

gg82°

-130-

2] 8°

Ll
el
02

§L

Scatter plot matrices for foraminifera — environment, environment — environment,

Figures and Plates

08 09 0 02 0 6t 00§ 0 G2 0L G 0L G 58 B SL ¢ oot 08 09 Ov [ - 4 0ZsLoL S 0 o5 oy 0f Q2
(0 pueS e e hE qE | OEEET B PR T N +
+ + H o+ 4+ #+ + |+ 4+ 4+ ++ 4+ H + + s + 4 +
¥ HF I+ F +F | FF + H +  F F B T F
(%) ws
- + it 44 *
g e B p g, L 1 s
(%) A2t
+
nﬂ FER | CEEE AN P REHR L *
A FF+ {F FF T+ F HF F [F ¥ FIF F
c_\a:_mo_m.w%_ A
R | TR | e + *
amesdwe) + - gt HH- M+ i F + % f * *
S . Y3 *o s 1 i Tr
-, + + # + 4
BAx
g Mi% # ﬁm I g ¥ ¥
Hd ._+. H H H H H
-+ T+ H * + I+ + | + 4 + +
W ET N : N
[ + + + + 1t
¥ i ¥
easny
evuweln
+
*
e|nssasdap
BWISBUARH
ST
sapiojfe1eb83
SNARIEQ ‘1A
1We00q
BIIOWWY

and foraminifera — foraminifera relationships in Loch Roe Lagoon, Assynt.

Figure A3.12.3




Figures and Plates Appendix Three

£ls
3
sl
g
+
g
5
F 4 +1 *
£ 2
g -
o -
G + +
g
sg ¥ paks
28 + +|+
35 o ¢
8
¢
§ *ﬁﬁ * | 2
- °
8 [+ + 4 ®
£ +*+i + +H
o}
£
i %
i
3 -
+ % 1 °
3 : 4
‘Jj— b hld -
4 + =
+ i + +
z M+ ¥ # + “%F + +
§‘§ ﬁ‘ "# +§++ - + +
=+ + + + Faye
st | PR TR + #h .
% °
°
53
33 -
23
5t
st
L1
on w
i .
4 o
5 .
5
25
us PR +t +4 + H Hi N
] -
R ?
53 o
2 -
& .
g
88
8
3 0
k] g
=B
§§3
<2 H e do+ | +4 e 8
D € ° a3 R LX) g§oe0s §832°

755
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Figure A3.14.3: Scatter plot matrices for foraminifera — environment, environment — environment,
and foraminifera — foraminifera relationships in Loch Nedd Lagoon, Assynt.
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Figure A3.15.2: Scatter plot matrices for foraminifera — environment, environment — environment,
and foraminifera — foraminifera relationships in Lochan na Dubh Leitir, Assynt.
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Figure A3.16.1: Foraminiferal assemblages collected from Craiglin Lagoon, Argyll, during April
2000. The CONISS cluster analysis was carried out with no data transformation.
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Figure A3.16.3: Scatter plot matrices for foraminifera — environment, environment — environment,
and foraminifera — foraminifera relationships in Craiglin Lagoon, Argyll.

-139-



Figures and Plates Appendix Three
[ ; @
w z
2 E
Z g
O 3
o E
w
E
=]
=
J\ L
09 r r
%, [ [
“Q [
G 0' &
e &/ r /\——/\ r
= 4 | L
177} ()
‘( t
g
2\ N
g N, [ k
B 2z
g 2, — X
z /9&, [
2, I L
:, L
%, I -5
7,
%, |
'99. s L
> | L
- | —
£ : 2
£ ]
; -
@
& -
= g
]
‘€ \\ L
S L
> | s
2, F g
% g L
e [ I
%, i | =
$é
9/ L
=

dubh/1/1

dubh/1/2

dubh/1/4
dubh/1/5

Jaquny Jjdweg

dubh/1/6

dubh/1/12

Figure A3.17.1: Foraminiferal assemblages collected from Dubh Loch, Argyll, during April 2000.

The CONISS cluster analysis was carried out with no data transformation.

-140-



Figures and Plates Appendix Three

g e
E £
8
3 f'#
%
+ «©
+ +
+ + 1~
gl | &Y.
HEAR 1S
He -
g 4 4+
55 |+ +
7= 4;: 4;_+ +}:-
-
il e §k+g
L[+t g R 40 B T
it :
L
- " LE R A i e ©
EE ot gk i
25
Q
25 1% | wedilahd o o e B
- + H oo+ O+ + :
B¢ gy dremena e
A N R
+ 4, R H+
a8+ " + Hoo| +
*JJ %t +M%+*&++M8
© H = ZE: k. 3 ++H T H T
a3 8
22 o+ o |+ H+ 4+ |+ + +H g
28
s
o :.,
£2
£ °
£ ®
£5
25
8=
ws
" +]1 + + 4 + +14 H +_ 14+ + ES
é -
3 o
B e
nm
53
'O
s 3 i
25 -
£3s .
= wo 5@ 8 “we g » ° EEET-P ERER R K
8

Figure A3.17.2: Scatter plot matrices for foraminifera — environment, environment — environment,
and foraminifera — foraminifera relationships in Dubh Loch, Argyll.
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APPENDIX ONE

Methods

Al.1 INTRODUCTION

The methods employed in the sampling strategy and data collection stages are
described here. This includes the methods used in the analysis of water chemistry,
including the calibration of equipment, and sediment properties (loss on ignition and

particle size analysis).

Al1.2 LABORATORY METHODS
Al.2.1 Salinity

The accurate measurement of salinity within each basin was critical in this research if

useful comparisons were to be made between and within sites, and through time.

AlL2.1.1 Calibration

The meters selected for all water chemistry measurements were calibrated on freshly
prepared standards, and tested against benchtop meters in the laboratory. The
standards were also tested using the Chloride titration method. The Jenway IP67
standard hand-held meter used during the research accepts only one calibration,
using KCl (potassium chloride) standards of conductivity strength 1413uS
(microsiemens) or 12.88mS (millisiemens) or, in terms of molar strength, 0.01N and
0.IN KCI. The Jenway bench-top meter used in the laboratory allows a three-point
calibration, and standards of conductivity 1413uS, 12.88mS, and 24.8mS (0.2N KCI)
were used. The hand-held meter was also tested against a self-calibrating YSI 63
meter during the final set of data collection in the field, and the results were within

0.1mS (or mg/L) of each other in water of salinity 27%eo.
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Al.2.1.2 Measurement

Measurements were taken only once the end-point (meter stabilised) symbol was
displayed by the instrument. The conductivity was then converted to salinity using
Lab Assistant software v.2.00.05 (PDMS, 1995). One sample from every batch at
each site was also tested using the Chloride titration method. These were chosen to

represent the full range of salinity values experienced in the field.

Al.2.1.3 Method for Chloride Titration

1. Wearing a lab coat, safety glasses and protective gloves, prepare an N/10
(0.1N) standard of Sodium Chloride (5.845g NaCl in 1 litre of distilled

water).

2. Make up an N/10 solution of Silver Nitrate (AgNos) (17.0g AgNosin 1 litre
of distilled water). This should be kept in a dark bottle, and stored in a

cupboard, in order to prevent the silver nitrate from deteriorating.

3. In a small flask, add 20 — 30ml of distilled water, then add to that 10ml of the

NaCl standard, using an automatic pipette or another accurate method.

4. Add 4 or 5 drops of potassium chromate (K;CrQO,) solution, which will give
the sample a yellow colour. In order to ensure that the sample is made acidic,
add 2 or 3 drops of Nitric Acid (NHO3), then a small spatula amount of

Calcium Carbonate (CaCos) in order to make the sample alkaline.

5. Using a 25ml or 50ml burette, mounted on a stand, to add the silver nitrate,
first test it against the NaCl standard. Exactly 10ml of silver nitrate should be
required to change the colour of the entire sample from yellow to light brown.
A magnetic stirrer is useful in mixing the sample, otherwise gently agitate the

sample the whole time that silver nitrate is being added.
6. Prepare samples in the same way as the NaCl standard, adding 5 or 10ml to

the distilled water, then adding the potassium chromate, Nitric Acid and

Calcium Carbonate in turn. If the sample has already been measured using a
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conductivity meter, and the conductivity is greater than 10mS, use Sml of
sample. If it has a conductivity less than 10 mS, use 10ml of sample in order

to achieve a more accurate result from the reading on the burette.

7. Add the silver nitrate as before.

8. The amount of sample and silver nitrate used in obtaining each reading
should be noted and entered into the following equation, where A = amount
of silver nitrate used, B = amount of sample used, Y = the figure obtained in
the first part of the calculation (required for the second part) and Z = salinity
in parts per thousand (%o):

Y = (A x 3.55) x (1000/B) 4)

Z =(Y/19350) x 35 &)

A1.3 LOSS ON IGNITION ANALYSIS

The technique used here is after that of Ball (1964). Approximately 3.5 g of
sediment was added to a crucible of known weight, and oven-dried at 105°C for 24
hours. The dried sample was then weighed, and the weight of the crucible

subtracted, before being placed in a furnace at 550°C for 4 hours.

Before the ashed samples cool to below 100°C, place them into a dessicator and store
them there until they are weighed and, again, the weight of the crucible is subtracted.
The percentage difference between the dry weight and ashed weight is the percentage

organic content or loss on ignition:

Loss on ignition % =((O ~1) / O) * 100 6)

Where O is the weight of the dried sample; and I is the ashed weight.

Al.4 PARTICLE SIZE ANALYSIS
Particle size analysis was carried out using a Coulter laser granulometer, using a

minimum of two runs of 90 seconds for each sample. The results were converted to
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MS Excel format and simplified into the percentage of material by volume in the
clay, silt and sand fractions. The granulometer accepts any particles in the size range

Ipum to 2mm (2000um). The method of sample preparation is as follows

1 Wearing the appropriate safety equipment (lab coat, safety glasses and Nitrile
gloves), place approximately 3 g of sediment in a plastic vial. From now

onwards, work inside a fume hood

2 Add 20 ml of distilled water and 5 ml of 100 % Hydrogen Peroxide (H,0,) to

the sample.

3 The sample will effervesce. If this is extreme, allow the sample to settle for a
time before covering each tube with foil and placing in a boiling water bath

for two hours.

4 Scrape any coarse material which has collected at the top of the tube back
down into the sample and, if necessary, add more Hydrogen Peroxide and
return to the water bath. Repeat this procedure until all organic material has

been dissolved.

5 Centrifuge the samples at 4000 rpm for 4 minutes and carefully decant half of
the supernatant liquid off. Top up with water, centrifuge, and decant off the

supernatant water.

6 Add 20 ml of distilled water to the tube, then 2 ml of Sodium
Hexametaphosphate (NaPOs3) solution, which is a deflocculant. The sample

is now ready for analysis in the Coulter laser granulometer.
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Al.5 FORAMINIFERA
The following procedure is after Scott and Medioli (1980a) and de Rijk (1995).

1 The foraminiferal and, where appropriate, thecamoebian (or testate amoebae)
samples are placed in buffered ethanol together with the protein stain rose
Bengal (Walton, 1952).

2 Wet sieve through 500um and 63pm sieves, using light water pressure from a
fine spray.
3 Wash the samples into a storage vial with distilled water, add ethanol as a

preservative, and store in a refrigerator.

Al1.6 LEVELLING SILL ALTITUDES
The majority of sill altitudes were determined using Leica GPS System 300, with the
data analysed in the SKI package and tied into the UK Ordnance Survey active GPS

network, the data from which is downloadable via the internet.

The maximum error in linking the reference station (in effect a temporary
benchmark) to the active network was less than 25 mm. Given that the errors
associated with the (no longer maintained) UK benchmark system are up to order of

magnitude larger than this, 25mm can be accepted as a legitimate error margin.

Added to this are any differences between the reference station and the rover station
used at each site. The quality of this solution never exceeds 41 mm, although more

typical error values are sub-millimetre.

For the small number of sites where the GPS equipment was not available, a Leica
Total Station was used, in conjunction with the OS benchmark system. In order to
maximise the accuracy of this system, the benchmarks used were cut in solid rock
and all transects were closed back to the benchmark, with a maximum accepted

closure error of S0mm.
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Foraminiferal Species List

Ammonia beccarii var. batavus (Hofker)
Ammoscalaria runiana (Heron-Allen and Earland)
Cibicides lobatulus (Walker and Jacob)
Eggerelloides scabrus (Haynes)
Elphidium excavatum (Terquem)
Elphidium macellum (Fichtel and Moll)
Elphidium margaritaceum (Cushman)
Elphidium williamsoni (Haynes)
Haynesina depressula (Walker and Jacob)
Haynesina germanica (Ehrenberg)
Jadammina macrescens (Brady)
Miliammina fusca (Brady)
Quinqueloculina spp.

Trochammina inflata (Montagu)
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APPENDIX THREE

Site Results

A3.1 FORAMINIFERA AND ENVIRONMENTAL VARIABLES

Three sites were selected in the main text for discussion of the relationships between
the foraminifera and environmental variables data collected from each site. The
remaining data is presented here, with information appearing in Figures A3.1.1 —

A3.17.2 in the following site order:

Oban Trumisgarry
Alioter Lagoon
Bac-a-Stoc

Locheport 1
Locheport 2

Grimsay

Pool Roag

Loch na h’airde

Loch of Reiff

Lochan Sal

Loch an Eisg-brachaidh
Loch Roe Lagoon
Oldany Lagoons

Loch Nedd Lagoon
Lochan na Dubh Leitir
Craiglin Lagoon

Dubh Loch
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A3.2 REGIONAL COMPARISON OF THE COMBINED DATA-SET

The screened dataset of 266 samples was split into that from the Hebridean islands of
North Uist and Skye (221 samples), and that from the Assynt and Argyll areas of the
mainland (45 samples). Values of r (Table A3.1) and 1? (Table A3.2) were calculated
for the relationships in each, and scatter plot matrices calculated in the same manner
as for the combined modern dataset (Figures A3.18.1 and A3.18.2). Data from
neither region displays any distinct differences from the combined dataset. As a
result, the combined dataset is used for the remaining statistical analysis, as there is

no apparent gain in treating the results on a regional basis.
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APPENDIX FOUR

Standardised Water Level Index

The altitude of basin sills can not be accurately compared in the statistical
reconstruction of relative sea-level without also taking account of their position in
relation to the tidal cycle. The altitudes are therefore converted to a standardised
water level index (SWLI) from metres OD. Three methods were previously
discussed by Horton (1997). Here, the three methods are assessed, in order to find

the most appropriate equation for the range of basin elevations in this research:

A4.1 METHOD ONE

The altitude of sills and tide levels are expressed as:

Xq = [(Aqs— MTL,) / MHWST, - MTL,;)*100] ¥))

where A, is the altitude (m OD) of the sill at site a; MTL, is the mean tide level (m
OD) at site a; MHWST, is the mean high water spring tide at site a; and x, is the
SWLI of the sill of site a. This method gives values of 0 for the x, of MTL and 100
for that of MHWST. Figure A4.1 and Table A4.1 show the construction of tide

levels using method one.

A4.2 METHOD TWO

The altitude of sills and tide levels are expressed as:
xa=((A,—LAT,)/ (HAT, - LAT,)*100) 8)
where A, is the altitude (m OD) of the sill at site a; LAT, is the lowest astronomical

tide (m OD) at site a; HAT, is the highest astronomical tide at site a; and x, is the

SWLI of the sill of site a. This method gives values of 0 for the x, of LAT and 100
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Appendix Four Standardised Water Level Index

for that of HAT. Figure A4.2 and Table A4.2 show the construction of tide levels

using method two.

A4.3 METHOD THREE

The altitude of sills and tide levels are expressed as:
Xz = [((Ag - MLWST,) / (MHWST, - MLWST,)*100) + 100] 3

where A, is the altitude (m OD) of the sill at site a; MLWST, is mean low water
spring tide (m OD) at site a; MHWST, is mean high water spring tide at site a; and
x, is the SWLI of the sill of site a. As this method is selected as the most appropriate
for the this research, the constant 100 is added to ensure that all values are positive,
in order to avoid any potential problems with computer programs and negative
values. This method gives values of 100 for the x, of MLWST and 200 for that of
MHWST. Tide level construction is shown in Figure 4.6 and Table 4.3. Table A4.4

shows the construction of the SWLI for sill elevations using method three.

A4.4 SUMMARY

As well as the elevations of tide levels being constructed using each SWLI method in
turn (Table A4.2 — Table A4.4), the duration of flooding at Spring tide was also
plotted against SWLI using each of the three methods (Figure 4.7 - method three;
Figure A4.3 - methods one and two). From this, either method two or method three
could be used in this research, as they show the greatest consistency in SWLI values

between sites at the different stages of the tide.

Although SWLI method two actually produced a slightly higher value of r* and lower
RMSE, it was decided to proceed with method three. Method three is based around
accurate readings of Spring tides, the data for which is calculated for secondary ports
in the Admiralty Tide Tables (2000), whilst method two relies on the accurate
measurement of HAT and LAT, the data for which is not calculated for secondary
ports in the Admiralty Tide Tables (2000). This requires extrapolation from standard
ports, leaving the method open to potentially larger errors in the calculation of the

SWLI of each sill.
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Appendix Four Standardised Water Level Index

Site LAT MLWST MLWNT MTL MHWNT MHWST HAT
Oban Trumisgarry -140 -105 -45 0 40 100 130
Oban na Struthan -140 -105 -45 0 40 100 130
Alioter Lagoon -140 -105 -45 0 40 100 130
Bac-a-Stoc -140 -105 -45 0 40 100 130
Locheport 1 -140 -105 -45 0 40 100 130
Locheport 2 -140 -105 -45 0 40 100 130
Grimsay -140 -105 -45 0 40 100 130
Pool Roag -136.36 -100 -40.91 0 36.36 100 127.27
Loch na h’airde -166.67  -127.78 -50 0 38.89 100 155.56
Loch of Reiff -136.36  -104.55 -40.91 0 40.91 100 127.27
Lochan Sal -136.36  -104.55 -40.91 0 40.91 100 127.27
Loch an Eisg- -136.36 -104.55 -40.91 0 4091 100 127.27
brachaidh
Loch Roe Lagoon  -163.16  -121.05 -52.63 0 42.11 100 142.11
Oldany Lagoon1  -157.89  -121.05 -57.89 0 36.84 100 147.37
Oldany Lagoon2  -157.89  -121.05 -57.89 0 36.84 100 147.37
Loch Nedd -157.89 -57.89 0 36.84 100 147.37
Lagoon
Lochan na Dubh -157.89  -121.05 -57.89 0 36.84 100 147.37
Leitir
Duartmore -157.89  -121.05 -57.89 0 36.84 100 147.37
Caithlim Lagoon -107.69 -76.92 -23.08 0 46.15 100 138.46
Craiglin Lagoon -143.75 -81.25 -62.5 0 56.25 100 125
Dubh Loch -192.31  -115.38 -115.38 0 69.23 100 153.85
Average -147.07 108.39 -51.03 0 41.71 100 136.71
SD 16.80 12.86 17.26 0 7.64 0 10.14

Table A4.1: Construction of tide levels using SWLI method one (equation 7).

-158-



Appendix Four Standardised Water Level Index

Site LAT MLWST MLWNT MTL MHWNT MHWST HAT
Oban Trumisgarry 0 12.96 35.19 51.85 66.67 88.89 100
Oban na Struthan 0 12.96 35.19 51.85 66.67 88.89 100
Alioter Lagoon 0 12.96 35.19 51.85 66.67 88.89 100
Bac-a-Stoc 0 12.96 35.19 51.85 66.67 88.89 100
Locheport 1 0 12.96 35.19 51.85 66.67 88.89 100
Locheport 2 0 12.96 35.19 51.85 66.67 88.89 100
Grimsay 0 12.96 35.19 51.85 66.67 88.89 100
Pool Roag 0 13.79 36.21 51.72 65.52 89.66 100
Loch na h’airde 0 12.07 36.21 51.72 63.79 82.76 100
Loch of Reiff 0 12.07 36.21 51.72 67.24 89.66 100
Lochan Sal 0 12.07 36.21 51.72 67.24 89.66 100
Loch an Eisg- 0 12.07 36.21 51.72 67.24 89.66 100
brachaidh
Loch Roe Lagoon 0 13.79 36.21 53.45 67.24 86.21 100
Oldany Lagoon 1 0 12.07 32.76 51.72 63.79 84.48 100
Oldany Lagoon 2 0 12.07 32.76 51.72 63.79 84.48 100
Loch Nedd 0 12.07 32.76 51.72 63.79 84.48 100
Lagoon
Lochan na Dubh 0 12.07 32.76 51.72 63.79 84.48 100
Leitir
Duartmore 0 12.07 32.76 51.72 63.79 84.48 100
Caithlim Lagoon 0 12.50 34.38 43.75 62.50 84.38 100
Craiglin Lagoon 0 23.26 30.23 53.49 74.42 90.70 100
Dubh Loch 0 22.22 2222 55.56 75.56 84.44 100
Average 0 13.57 34.01 51.74 66.49 87.23 100
SD 0 3.10 3.16 2.06 3.23 2.54 0

Table A4.2: Construction of tide levels using SWLI method two (equation 8).
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Site LAT MLWST MLWNT MTL MHWNT MHWST HAT
Oban Trumisgarry 82.93 100 129.27 151.22 170.73 200 214.63
Oban na Struthan 82.93 100 129.27 151.22 170.73 200 214.63
Alioter Lagoon 82.93 100 129.27 151.22 170.73 200 214.63
Bac-a-Stoc 82.93 100 129.27 151.22 170.73 200 214.63
Locheport 1 82.93 100 129.27 151.22 170.73 200 214.63
Locheport 2 82.93 100 129.27 151.22 170.73 200 214.63
Grimsay 82.93 100 129.27 151.22 170.73 200 214.63
Pool Roag 81.82 100 129.55 150.00 168.18 200 213.64
Loch na h’airde 82.93 100 134.15 156.10 173.17 200 224.39
Loch of Reiff 84.44 100 131.11 151.11 171.11 200 213.33
Lochan Sal 84.44 100 131.11 151.11 171.11 200 213.33
Loch an Eisg- 84.44 100 131.11 151.11 171.11 200 213.33
brachaidh
Loch Roe Lagoon 80.95 100 130.95 154.76 173.81 200 219.05
Oldany Lagoon 1 83.33 100 128.57 154.76 171.43 200 221.43
Oldany Lagoon 2 83.33 100 128.57 154.76 171.43 200 221.43
Loch Nedd 83.33 100 128.57 154.76 171.43 200 22143
Lagoon
Lochan na Dubh 83.33 100 128.57 154.76 171.43 200 221.43
Leitir
Duartmore 83.33 100 128.57 154.76 171.43 200 221.43
Caithlim Lagoon 82.61 100 13043 143.48 169.57 200 221.74
Craiglin Lagoon 65.52 100 110.34 144.83 175.86 200 213.79
Dubh Loch 64.29 100 100.00 153.57 185.71 200 225.00
Average 81.36 100 12745 151.83 172.00 200  217.49
0 7.70 3.16 3.49 0 4.12

SD 5.53

Table A4.3: Construction of tide levels using SWLI method three (equation 3).
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Site Sill Altitude (m OD) SWLI
Oban Trumisgarry 0.813 165.93
Oban na Struthan 0.851 166.85
Alioter Lagoon 0.674 162.54
Bac-a-Stoc 0.653 162.02
Locheport 1 0.879 167.54
Locheport 2 0.417 156.28
Grimsay 1.035 171.34
Pool Roag -0.707 125.52
Loch na h’airde 1.851 191.49
Loch of Reiff 1.426 177.24
Lochan Sal 3.182 216.26
Loch an Eisg-brachaidh 0.801 163.36
Loch Roe Lagoon 0.477 154.21
Oldany Lagoon 1 1.42 179.05
Oldany Lagoon 2 1.923 191.02
Loch Nedd Lagoon 1.921 190.98
Lochan na Dubh Leitir 4.498 252.33
Duartmore -0.546 132.24
Caithlim Lagoon 1.084 170.61
Craiglin Lagoon 1.417 180.59
Dubh Loch 1.193 182.61

Table A4.4: Sill elevations and SWLI values, using SWLI method three.

-161-



APPENDIX FIVE

WA-PLS Calibration and Modern Analogue
Technique Results for Fossil Data

This appendix provides data not included in Chapter Six for WA-PLS calibration

and Modern Analogue technique tests on fossil data from two basins.

The data are presented are:
i.  Dubh Lochan. WA-PLS calibration (Table A5.1 and Figure 6.9).
ii.  Loch nan Corr. WA-PLS calibration (Table A5.2 and Figure 6.10).
iii.  Loch nan Corr. MAT (Table A5.3 and Figure 6.10).

Sample Number  Sample Depth PLS Predicted Salinity
1 122 15.71
2 126 15.71
3 134 18.79
4 142 17.41
5 150 17.95
6 158 16.59
7 166 16.95
8 174 16.93
9 182 18.87
10 190 22.52
11 198 23.62
12 206 23.51
13 214 22.27
14 222 21.22
15 230 21.60
16 238 18.61
17 242 23.26
18 246 25.98
19 248 27.14
20 250 28.81
21 252 27.50
22 254 26.41
23 262 26.04
24 266 26.00
25 269 26.06

Table AS.1: Summary of salinity values predicted for samples in a fossil core from Dubh

Lochan basin, Coigach.
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Sample Number  Sample Depth PLS Predicted Salinity
1 104 16.09
2 112 16.40
3 120 17.45
4 128 27.19
5 136 26.78
6 144 27.48
7 160 28.01
8 176 27.70
9 192 27.43
10 208 27.69
11 224 27.26
12 240 27.28
13 256 27.26
14 272 26.09
15 288 2742
16 304 27.39
17 328 26.71
18 336 26.40
19 344 27.62

20 352 28.01
21 360 28.01
22 368 28.01
23 376 28.01
24 384 28.53
25 400 28.24
26 424 25.17
27 432 27.02
28 440 25.22
29 448 26.52
30 456 27.90
31 464 27.33
32 472 27.88
33 480 26.61
34 490 28.52
35 500 28.22
36 520 28.67
37 540 28.71
38 560 28.86
39 580 28.88
40 600 29.41
41 620 29.75
42 630 29.54
43 646 29.12
44 662 29.15
45 678 28.61
46 686 29.20
47 694 30.13
48 702 29.67
49 710 2945
50 718 30.04
51 726 30.63
52 730 30.07
53 738 28.62
54 746 28.45
55 754 26.55
56 758 27.80
57 762 28.36
58 766 28.54
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59 770 28.50
60 774 28.96
61 778 28.96
Table AS5.2: Summary of salinity values predicted for samples in a fossil core from Loch nan

Corr basin, Kintail.
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Sample Depth PLS Weighted Mean Min DC Analogue
Calibration

1 5 - 20.17 2.0000 No Close
2 26 - 20.17 2.0000 No Close
3 50 - 20.17 2.0000 No Close
4 66 - 20.17 2.0000 No Close
5 72 - 16.76 2.0000 No Close
6 80 - 21.41 2.0000 No Close
7 88 - 20.17 2.0000 No Close
8 96 - 27.12 2.0000 No Close
9 104 16.09 18.41 0.4784 No Close
10 112 16.4 21.22 0.0594 No Close
11 120 17.45 21.32 0.0644 No Close
12 128 27.19 21.58 1.2105 No Close
13 136 26.78 21.55 1.0755 No Close
14 144 27.48 21.62 1.2741 No Close
15 160 28.01 23.55 1.4523 No Close
16 176 27.7 23.38 1.3256 No Close
17 192 2743 21.60 1.2381 No Close
18 208 27.69 23.37 1.3106 No Close
19 224 27.26 21.59 1.2425 No Close
20 240 27.28 21.62 1.2933 No Close
21 256 27.26 21.59 1.2282 No Close
22 272 26.09 21.21 0.9453 No Close
23 288 27.42 23.31 1.2980 No Close
24 304 27.39 21.60 1.2301 No Close
25 328 26.71 21.62 1.0530 No Close
26 336 26.4 21.21 1.0020 No Close
27 344 27.62 23.34 1.3137 No Close
28 352 28.01 23.55 1.4523 No Close
29 360 28.01 23.55 1.4523 No Close
30 368 28.01 23.54 1.4686 No Close
31 376 28.01 23.55 1.4523 No Close
32 384 28.53 26.21 0.8917 No Close
33 400 28.24 26.18 0.8284 No Close
34 424 25.17 26.78 0.2976 No Close
35 432 27.02 26.36 0.3269 No Close
36 440 25.22 21.51 0.6283 No Close
37 448 26.52 26.94 0.4302 No Close
38 456 27.9 28.02 0.2528 No Close
39 464 27.33 26.64 0.3418 No Close
40 472 27.88 26.85 0.3598 No Close
41 480 26.61 26.24 0.6372 No Close
42 490 28.52 28.46 0.1459 No Close
43 500 28.22 27.67 0.2328 No Close
44 520 28.67 28.21 0.1712 No Close
45 540 28.71 28.21 0.1581 No Close
46 560 28.86 28.04 0.1654 No Close
47 580 28.88 27.92 0.2181 No Close
48 600 29.41 28.26 0.5781 No Close
49 620 29.75 29.81 0.6630 No Close
50 630 29.54 27.99 0.7724 No Close
51 646 29.12 25.30 0.7951 No Close
52 662 20.15 26.29 0.6828 No Close
53 678 28.61 27.04 0.7124 No Close
54 686 29.2 26.77 0.5382 No Close
55 694 30.13 27.81 0.6603 No Close
56 702 29.67 28.05 0.7290 No Close
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57 710 29.45 26.42 0.6479 No Close
58 718 30.04 26.73 0.6583 No Close
59 726 30.63 28.94 0.8429 No Close
60 730 30.07 27.01 0.8183 No Close
61 738 28.62 27.11 0.6634 No Close
62 746 28.45 27.17 0.3619 No Close
63 754 26.55 27.08 0.3907 No Close
64 758 27.8 27.15 0.4693 No Close
65 762 28.36 27.63 0.2585 No Close
66 766 28.54 27.70 0.2560 No Close
67 770 28.5 28.53 0.1217 No Close
68 774 28.96 26.89 0.4068 No Close
69 778 28.96 26.89 0.4068 No Close

Table AS5.3: MAT Assessment of PLS Calibration predictions for samples from Loch nan Corr
fossil isolation basin, Kintail. No samples have a DC (Dissimilarity Coefficient) lower than the 20"
percentile (Table 6.6) and, therefore, there are no good analogue samples for this fossil data in the

modern training set.




