
Durham E-Theses

Quantification of the indicative meaning of a range of
Holocene sea-level index points from the western

North Sea.

Benjamin Peter Horton

How to cite:

Horton, Benjamin Peter (1997) Quantification of the indicative meaning of a range of Holocene
sea-level index points from the western North Sea. Doctoral thesis, Durham University.

Use policy

The full-text may be used and/or reproduced, and given to third parties in any format or medium, without prior permission or
charge, for personal research or study, educational, or not-for-profit purposes provided that:

• a full bibliographic reference is made to the original source

• a https://etheses.durham.ac.uk/id/eprint/987/ is made to the metadata record in Durham E-Theses

• the full-text is not changed in any way

The full-text must not be sold in any format or medium without the formal permission of the copyright holders.

Please consult the full Durham E-Theses policy for further details.

Academic Support Office, The Palatine Centre, Durham University, Stockton Road, Durham, DH1 3LE
e-mail: e-theses.admin@durham.ac.uk Tel: +44 0191 334 6107

https://etheses.durham.ac.uk

https://www.durham.ac.uk
https://etheses.durham.ac.uk/id/eprint/987/
https://libguides.durham.ac.uk/open_research/etheses#s-lib-ctab-15326874-5
https://etheses.durham.ac.uk


1 2 AUG MI

Quantification of the indicative meaning of a

range of Holocene sea-level index points

from the western North Sea.

Volume Two:

Figures and Appendices

by

Benjamin Peter Horton

A Thesis submitted in the fulfilment of the

requirements for the degree of Doctor of Philosophy

Department of Geography

The University of Durham

December 1997

The copyright of this thesis rests
with the author. No quotation
from it should be published
without the written consent of the
author and information derived
from it should be acknowledged.



Contents of Volume Two

List of Figures

Contents of Appendices 	 xxi

List of Tables	 xxv

Contents of Computer disk	 xxix

List of Figures

Chapter 1

1.1	 Map of estimated current rates of crustal movement (mm/yr.) in the UK 1

(Source: Shennan, 1989).

Chapter 2

2.1	 Diagram to illustrate how Mean High Water Spring Tide (MHWST) 2

indicators plotted on an age/altitude graph give an overestimation of

sea-level rise when the tidal range increases over time (Source: Gehrels

et al., 1995a).

2.2	 Relationship between calibrated and radiocarbon years BP (Source: 3

Bartlein et al., 1995).

2.3	 Relative sea-level changes in north-west England. A directional arrow 4

is shown with each index point: an arrow pointing up represents a

marine transgression, whereas an arrow pointing down represents a

marine regression. The continuous line curve shows the movement of

high tide level. The dot-dash line curve shows the movement of mean

tide level. LI to LX are marine transgressions recognised in the type

area of Lytham (Source: Tooley, 1978a).

2.4	 Relative sea-level curves from the Bristol channel (curve 1) and 5

Cardigan Bay (curve 2) based upon 65 (crosses) and 142 (dots) index

points respectively (Source: Kidson and Heyworth, 1978).

2.5	 Model of sea-level research (Source: Sherman, 1983). 	 6

Chapter 3

3.1	 The relationship between foraminiferal distributions and the 7

environment (after de Rijk, 1995a).

3.2	 The relationship between life, death and fossil assemblages (Source: 8

Murray, 1991).

3.3	 Infaunal abundance of five foraminiferal species per 10 cm 3 of Cowpen 9



Marsh.

	

3.4	 Life, death and total foraminiferal assemblage variations for all species 10

of Cowpen Marsh.

	

3.5	 Life, death and total variations of six foraminiferal species of Cowpen 11

Marsh.

	

3.6	 Scatter graphs and correlation coefficients (r) showing the relationship 12

among (a) life, (b) death and (c) total surface and sub-surface

foraminiferal assemblages of Cowpen Marsh.

Chapter 4

4.1	 Location map of the UK showing the contemporary field sites. 	 13

4.2.1	 Locational map of Cowpen Marsh.	 14

4.2.2	 Flora of Cowpen Marsh.	 15

4.2.3	 Average annual foraminiferal death assemblages from 25 two-weekly 16

samples from each station of Cowpen Marsh. Foraminiferal abundance

is expressed as a percentage of total count.

4.2.4	 The Shannon-Weaver (H(S)) and Fisher indices of diversity of average 17

annual foraminiferal death assemblages from 25 two-weekly samples

from each station of Cowpen Marsh.

4.2.5	 Relative dead abundance of six foraminiferal species from the twelve 18

month study period of Cowpen Marsh. Solid and dashed lines indicate

the mean and standard error for each station from 25 two-weekly

samples. The altitude and floral zonations are indicated.

4.2.6	 Diatom diagram for each station of Cowpen Marsh. Diatom frequencies 19

are expressed as a percentage of total diatom valves. Only species

which reach 5 % of the total sum are included. Summary

classifications: polyhalobous = checked; mesohalobous = hollow;

oligohalobous - halophilous = dashed; oligohalobous - indifferent =

horizontal; and halophobes = solid.

4.2.7	 Salinity, pH, grain size, LOI and vegetation cover from the twelve 20

month study period of Cowpen Marsh. Solid and dashed lines indicate

the mean and standard error for each station. The altitude and floral

zonations are indicated.

4.2.8.	 Scatter plot matrix and correlation coefficients (r) among the annual 21

average of environmental variables from Cowpen Marsh.

4.2.9.	 Scatter plots showing the relationship of altitude versus the annual 22

average of six foraminiferal species of Cowpen Marsh.

4.2.10.	 Scatter plots showing the relationship of LOI versus the annual average 23



of six foraminiferal species of Cowpen Marsh.

	

4.2.11.	 Scatter plots showing the relationship of grain size versus the annual 24

average of six foraminiferal species of Cowpen Marsh.

	

4.2.12.	 Scatter plots showing the relationship of pH versus the annual average 25

of six foraminiferal species of Cowpen Marsh.

	

4.2.13.	 Scatter plots showing the relationship of salinity versus the annual 26

average of six foraminiferal species of Cowpen Marsh.

	

4.2.14.	 Scatter plots showing the relationship of vegetation cover versus the 27

annual average of six foraminiferal species of Cowpen Marsh.

	

4.2.15	 Unconstrained cluster analysis based on unweighted Euclidean distance 28

of monthly foraminiferal death assemblages from samples collected

over a twelve month period from Cowpen Marsh. Only samples with

counts greater than 40 individuals and species which reach 5 % of the

total sum are included.

	

4.2.16	 Boxplots showing maximum, minimum, interquartile ranges and 29

median altitudes for monthly clusters based on Euclidean distance from

Cowpen Marsh.

	

4.2.17	 Unconstrained cluster analysis based on unweighted Euclidean distance 30

of annual foraminiferal death assemblages from samples collected over

a twelve month period from Cowpen Marsh. Only samples with counts

greater than 40 individuals and species which reach 5 % of the total

sum are included.

	

4.2.18	 Boxplots showing maximum, minimum, interquartile ranges and 31

median altitudes for annual clusters based on Euclidean distance from

Cowpen Marsh.

	

4.2.19	 Unconstrained cluster analysis based on unweighted Chord distance of 32

monthly foraminiferal death assemblages from samples collected over a

twelve month period from Cowpen Marsh. Only samples with counts

greater than 40 individuals and species which reach 5 % of the total

sum are included.

	

4.2.20	 Boxplots showing maximum, minimum, interquartile ranges and 33

median altitudes for monthly clusters based on Chord distance from

Cowpen Marsh.

	

4.2.21	 Unconstrained cluster analysis based on unweighted Chord distance of 34

annual foraminiferal death assemblages from samples collected over a

twelve month period from Cowpen Marsh. Only samples with counts

greater than 40 individuals and species which reach 5 % of the total

iv



sum are included.

	

4.2.22	 Boxplots showing maximum, minimum, interquartile ranges and 35

median altitudes for annual clusters based on Chord distance from

Cowpen Marsh.

	

4.2.23	 DCA of monthly foraminiferal death assemblages from Cowpen Marsh. 36

The zonations produced by unconstrained cluster analysis based on

unweighted (a) Euclidean distance and (b) Chord distance are shown.

(c) DCA Axis One scores versus altitude.

	

4.2.24	 (a) DCA of annual foraminiferal death assemblages from Cowpen 37

Marsh. The zonations produced by unconstrained cluster analysis based

on unweighted Euclidean distance and Chord distance are shown. (b)

DCA Axis One scores versus altitude.

	

4.2.25	 Stacked bar comparisons showing the distribution of Euclidean and 38

Chord zones across the intertidal zone of Cowpen Marsh. (a) Station

number versus the number of monthly samples, (b) station number

versus the proportion of monthly samples (%) and (c) station number

versus the number of annual samples. Only samples with counts greater

than 40 individuals and species which reach 5 % of the total sum are

included.

	

4.2.26	 Seasonal variations of (a) total foraminifera death population and (b) 39

species diversity indices from all stations over a twelve month study

period from Cowpen Marsh.

	

4.2.27	 Seasonal variations of boxplots showing maximum, minimum, 40

interquartile ranges and median altitudes of unconstrained cluster

analysis based on unweighted (a) Euclidean and (b) Chord distance of

monthly foraminiferal death assemblages from samples collected over a

twelve month period from Cowpen Marsh. Only samples with counts

greater than 40 individuals and species which reach 5 % of the total

sum are included.

	

4.3.1	 Locational map of Welwick Marsh.	 41

	

4.3.2	 Land reclamation around Sunk Island (Source: Dinnin, 1997). 	 42

	

4.3.3	 Flora of Welwick Marsh.	 43

	

4.3.4	 Average annual foraminiferal death assemblages from 4 three-monthly 44

samples from each station of Welwick Marsh. Foraminiferal abundance

is expressed as a percentage of total count.

	

4.3.5	 The Shannon-Weaver (H(S)) and Fisher indices of diversity of average 45

annual foraminiferal death assemblages from 4 three-monthly samples

V



from each station of Welwick Marsh.

4.3.6

	

	 Relative dead abundance of three foraminiferal species from the twelve 46

month study period of Welwick Marsh. Solid and dashed lines indicate

the mean and standard error for each station from 4 three-monthly

samples. The altitude and floral zonations are indicated.

4.3.7

	

	 Diatom diagram for each station of Welwick Marsh. Diatom 47

frequencies are expressed as a percentage of total diatom valves. Only

species which reach 5 % of the total sum are included. Abbreviations:

0 = oligohalobous. Summary classifications: polyhalobous = checked;

mesohalobous = hollow; oligohalobous - halophilous = dashed;

oligohalobous - indifferent = horizontal; and halophobes = solid.

4.3.8

	

	 Salinity, pH, grain size, LOI and vegetation cover from Welwick 48

Marsh. Samples were measured August 1996. The altitude and floral

zonations are indicated.

4.3.9

	

	 Scatter plot matrix among the environmental variables from Welwick 49

Marsh.

4.3.10

	

	 Scatter plots of (a) altitude and (b) salinity versus the annual averages 50

of three foraminiferal species of Welwick Marsh.

4.3.11

	

	 Unconstrained cluster analysis based on unweighted Euclidean distance 51

of annual foraminiferal death assemblages from samples collected over

a twelve month period from Welwick Marsh. Only samples with counts

greater than 40 individuals and species which reach 5 % of the total

sum are included.

4.3.12

	

	 Boxplots showing maximum, minimum, interquartile ranges and 52

median altitudes for annual clusters based on Euclidean distance from

Welwick Marsh.

4.3.13

	

	 Unconstrained cluster analysis based on unweighted Chord distance of 53

annual foraminiferal death assemblages from samples collected over a

twelve month period from Welwick Marsh. Only samples with counts

greater than 40 individuals and species which reach 5 % of the total

sum are included.

	

4.3.14	 Boxplots showing maximum, minimum, interquartile ranges and 54

median altitudes for annual clusters based on Chord distance from

Welwick Marsh.

	

4.3.15	 Stacked bar comparisons showing the distribution of annual Euclidean 55

and Chord zones across the intertidal zone of Welwick Marsh.

	

4.4.1	 Locational map of Thontham Marsh. 	 56

vi



	

4.4.2	 Flora of Thornham Marsh.	 57

	

4.4.3	 Average annual foraminiferal death assemblages from 4 three-monthly 58

samples from each station of Thornham Marsh. Foraminiferal

abundance is expressed as a percentage of total count.

	

4.4.4	 The Shannon-Weaver (H(S)) and Fisher indices of diversity of average 59

annual foraminiferal death assemblages from 4 three-monthly samples

from each station of Thornham Marsh.

	

4.4.5	 Relative dead abundance of six foraminiferal species from the twelve 60

month study period of Thornham Marsh. Solid and dashed lines

indicate the mean and standard error for each station from 4 three-

monthly samples. The altitude and floral zonations are indicated.

	

4.4.6	 Diatom diagram for each station of Thornham Marsh. Diatom 61

frequencies are expressed as a percentage of total diatom valves. Only

species which reach 5 % of the total sum are included. Abbreviations:

0 = oligohalobous. Summary classifications: polyhalobous = checked;

mesohalobous = hollow; oligohalobous - halophilous = dashed;

oligohalobous - indifferent = horizontal; and halophobes = solid.

	

4.4.7	 Salinity, pH, grain size, LOI and vegetation cover from Thomham 62

Marsh. Samples were measured August 1996. The altitude and floral

zonations are indicated.

	

4.4.8	 Scatter plot matrix among environmental variables of Thomham 63

Marsh.

	

4.4.9	 Scatter plots showing altitude versus the annual average of six 64

foraminiferal species from Thornham Marsh.

	

4.4.10	 Unconstrained cluster analysis based on unweighted Euclidean distance 65

of annual foraminiferal death assemblages from samples collected over

a twelve month period from Thomham Marsh. Only samples with

counts greater than 40 individuals and species which reach 5 % of the

total sum are included.

	

4.4.11	 Boxplots showing maximum, minimum, interquartile ranges and 66

median altitudes for annual clusters based on Euclidean distance from

Thornham Marsh.

	

4.4.12	 Unconstrained cluster analysis based on unweighted Chord distance of 67

annual foraminiferal death assemblages from samples collected over a

twelve month period from Thornham Marsh. Only samples with counts

greater than 40 individuals and species which reach 5 % of the total

sum are included.

vii



	

4.4.13	 Boxplots showing maximum, minimum, interquartile ranges and 68

median altitudes for annual clusters based on Chord distance from

Thomham Marsh.

	

4.4.14	 Stacked bar comparisons showing the distribution of annual Euclidean 69

and Chord zones across the intertidal zone of Thomham Marsh.

	

4.5.1	 Locational map of Brancaster Marsh.	 70

	

4.5.2	 Flora of Brancaster Marsh.	 71

	

4.5.3	 Average annual foraminiferal death assemblages from 4 three-monthly 72

samples from each station of Brancaster Marsh. Foraminiferal

abundance is expressed as a percentage of total count.

	

4.5.4	 The Shannon-Weaver (H(S)) and Fisher indices of diversity of average 73

annual foraminiferal death assemblages from 4 three-monthly samples

from each station of Brancaster Marsh.

	

4.5.5	 Relative dead abundance of six foraminiferal species from the twelve 74

month study period of Brancaster Marsh. Solid and dashed lines

indicate the mean and standard error for each station from 4 three-

monthly samples. The altitude and floral zonations are indicated.

	

4.5.6	 Diatom diagram for each station of Brancaster Marsh. Diatom 75

frequencies are expressed as a percentage of total diatom valves. Only

species which reach 5 % of the total sum are included. Abbreviations:

O = oligohalobous. Summary classifications: polyhalobous = checked;

mesohalobous = hollow; oligohalobous - halophilous = dashed;

oligohalobous - indifferent = horizontal; and halophobes = solid.

	

4.5.7	 Salinity, pH, grain size, LOT and vegetation cover from Brancaster 76

Marsh. The samples were measured August 1996. The altitude and

floral zonations are indicated.

	

4.5.8	 Scatter plot matrix among environmental variables of Brancaster 77

Marsh.

	

4.5.9	 Scatter plots of (a) altitude, (b) grain size and (c) salinity versus the 78

annual average of six foraminiferal species from Brancaster Marsh.

	

4.5.10	 Unconstrained cluster analysis based on unweighted Euclidean distance 79

of annual foraminiferal death assemblages from samples collected over

a twelve month period from Brancaster Marsh. Only samples with

counts greater than 40 individuals and species which reach 5 % of the

total sum are included.

	

4.5.11	 Boxplots showing maximum, minimum, interquartile ranges and 80

median altitudes for annual clusters based on Euclidean distance from

viii



Brancaster Marsh.

	

4.5.12	 Unconstrained cluster analysis based on unweighted Chord distance of 81

annual foraminiferal death assemblages from samples collected over a

twelve month period from Brancaster Marsh. Only samples with counts

greater than 40 individuals and species which reach 5 % of the total

sum are included.

	

4.5.13	 Boxplots showing maximum, minimum, interquartile ranges and 82

median altitudes for annual clusters based on Chord distance from

Brancaster Marsh.

	

4.5.14	 Stacked bar comparisons showing the distribution of annual Euclidean 83

and Chord zones across the intertidal zone of Brancaster Marsh.

	

4.6.1	 Scatter plots of altitude versus the annual average of Jadammina 84

macrescens and Haynesina germanica from (a) Cowpen, (b) Welwick,

(c) Thomham and (d) Brancaster Marsh.

	

4.6.2	 Comparisons among constructed tidal levels for Cowpen, Welwick, 85

Thornham and Brancaster Marsh using Equation 1.

	

4.6.3	 Scatter plots and correlation coefficients (r) of standardised water level 86

index versus the flooding duration for (a) Cowpen, (b) Welwick, (c)

Thomham and (d) Brancaster Marsh using Equation 1.

	

4.6.4	 Vertical zonation of foraminiferal death assemblages of Cowpen, 87

Welwick, 'Thornham and Brancaster marshes. Standardised water level

index is constructed using Equation 1. Shaded and clear sections denote

Zones I and II respectively. Average tide levels of the four sites are

shown.

Chapter 5

5.1

5.2

Principles of quantitative palaeoenvironmental reconstruction showing 88

Xo, the unknown environmental variable to be reconstructed from

fossil assemblage Yo, and the role of the modem training set consisting

of modem biological Y and environmental data X (Source: Birks,

1995).

CCA biplots of (a) sample-environment and (b) foraminiferal species- 89

environment. Species abbreviations: HG = Haynesina germanica; 33,4 =

Jadammina macrescens; MF = Miliammina fusca; Qs =

Quinqueloculina spp.; and TI = Trochammina inflata. Environmental

abbreviations: SWLI = Standardised Water Level Index. Only samples

with counts greater than 40 individuals and species that reach 2 % of

the total sum are included.

ix



	

5.3	 DCA of the foraminiferal training set. Only samples with counts greater 90

than 40 individuals and species that reach 2 % of the total sum are

included.

	

5.4	 Pie charts showing the total variation of the foraminiferal training set in 91

(a) explained and unexplained portions and (b) components

representing the unique contributions of standardised water level index,

salinity, LOI, vegetation cover, pH, grain size, location and inter-

correlations among gradients.

	

5.5	 Location map of the UK showing contemporary field sites within the 92

enlarged foraminiferal training set.

	

5.6	 Species-environment response models. (a) Gaussian unimodal 93

relationship between the abundance (y) of a species and an

environmental variable (x). Abbreviations for ecological parameters

are: u = optimum; t = tolerance; and c = maximum. the equation for the

expected value of the species abundance y is given for the Gaussian

response model. (b) Linear relationship between the abundance (y) of a

species and an environmental variable (x). the equation for the expected

value of the species abundance y in relation to x is given for the linear

response model where b o is the intercept and b 1 is the slope or

regression coefficient (Source: Birks, 1995).

	

5.7	 Scatter plot showing the relationship of weighted average (WA) 94

coefficients derived from the original 135 sample foraminiferal training

set versus the screened 101 sample training set.

	

5.8	 Scatter plots showing the relationship of the observed standardised 95

water level index (SWLI) versus foraminiferal-predicted SWLI for (a)

inverse- and (b) classical-deshrinking regression.

	

5.9	 Foraminiferal species optima (weighted average) and tolerances 96

(weighted standard deviation) for standardised water level index

showing all taxa present in the foraminiferal training set. Species

abbreviations are shown in Table 5.5.

	

5.10	 (a) Inverse and (b) classical residuals for foraminiferal-predicted 97

standardised water level index (SWLI) based on weighted average

transfer functions using inverse deshrinlcing regression. Solid and

dashed lines indicate the mean and standard error.

	

5.11	 Scatter plot showing the relationship of observed standardised water 98

level index (SWLI) versus foraminiferal-predicted SWLI for the

matching analogue technique.



	

5.12	 (a) Cumulative sample frequency of dissimilarity coefficient percentiles 99

and (b) average and standard deviations of absolute residuals for

standardised water level index (observed - predicted) versus

dissimilarity coefficient percentiles for the matching analogue

technique. Percentile values are shown in Table 5.7.

	

5.13	 Scatter plot showing the relationship of observed standardised water 100

level index (SWLI) versus foraminiferal-predicted SWLI based on (a)

weighted average (WA) transfer functions using inverse deshrinking

regression, (b) WA transfer functions using inverse deshrinking

regression and (c) matching analogue technique (MAT).

	

5.14	 Transects of (a) Cowpen, (b) Welwick, (c) Thornham and (d) 101

Brancaster marshes showing the relationship of observed altitudes

versus foraminiferal-predicted altitudes based on weighted average

transfer functions using inverse and classical deshrinking regressions.

The error ranges of the predicted altitudes are shown.

	

5.15	 Transects of (a) Cowpen, (b) Welwick, (c) Thornham and (d) 102

Brancaster marshes showing the relationship of observed altitudes

versus foraminiferal-predicted altitudes based on matching analogue

technique. The error ranges of the predicted altitudes are shown.

Chapter 6

6.1	 Location map of the UK showing fossil field sites. 	 103

6.2	 Location map of Warlcworth (WA95/3) (Plater and Shennan, 1992). 	 104

6.3	 Warkworth WA95/3 foraminiferal diagram. Foraminiferal abundance is 105

calculated as a percentage of total foraminiferal tests. Indicative

meanings are estimated using both Methods I and II. The stratigraphy is

drawn according to Troels-Smith (1955). The samples used as SLIs are

shown.

6.4	 Location map of Teesside (T2).	 106

6.5	 Teesside T2 foraminiferal diagram. Foraminiferal abundance is 107

calculated as a percentage of total foraminiferal tests. Indicative

meanings are estimated using both Methods I and II. The stratigraphy is

drawn according to Troels-Smith (1955). The samples used as SLIs are

shown.

6.6	 Location map of Dunswell (HMB2).	 108

6.7	 Dunswell HMB2 foraminiferal diagram. Foraminiferal abundance is 109

calculated as a percentage of total foraminiferal tests. Indicative

meanings are estimated using both Methods I and II. The stratigraphy is

xi



drawn according to Troels-Smith (1955). The samples used as SLIs are

shown.

	

6.8	 Location map of Marshchapel (LM2) and Theddlethorpe (LM5). 	 110

	

6.9	 Marshchapel LM2 foraminiferal diagram. Foraminiferal abundance is 111

calculated as a percentage of total foraminiferal tests. Indicative

meanings are estimated using both Methods I and II. The stratigraphy is

drawn according to Troels-Smith (1955). The radiocarbon dates of SLIs

are shown.

	

6.10	 Theddlethorpe LM5a foraminiferal diagram. Foraminiferal abundance 112

is calculated as a percentage of total foraminiferal tests. Indicative

meanings are estimated using both Methods I and II. The stratigraphy is

drawn according to Troels-Smith (1955). The radiocarbon dates of SLIs

are shown.

	

6.11	 Theddlethorpe LM5b foraminiferal diagram. Foraminiferal abundance 113

is calculated as a percentage of total foraminiferal tests. Indicative

meanings are estimated using both Methods I and II. The stratigraphy is

drawn according to Troels-Smith (1955). The radiocarbon dates of SLIs

are shown. The upper paired dates are foraminifera and the lower are

Hydrobia ulvae.

	6.12	 Location map of Wrangle Bank (F4), Clenchwarton (F13), South Lynn 114

(F15) and Spalding (F19).

	

6.13	 Wrangle Bank F4 foraminiferal diagram. Foraminiferal abundance is 115

calculated as a percentage of total foraminiferal tests. Indicative

meanings are estimated using both Methods I and II. The stratigraphy is

drawn according to Troels-Smith (1955). The samples used as SLIs are

shown.

	

6.14	 Clenchwarton F13 foraminiferal diagram. Foraminiferal abundance is 116

calculated as a percentage of total foraminiferal tests. Indicative

meanings are estimated using both Methods I and II. The stratigraphy is

drawn according to Troels-Smith (1955). The radiocarbon date and the

samples used as SLIs are shown.

	

6.15	 South Lynn F 15a foraminiferal diagram. Foraminiferal abundance is 117

calculated as a percentage of total foraminiferal tests. Indicative

meanings are estimated using Methods I and II. The stratigraphy is

drawn according to Troels-Smith (1955). The samples used as SLIs are

shown.

	

6.16	 South Lynn F 15b foraminiferal diagram. Foraminiferal abundance is 118

xii



calculated as a percentage of total foraminiferal tests. Indicative

meanings are estimated using Methods I and II. The stratigraphy is

drawn according to Troels-Smith (1955). The samples used as SLIs are

shown.

	

6.17	 Spalding F19 foraminiferal diagram. Foraminiferal abundance is 119

calculated as a percentage of total foraminiferal tests. Indicative

meanings are estimated using Methods I and II. The stratigraphy is

drawn according to Troels-Smith (1955). The radiocarbon date and

samples used as SLIs are shown.

	

6.18	 Location map of Brancaster (NNC29), Thomham Marsh (NNC35) and 120

Salthouse (NNC40).

	

6.19	 Brancaster NNC29 foraminiferal diagram. Foraminiferal abundance is 121

calculated as a percentage of total foraminiferal tests. Indicative

meanings are estimated using Methods I and II. The stratigraphy is

drawn according to Troels-Smith (1955). The radiocarbon dates of SLIs

are shown.

	

6.20	 Thornham Marsh NNC35 foraminiferal diagram. Foraminiferal 122

abundance is calculated as a percentage of total foraminiferal tests.

Indicative meanings are estimated using Methods I and II. The

stratigraphy is drawn according to Troels-Smith (1955). The

radiocarbon dates of SLIs are shown.

	

6.21	 Salthouse NNC40 foraminiferal diagram. Foraminiferal abundance is 123

calculated as a percentage of total foraminiferal tests. Indicative

meanings are estimated using Methods I and II. The stratigraphy is

drawn according to Troels-Smith (1955). The radiocarbon dates of SLIs

are shown.

	

6.22	 An age-altitude graph of sea-level index points (SLI) of (a) 124

Lincolnshire Marshes, (b) Fenland and (c) North Norfolk. The altitude

of each SLI has been corrected to OD. Error limits are calculated from

the calibrated radiocarbon dates (2a) and estimates for reference water

levels and measurement of altitude.

	

6.23	 The indicative meanings of transgressive dates using Method I (clear) 125

and Method II (shaded). Their reference water levels and indicative

ranges are shown. See Table 6.9 and 6.10 for SLI numbers.

	

6.24	 The indicative meanings of regressive dates using Method I (clear) and 126

Method II (shaded). Their reference water levels and indicative ranges

are shown. See Tables 6.9 and 6.10 for SLI numbers.



	

6.25	 The indicative meanings of basis and interval dates using Method I 127

(clear) and Method II (shaded). Their reference water levels and

indicative ranges are shown. See Tables 6.9 and 6.10 for SLI numbers.

	

6.26	 An age-altitude graph of AMS dated Hydrobia ulvae, calcareous 128

foraminifera and peat from Theddlethorpe LM5b. The altitude of each

sea-level index point has been corrected to mean sea-level. Error limits

are calculated from the calibrated radiocarbon dates (2a) and estimates

for reference water levels and measurement of altitude.

Chapter 7

7.1

7.2

7.3

7.4

7.5

7.6

7.7

Summary of faunal zones, foraminiferal assemblages and floral zones 129

for Cowpen, Welwick, Thornham and Brancaster Marsh. Dashed lines

equal transitional boundaries. Shaded area equals an absence of data.

Variations in the altitude of High Water Spring Tide (HWST) between 130

May 1995 to May 1996 (Source: Tees and Hartlepool Port Authority,

1995, 1996).

Scatter plots of the altitude of High Water Spring Tide (HWST) at the 131

time of sampling versus the optima of six foraminiferal species from

Cowpen Marsh.

Bar chart showing the relationship between altitudinal errors (mean and 132

standard deviation) for the Cowpen Marsh transect (observed versus

foraminiferal-predicted) and the number of measurements per year.

Altitudes are calculated using Method II.

An age-altitude graph of sea-level index points (SLI) of the Fenland 133

using (a) Methods I and (b) II. The altitude of each SLI has been

corrected to OD. Error limits are calculated from the calibrated

radiocarbon dates (2a) and estimates for reference water levels and

measurement of altitude.

An age-altitude graph of transgressive sea-level index points (SLI) of 134

the Fenland using (a) Methods I and (b) II. The altitude of each SLI has

been corrected to OD. Error limits are calculated from the calibrated

radiocarbon dates (2a) and estimates for reference water levels and

measurement of altitude.

An age-altitude graph of regressive sea-level index points (SLI) of the 135

Fenland using (a) Methods I and (b) II. The altitude of each SLI has

been corrected to OD. Error limits are calculated from the calibrated

radiocarbon dates (2a) and estimates for reference water levels and

measurement of altitude.
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7.8	 An age-altitude graph of basis sea-level index points (SLI) of the 136

Fenland using (a) Methods I and (b) IL The altitude of each SLI has

been corrected to OD. Error limits are calculated from the calibrated

radiocarbon dates (2u) and estimates for reference water levels and

measurement of altitude.

	

7.9	 An age-altitude graph of interval sea-level index points (SLI) of the 137

Fenland using (a) Methods I and (b) II. The altitude of each SLI has

been corrected to OD. Error limits are calculated from the calibrated

radiocarbon dates (2u) and estimates for reference water levels and

measurement of altitude.

	

7.10	 An age-altitude graph comparing transgressive, regressive and interval 138

dates with basis dates to illustrate the effect of sediment compunction.

Sea-level index points (SLI) of the Fenland are estimated using Method

II. The altitude of each SLI has been corrected to OD.

	

7.11	 Foraminiferal diagram showing the influence of dissolution from D = 0 139

% (assumed original conditions) to D = 100 % for sample 1363 cm

from Teesside industrial estate T2. Foraminiferal abundance is

calculated as a percentage of total foraminiferal tests. Indicative

meanings are estimated using Method II.

	

7.12	 Holkam Core NNC17 foraminiferal diagram. Foraminiferal abundance 140

is calculated as a percentage of total foraminiferal tests. Indicative

meanings are estimated using Methods I and II. The stratigraphy is

drawn according to Troels-Smith (1955). The radiocarbon date and the

samples used as SLIs are shown.

	

7.13	 A conceptual age-altitude graph of sea-level index points (SLI) of the 141

Holkam NNC17 using Method II. The altitude of each SLI has been

corrected to OD. The ages of samples which have not been radiocarbon

dated are estimated assuming a constant sedimentation rate Error limits

are calculated from the calibrated radiocarbon dates (2u) and estimates

for reference water levels and measurement of altitude. Sample 445 cm

is excluded
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Scatter plots of grain size versus the annual averages of three 143
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Scatter plots of pH versus the annual averages of three foraminiferal 144
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species of Welwick Marsh.

	

A4.4	 Scatter plots of vegetation cover versus the annual averages of three 145

foraminiferal species of Welwick Marsh.

	

A4.5	 Unconstrained cluster analysis based on unweighted Euclidean distance 146

of monthly foraminiferal death assemblages from samples collected

over a twelve month period from Welwick Marsh. Only samples with

counts greater than 40 individuals and species which reach 5 % of the

total sum are included.

	

A4.6	 Boxplots showing maximum, minimum, interquartile ranges and 147

median altitudes for monthly clusters based on Euclidean distance from

Welwick Marsh.

	

A4.7	 Unconstrained cluster analysis based on unweighted Chord distance of 148

monthly foraminiferal death assemblages from samples collected over a

twelve month period from Welwick Marsh. Only samples with counts

greater than 40 individuals and species which reach 5 % of the total

sum are included.

	

A4.8	 Boxplots showing maximum, minimum, interquartile ranges and 149

median altitudes for monthly clusters based on Chord distance from

Welwick Marsh.

	

A4.9	 Stacked bar comparisons showing the distribution of Euclidean and 150

Chord zones across the intertidal zone of Welwick Marsh. (a) Station

number versus the number of monthly samples and (b) station number

versus the proportion of monthly samples (%). Only samples with

counts greater than 40 individuals and species which reach 5 % of the

total sum are included.

	

A4.10	 (a) DCA of monthly foraminiferal death assemblages from Welwick 151

Marsh. The zonations produced by unconstrained cluster analysis based

on unweighted Euclidean distance and Chord distance are shown. (b)

DCA Axis One scores versus altitude.

	

A4.11	 DCA of annual foraminiferal death assemblages from Welwick Marsh. 152

The zonations produced by unconstrained cluster analysis based on

unweighted (a) Euclidean distance and (b) Chord distance are shown.

(c) DCA Axis One scores versus altitude.
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Scatter plots showing LOI versus the annual average of six 153

foraminiferal species from Thomham Marsh.
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Scatter plots showing grain size versus the annual average of six 154
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foraminiferal species from Thornham Marsh.
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species from Thornham Marsh.

	

A5.4	 Scatter plots showing salinity versus the annual average of six 156

foraminiferal species from Thornham Marsh.

	

A5.5	 Scatter plots showing vegetation cover versus the annual average of six 157

foraminiferal species from Thornham Marsh.

	

A5.6	 Unconstrained cluster analysis based on unweighted Euclidean distance 158

of monthly foraminiferal death assemblages from samples collected

over a twelve month period from Thornham Marsh. Only samples with

counts greater than 40 individuals and species which reach 5 % of the

total sum are included.

	

A5.7	 Boxplots showing maximum, minimum, interquartile ranges and 159

median altitudes for monthly clusters based on Euclidean distance from

Thornham Marsh.

	

A5.8	 Unconstrained cluster analysis based on unweighted Chord distance of 160

monthly foraminiferal death assemblages from samples collected over a
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sum are included.
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A5.10	 Stacked bar comparisons showing the distribution of Euclidean and 162

Chord zones across the intertidal zone of Thornham Marsh. (a) Station
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versus the proportion of monthly samples (%). Only samples with

counts greater than 40 individuals and species which reach 5 % of the

total sum are included.

	

A5.11	 (a) DCA of monthly foraminiferal death assemblages from Thornham 163

Marsh. The zonations produced by unconstrained cluster analysis based

on unweighted Euclidean distance and Chord distance are shown. (b)

DCA Axis One scores versus altitude.

	

A5.12	 (a) DCA of annual foraminiferal death assemblages from Thornham 164

Marsh. The zonations produced by unconstrained cluster analysis based

on unweighted Euclidean distance and Chord distance are shown. (b)

DCA Axis One scores versus altitude.
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	A6.1	 Scatter plots of LOI versus the annual average of six foraminiferal 165

species from Brancaster Marsh.

	

A6.2	 Scatter plots of pH versus the annual average of six foraminiferal 166

species from Brancaster Marsh.

	

A6.3	 Scatter plots of vegetation cover versus the annual average of six 167

foraminiferal species from Brancaster Marsh.

	

A6.4	 Unconstrained cluster analysis based on unweighted Euclidean distance 168

of monthly foraminiferal death assemblages from samples collected

over a twelve month period from Brancaster Marsh. Only samples with

counts greater than 40 individuals and species which reach 5 % of the

total sum are included.

	

A6.5	 Boxplots showing maximum, minimum, interquartile ranges and 169

median altitudes for monthly clusters based on Euclidean distance from

Brancaster Marsh.

	

A6.6	 Unconstrained cluster analysis based on unweighted Chord distance of 170

monthly foraminiferal death assemblages from samples collected over a

twelve month period from Brancaster Marsh. Only samples with counts

greater than 40 individuals and species which reach 5 % of the total

sum are included.

	

A6.7	 Boxplots showing maximum, minimum, interquartile ranges and 171

median altitudes for monthly clusters based on Chord distance from

Brancaster Marsh.

	

A6.8	 Stacked bar comparisons showing the distribution of Euclidean and 172

Chord zones across the intertidal zone of Brancaster Marsh. (a) Station

number versus the number of monthly samples and (b) station number

versus the proportion of monthly samples (%). Only samples with

counts greater than 40 individuals and species which reach 5 % of the

total sum are included.

	

A6.9	 DCA of monthly foraminiferal death assemblages from Brancaster 173

Marsh. The zonations produced by unconstrained cluster analysis based

on unweighted (a) Euclidean distance and (b) Chord distance are

shown. (c) DCA Axis One scores versus altitude.

	

A6.10	 (a) DCA of average annual foraminiferal death assemblages from 174

Brancaster Marsh. The zonations produced by unconstrained cluster

analysis based on unweighted Euclidean distance and Chord distance

are shown. (b) DCA Axis One scores versus altitude.
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A7.1
	

Comparisons among constructed tidal levels for Cowpen, Welwick, 175

Thornham and Brancaster Marsh using methods (a) two and (b) three.

Appendix 8

A8.1

A8.2

A8.3

A8.4

Unconstrained cluster analysis based on unweighted Euclidean distance 176

of the foraminiferal training set. Only samples with counts greater than

40 individuals and species which reach 2 % of the total sum are

included.

Boxplots showing maximum, minimum, interquartile ranges and 177

median water levels for clusters based on (a) Euclidean and (b) Chord

distance from the foraminiferal training set.

Unconstrained cluster analysis based on =weighted Chord distance of 178

the foraminiferal training set. Only samples with counts greater than 40

individuals and species which reach 2 % of the total sum are included.

DCA of the foraminiferal training set. (a) The contemporary field sites 179

and zonations produced by unconstrained cluster analysis based on

unweighted (b) Euclidean distance and (c) Chord distance are

shown.(d) DCA Axis One scores versus water level.
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1.1 Map of estimated current rates of crustal movement (mm/yr.) in the UK (Source: 1
Sherman, 1989).



2.1 Diagram to illustrate how Mean High Water Spring Tide (MHWST) indicators 2

plotted on an age/altitude graph give an overestimation of sea-level rise when the tidal
range increases over time (Source: Gehrels et al., 1995a).
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2.2 Relationship between calibrated and radiocarbon years BP (Source: Bartlein et 3
a!., 1995).
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2.3 Relative sea-level changes in north-west England. A directional arrow is shown 4
with each index point: an arrow pointing up represents a marine transgression,
whereas an arrow pointing down represents a marine regression. The continuous line
curve shows the movement of high tide level. The dot-dash line curve shows the
movement of mean tide level. LI to LX are marine transgressions recognised in the
type area of Lytham (Source: Tooley, 1978a).



2.4 Relative sea-level curves from the Bristol channel (curve 1) and 5

Cardigan Bay (curve 2) based upon 65 (crosses) and 142 (dots) index
points respectively (Source: Kidson and Heyworth, 1978).
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2.5 Model of sea-level research (Source: Shennan, 1983). 	 6
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3.1 The relationship between foraminiferal distributions and the environment (after de 7

Rijk, 1995a).
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3.2 The relationship between life, death and fossil assemblages (Source: Murray, 1991). 	 8
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3.4 Life, death and total foraminiferal assemblage variations for all species of 10
Cowpen Marsh.
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from each station of Cowpen Marsh. Foraminiferal abundance is expressed as a
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4.2.4 The Shannon-Weaver (H(S)) and Fisher indices of diversity of average annual 17

foraminiferal death assemblages from 25 two-weekly samples from each station of
Cowpen Marsh.
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4.2.6 Diatom diagram for each station of Cowpen Marsh. Diatom frequencies are 19

expressed as a percentage of total diatom valves. Only species which reach 5 % of
the total sum are included. Summary classifications: polyhalobous = checked;
mesohalobous = hollow; oligohalobous - halophilous = dashed; oligohalobous -
indifferent = horizontal; and halophobes = solid.
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average of six foraminiferal species of Cowpen Marsh.
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4.2.15 Unconstrained cluster analysis based on unweighted Euclidean distance of 28

monthly foraminiferal death assemblages from samples collected over a twelve month
period from Cowpen Marsh. Only samples with counts greater than 40 individuals
and species which reach 5 % of the total sum are included.
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altitudes for monthly clusters based on Euclidean distance from Cowpen Marsh.
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4.2.17 Unconstrained cluster analysis based on unweighted Euclidean distance of 30

annual foraminiferal death assemblages from samples collected over a twelve month
- period from Cowpen Marsh. Only samples with counts greater than 40 individuals

and species which reach 5 % of the total sum are included.
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4.2.19 Unconstrained cluster analysis based on unweighted Chord distance of 32

monthly foraminiferal death assemblages from samples collected over a twelve month
period from Cowpen Marsh. Only samples with counts greater than 40 individuals
and species which reach 5 % of the total sum are included.
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I

altitudes for monthly clusters based on Chord distance from Cowpen Marsh
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4.2.21 Unconstrained cluster analysis based on unweighted Chord distance of annual 34

foraminiferal death assemblages from samples collected over a twelve month period
from Cowpen Marsh. Only samples with counts greater than 40 individuals and

species which reach 5 % of the total sum are included.
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altitudes for annual clusters based on Chord distance from Cowpen Marsh.
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4.2.23 DCA of monthly foraminiferal death assemblages from Cowpen Marsh. The 36

zonations produced by unconstrained cluster analysis based on unweighted (a) Euclidean
distance and (b) Chord distance are shown. (c) DCA Axis One scores versus altitude.
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4.2.24 (a) DCA of annual foraminiferal death assemblages from Cowpen Marsh. The 37
zonations produced by unconstrained cluster analysis based on unweighted Euclidean
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4.2.25 Stacked bar comparisons showing the distribution of Euclidean and Chord zones 38

across the intertidal zone of Cowpen Marsh. (a) Station number versus the number of
monthly samples, (b) station number versus the proportion of monthly samples (%) and
(c) station number versus the number of annual samples. Only samples with counts
greater than 40 individuals and species which reach 5 % of the total sum are included.
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4.2.27 Seasonal variations of boxplots showing maximum, minimum, interquartile 40

ranges and median altitudes of unconstrained cluster analysis based on unweighted
(a) Euclidean and (b) Chord distance of monthly foraminiferal death assemblages
from samples collected over a twelve month period from Cowpen Marsh. Only
samples with counts greater than 40 individuals and species which reach 5 % of the
total sum are included.
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from each station of Welwick Marsh. Foraminiferal abundance is expressed as a
percentage of total count.



4.3.5 The Shannon-Weaver (H(S)) and Fisher indices of diversity of average annual 45

foraminiferal death assemblages from 4 three-monthly samples from each station of
Welwick Marsh.
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Samples were measured August 1996. The altitude and floral zonations are indicated.
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4.4.2 Flora of Thornham Marsh.
	 57
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4.4.3 Average annual foraminiferal death assemblages from 4 three-monthly samples 58

from each station of Thornham Marsh. Foraminiferal abundance is expressed as a
percentage of total count.



4.4.4 The Shannon-Weaver (H(S)) and Fisher indices of diversity of average annual 59

foraminiferal death assemblages from 4 three-monthly samples from each station of
Thornham Marsh.
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zonations are indicated.
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4.4.6 Diatom diagram for each station of Thornham Marsh. Diatom frequencies are 61

expressed as a percentage of total diatom valves. Only species which reach 5 % of
the total sum are included. Abbreviations: 0 = oligohalobous. Summary
classifications: polyhalobous = checked; mesohalobous = hollow; oligohalobous -
halophilous = dashed; oligohalobous - indifferent = horizontal; and halophobes =
solid.
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Samples were measured August 1996. The altitude and floral zonations are indicated.
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4.4.10 Unconstrained cluster analysis based on unweighted Euclidean distance of 65

annual foraminiferal death assemblages from samples collected over a twelve month
period from Thornham Marsh. Only samples with counts greater than 40 individuals
and species which reach 5 % of the total sum are included.
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4.4.12 Unconstrained cluster analysis based on unweighted Chord distance of annual 67

foraminiferal death assemblages from samples collected over a twelve month period
from Thornham Marsh. Only samples with counts greater than 40 individuals and
species which reach 5 % of the total sum are included.
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4.5.3 Average annual foraminiferal death assemblages from 4 three-monthly samples 72

from each station of Brancaster Marsh. Foraminiferal abundance is expressed as a
percentage of total count.
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study period of Brancaster Marsh. Solid and dashed lines indicate the mean and
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zonations are indicated.
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expressed as a percentage of total diatom valves. Only species which reach 5 % of
the total sum are included. Abbreviations: 0 = oligohalobous. Summary
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4.5.7 Salinity, pH, grain size, LOI and vegetation cover from Brancaster Marsh. The 76

samples were measured August 1996. The altitude and floral zonations are indicated.
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4.5.9 Scatter plots of (a) altitude, (b) grain size and (c) salinity versus the annual 78

average of six foraminiferal species from Brancaster Marsh.
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4.5.10 Unconstrained cluster analysis based on unweighted Euclidean distance of 79

annual foraminiferal death assemblages from samples collected over a twelve month
period from Brancaster Marsh. Only samples with counts greater than 40 individuals
and species which reach 5 % of the total sum are included.



4.5.11 Boxplots showing maximum, minimum, interquartile ranges and median 80

altitudes for annual clusters based on Euclidean distance from Brancaster Marsh.
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4.5.12 Unconstrained cluster analysis based on unweighted Chord distance of annual 81

foraminiferal death assemblages from samples collected over a twelve month period
from Brancaster Marsh. Only samples with counts greater than 40 individuals and
species which reach 5 % of the total sum are included.
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4.5.13 Boxplots showing maximum, minimum, interquartile ranges and median 82

altitudes for annual clusters based on Chord distance from Brancaster Marsh.



4.5.14 Stacked bar comparisons showing the distribution of annual Euclidean and 83

Chord zones across the intertidal zone of Brancaster Marsh.
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4.6.1 Scatter plots of altitude versus the annual average of Jadammina macrescens 84

and Haynesina germanica from (a) Cowpen, (b) Welwick, (c) Thoniham and (d)
Brancaster Marsh.
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4.6.2 Comparisons among constructed tidal levels for Cowpen, Welwick, Thornham 85

and Brancaster Marsh using Equation 1.
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4.6.3 Scatter plots and correlation coefficients (r) of standardised water level index 86

versus the flooding duration for (a) Cowpen, (b) Welwick, (c) Thornham and (d)
Brancaster Marsh using Equation 1.
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4.6.4 Vertical zonation of foraminifera1 death assemblages of Cowpen, Welwick, 87

Thornham and Brancaster Marsh. Standardised water level index is constructed using
Equation 1. Shaded and clear sections denote Zones I and H respectively. Average
tide levels of the four sites are shown.
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5.1 Principles of quantitative palaeoenvironmental reconstruction showing Xo, the 88
unknown environmental variable to be reconstructed from fossil assemblage Yo, and
the role of the modern training set consisting of modern biological Y and
environmental data X (Source: Birks, 1995).
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5.2 CCA biplots of (a) sample-environment and (b) foraminiferal species- 89

environment. Species abbreviations: HG = Haynesina germanica; JIVE = Jadammina
macrescens; MF = Miliammina fusca; Qs = Ouinqueloculina spp.; and TI =
Trochammina inflata. Environmental abbreviations: SWLI = Standardised Water
Level Index. Only samples with counts greater than 40 individuals and species that
reach 2 % of the total sum are included.



5.3 DCA of the foraminiferal training set. Only samples with counts greater than 40 90

individuals and species that reach 2 % of the total sum are included.
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5.4 Pie charts showing the total variation of the foraminiferal training set in (a) 91

explained and unexplained portions and (b) components representing the unique
contributions of standardised water level index, salinity, LOI, vegetation cover, pH,
grain size, location and inter-correlations among gradients.
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5.5 Location map of the UK showing contemporary field sites within the enlarged 92

foraminiferal training set.
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5.6 Species-environment response models. (a) Gaussian unimodal relationship 93

between the abundance (y) of a species and an environmental variable (x).
Abbreviations for ecological parameters are: u = optimum; t = tolerance; and c =
maximum. The equation for the expected value of the species abundance y is given
for the Gausian response model. (b) Linear relationship between the abundance (y) of
a species and an environmental variable (x). The equation for the expected value of
the species abundance y in relation to x is given for the linear response model where
1)0 is the intercept and b 1 is the slope or regression coefficient (Source: Birks, 1995).
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derived from the original 135 sample foraminiferal training set versus the screened
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index (SWLI) versus foraminiferal-predicted SWLI for (a) inverse- and (b) classical-
deshrinking regression.
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5.9 Foraminiferal species optima (weighted average) and tolerances (weighted 96

standard deviation) for standardised water level index showing all taxa present in the
foraminiferal training set. Species abbreviations are shown in Table 5.5.
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5.10 (a) Inverse and (b) classical residuals for foraminiferal-predicted standardised 97

water level index (SWLI) based on weighted average transfer functions using inverse
deshrinking regression. Solid and dashed lines indicate the mean and standard error.
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(SWLI) versus foraminiferal-predicted SWLI for the matching analogue technique.
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index (observed - predicted) versus dissimilarity coefficient percentiles for the
matching analogue technique. Percentile values are shown in Table 5.7.
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5.14 Transects of (a) Cowpen, (b) Welwick, (c) Thornham and (d) Brancaster Marsh 101
showing the relationship of observed altitudes versus foraminiferal-predicted
altitudes based on weighted average transfer functions using inverse and classical
deshrinking regressions. The error ranges of the predicted altitudes are shown.
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showing the relationship of observed altitudes versus foraminiferal-predicted
altitudes based on matching analogue technique. The error ranges of the predicted
altitudes are shown.



6.1 Location map of the UK showing fossil field sites. 	 103



6.2 Location map of Warlcworth (WA953) (Source: Plater and Sherman, 1992). 	 104



6.3 Warkworth WA95/3 foraminiferal diagram. Foraminiferal abundance is 105

calculated as a percentage of total foraminiferal tests. Indicative meanings , are
estimated using both Methods I and II. The stratigraphy is drawn according to
Troels-Smith (1955). The samples used as SLIs are shown.
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6.4 Location map of Teesside (T2). 	 106



6.5 Teesside T2 foraminiferal diagram. Foraminiferal abundance is calculated as a 107

percentage of total foraminiferal tests. Indicative meanings are estimated using both
Methods I and II. The stratigraphy is drawn according to Troels-Smith (1955). The
samples used as SLIs are shown.
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6.6 Location map of Dunswell (HMB2). 	 108
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6.7 Dunswell HMB2 foraminiferal diagram. Foraminiferal abundance is calculated as 109

a percentage of total foraminiferal tests. Indicative meanings are estimated using both
Methods I and II. The stratigraphy is drawn according to Troels-Smith (1955). The
samples used as SLIs are shown.
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6.9 Marshchapel LM2 foraminiferal diagram. Foraminiferal abundance is calculated 111
as a percentage of total foraminifera1 tests. Indicative meanings are estimated using
both Methods I and II. The stratigraphy is drawn according to Troels-Smith (1955).
The radiocarbon dates of SLIs are shown.
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6.10 Theddlethorpe LM5a foraminiferal diagram. Foraminiferal abundance is 112

calculated as a percentage of total foraminiferal tests. Indicative meanings are
estimated using both Methods I and II. The stratigraphy is drawn according to
Troels-Smith (1955). The radiocarbon dates of SLIs are shown.
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6.11 Theddlethorpe LM5b foraminiferal diagram. Foraminiferal abundance is 113

calculated as a percentage of total foraminiferal tests. Indicative meanings are
estimated using both Methods I and II. The stratigraphy is drawn according to
Troels-Smith (1955). The radiocarbon dates of SLIs are shown. The upper paired
dates are foraminifera and the lower are Hydrobia ulvae.



6.12 Location map of Wrangle Bank (F4), Clenchwarton (F13), South Lynn (F15) 114

and Spalding (F19).
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6.13 Wrangle Bank F4 foraminiferal diagram. Foraminiferal abundance is calculated 115

as a percentage of total foraminiferal tests. Indicative meanings are estimated using
both Methods I and II. The stratigraphy is drawn according to Troels-Smith (1955).
The samples used as SLIs are shown.



6.14 Clenchwarton F13 foraminiferal diagram. Foraminiferal abundance is calculated 116

as a percentage of total foraminiferal tests. Indicative meanings are estimated using
both Methods I and II. The stratigraphy is drawn according to Troels-Smith (1955).
The radiocarbon date and the samples used as SLIs are shown.
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6.15 South Lynn F15a foraminiferal diagram. Foraminiferal abundance is calculated 117

as a percentage of total foraminifera1 tests. Indicative meanings are estimated using
Methods I and II. The stratigraphy is drawn according to Troels-Smith (1955). The
samples used as SLIs are shown.
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6.16 South Lynn F15b foraminiferal diagram. Foraminiferal abundance is calculated 118

as a percentage of total foraminiferal tests. Indicative meanings are estimated using
Methods I and II. The stratigraphy is drawn according to Troels-Smith (1955). The
samples used as SLIs are shown.
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6.17 Spalding F19 foraminiferal diagram. Foraminiferal abundance is calculated as a 119

percentage of total foraminiferal tests. Indicative meanings are estimated using
Methods I and II. The stratigraphy is drawn according to Troels-Smith (1955). The
radiocarbon date and samples used as SLIs are shown.



THORNHAM
TRANSECT

Scott Head

The

/steno,

•	
Brancaster—

NNC 29

Wash

A149

Blakeney
Point

7__________
----3

Thomham
Marsh

NNC 35

BRANCASTER
TRANSECT

`\\ Burnham
Ovary Cley next

the Sea
•

Salthouse
NNC 40

kilometres	 100
	 I

6.18 Location map of Brancaster (NNC29), Thornham Marsh (NNC35) and 120

Salthouse (NNC40).



6.19 Brancaster NNC29 foraminiferal diagram. Foratniniferal abundance is calculated 121
as a percentage of total foraminiferal tests. Indicative meanings are estimated using
Methods I and II. The stratigraphy is drawn according to Troels-Smith (1955). The
radiocarbon dates of SLIs are shown.
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6.20 Thornham Marsh NNC35 foraminiferal diagram. Foraminiferal abundance is 122

calculated as . a percentage of total foraminiferal tests. Indicative meanings are
estimated using Methods I and II. The stratigraphy is drawn according to Troels-
Smith (1955). The radiocarbon dates of SLIs are shown.
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6.21 Salthouse NNC40 foraminiferal diagram. Foratniniferal abundance is calculated 123

as a percentage of total foraminiferal tests. Indicative meanings are estimated using
Methods I and II. The stratigraphy is drawn according to Troels-Smith (1955). The
radiocarbon dates of SLIs are shown.
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6.22 An age-altitude graph of sea-level index points (SLI) of (a) Lincolnshire Marshes, 124

(b) Fenland and (c) North Norfolk. The altitude of each SLI has been corrected to OD.
Error limits are calculated from the calibrated radiocarbon dates (2a) and estimates for
reference water levels and measurement of altitude.
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6.23 The indicative meanings of transgressive dates using Method I (clear) and 125

Method II (shaded). Their reference water levels and indicative ranges are shown.
See Table 6.9 and 6.10 for SLI numbers.
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II (shaded), Their reference water levels and indicative ranges are shown. See Tables
6.9 and 6.10 for SLI numbers.



6.25 The indicative meanings of basis and interval dates using Method I (clear) and 127

Method Li (shaded). Their reference water levels and indicative ranges are shown.
See Tables 6.9 and 6.10 for SLI numbers.
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6.26 An age-altitude graph of AMS dated Hydrobia ulvae, calcareous foraminifera 128

and peat from Theddlethorpe LM5b. The altitude of each sea-level index point has
been corrected to mean sea-level. Error limits are calculated from the calibrated
radiocarbon dates (2o) and estimates for reference water levels and measurement of
altitude.



0

Water level
1.)rn	 0

0	 0	 0	 0	 0	 0	 0

C)
=

o
'Er'

c.
r

-.1

RE

o
4.22 ,t-

o

'...,

*4

o.
-- El

g
2. E
n 3
'

rt 	 i 2
E:	 E... •	 E
• -.	 .	 ?.
z	 s.	A

ni
,:" a
^ '3'9 G .
2 .:*.:

...
=

.?

4.o
a
18.
=.

2 ,..ri
',..;

a	 ''.."	 a
3	 3

LI

''' 1

r
3c..
,

o
E
a
,.0.
g.

3 1.
E Et
..,.7

B =

a oz..

0

CD

i
I
I
I

a

1	 ‘4...
I.

a	 I	 I
%.	 I	 i
,a 	 I
3	 I

g.	 I	 R

Xg a ,o b a Xo 5: NI ',1o 6

CD

cI

PC"

-i

I

I
-1

I	 -

I

N '21o o= on .2.

e n
..r."
a:

4 a	 < N.
g a	 ti 3
6. g	 .... a

I
I	 o.	 9,-	 ,... %-

SI
%.

9, .	 5. 2
!4 S:	 6-„.

42I	 .
;	 2

I	 Z." a
G
-
:-." "41

o
4 Z	 F.' °-

P,	 1 i 	
... 	 1..a	 o

i

°
2

n 1
a-.
er .

I	
1	 E :;"

0 Et

2 a
I r;

3
o.
=

2 g
L.;	 *

a 3

`'• it
- ,3

.4 ."
i n27_

CA
=

g i= .n E.

a
4
n

*4

72..

i oe

t ti

S. ."

o

.1
Z

•ri

0 =
a a.
cr ..

Z
n It

X
e
=
!i.

0 r

`4 *

a a:
f:;.:E
.

N '''

=,, ;73

n
alone' epu.

7.1 Summary of faunal zones, foraminiferal assemblages and floral zones for 129
Cowpen, Welwick, Thornham and Brancaster Marsh. Dashed lines equal transitional
boundaries. Shaded area equals an absence of data.
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7.2 Variations in the altitude of High Water Spring Tide (HWST) of the River Tees 130

between May 1995 to May 1996 (Source: Tees and Hartlepool Port Authority, 1995,
1996).
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7.3 Scatter plots of the altitude of High Water Spring Tide (HWST) at the time of 131

sampling versus the optima of six foraminiferal species from Cowpen Marsh.
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7.5 An age-altitude graph of sea-level index points (SLI) of the Fenland using (a) 133

Methods I and (b) H. The altitude of each SLI has been corrected to OD. Error limits
are calculated from the calibrated radiocarbon dates (2c5) and estimates for reference
water levels and measurement of altitude.



-2.00

-4.00

17 -6.00

ci -8.00

-10.00

y -0.1703x2 - 0.8236)(

2	 3	 4	 5	 6	 7
Age cal. yrs. BP (ka.)

y = -0.1371x2 - 1.0628x

(a)
0.00 -

Transgressive dates
Method I

ICH
-12.00

2	 3	 4	 5	 6	 7	 8
Age cal. yrs. BP (ka.)

Transgressive dates
Method H

-2.00

TIT-6.00

GE -8.00

-10.00

-12.00
0

7.6 An age-altitude graph of transgressive sea-level index points (SLI) of the Fenland 134

using (a) Methods I and (b) II. The altitude of each SLI has been corrected to OD. Error
limits are calculated from the calibrated radiocarbon dates (2a) and estimates for
reference water levels and measurement of altitude.
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7.7 An age-altitude graph of regressive sea-level index points (SLI) of the Fenland using 135

(a) Methods I and (b) II. The altitude of each SLI has been corrected to OD. Error limits
are calculated from the calibrated radiocarbon dates (2a) and estimates for reference
water levels and measurement of altitude.
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7.8 An age-altitude graph of basis sea-level index points (SLI) of the Fenland using (a) 136

Methods I and (b) II. The altitude of each SLI has been corrected to OD. Error limits
are calculated from the calibrated radiocarbon dates (2a) and estimates for reference
water levels and measurement of altitude.
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7.9 An age-altitude graph of interval sea-level index points (SLI) of the Fenland using 137

(a) Methods I and (b) II. The altitude of each SLI has been corrected to OD. Error limits
are calculated from the calibrated radiocarbon dates (2a) and estimates for reference
water levels and measurement of altitude.
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7.10 An age-altitude graph comparing transgressive, regressive and interval dates 138

with basis dates to illustrate the effect of sediment compaction. Sea-level index
points (SLI) of the Fenland are estimated using Method II. The altitude of each SLI
has been corrected to OD.
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7.11 Foraminiferal diagram showing the influence of dissolution from D = 0 % 139

(assumed original conditions) to D = 100 % for sample 1363 cm from Teesside
industrial estate T2. Foraminiferal abundance is calculated as a percentage of total
foraminiferal tests. Indicative meanings are estimated using Method II.



7.12 Holkam Core NNC17 foraminiferal diagram. Foraminiferal abundance is 140

calculated as a percentage of total foraminiferal tests. Indicative meanings are
estimated using Methods I and II. The stratigraphy is drawn according to Troels-
Smith (1955). The radiocarbon date and the samples used as SLIs are shown.
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7.13 A conceptual age-altitude graph of sea-level index points (SLI) of the Holkam 141
NNC17 using Method II. The altitude of each SLI has been corrected to OD. The
ages of samples which have not been radiocarbon dated are estimated assuming a
constant sedimentation rate Error limits are calculated from the calibrated
radiocarbon dates (2a) and estimates for reference water levels and measurement of
altitude. Sample 445 cm is excluded
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A4.1 Scatter plots of LOI versus the annual averages of three foratniniferal species of 142

Welwick Marsh.
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A4.2 Scatter plots of grain size versus the annual averages of three foraminiferal 143

species of Welwick Marsh.
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Welwick Marsh.
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A4.4 Scatter plots of vegetation cover versus the annual averages of three 145

foraminiferal species of Welwick Marsh.



•

14

004 004,

4.Q	 Ns,

rtA4

7t%
'4 4

T5.1.4

Pt, 4k

1*v N.
1-00,5

I

4 "•°4,
sko

to4, st,„
ec.„

4>

14

T-4> 4
14VN

1" • ' ' ' .	 044 "e .liso, l %

% 4
t=J	 v	 44,
=
CD

-3

-3
111	 •• ••• N. •

gr . /11111 •

1 '	 1'111111 "	 I	 '

' 1 '1111-""

I.•

II

v •• 111111

••••••

II

13

1,1

Order of samples on dendrogram
8	 8	 g	 8	 s 

A4.5 Unconstrained cluster analysis based on unweighted Euclidean distance of 146

monthly foraminiferal death assemblages from samples collected over a twelve month
period from Welwick Marsh. Only samples with counts greater than 40 individuals
and species which reach 5 % of the total sum are included.
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A4.6 Boxplots showing maximum, minimum, interquartile ranges and median 147

altitudes for monthly clusters based on Euclidean distance from Welwick Marsh.
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A4.7 Unconstrained cluster analysis based on unweighted Chord distance of monthly 148

foraminiferal death assemblages from samples collected over a twelve month period
from Welwick Marsh. Only samples with counts greater than 40 individuals and
species which reach 5 % of the total sum are included.



/
,

1
'7

/
/

,

E

-0
=

--.2
<

w3 -

2.8 -

2 .6 -

2.4

,,
/

,

/
,

./

Ili

,-
,

/

I

MCHG	 MCJM
Foram zones

A4.8 Boxplots showing maximum, minimum, interquartile ranges and median 149

altitudes for monthly clusters based on Chord distance from Welwick Marsh.
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A4.10 (a) DCA of monthly foraminiferal death assemblages from Welwick Marsh. The 151

zonations produced by unconstrained cluster analysis based on unweighted Euclidean
distance and Chord distance are shown. (b) DCA Axis One scores versus altitude.
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zonations produced by unconstrained cluster analysis based on unweighted (a) Euclidean
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A5.1 Scatter plots showing LOI versus the annual average of six foraminiferal 153

species from Thornham Marsh.
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species from Thornham Marsh.
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A5.6 Unconstrained cluster analysis based on unweighted Euclidean distance of 158

monthly foraminiferal death assemblages from samples collected over a twelve month
period from Thornham Marsh. Only samples with counts greater than 40 individuals
and species which reach 5 % of the total sum are included.
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zones across the intertidal zone of Brancaster Marsh. (a) Station number versus the
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A8.1 Unconstrained cluster analysis based on unweighted Euclidean distance of the 176

foraminiferal training set. Only samples with counts greater than 40 individuals and
species which reach 2 % of the total sum are included.



240 	

220 -

200 -TD
3. 180

160 -

S 140 -

120 -

100 	

240 	

220 -

7D- 200 -

12 180

160 -

5 140 -

120

100 	

A8.2 Boxplots showing maximum, minimum, interquartile ranges and median water 177
levels for clusters based on (a) Euclidean and (b) Chord distance from the
forarniniferal training set.



Order al samples an dendrogram

.	 .	 , 

II
	

'
	

I'l l'.

111111 11111 11111

"-	 ' .1 1 °1 "•	 •••11.-1111..—
•	 -••

••• .0•1II
ul II"	 "I' .....	 I.

" . 1 • 1 ••• 1 Mu

-

11 11 1 . 1 11 1

•
' 11111 - '	 ••114111iii

	
1'119111r

Ill

11111111 1 1 1i t

11:\

" 111 11111 1 1.	 1111

p1/4

c)c-i

I,.IIIu J Il 1

11"

""11 1 111111.—En
Ea

l'Ir	 IIIIIIIIIIIIIIII	 IIII • • 
–1.11"111111111 

" II"

11111111111111iiiiillipmpripir • 	 - •

-•111

.....	 n1111111

. -1-....111.1—'1111111111111.

''	 	 11

1

4:\

1\
FIN\

* \

r-/NV

rg„‘(..6% •

rV1,4•47;
Fle;6\

r4o, s

_+9,k6i,S4;

A8.3 Unconstrained cluster analysis based on unweighted Chord distance of the 178

foraminiferal training set. Only samples with counts greater than 40 individuals and
species which reach 2 % of the total sum are included.
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Appendix One: Laboratory Methods

The laboratory methods for lithostratigraphical (porewater salinity, grain size and loss on ignition

analyses, and correction for sediment compaction) and biostratigraphical (foraminifera, diatom and

pollen analyses, and extraction of calcareous foraminifera for AMS dating) analyses are described

below. Furthermore, the Troels-Smith (1955) scheme of stratigraphic notation is illustrated.

1.1 Lithostratigraphy

1.1.1 Porewater salinity analysis (after Lambert et al., 1949)

1. Weigh wet sample. Use greater than 60 g for inorganic sediments and greater than 90 g for organic

sediments.

2. Place in an oven until dry (constant weight).

3. Weigh dry sample and calculate loss on drying as a percentage.

4. Add distilled water (at a ratio of: 5:1 for saline inorganic sediments and 10:1 for less saline organic

samples) to approximately 10 g of dry sediment. The actual amount depends on site characteristics

(i.e. more sediment needed for less saline areas or high moisture sediments).

5. Put a glass rod into a beaker and place in a sonic bath for 15 minutes.

6. Filter the sediment into a boiling tube.

7. Use the filtrate for chloride determination. Typically 2 ml aliquots are required for saline sites

(water/sediment ratio is 5:1) and 5 ml aliquots for less saline sites(water/sediment ratio is 10:1).

8. Porewater salinity is calculated as follows:

A=	 1000 * (mls titration - blank)

mls aliquot used

B =	 100 - loss on drying %

C=	 Weight of dry sediment used * 100

B

D =	 Weight of dry sediment used * ratio

E =	 C - weight of dry sediment used
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F =	 D * A = chloride content in parts per million

G =	 F = chloride content in parts per thousand

1000

H=	 1.80655 * G = Salinity in parts per thousand

1.1.2 Loss on ignition analysis (after Ball, 1964)

An oven dry sample is added to a crucible of known weight and placed in a furnace at 375 °C for 16

hours. Heating at this temperature removes all the organic matter.

Loss on ignition % = ((0 - 1)10) * 100 	 (8)

where 0 is weight of oven dried sample; and I is the ignited weight.

1.1.3 Grain size analysis (after Folk, 1965)

1. Disaggregate air dry samples using a pestle and mortar.

2. Add 20 % solution of hydrogen peroxide (H 202) to remove the organic matter.

3. Add 3.5 g of Clagon to saturate the clay exchange complex with the monovalent sodium ion,

resulting in the deflocculation of the clay.

4. Wet sieve through a nest of sieves (4, 2, 0.5, 0.25, 0.125 and 0.064 mm). The fraction held on each

sieve is transferred to a weighted container and the weight is obtained.

5. Analyse the fine fraction using the pipetted sedimentation technique to separate the silt sized

particle from the clay.

1.1.4 Correction for sediment compaction

It is assumed that compaction is equally distributed within the sample. If this is not considered

suitable, the sample is split into a number of sub-sections and the calculation is made independently

on each.
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The corrected depth is calculated by:

Dcorr (t)base ( Dbase Dobs))*(LexpiLobs)

	

(9)

where Dbase is the known depth of base of a specific sample; Dobs is the observed depth; Lexp is the

expected length of a core within the tube; Lobs is the observed length of a core within the tube; and

Dc0„. is the corrected depth of a specific sample.

1.2 Biostratigraphy

1.2.1 Foraminiferal analysis (after Scott and Medioli, 1980a and de Rijk, 1995a)

1. Each standardised 10 cm 3 sample is placed in buffered ethanol. Protein stain rose Bengal is added

to identify organisms living at the time of collection (Walton, 1952).

2. Wet sieve through 0.5 mm and 0.064 mm sieves (0.5 mm retains the coarse organics and allows

the foraminifera to pass through to the 0.064 mm screen).

3. Fine organic material is separated from the foraminifera by decantation.

4. The greater than 500 gm and decanted fraction are examined before being discarded.

1.2.2 Diatom analysis (after Palmer and Abbott, 1986)

1. Extract 1 cm 3 of sediment and transfer to a beaker and add 30 % H202.

2. Heat gently for 6 hours, adding distilled water as necessary.

3. By pipetting, the diatom and water mixture is mounted onto a cover slip which is placed on a

hotplate.

4. Evaporate slowly and add naphrax solution to the microscope slide.

5. Heat gently to liquefy the naphrax, cool and allow to set.

1.2.3 Pollen analysis (after Moore and Webb, 1978)

1. Measure 0.5 cm 3 of sediment by displacement in water using a 5 cm 3 measuring cylinder.

2. Add cold 10 % potassium hydroxide and heat in boiling water for 30 minutes.
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3. Decant through a 0.018 mm sieve, centrifuge and wash until liquid is unstained.

4. Add glacial acetic acid, stir and centrifuge.

5. Decant, add acetylation solution (sulphuric acid/acetic anhydride in at a ratio of 1:9), heat in

boiling water for one minute, top up with glacial acetic acid, centrifuge and decant.

6. Add glacial acetic acid, centrifuge, decant. Then add distilled water, centrifuge and decant.

7. Stain by adding tertiary butyl alcohol and two drops of safranin solution, centrifuge and decant.

Add 1 cm 3 of tertiary butyl alcohol, transfer to vial, centrifuge and decant.

8. Add silicone oil and leave for 12 hours.

1.2.4 Extraction of foraminifera for AMS dating (after Feyling-Hanssen et al., 1971, Meldgaard

and Knudsen, 1979 and Heier-Nielsen, 1995)

1. Oven dry the samples.

2. Wet sieve the dried sediment through sieves with mesh diameters of 0.5 mm and 0.064 mm.

3. The grain size fraction retained on the 0.064 mm screen is separated by floatation in carbon

tetrafloride (CC14, p = 1.59 g/cm 3). Heier-Nielsen (1995) has shown that treatment with this

organic liquid does affect the 14C age of the foraminiferal samples.

4. The foraminifera are subsequently hand-picked from the lighter fraction. As the light, empty

foraminiferal shells float in the heavy liquid they are decanted with the liquid and thus separate

from the heavy mineral grains.

5. Foraminiferal samples are inspected during picking and partly dissolved or dubious specimens are

avoided.

1.3 Troels-Smith (1955) scheme of stratigraphic notation

Troels-Smith (1955) described and defined an almost infinite list of unconsolidated deposits into a

relatively small number of organic and inorganic elements, occurring as component parts. The

proportion of component elements in a given deposit is estimated on a five-class scale where zero

implies the absence of, and four the maximum presence of. The key for the Troels-Smith (1955)

scheme of stratigraphic notation is shown below
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Appendix Two: Foraminiferal taxonomy

The phenotypical variation in species forms a taxonomical problem which has caused a sometimes

confusing nomenclature (de Rijk, 1995a). This appendix briefly describes the dominant agglutinated

and calcareous species identified from contemporary and fossil sites. They are species that occur in

greater than 20 samples from the contemporary foraminiferal training set (Volume One, Table 5.5).

Furthermore, the accuracy of foraminiferal taxonomy is assessed by recounting a sample from

Cowpen Marsh.

Foraminiferal species found within the intertidal zone can be divided into two groups. First,

agglutinated forms that dominate the vegetative marsh (belonging to the suborder Textulariina).

Second, calcareous forms that dominate the mudflats and sandflats (belonging to the suborders

Miliolina and Rotaliina). Generic names are in accordance with Murray (1971, 1979) and de Rijk

(1995a) with three exceptions: Haynesina germanica in this thesis is equivalent to Protelphidium

germanicum (Murray, 1979); the species Haplophragmoides manilaensis and Haplophragmoides

wilberti are difficult to differentiate and are grouped as Haplophragmoides spp.; and similarly, the

various Quinqueloculina species are grouped as Quinqueloculina spp. The species are listed in

alphabetical order within three different suborders: Textulariina; Miliolina; and Rotaliina.

2.1 Suborder Textulariina

2.1.1 Haplophragmoides spp.

Haplophragmoides manilaensis: de Rijk (1995a) p. 25, Pl. I, Fig. 1-8.

Haplophragmoides wilberti: Murray (1979) p. 24, Fig. 5G-H.

Diagnostic features: The tests are agglutinated, composed of fine silt grains held together by an

organic cement. They are pale brown in colour with a smooth finish and planispirally coiled. H.

manilaensis and H. wilberti are difficult to differentiate and subsequently are grouped as H. spp.

Likewise, de Rijk (1995a) stated that there are strong similarities between the two forms because of

interspecific variability.
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Death Distribution: H. spp. are present in all marsh habitats, but the abundance decreases in areas

below MHWST.

2.1.2 Jadammina macrescens (Brady)

Trochammina inflata (Montagu) var. macrescens: Brady (1870) p. 290, Pl. 11, Fig. 5a-c.

Jadammina polystoma: Scott and Medioli (1980a) p. 39, Pl. 3, Fig. 9-11.

Trochammina macrescens: Phelger and Walton (1950) p. 280, Pl. 11, Fig. 5a-c; and Scott and Medioli

(1980a) p. 39, Pl. 3, Fig. 4-8.

Trochammina macrescens forma polystoma: Scott et al. (1990) p. 737, Pl. 1, Fig. 2a-c.

Jadammina macrescens: Murray (1971) p. 41, Pl. 13, Fig. 1-5; Murray (1979) p.28, Fig. 6K-M; and

de Rijk (1995a) p. 26, Pl. Ill, Fig. 4-6.

Diagnostic features: The tests are agglutinated, composed of extremely fine detrital grains with

abundant organic cement and brown in colour. They are trochospirally coiled and compressed with a

shallow umbilicus. The walls are thin and flexible when wet and the chambers commonly collapse

when dried. Jadammina is distinguished from Trochammina by its primary aperture (Murray, 1971;

Bronnimann and Whittaker, 1984; de Rijk, 1995a). The former has a multiple aperture consisting of a

single interiomarginal slit at the base of the apertural face with scattered supplementary areal pores.

The latter has an interiomarginal slit-like umbilical aperture between the coiling and the periphery.

Death Distribution: J. macrescens is the most abundant species in all contemporary sites and

dominates most marsh habitats.

2.1.3 Miliammina fusca (Brady)

Miliammina fusca: Murray (1971) p. 21, Pl. 3, Fig. 1-6; Murray (1979) p.23, Fig. 5D-F; and de Rijk

(1995a) p. 27, Pl. II, Fig. 10-12.

Diagnostic features: The tests are agglutinated, composed of detrital grains in an organic cement and

pale brown in colour. The morphology varies slightly with grain size (sand or silt). They are elongate,

rounded in section and made up of many chambers coiled on a milioline plan.

Death Distribution: M fusca is abundant in all marsh habitats.
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2.1.4 Trochammina inflata (Montagu)

Trochammina inflata: Murray (1971) P. 35, Pl. 10, Fig. 3-6; Murray (1979) p.26, Fig. 6E-G; and de

Rijk (1995a) p. 34, Pl. II, Fig. 1-3.

Diagnostic features: The tests are agglutinated, composed of extremely fine detrital grains with

abundant organic cement and brown in colour. They are trochospirally coiled with globular chambers.

The size and globular character of the chambers varies among samples.

Death Distribution: T. inflata is abundant in all marsh habitats.

2.2 Suborder Miliolina

2.2.1 Cyclogyra involvens (Reuss)

Cyclogyra involvens: Murray (1971) p. 53, Pl. 18, Fig. 1-3; and Murray (1979) p.29, Fig. 7A-B.

Diagnostic features: The tests are calcitic with a porcellaneous white appearance. The proloculus is

followed by a long planispirally coiled, tubular chamber with a simple terminal aperture.

Death Distribution: C. involvens is present in tidal flat and low marsh habitats.

2.2.2 Quinqueloculina spp.

Quinqueloculina spp.: Murray (1971) p. 57-65, Pl. 20-24; and Murray (1979) p.30-35, Fig. 7H-9I.

Diagnostic features: The tests are porcellaneous with a translucent to opaque appearance. The

chambers are coiled on a quinqueloculine plan. The species has an aperture usually with a tooth. The

various Quinqueloculina species are difficult to differentiate and are subsequently grouped as Q. spp.

Similar, taxonomic problems were found by Whittaker (pers. comm., 1995).

Death Distribution: Q. spp. is present throughout the intertidal zone.
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2.3 Suborder Rotaliina

2.3.1 Ammonia beccarii (Linne)

Ammonia beccarii: Murray (1971) P. 151, Pl. 62, Fig. 1-7; and de Rijk (1995a) p. 35.

Diagnostic features: The tests are calcitic with radially arranged crystallites and pores. They are

glassy or translucent in appearance and sometimes brownish in colour. Furthermore, the tests are

biconvex and subcircular in outline. The chambers are trochospirally coiled with six to nine chambers

in the last whorl. The sutures on the spiral side of a test are flush to depressed whereas those on the

umbilical side are depressed. A. beccarii includes four variants:

• A. beccarii var. aberdoveyensis: Murray (1979) p. 56, Fig. 18A-C;

• A. beccarii var. batavus: Murray (1979) p. 56, Fig. 18D-F;

• A. beccarii var. limnetes: Murray (1979) p. 56, Fig. 18G-I;

• A. beccarii var. tepida: Murray (1979) P. 56, Fig. 18J-L.

Death Distribution: A. beccarii is present in the low marsh and tidal flat.

2.3.2 Brizalina variablis (Williamson)

Brizalina variablis: Murray (1971) p. 113, Pl. 46, Fig 1-3; and Murray (1979) p.425, Fig. 12E.

Diagnostic features: The tests are compressed and biserial throughout with deeply depressed, straight

and oblique sutures. The test walls are calcitic and composed of radially arranged crystallites. The

aperture of a test is terminal with a toothplate.

Death Distribution: B. variablis is present in tidal flat environments.

2.3.3 Cibicides lobatulus (Walker and Jacob)

Cibicides lobatulus: Murray (1971) p. 175, Pl. 73 Fig. 1-7; and Murray (1979) P. 62, Fig. 21A-C.
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Diagnostic features: The tests are calcitic, radial and granular nature. They have large pores which

are often translucent in appearance. Furthermore, the tests are planoconvex, trochospirally coiled with

plane spiral sides and convex umbilical sides. The aperture of a test is an arch and a slit, bordered by a

lip which extends along the spiral suture on the spiral side. However, numerous morphological

variations are observed.

Death Distribution: C. lobatulus is present, often in large numbers, in tidal flat environments.

2.3.4 Elphidium earlandi (Cushman)

Elphidium earlandi: Murray (1971) p. 157, Pl. 65, Fig. 1-7; and Murray (1979) p. 50, Fig. 15A-B.

Diagnostic features: The tests of all Elphidium species are planispirally coiled, involute and laterally

compressed. Furthermore, all species have calcitic walls of radially arranged crystallites. The

diagnostic features of E. earlandi are the long retral processes with only four or five present on each

side.

Death Distribution: E. earlandi is common in low marsh and tidal flat habitats.

2.3.5 Elphidium excavatum (Terquem)

Elphidium excavatum: Murray (1971) p. 159, Pl. 66, Fig 1-7; and Murray (1979) p.50, Fig. 15C-D.

Diagnostic features: E. excavatum can be distinguished by the three to five very short retral

processes on each chamber. There are eight to nine chambers in the outer whorl.

Death Distribution: E. excavatum is present in low marsh and tidal flats environments.

2.3.6 Elphidium incertum (Williamson)

Elphidium incertum: Murray (1979) p. 50, Fig. 15E-F.

Diagnostic features: The diagnostic features of E. incertum are the eight to eleven chambers in the

outer whorl and the star shaped array of depressed sutures centred on the umbilicus.

192



Death Distribution: E. incertum is present in low marsh and tidal flats environments.

2.3.7 Elphidium magellanicum (Heron-Allen and Earland)

Elphidium magellanicum: Murray (1971) p. 163, Pl. 68, Fig. 1-7; and Murray (1979) p. 48, Fig. 14C-

D.

Diagnostic features: E. magellanicum is easily identified due to the distinctive pattern of tubular

ornament in the broadly depressed sutures.

Death Distribution: E. magellanicum is common in low marsh and tidal flat habitats.

2.3.8 Elphidium williamsoni (Williamson)

Elphidium williamsoni: Murray (1979) p. 52, Fig. 16C-D.

Diagnostic features: E. williamsoni is distinguished by the numerous long retral processes and the

ten to twelve chambers in the outer whorl.

Death Distribution: E. williamsoni is the most abundant species of Elphidium. It is found in low

marsh and tidal flat habitats.

2.3.9 Haynesina germanica (Ehrenberg)

Protelphidium germanicum: Murray (1979) p. 52, Fig. 16C-D.

Diagnostic features: The tests are calcitic with radially arranged crystallites. They are finely

perforate and glassy in appearance. Furthermore, the tests are planispirally coiled with five to eleven

chambers in the last whorl. The sutures are slightly depressed over the periphery but deeply depressed

close to the umbilicus. The aperture of a test is a row of pores at the base of the last chamber.

Death Distribution: Haynesina germanica is the most abundant calcareous species. It is present in

most low marsh and tidal flat habitats.
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2.4 Evaluation of foraminiferal taxonomy

2.4.1 Materials and methods

A sample from station 18 of Cowpen Marsh, collected on 1 May 1995 was selected for recounting.

The results were compared with the original count to assess the accuracy of the foraminiferal

taxonomy. Sample collection and preparation (Appendix One) followed Scott and Medioli (1980a)

and de Rijk (1995a).

2.4.2 Results

The differences between samples (relative abundance and absolute count) is generally relatively

small. (Table A2.1). However, the relative differences become greater for minor species. For

example, the relative abundance of Lagena sukata is over three times greater in the original count.

Nevertheless, the data shows that the foraminiferal taxonomy of this thesis can produce reliable

results that are indicative of foraminiferal assemblages from a particular site. Furthermore, the

variations maybe associated with errors of the wetsplitter (Volume One Section 3.3.1) rather than

differences in the taxonomy.
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Sample Original

No. %

Recount

No. %

Ammonia beccarii var. hinnetes 8 1.80 14 3.26

Buliminella elegantissima 0 0.00 2 0.47

Elphidium earlandi 16 3.60 20 4.65

Elphidium excavatum 16 3.60 12 2.79

Elphidium incertum 32 7.21 24 5.58

Elphidium williamsoni 8 1.80 10 2.33

Fursenkoina fusiformis 64 14.41 64 14.88

Lagena interrupta 16 3.60 16 3.72

Lagena sukata 8 1.80 2 0.47

Haynesina germanica 268 60.36 256 59.53

Jadammina macrescens 8 1.80 8 1.86

Total 444 430 -

Table A2.1 Original and recount of sample 18, collected on 1 May 1995, Cowpen Marsh.

Absolute and relative abundance of each foraminiferal species are shown.
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Appendix Three: Biostratigraphical data of Cowpen Marsh

3.1 The pilot study of Cowpen Marsh

3.1.1 Sample preparation in the laboratory

Species 1 2 3 4 5 6 7 8

Haplophragmoides spp. 7 3 4 3 3 2 3 2

Miliammina fusca 22 23 18 21 22 23 27 23

Jadammina macrescens 129 138 128 162 125 140 150 136

Trochammina inflata 32 36 31 35 32 31 32 33

Cibicides lobatulus 1 0 2 1 0 0 0 2

Elphidium williamsoni 11 12 10 14 10 8 8 9

Haynesina germanica 7 11 7 7 8 4 7 6

Quinqueloculina spp. 3 9 7 7 5 3 4 5

Total counted 212 232 207 251 206 211 232 216

Table A3.1 Total foraminiferal counts of eight aliquots from a high marsh sample, Cowpen

Marsh.

3.1.2 Determination of the life foraminiferal population

Species 0 3 5 7 9 11 15 20 25

Miliammina fusca 16 0 0 0 0 0 0 0 0

Jadammina macrescens 32 48 0 0 0 0 0 0 0

Trochammina inflata 112 24 0 0 0 0 0 0 0

Elphidium williamsoni 0 0 0 0 0 0 0 0 0

Haynesina germanica 0 0 0 0 0 0 0 0 0

Sum 208 72 0 0 0 0 0 0 0

Table A3.2 Infaunal abundance of five foraminiferal species and the sum of live foraminifera

per 10 cm 3 from a high marsh environment of Cowpen Marsh.
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Species 0 3 5 7 9 11 15 20 25

Miliammina fusca 32 16 0 0 0 0 0 0 0

Jadammina macrescens 192 64 48 0 0 0 0 0 0

Trochammina inflata 0 15 0 0 0 0 0 0 0

Elphidium williamsoni 192 0 0 0 0 0 0 0 0

Haynesina germanica 64 0 0 0 0 0 0 0 0

Sum 544 96 48 0 0 0 0 0 0

Table A3.3 Infaunal abundance of five foraminiferal species and the sum of live foraminifera

per 10 cm 3 from a low marsh environment of Cowpen Marsh.

Species 0 3 5 7 9 11 15 20 25

Miliammina fusca 0 0 0 0 0 0 0 0 0

Jadammina macrescens 32 0 0 0 0 0 0 0 0

Trochammina inflata 0 0 0 0 0 0 0 0 0

Elphidium williamsoni 32 0 0 0 0 0 0 0 0

Haynesina germanica 32 16 16 0 0 0 0 0 0

Sum 192 48 32 0 2 13 0 0 0

Table A3.4 Infaunal abundance of five foraminiferal species and the sum of live foraminifera

per 10 cm 3 from a mudflat environment of Cowpen Marsh.
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3.1.3 Life versus death versus total assemblage constituents

Sampling code Date

951 01/05/95

952 14/05/95

953 01/06/95

954 12/06/95

955 28/06/95

956 12/07/95

957 27/07/95

958 10/08/95

959 26/08/95

9510 09/09/95

9511 24/09/95

9512 08/10/95

9513 24/10/95

9514 07/11/95

9515 22/11/95

961 07/12/95

962 05/01/96

963 20/01/96

964 04/02/96

965 18/02/96

966 05/03/96

967 19/03/96

968 04/04/96

969 17/04/96

9610 03/05/96

Table A3.5 Sampling code and date of sampling during the twelve month study of Cowpen

Marsh.
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Species Mudflat Low marsh High marsh

Jadamrnina macrescens 0 96 52

Miliammina fusca 0 16 26

Trochammina inflata 16 0 52

Ammonia beccarii 0 0 0

Buliminella elegantissima 16 0 0

Cibicides lobatulus 0 0 0

Elphidium earlandi 0 16 0

Elphidium magellanicum 0 0 0

Elphidium williamsoni 16 96 0

Fursenkoina fusiformis 0 0 0

Fissurina lucida 0 0 0

Fissurina marginta 0 0 0

Haynesina gerrnanica 16 32 0

Lagena clavata 0 0 0

Lagena sukata 0 0 0

Quinqueloculina spp. 32 16 78

Sum 96 272 208

Table A3.9 Life surface assemblages from mudflat, low marsh and high marsh environments of

Cowpen Marsh.

201



Species Mudflat Low marsh High marsh

Jadammina macrescens 0 64 95

Miliammina fusca 0 96 19

Trochammina inflata 0 16 95

Ammonia beccarii 0 0 0

Buliminella elegantissima 16 0 0

Cibicides lobatulus 16 0 0

Elphidium earlandi 0 0 0

Elphidium magellanicum 16 0 0

Elphidium williamsoni 16 16 0 '

Fursenkoina fusifonnis 32 0 0

Fissurina lucida 0 0 0

Fissurina marginta 0 0 0

Haynesina gennanica 128 16 0

Lagena clavata 0 0 0

Lagena sukata 0 0 0

Quinqueloculina spp. 0 0 0

Sum 224 208 208

Table A3.10 Death surface assemblages from mudflat, low marsh and high marsh environments

of Cowpen Marsh.
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Species Mudflat Low marsh High marsh

Jadammina macrescens 0 160 147

Miliammina fusca 0 112 45

Trochammina inflata 16 16 147

Ammonia beccarii 0 0 0

Buliminella elegantissima 32 0 0

Cibicides lobatulus 16 0 0

Elphidium earlandi 0 16 0

Elphidium magellanicum 16 0 0

Elphidium williamsoni 32 112 0

Fursenkoina fusiformis 32 0 0

Fissurina lucida 0 0 0

Fissurina marginta 0 0 0

Haynesina germanica 144 48 0

Lagena clavata 0 0 0

Lagena sulcata 0 0 0

Quinqueloculina spp. 32 16 78

Sum 320 480 417

Table A3.11 Total surface assemblages from mudflat, low marsh and high marsh environments

of Cowpen Marsh.
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Species Mudflat Low marsh High marsh

Jadammina macrescens 0 7 110

Miliammina fusca 0 9 34

Trochammina inflata 0 0 120

Ammonia beccarii 8 0 0

Buliminella elegantissima 8 0 0

Cibicides lobatulus 32 0 0

Elphidium earlandi 0 0 0

Elphidium magellanicum 24 0 0

Elphidium williamsoni 16 0 0

Fursenkoina fusiformis 41 0 0

Fissurina lucida 8 0 0

Fissurina marginta 16 0 0

Haynesina gennanica 55 0 0

Lagena clavata 8 0 0

Lagena sulcata 16 0 0

Quingueloculina spp. 0 0 0

Sum 232 16 264

Table A3.12 Sub-surface assemblages from mudflat, low marsh and high marsh environments

of Covvpen Marsh.

3.2 The comprehensive dataset of Cowpen Marsh

The following three tables show the average annual foraminiferal death assemblages (%) from 25

two-weekly samples, the average annual environmental variables from 4 three-monthly samples and

the annual diatom assemblages of stations at Cowpen Marsh. The raw counts are archived on

Computer Disk One.
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Appendix Four Welwick Marsh

4.1 Relationships between foraminifera and environmental variables

The annual average of the three most important dead foraminifera found on the intertidal zone of

Welwick Marsh are related to loss on ignition (LOT), grain size, pH and vegetation cover.

4.1.1 Foraminifera and LOT

The scatter plots for Jadammina macrescens, Ammonia beccarii var. lirnnetes and Haynesina

germanica versus LOT show no relationships with LOT (Figure A4.1).

4.1.2 Foraminifera and grain size

The grain size distribution of Welwick Marsh is dominated by clay and silt size classes. The scatter

plots for J. macrescens, A. beccarii var. limnetes and H germanica versus LOT show no relationships

with clay fraction (Figure A4.2).

4.1.3 Foraminifera and pH

The scatter plots off macrescens and H. gennanica versus pH show a distinct threshold of pH values

at 6.5 (Figure A4.3). Relatively high abundances of I macrescens occur at pH values less than 6.6.

Conversely, the scatter plot of H. germanica shows relatively high abundances at pH values greater

than 6.4. A. beccarii var. limnetes is not related to pH.

4.1.4 Foraminifera and vegetation cover

The scatter plot of J. macrescens versus vegetation cover (Figure A4.4) shows a strong positive

relationship which indicates a dominance in environments with dense vegetation cover such as the

middle marsh. Conversely, the scatter plot of H germanica shows a strong negative relationship
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which suggests dominance in sparse or barren environments such as the low marsh and mudflat. A.

beccarii var. limnetes does not shows a relationship with vegetation cover.

4.2 Multivariate analysis of contemporary foraminifera

Two methods are used to analyse the foraminiferal death assemblages (%) collected from stations 1 to

20 at three-monthly intervals for a twelve-month period: first, unconstrained cluster analysis based on

unweighted Euclidean and Chord distance; and second, detrended correspondence analysis (DCA).

Only samples with counts greater than 40 individuals and species that reach 5 % of the total sum are

included.

4.2.1 Cluster analysis

Cluster analysis of monthly assemblages based on unweighted Euclidean distance detects cluster

zones MEHG and MEJM (Figure A4.5):

I. Zone MEHG is dominated by calcareous species, notably H. germanica with low frequencies of

A. beccarii var. limnetes, Elphidium magellanicum and E. williamsoni. The altitudes range from

3.48 rn OD to 2.45 m OD (1.03 m) with an interquartile range of 0.31 m (2.95 m OD to 2.64 m

OD) (Figure A4.6);

II. Zone MEJM is dominated by the agglutinated species J. macrescens. In addition there are low

frequencies of H. germanica and Trochammina inflata. The altitudes of the zone range from 3.54

m OD to 3.09 m OD (0.45 m) with an interquartile range of 0.19 m(3.50 m OD to 3.31 m OD).

Cluster analysis based on unweighted Chord distance similarly classifies the monthly assemblages

into two zones (MCHG and MOM) (Figure A4.7). They correspond with the comparable Euclidean

zones in terms of sample and species composition. Moreover, their altitudinal ranges are identical

(Figure A4.8). The similarities between the two variants of cluster analyses are further shown in the

stacked bar comparisons (Figure A4.9). The distributions of monthly Euclidean and Chord zones

across the intertidal zone are identical.

209



4.2.2 Detrended correspondence analysis

DCA Axes One and Two account for 55 % and 21 % of the total variance of monthly species data

(Figure A4.10a). Subsequently, Axis One controls the ordination diagram and has a relatively large

eigenvalue (0.64). It has low positive or negative loadings for calcareous species (e.g. E. earlandi, H

germanica and A. beccarii var. limnetes) and large positive loadings for agglutinated species (e.g. J.

macrescens, T inflata and Miliammina fusca) (Table A4.1). Furthermore, DCA Axis One scores

versus altitude shows a strong positive non-linear relationship (Figure A4.10b). Axis One scores

greater than 1.0 show relatively small altitudinal variations. These scores identify with samples that

are dominated by J. macrescens. Thus, the species loadings and Axis One scores imply that Axis One

reflects an altitudinal gradient from middle marsh through low marsh to mudflat. Conversely, the

loadings and scores of Axis Two (eigenvalue 0.24) do not reflect any major environmental gradient.

The zonations of monthly assemblages produced by cluster analysis based on Euclidean and Chord

distance correspond to distinct regions in the ordination diagram. Zones MEHG/MCHG and

MEJM/MCJM lie on Axis One and are mutually exclusive (Figure A4.10a).

DCA of annual assemblages produces an ordination diagram also controlled by Axis One. Axes One

(eigenvalue = 0.53) and Two (eigenvalue = 0.05) account for 95 % of the total variation of species

data (Figure A4.11a). Furthermore, the species loadings of Axis One (Table A4.2) and the scatter plot

of Axis One scores versus altitude are comparable with the monthly assemblages (Figure A4.11c).

The zonations produced by cluster analysis of annual assemblages based on unweighted Euclidean

and Chord distance occupy a particular region in the diagram: Zones AEHG/ACHG and

AEJM/ACJM are mutually exclusive. (Figure A4.11a, b).
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Species Axis One Axis Two Axis Three

Jadammina macrescens 2.15 0.95 0.99

Miliammina fusca 4.52 1.18 1.14

Trochammina inflata 2.47 1.73 2.83

Trochammina ochracea 1.49 -0.61 -0.24

Ammonia beccarii var. limnetes -0.43 -0.82 1.00

Brizalina inflata 1.49 2.85 2.92

Brizalina variablis 1.36 1.48 0.58

Cyclogyra involvens -0.13 2.31 -0.54

Elphidium earlandi -0.99 0.55 2.14

Elphidium incertum 1.60 0.46 0.09

Elphidium magellanicum 0.60 2.58 -0.85

Elphidium williamsoni 1.03 0.12 2.04

Fissurina lucida -0.13 1.84 -0.02

Fursenkoina fusiforpzis 0.52 2.34 -0.45

Globigerina quinqueloba 1.20 2.18 0.61

Haynesina germanica 0.01 1.12 1.28

Lagena clavata 1.38 2.46 2.67

Lagena sulcata 0.87 0.44 -0.20

Patellina corrugata 1.42 0.54 3.12

Quinqueloculina spp. 0.79 0.01 0.97

Rosalina williamsoni 0.27 3.68 3.86

Variance (eigenvalues) 0.64 0.24 0.17

Percent total variance 55 21 15

Cumulative percent of total variance 55 76 91

Table A4.1 Loading and percentages of variance explained by the first three detrended

correspondence axes from monthly foraminiferal death assemblages of Welwick Marsh.
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Species Axis One Axis Two Axis Three

Jadammina macrescens 2.2 0.02 0.14

Miliammina fusca 2.93 -2.03 0.5

Trochammina inflata 1.13 -1.06 0.64

Trochammina ochracea 1.29 2.06 1.49

Ammonia beccarii var. limnetes -0.36 0.68 1.34

Brizalina inflata 1.63 -0.14 -0.08

Brizalina variablis 1.68 2.81 -3.57

Cyclogyra involvens 1.1 2.82 0.61

Elphidium earlandi -1.24 -1.17 0.23

Elphidium incertum 1.19 6.31 -0.45

Elphidium magellanicum 1.43 1.61 0.14

Elphidium williamsoni -0.6 -0.2 0.71

Fissurina lucida 0.5 2.5 1.94

Fursenkoina fusiformis 1.01 2.37 2.91

Globigerina quinqueloba 1.36 -0.55 1.39

Haynesina germanica 0.13 0.72 0.13

Lagena clavata 2.17 1.88 0.3

Lagena sukata 0.7 -0.25 -0.39

Patellina corrugata 0.94 0.72 0.5

Quinqueloculina spp. 0.73 0.12 2.4

Rosalina williamsoni 1.42 -4.04 0.23

Variance (eigenvalues) 0.53 0.05 0.02

Percent total variance 87 8 3

Cumulative percent of total variance 87 95 98

Table A4.2 Loading and percentages of variance explained by the first three detrended

correspondence axes from annual foraminiferal death assemblages of Welwick Marsh.
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4.3 Biostratigraphical data of Welwick Marsh

The following three tables show the average annual foraminiferal death assemblages (%) from 4

three-monthly samples, the diatom assemblages and the environmental variables from stations of

Welwick Marsh. The foraminiferal three-monthly samples were collected on 12/12/95 (WE951),

03/03/96 (WE961), 27/05/96 (WE962) and 15/08/96 (WE963). These data are archived on Computer

Disk One.
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5.6cc.I	 2	 1	 4	 5	 6	 7	 I	 9	 10	 11	 12	 17	 16	 15	 16	 11	 19	 95	 20
DO	 000	 000	 050	 000	 ODO	 000	 000	 / 03	 000	 000	 050 49	 000	 000	 000	 003	 000	 051	 24
DO	 000	 000	 000	 000	 000	 0%	 000 000	 000 000	 000 00	 000	 000	 000	 047	 000	 000	 000

Aziuroarh	 &Wanda 86	 252	 509	 452	 337	 299	 100	 049	 051	 293	 290	 396	 1 68	 103	 149	 100	 04'	 097	 200	 061
Aturau her orw. CO	 000	 000	 000	 000	 ODO	 000	 000000000000003 000	 000 00	 000	 000	 000	 047	 000	 000	 000
Ark/salts 9 )04,0anta 00	 064	 000	 000	 000	 000	 OX	 ODO	 000	 000 000	 005 00	 000	 ON	 000	 000	 000	 ON	 000
Aclowasthrt ko200 00	 004	 000	 000	 0 00	 0 00	 0 CO	 0 CO 0 DO	 0 CO 0 00	 0 00 00	 000	 300	 000	 000	 000	 203	 /
Ackmv000‘ 00	 0 00	 0 00	 0 DO	 0 00	 0 00	 0 00	 0 00	 0 03	 0 00 0 00	 0 50 DO	 000	 000	 000	 000	 000	 0100	 000

00	 000	 000	 000	 048	 000	 030	 000 000	 000 099	 000 00	 000	 099	 050	 001	 097	 102	 000
Athiscualas w19900000.0 DO	 000	 000	 000	 000	 000	 000	 0 00	 0 00	 0 00	 000	 ODO 00	 000	 304	 000	 000	 004	 000	 082
Ack/.004.9,90004.0 00	 ODD	 000	 000	 OW	 000	 200	 000 000	 000 050	 ODO 00	 000	 000	 000	 000	 000	 000	 000
414.0.0churs... 97	 000	 047	 000	 192	 050	 000	 098	 205	 049 099	 050 00	 000	 099	 050	 042	 740	 000	 043
.10•520•k0. 97	 000	 000	 000	 000	 000	 050	 14	 ODO	 000 050	 ODD 00	 051	 000	 050	 000	 097	 051	 165
.4.9...ora 00	 000	 000	 151	 000	 000	 000	 000	 000	 00 000	 000 00	 000	 000	 000	 000	 000	 000	 000
A.89,9009 4affr90tr... 00	 004	 000	 0 50	 14	 243	 299	 849 • 62	 244	 693	 446 85	 093	 543	 000	 000	 050	 000	 000

00	 000	 OW	 COO	 003	 000	 000	 003	 051	 195 000	 050 46	 000	 198	 050	 000	 000	 000	 000
.1.8.1.910 ovadr DO	 000	 000	 050	 000	 000	 050	 000 000	 000	 000	 000 00	 000	 000	 000	 000	 000	 000	 000
a‘414.44.6. 43	 044	 000	 101	 040	 149	 149	 048	 000	 049	 050	 000 00	 000	 050	 010	 006	 097	 155	 092
C.706... ..042607.0 00	 000	 006	 000	 034	 003	 000	 090	 000	 000	 000	 050 00	 050	 000	 000	 000	 000	 000	 000
Calonns 00	 126	 000	 000	 000	 000	 000	 000	 000	 000 OW	 000 00	 000	 000	 000	 000	 000	 000	 000
Coe...0.1041.4 00	 000	 000	 151	 000	 100	 050	 000	 000	 000	 000	 000 00	 051	 000	 050	 047	 000	 000	 000
Cecconns,00416s 00	 000	 000	 000	 000	 050	 0.00	 000	 000	 000 000	 000 00	 000	 000	 000	 000	 000	 000	 000

platsuuta 38	 210	 566	 201	 096	 000	 000	 000	 000	 000	 000	 000 00	 000	 000	 000	 000	 000	 000	 000
Cowomrt 40.090091	 1 4	 420	 660	 1005	 1053	 890	 796	 637	 872	 341	 743	 594 34	 1202	 396	 826	 708	 925	 355	 617
Caro.. tosur0440.0.9094 97	 420	 203	 000	 000	 000	 000	 000	 050	 000	 000	 000 00	 000	 830	 000	 000	 000	 000	 003
C0e940400-149 Mae. 00	 000	 094	 050	 000	 000	 000	 000	 000 000 000	 000 00	 000	 050	 050	 000	 000	 000	 000
Cormodssue roatads 00	 000	 000	 000	 000	 000	 000	 000 0 DO	 049 ODO	 000 00	 000	 000	 000	 000	 003	 000	 000
Cyder elLs ann. 97	 064	 236	 201	 240	 049	 050	 000	 000	 000	 000	 000 00	 000	 000	 000	 000	 000	 000	 000
Cymbal:a <fincs 97	 000	 000	 000	 000	 000	 000	 000	 000	 000 0.00	 000 00	 000	 000	 000	 000	 000	 000	 000

00	 000	 000	 000	 000	 000	 000	 000	 103	 000	 000	 000 00	 000	 OW	 OW	 000	 000	 000	 000
0>..0.114 19,00,004 00	 000	 000	 000	 000	 000	 000	 000	 003	 000 050	 000 00	 051	 000	 000	 000	 003	 000	 000
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C9,996alla wnen0a50

00	 000	 000	 151	 000	 000	 000	 000	 103	 000	 000	 000
w ow	 ow	 ow	 ow ow ow ow ow ow ow ow

49	 000	 000	 000	 ON	 000	 000	 000
o	 ow	 ow	 on	 094	 ow	 ow	 ow

C40940.e. unrefla 28	 336	 230	 000	 044	 304	 1 49	 509	 205	 000	 149	 000 00	 103	 218	 000	 000	 243	 102	 000
ljenncula aubabz 00	 000	 293	 101	 096	 000	 000	 000	 000	 000 000	 000 00	 000	 ON	 003	 000	 000	 000	 000
Daco.4.10. 00	 000	 000	 000	 090	 000	 000	 049	 ON	 000 OW	 000 49	 ODD	 DM	 050	 142	 194	 355	 210
Dokont 4649,0 00	 OW	 000	 000	 000	 OW	 000	 000	 000	 000 000	 000 00	 003	 000	 000	 000	 097	 000	 000
Fragaana consnumar v. 990... 00	 000	 000	 000	 000	 000	 000	 049	 000	 000 ODO	 000 00	 000	 050	 000	 047	 000	 000	 041
F9009,0994 49,009 00	 0 00	 000	 000	 000	 000	 000	 000	 000	 000 000	 000 97	 000	 000	 000	 000	 000	 04	 041
Frojaana 00	 000	 000	 000	 000	 000	 000	 000	 051	 000 000	 000 00	 000	 000	 000	 000	 000	 051	 041
Fres.. vvesomnr..... OD	 000	 000	 000	 000	 000	 000	 000	 000	 000	 000	 000 00	 300	 04	 050	 043	 000	 000	 ODD
Freplanoye el080488 00	 000	 000	 ODD	 000	 000	 000	 000	 000	 000 000	 000 00	 000	 000	 100	 000	 000	 ON	 000

00	 000	 000	 000	 000	 000	 100	 049	 103	 000	 000	 347 97	 103	 099	 299	 189	 000	 102	 041
00.4.4.60.1 00	 000	 000	 000	 000	 000	 000	 0 00	 0 00	 0 49 0 00	 000 00	 000	 000	 000	 IX	 000	 940	 000
000,01enona wank 00	 084	 330	 200	 000	 000	 000	 0 00	 0 00	 0 00	 0 00	 000 00	 0 00	 0 00	 0 00	 0 00	 0 00	 0 IX	 DIX
0,0,0199,990.0 yarnthart 00	 000	 000	 000	 000	 000	 / 00	 098	 000	 000	 000	 000 00	 000	 000	 000	 000	 ON	 000	 ON

93	 000	 000	 201	 337	 100	 030	 241	 256	 694	 446	 446 40	 309	 347	 299	 330	 194	 305	 402
Or.7,4 4.0Ition 00	 000	 000	 000	 048	 04	 030	 000	 000	 049 000	 000 49	 103	 000	 000	 000	 04	 203	 165
407000,40. 4	 OW	 ON	 ON	 ON 050 04 000 04 OW 000 04 CO	 OW	 000	 000	 000	 049	 OM	 041
03•044.. 84,40 00	 000	 000	 000	 096	 149	 050	 000	 051	 000	 149	 050 46	 000	 OW	 000	 000	 000	 000	 000
09.#c.wx49..d..ono..4 97	 24	 ON	 04	 OM OM 04 OW 04 ON ON OW 00	 000	 000	 OW	 000	 000	 OW	 ON
09wwwwgwocen M	 966	 OW	 000	 OM OW OW OW 000 OM OM OW W	 ON	 000	 OW	 OW	 OM	 OW	 000
°M.O. 006999 00	 DU	 094	 000	 000	 000	 000	 OW 000 000 000	 04 000	 000	 000	 OW	 000	 00003008003050000000050050
40.40.1. .06.4 00	 252	 000	 000	 577	 000	 348	 686	 923	 390 093	 149 85	 359	 000	 448	 330	 600	 106	 206
184,009doa 4949490094 08308050050OW	 000	 000	 000	 100	 000 051	 000 000	 000 000	 000	 DIX	 000	 000	 00050 050050000000000000000
Had. 0109.4
NarInda NO=

00	 000	 MN	 000	 096	 000	 000	 000	 000	 000 000	 000
00	 000	 000	 101	 096	 199	 OW	 098	 103	 000 000	 000

00	 000	 OW	 000	 04	 003	 000	 000
00	 000	 000	 000	 003	 000	 000	 000

1:4.0014 condae 00	 000	 000	 000	 192	 149	 149	 096	 308	 976	 347	 198 40	 359	 149	 249	 377	 049	 203	 206
Wytrula 0.0009n0 00	 003050000000	 000	 000	 000	 003	 000 04 146 000	 000 00	 000	 000	 000	 000	 000	 000	 ODD
18090410 bacelum 00	 000	 0	 800	 000	 000	 000	 000	 000	 000 000	 000 00	 000	 000	 030	 000	 000	 000	 000
Afscsalcos 00	 000	 000	 000	 000	 000	 005	 000	 000 000 000	 000 00	 000	 000	 000	 047	 000	 000	 000
Wv‘rula con var cincto 25	 1000	 1364	 1116	 769	 547	 1091	 539	 564	 341	 193	 1504 25	 607	 1009	 697	 472	 5113	 711	 017

500503503%000	 000	 000	 000	 050	 0913 000 0.00 000	 000 00	 000	 098	 149	 047	 146	 000	 000
60ann. c/4.4.44 00	 126	 084	 352	 480	 896	 299	 049	 503	 341	 347	 149 HE	 051	 297	 946	 425	 011	 355	 2813
Karim atgueredwa 00	 000	 006	 000	 000	 054	 000	 094	 103	 1 46	 0 00	 24! 43	 154	 495	 050	 377	 291	 305	 247
Alavwds &mar, 00	 000	 000	 000	 000	 000	 000	 000	 000	 000	 000	 099 00	 000	 000	 000	 000	 000	 000	 000
9660044j30.00 00	 000	 000	 000	 288	 103	 000	 049	 000	 000	 149	 000 CO	 154	 000	 050	 000	 000	 102	 000
/16.414.6.4.ra 49	 084	 000	 050	 192	 100	 100	 000	 205	 390	 347	 195 94	 205	 191	 049	 000	 097	 052	 494
Mmeularegena 00	 000	 094	 151	 240	 547	 149	 343	 103	 098	 198	 446 34	 051	 003	 000	 000	 000	 000	 04
00.0401.10 Asimerem 49	 000	 000	 000	 003	 000	 000	 000	 000	 000 000	 0 OD 00	 000	 000	 000	 000	 000	 000	 000

A00o.14
DO	 168	 283	 251	 337	 299	 1095	 441	 256	 634	 891	 1089 34	 564	 000	 000	 000	 000	 000	 OW
00	 092	 000	 050	 000	 006	 000	 000	 050	 000	 000	 000
00	 000	 000	 000	 000	 000	 000	 000	 000	 000 000	 000

00	 000	 000	 000	 003	 000	 000	 000
00	 000	 000	 000	 000	 097	 000	 000/1244.40•06.

Nantula 09.unis 03	 000	 000	 000	 OW	 003	 000	 000 OW 000 000	 000 50050000050003000008040
Almada maw 38	 126	 094	 000	 048	 000	 000	 000	 000	 000 ON	 000 00	 OW	 OW	 000	 000	 000	 000	 000
Nallcula ,00.970.0 92	 420	 472	 402	 192	 299	 149	 147	 410	 000	 000	 000 00	 000	 000	 000	 000	 000	 203	 165
Navsula ykrildyfis 00008000000003000054 000003000000003 00050000008000003000 050
Ifavsruia r.01 v. 0090.11,009 97	 000	 000	 000	 240	 199	 249	 192	 205	 341	 446	 199 91	 000	 000	 000	 000	 049	 952	 000
14190-01 a kernarey‘ala 00	 000	 094	 000	 ODO	 000	 000	 000	 ODO	 000	 000	 000 00	 000	 000	 000	 000	 000	 000	 000
Naocula 00	 000	 000	 000	 000	 DDO	 OCO	 000	 000	 000	 000	 000 00	 003	 000	 000	 000	 000	 051	 000
00903A. frtpuctata 42	 379	 OW	 000	 000	 000	 000	 000	 000	 000 000	 000 00	 000	 000	 000	 000	 ON	 000	 OW
)644t.44 01.4444..........ist 00	 000	 000	 201	 000	 000	 OX	 000 000 000 000	 000 00	 004	 195	 547	 000	 000	 000	 000
Mrskia muxerla 00	 000	 189	 000	 000	 000	 000	 000	 000 000 000	 000 00	 OW	 000	 000	 000	 000	 OW	 000
30t.. M.o. 38	 0.00	 000	 000	 000	 000	 000	 000 000	 OW 000	 000 00	 000	 000	 000	 000	 000	 000	 000

410364.74. 00	 000	 000	 302	 096	 149	 089	 245	 000	 049	 248	 099 813	 103	 149	 000	 000	 000	 000	 000
m=emAttfonwr n	 252	 000	 050	 000	 OM	 14	 000 000 000 000	 000 4	 000	 OW	 000	 236	 ON	 04	 000
Ntmemp.rdo n	 672	 IQ	 IM	 625	 440	 296	 490 462 24 54	 OM 4	 34	 396	 14	 14	 194	 355	 OW
30or604f30096449 M	 000	 377	 ON	 OW OW OW	 ON 000 OW 000 ON 00	 OM	 OW	 OM	 OM	 000	 000	 000
M6.0.44..6Wm 800060800%000	 000	 ON 000 ON 000 103 2Q 3n 000 00	 000	 ON	 000	 000	 000	 ON	 ON

00	 ON	 ON	 000	 000	 000	 050	 098	 IN 293 10	 14 49	 ON	 OM	 OW	 000	 291	 In	 ow
w	 ow	 ow	 ow	 042	 ON	 OW	 000 IN 00 000	 099 49	 ON	 000	 000	 000	 000	 000	 000

3a. 4.10.404 4	 000	 000	 000	 04	 14	 000	 04 000 000 000	 ON 4	 OM	 04	 OM	 000	 04	 152	 123
M.Ompsuctaw 4 OM	 04	 OW 04 OW 04 04 OM OW OW 04 00	 04	 OM	 04	 04	 000	 102	 04
M0a66 pmts.. cowNwea 00	 000	 000	 000	 000	 000	 003	 000	 000	 000	 198	 000 00	 000	 000	 003	 000	 000	 000	 000
Ihmsql 0 00000 18	 1314	 943	 804	 529	 745	 399	 784	 615	 976 446	 743 71	 308	 15 84	 14 93	 2311	 723	 558	 9138
Mcselm 0,600.110	 136 370	 0462	 201	 000	 000	 050	 000	 003	 000	 000	 000 00	 000	 000	 000	 000	 000	 000	 000
Marko 0,8000404 war lovsclemas 00	 000	 000	 000	 096	 000	 000	 000 003	 000 000	 000 00	 000	 000	 000	 047	 000	 000	 000
Mtona Pshdowella	 WI.. 00	 000	 000	 000	 000	 100	 000	 000 000	 000 000	 000 00	 000	 000	 000	 000	 000	 000	 000
M).. .0,.o 00	 336	 000	 251	 048	 050	 249	 245	 050	 000	 099	 000 00	 000	 000	 000	 000	 000	 000	 000
OM...40W 00	 168	 000	 050	 040	 000	 OW	 000	 000	 000 000	 000 49	 000	 000	 000	 047	 000	 000	 041
0444 aukak 31	 336	 142	 352	 208	 647	 40	 441	 910	 634	 394	 291 46	 564	 248	 448	 377	 437	 711	 4
67•1417/orona 00	 OW	 000	 000	 04 000 04	 OW 04 OW 000	 ON 00	 000	 04	 04	 OW	 000	 04	 00
P0900000.49 woJarcin 00	 210	 094	 201	 144	 103	 050	 347	 054	 195	 149	 000 97	 000	 000	 050	 000	 097	 000	 003
Plauvagp.q0S941 00	 000	 094	 151	 096	 049	 050	 098	 051	 098	 099	 198 00	 256	 000	 100	 142	 097	 052	 165
100.roa0ma 09.408.0 DO	 000	 300	 151	 000	 149	 000	 000	 000	 000	 000	 000 00	 154	 000	 199	 142	 09.	 152	 003
44.4. OD	 0%	 000	 050	 000	 000	 000	 000	 000	 000 000	 000 00	 009	 000	 000	 000	 000	 000	 000
Plnumwmalenweaurt 00	 000	 000	 000	 000	 000	 000	 000	 000	 000 04	 000 00	 000	 000	 000	 000	 000	 ON	 082
Podoma.014. 080000500%000	 000	 003	 000	 000	 000 000 049 007	 000 03	 000	 000	 000	 094	 000	 000	 000
RhatekTeffe 14MAINI 00	 000	 000	 000	 000	 000	 000	 000	 103 000 000	 000 00	 0.00	 000	 000	 000	 000	 000	 000
1900p.4.90 090,8001mor 48	 084	 094	 050	 048	 050	 100	 343	 103	 049 OM	 000 00	 000	 000	 199	 142	 000	 000	 000
100,040mns 40.0.001.41 86	 168	 189	 201	 2813	 299	 049	 245	 205	 293	 149	 446 43	 769	 495	 3913	 802	 922	 1371	 • 94
904.094904 84804. 00	 000	 000	 000	 000	 000	 000	 000	 000	 000 000	 000 00	 000	 000	 000	 000	 000	 051	 000
0I.0.4n4s engem 00	 000	 000	 101	 000	 050	 050	 049	 000	 000	 000	 000 00	 000	 050	 000	 000	 049	 152	 000

00	 042	 000	 151	 048	 000	 100	 OW	 154	 24	 99	 149 40	 564	 495	 399	 509	 388	 051	 1564
Staucon.a.ta 00003006006000050000050050000050050000	 000	 000 000 000 000 000 000 000 OW 94	 000	 000	 000	 000	 000	 OW	 000
Slasvoner 4034e099s 00	 000	 330	 203	 240	 080	 100	 196	 205	 091 099	 099 46	 1539	 64	 399	 519	 11 17	 609	 782
Strairoans bauds404 00	 000	 000	 000	 POO	 000	 000	 000	 000	 000 000	 000 00	 000	 000	 000	 DOD	 000	 000	 022

00	 000	 000	 000	 000	 000	 000	 000	 000 000 000	 000 00	 051	 000	 000	 000	 000	 000	 003
51.00 84.44 00	 000	 000	 101	 288	 448	 149	 892	 256	 146 099	 149 97	 114	 149	 299	 189	 000	 051	 165
39,'w04 40804 44084000000000	 OW	 000	 000	 000	 049 000 000 000	 000 DO	 000	 000	 000	 000	 000	 000	 000

14,090.004 CD	 0 00	 0 00	 000	 ON	 000	 000	 000	 000	 000 000	 149 97	 000	 000	 000	 OX	 000	 000	 000
51.401 vim 93	 294	 000	 050	 ODO	 000	 100	 000	 000	 000 000	 000 IX	 000	 000	 000	 000	 000	 003	 000
Tabollanajimansta
Thalamoneme ramkraidec

03	 000	 000	 000	 003	 000	 000	 000	 000	 049 000	 003
00	 0.00	 000	 200	 094	 199	 199	 I 47	 354	 146	 2 48	 000

00	 OW	 000	 000	 000	 000	 000	 000
49	 050	 349	 019	 080	 243	 102	 010

77031u4.00,0490949,109 93	 000	 000	 050	 144	 000	 149	 196	 051	 146	 050	 000 00	 051	 050	 149	 047	 OCO	 254	 165
7,4ionor 80 000050004050006080 1 67 006004006806000	 000	 ON 000 000 147 000 098 000 DOO 00	 051	 099	 149	 000	 00)	 000	 000
700,9010,490 49040,0w4. 00	 084	 003	 201	 096	 199	 249	 000	 000	 000 OW	 000

06 0300000500000%000	 000	 000	 003	 100	 000 000 OW 000	 000
00	 000	 000	 000	 000	 000	 000	 000
00	 ON	 000	 0 00	 0 00	 000	 003	 003

50 	 207	 238	 212	 100	 48	 201	 XI	 206	195	 205	 202	 202	 200	 135	 202	 201	 212	 209	 192	263
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Appendix Five Thornham Marsh

5.1 Relationships between foraminifera and environmental variables

The annual average of the six most important dead foraminifera found on the intertidal zone of

Thornham Marsh are related to loss on ignition (LOI), grain size, pH, salinity and vegetation cover.

5.1.1 Foraminifera and LOI

The scatter plot Ammonia beccarii var. limnetes shows a negative non-linear bimodal relationships

with LOI (Figure A5.1). Quinqueloculina spp. shows a unimodal relationship whereas Jadammina

macrescens, Trochammina inflata, Elphidium williamsoni and Haynesina germanica show no

relationships with LOI.

5.1.2 Foraminifera and grain size

The grain size distribution for most of Thomham Marsh was dominated by clay and silt size classes.

The scatter plots of all species show no relationships with clay fraction (Figure A5.2).

5.1.3 Foraminifera and pH

The scatter plots of J. macrescens and T. inflata show a wide range of abundances at pH values less

than 6.6 with zero abundances above 6.5 (Figure A5.3). Conversely, the remaining calcareous species

show a wide range of abundances at pH values greater than 6.0 with very low or zero abundances

below 6.1.
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5.1.4 Foraminifera and salinity

The scatter plot of Q. spp shows an unimodal relationship with salinity: relatively high abundances

are found between 10 and 12 Yoo. The remaining species show no relationships (Figure A5.4).

5.1.5 Foraminifera and vegetation cover

The scatter plots of the six foraminiferal species versus vegetation cover show non-linear

relationships with two clusters of points (Figure A5.5).

5.2 Multivariate analysis of contemporary foraminifera

Two methods are used to analyse the foraminiferal death assemblages (%) collected from stations 1 to

24 at three-monthly intervals for a twelve-month period: first, unconstrained cluster analysis based on

unweighted Euclidean and Chord distance; and second, detrended correspondence analysis (DCA).

Only samples with counts greater than 40 individuals and species that reach 5 % of the total sum are

included.

5.2.1 Cluster analysis

The first variant of cluster analysis of monthly assemblages (unweighted Euclidean distance)

detects zones MEJM and MECA (Figure A5.6):

I. Zone MEJM is dominated by J. macrescens with low frequencies of T. inflata and Q. spp. The

altitudes range from 4.32 m OD to 2.12 m OD (2.20 m) with an interquartile range of 0.37 m

(3.09 m OD to 2.72 m OD) (Figure A5.7);

II. Zone MECA is dominated by calcareous species such as A. beccarii var. batavus, A. beccarii var.

limnetes, E. williamsoni and H. germanica. The altitudes range from 2.75 m OD to 0.21 m OD

(2.54 m) with an interquartile range of 1.48 m (2.36 m OD to 0.88 m OD).
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Similarly, the second variant of cluster analysis of monthly assemblages (unweighted Chord

distance) detects zones MCJM and MCCA (Figure A5.8). These zones correspond with Euclidean

zones in terms of sample and species composition and altitudinal range (Figure A5.9). The similarities

between the two variants are further shown in the stacked bar comparisons (Figure A5.10). Monthly

Euclidean and Chord zones show identical bimodal distributions across the intertidal zone both in

terms of the number and proportion of samples.

5.2.2 Detrended correspondence analysis

DCA Axes One and Two account for 52 % and 24 % of the total variance of monthly species data

respectively: 76 % in all (Figure A5.11a). Axis One (eigenvalue = 0.61) has low positive or negative

loadings for agglutinated species (e.g. Miliammina fusca, I macrescens and T. inflata) and large

positive loadings for calcareous species (e.g. A. beccarii var. limnetes, A. beccarii var. batavus and

Miliolinella subrotunda) (Table A5.1). Furthermore, a strong negative non-linear relationship is

shown Axis One scores and altitude. Axis One scores less than 2.0 show relatively small altitudinal

variations. These scores identify with samples that are dominated by I macrescens (Figure A5.1 1b).

Therefore, the species loading and Axis One scores indicate that Axis One reflects an altitudinal

gradient from high marsh to mudflat. Axis Two has an eigenvalue of 0.28 and does not reflect any

major environmental gradient.

The zonations produced by monthly cluster analysis of unweighted Euclidean and Chord distance

correspond to distinct regions in the ordination diagram: Zones MEJM/MCJM and MECA/MCCA are

mutually exclusive (Figure A5.11a).

The DCA of annual assemblages produces a further ordination diagram controlled by Axis One

(Figure AS. 12a). Axes One (eigenvalue = 0.56) and Two (eigenvalue = 0.12) account for 89 % of the

total variation of species data. The species loadings (Table A5.2), the scatter plot of Axis One scores

versus altitude and the cluster zonations based on unweighted Euclidean and Chord distance (Figure

A5. 12a, b) are comparable with the results from monthly assemblages.
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Species Axis One Axis Two Axis Three

Jadammina macrescens 0.34 0.25 1.70

Miliammina fusca - 1.65 1.97 .61

Trochammina inflata 0.52 - 0.08 0.76

Ammonia beccarii var. aberdoveyensis 3.99 1.48 - 1.06

Ammonia beccarii var. batavus 4.13 1.11 0.49

Ammonia beccarii var. limnetes 3.11 1.07 0.52

Ammonia beccarii var. tepida 3.24 0.67 - 0.08

Bulimina gibba 2.47 1.04 - 0.35

Cassidulina obtusa 2.91 1.92 - 038

Cibicides lobatulus 2.47 - 1.93 - 0.02

Cyclogyra involvens 1.05 2.74 - 0.70

Elphidium earlandi 2.38 1.84 -0.21

Elphidium excavatum 2.58 0.36 0.71

Elphidium gerthi 2.63 0.87 1.25

Elphidium incertum 2.75 1.29 1.90

Elphidium magellanicum 2.23 2.22 1.90

Elphidium williamsoni 2.00 0.53 2.21

Globigerina quinqueloba 3.61 1.39 -0.18

Haynesina gennanica 2.23 1.85 2.24

Miliolinella subrotunda 4.16 2.39 3.73

Planorbulina mediterranensis 3.42 1.52 0.24

Quinqueloculina spp. 1.02 2.67 - 0.31

Rosalina globularis 2.77 1.67 - 0.29

Rosalina williamsoni 1.84 0.89 -0.11

Variance (eigenvalues) 0.61 0.28 0.15

Percent total variance 52 24 13

Cumulative percent of total variance 52 76 89

Table A5.1 Loading and percentages of variance explained by the first three detrended

correspondence axes from monthly foraminiferal death assemblages of Thornham Marsh.
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Species Axis One Axis Two Axis Three

Jadammina macrescens 0.00 0.00 1.14

Miliammina fusca -1.46 2.77 -1.13

Trochammina inflata 0.66 1.67 -0.82

Ammonia beccarii var. aberdoveyensis 3.38 1.28 -0.37

Ammonia beccarii var. batavus 3.73 1.03 0.37

Ammonia beccarii var. limnetes 2.76 0.86 0.81

Ammonia beccarii var. tepida 2.84 0.28 -0.17

Bulimina gibba 2.57 1.38 -0.09

Cassidulina obtusa 2.14 -0.33 -0.36

Cibicides lobatulus 2.19 -0.17 0.16

Cyclogyra involvens 0.40 2.44 3.69

Elphidium earlandi 2.22 1.51 0.81

Elphidium excavatum 2.37 0.29 1.26

Elphidium gerthi 2.25 1.06 1.83

Elphidium incertum 2.45 0.78 1.11

Elphidium magellanicum 1.90 2.06 3.35

Elphidium williamsoni 1.72 1.56 -0.18

Globigerina quinqueloba 3.08 1.49 1.42

Haynesina gennanica 1.99 1.56 0.99

Miliolinella subrotunda 4.38 1.48 1.25

Planorbulina mediterranensis 3.55 0.59 1.06

Quinqueloculina spp. 0.57 2.30 1.87

Rosalina globularis 2.53 -0.68 1.42

Rosalina williamsoni 1.82 0.45 -0.29

Variance (eigenvalues) 0.56 0.12 0.06

Percent total variance 73 16 8

Cumulative percent of total variance 73 89 97

Table A5.2 Loading and percentages of variance explained by the first three detrended

correspondence axes from annual foraminiferal death assemblages of Thornham Marsh.
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5.3 Biostratigraphical data of Thornham Marsh

The following three tables show the average annual foraminiferal death assemblages (%) from 4

three-monthly samples, the diatom assemblages and the environmental variables from stations of

Thomham Marsh. The foraminiferal three-monthly samples were collected on 24/11/95 (1'H95 1),

01/03/96 (TH961), 25/05/96 (111962) and 16/08/96 (TH963). These data are archived on Computer

Disk One.
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813cei	 1	 2	 3	 4	 5	 6	 7	 8	 9	 10	 11	 12	 13	 14	 15	 16	 1 	 18	 19	 20	 21	 22	 23	 24

Ackumdmrsbmipes	 OA 04 OA OA OA 4.4 OA OA 03 OA OA OA OA OA 03 OA OA OA OA OA OA IS 00 00
Achsanthesdelicooda	 OA 12.4 43 0.8 1.6 12 AS 03 03 4.0 03 19 403 131 25 33 103 DA 6.1 19 31 9,1 16 306
AdmandlessdPuSisms	 OS 4.5 13 03 11 2.2 MS MO MO 03 0.0 11 03 OA MO ao om om ao OA MO OA OM 1.9
Adostosh”valida	 OS OA OA MO MO OA OA OA MO OA OA 0,3 MO DA OA MO OA OA MO MO OA OA OA 0.0
Actsopychusamodus	 OS MO LO 43 OA 18 LO 25 43 15 6.1 11 OA 12 13 1.5 OA 12 13 5.6 0.5 MO TO OA
Acastopiyeloasplendens	 OA OA OA MO OA IA 0.5 03 MO OA 03 MO OA OA OA OA MO OA OA IA LI OA 0.0 OA
AmplAp4orodata	 OA MO MO OA MO 0.6 OA MO OA MO OA OA OA OA OA OA OA OA MO OA MO 43 OA 0.0
Arwhomiceiseomis	 OA LO DA LA 1.6 0.6 MO MO DA DA 0.0 OA LO DA LO DA IA OA OA MD OA 00 00 MD
AATOorocqffeajbrosisvarmodssoda OA 10 OA OA MO OA OA OA OA MO OA OA MO OA OA OA OA OA OA MO 6.6 43 00 OA
Anchor a magma	 MO OA OA MO MO MO OA OA OA OA MO OA MO MO OA OA MO OA 0.5 LI 03 OA MO OA
Ancloramarina	 OA MO 0.5 03 3,6 MO MO 03 OA 25 33 1.6 24 LO 03 25 0.5 OA MO MO MO OA OA ILO
Amilmaonneafia	 OS ao mo ao ao ao om ao ao ao om om om ao mo om LO 1.6 1.5 0.6 OA 01 OA OA
Amphommalis	 04 4.0 LO OA 21 OA OA OA OA OA OA OA MO OA OA OA Ok OA OA OA OA 00 00 OA
Aoricula46thio	 OM OA OA ao ao OA OA MO MO OA MO OA OA OA OA OA OA OA OA as om om om om
Ricklatlphiashenuou	 OA OA ao os om OA MO 03 03 03 MO OA MO 03 OA MD LO OA OA OA MO 01 OA OA
Cdoneismmii	 OS OA MO OA OA MO MO OA LO 10 LO OA 15 LO 20 13 MO 17 MO OA OA 00 OA OA
CmNylosimcyndelkbnIsis	 OA MO MO AO OA OA OA OM OA OA OA OA MO OA OA OA OA OA OA OA OA OA OA OA
Cosworispedindwr	 OS 03 1.5 5.8 LO LI OA DA 20 03 03 03 OA OA OA OA CO 01 OA ao om ao OA 0.0
Cornmeispelsoides	 OS om ao om om OA ao om MO OA ao OA 52 LO LS LO LO OA as os 0.5 IA 5.2 &I
Coccomissomulhom	 OA LO 29 17 03 22 AD 63 25 53 20 51 1.9 II MS LO IA 1,2 23 3,9 12 82 41 81
Commassimuonefonvis	 OA MO MO OA OA 06 OA OA OA OA MO MO OA 10 OA OA OA OA MO OA MO OA MO OA
Cycloodlastriato 	 OA 0.5 03 MO OA 1.7 MO OA as ao ao os om OA OA MO OA OA OM CO OA OA OA OA
Cynatosirobalgiro 	 OA LO LO 1.8 0.5 OA 20 10 1,5 03 OA LO OM 03 MO LO 03 OA 01 1.7 MO 1.8 OA OA
Oymbeapana	 OA MO MO OA OA MO MO OA MO OA MO OA MO OA MO OA OA OA OA OA MO OA OA LO
Delpkineismairelk, 	 OA 15 1.9 1.8 1.6 1.1 LS 1,5 20 35 10 1.6 03 1.6 15 LO AD 24 03 6.1 53 1.4 93 AO
Denticulasadthis	 OA 25 MO 16 192 5.7 229 03 OA 03 MO MO MO OA MO OA MO MO OA OA OA OA OA OA
aktomovAlgam	 MO OA OA MS MO OA OA OA MO OA MO OA OA MO OA OA MO OA OA OA MO OA OA OA
Dinammmwsoinor	 OA MO OA 0.9 OA OA MO OA OA 03 ao LO 14 11 OA MO 1.4 OA OA OA OA MO OA 29
Iliploseisthrlym	 OA 03 OA MO 1.6 83 LO OA MO OA OA 11 LO 1.6 LO LO 03 4,4 LO 1.7 LI 23 OA OA
Dijdomisliwnths	 om ao mo om OA OA MO OA OA OA MO MO MO OA OA 0.0 MO OA OA OA OA 0.0 1.2 1.9
Diplomdsarafis	 MO 33 1.9 IA MS 0.6 OA OA MO 1,5 20 OA MO OA MO OA OA 1.2 OA ao OA OA OA OA
Diplonelspapula	 OM DA 011 MO MO OA OA OA MO 03 MO OA 18 MO OM OA OA MO MO MO OA OA OA OA
Alidaseismoidth	 OA OA OA MO MD 1.1 OA 13 LO IS 61 OA OA OA 3.0 6,0 03 83 03 0.6 03 OA OA MO
FmgdesioWnumms,origma	 OS MO MO OA MO OA MO OA OA 03 ao ao om om om om ao ao ao ao os om om ao
Golophonemommasomm	 OA 1.3 OA 0.5 MO MO 0.5 03 MS MO MO 03 MO OA MS MO 03 OA 25 28 MO 0.0 06 OA
GrosirmAomminagum	 OA 25 24 27 24 3.3 20 20 10 20 25 OA OA 03 10 OA OA OA OA OA MO OA ao OA
CymIsismoduwemm	 OA 03 MO OA OA 0.6 OA OA MO CD OA MO OA OA OA ao OA MO OA OA OA OA MO OA
Gyroligotolittonde	 OA OA OA 0.9 OA 1.1 0.5 3.0 4.0 20 LO 0.5 LO 0.0 LO LO 03 OA 03 22 1.1 23 06 OA
Gymksigmanvolm	 OS MO MO OA MO MO MO 0.0 OA MO MO OA 10 20 OA OA MO MO MO OA OA MO OA 0.0
Crosigmasearprodes	 SO OA LO MO ao OA 24 10 8.0 LO 11 MS MO 3/ 83 43 MO MO LO MO 03 OA OA MO
Gposimaxerrofeclii 	 OA 10 0.5 03 ao om 10 OA AA OA 0.5 MO MO OA OA OA OA OA MO OA OA OA OA OA
IlaolchiammAimys	 OA OA OA 03 OA OA OA OA 0.0 OA OA OA MO MO OA OA OA MO OA OA OA OA 0.0 MO
Honraehiavirgota	 OA MO MO OA OA OA 20 10 OA OA OA OA OA OA MO OA OA OA DA OA MO OA 1.2 OA
dimeogloloadaW	 ao MO MO MO MO MO OA MO QS MO MO MO MO MO OA OA MO ao ao om ao om ao ao
NavkWaapindaa	 OA MO OA ao ao om LO 03 MO OA MO OA EA ao OA OA OA OA 03 OA MO OA 1,2 OA
NaWodoeesivorcinda	 OA 20 LO 0,9 0,5 OA 20 LO 20 13 1.5 OA MS OA 03 OA 0.5 MO MO LI 1.6 0.5 1,2 OA
Nervicm/&cminikm	 OA MO MO OA MO MO ao om om om OA OA OA OA OA OA OA OA 54 MO OA OA MO MO
AbsindSonrksta	 OA OA MO OA 0.0 MO OA OA OA DA 10 MO MS OA OA OS LO OA OA OA OA MO OA MO
ISamicWompwarphas	 OA AO 15 OA MO OM 03 OA 03 03 OA LO 03 MG OA OA OA OA OA OA IA 01 OA MO
Araviothlagftomdimer 	 MO OA OA MO 1.6 127 LO 20 I0.5 I4.9 116 24.5 03 181 30.3 32.5 4121 MA 34.0 285 MA 53 33 OA
NavieslacOstanr 0.0 0,0 om ao ao om mo om ao om om om OA OA MO OA OA OA OA MO MO OA 1.2 0.0
PArdesioemodgmds	 OA MS 03 31 21 4.4 LO 6.0 73 5.0 43 52 MO OA OA OA OA OA OA OA OA OA MO MO
Navicsisflonodeo	 OA 25 29 MS MO OA MO MO MO OA MO CO 53 0.5 OA 3.0 24 OA OA MO MO 1.8 12 OA
Novicadsfincipata	 OA MO 03 03 ao 22 OA 10 AS 10 1.5 03 3.4 1,6 ao as ao mo OA 22 OA 27 1.7 OA
Arariculagnmasia	 MO 03 MO MO OA OA OA OA MO OA LO MO ao ao ao om om om om MO MO OA OA OA
AWricadakedophia	 OA ns 9.7 1.8 11 1.7 AD 03 OA 03 LO 21 18 11 OA LS 0,3 OA IA 1.7 27 AA 15 &I
NovieskrIsAmmar 	 MO MO ao om om om mo om om LO ao om mo 0,5 OA OA OA OA OA OA OA OA 0,6 OA
ArovicAloimociabilis	 OA 14 0.5 OA LO OA MO 03 MO 0.5 MO 0.5 OA 2.6 MO ao LO MO 20 OA LI CI MO MO
ArmindermAko	 OA OA LO 43 27 OA LO 15 20 OA OA OA OA MO OA OA OA OA OA MO OA 03 OA OA
AFroindapemdm	 OA AS LO 27 OA 19 MO MO LO as 20 LO MO OA MO OA 0.5 1.6 MO OA 4.4 OA MO MO
liovicslomoesa y. =trek*,	 OA MO OA OA OA OA as 15 LO 1.5 13 03 1.9 11 5,0 7,0 43 1.2 228 &A 103 53 15 OA
Ahviodamlimuum	 OA OA MO OA ao om os ao ao OA MO 03 LO OA OA OA OA OA MO OA LI 0.5 0.6 OA
AravindakipAnctosa	 MD AA 13 MO MO DA DA OA 13 10 DA OA MD MD DA OA OA OA OA MO MO OA OA OA
AltsoMaanindbas	 OA MO MO OA OA DA MD OA OA OA MO MO MO OA OA OA OA OA OA OA 1.1 LB 23 OA
Alt=m4dablWars	 OA 15 MO OS 3.6 MO 117 184 AA OA 0.5 OA 0.5 26 OA OA OA MO LO 0.6 OA OA OA OA
524.00.414ftbsois*.s	 OA OA MO OA MO OA OA OA MO OA OA OA OA 0.0 MO MO LO MO 25 OA OA MO MO CO
hltachialaseieulaia 	 MO OA OA 10 OA OA LO AS OA OA MS OA 0.0 ao LO OA OA OA OA 0,6 LI OA OA OA
letschicoromitolo	 OA 14 13,6 27 26 MO 2.0 03 33 LS 11 11 03 MO OA OA OA MO OA OA OA OA OA 29
Aleaddsfisodum	 MO 14 /E 53 51 01 14 25 13 03 MO MO MO MO OA OA MO MO OA MO MO OA OA OA
Pficchiosaviodaris	 ao LO 33 03 LO 22 23 10 0.5 4,0 0.5 4,7 OA 03 03 LO OA 0.8 MS OA LI 01 MO MO
ArtradderWoma	 MO OA OA MO 21 OA 19 OA MO OA OA OA MO MO OA OA OA OA 41 OA 1.6 01 OA MO
AltsdiaporSOalroramarieW	 MO 03 OA MO 03 OA OA OA MO MO OA 03 01 OA OA MO OA OA OA OA OA MO MO MO
JS14=wkiasislm	 MO LO 29 7.7 27 1.7 19 15 20 03 10 11 MO 0.5 73 LO IA OA 20 0,6 1.6 2,7 OA OA
AinwhissOlimmlia	 MO OA MO MA 145 OA 81 TO MO OA OA OA OA OA OA MO MO MO OA MO OA MO MO 0.0
Odo00All4ta454	 MO OA OA lA 0,5 OA 0.5 0,5 LS 1.5 03 OA as as os 0.5 IA OA OA MO IA OA 9.3 OA
Odontellarhonahr4	 MO OA OA OA MO 1,7 03 OA 0,5 LO OA OA OA OA MO OA OA MO OA OA Ok MO MO MO
°PAP/. h1 PAA7. A	 MO MO 1.5 1,8 03 OA LO IA 03 LO 03 26 IAA 4.7 3,0 3,0 8.15 MO OA LI 03 119 4.7 220
Parshassfreas	 MO 13 29 1.8 26 5,6 20 15 43 33 43 4/ 13 A/ I0,9 15,0 OA I1,3 13 5.0 6.6 16 24 OA
Piagiognorma sum erop boron	 OA OA OA MO MD OA OA OA MO OA OA OA OA OA OA MO OA MO MO OA CO MO MO IA
MagiognowwwroWlemma	 MO OA MO MO MO MO 15 0.5 LO OA IA 0.0 OA OA MO MO 0.0 MO OA MO IA 1.8 41 OA
Pkunosigmammmtnd	 MO OA LO 03 MO OA OA OA OA OA MO OA OA MO OA MO OA OA OA MO OA OA OA OA
BAgglhomisamphieers, 	 OA OA MO LA LO 31 LO IS 3.0 MO 3.0 2.1 03 4.7 1.5 20 IA 4.8 15 6.1 6.0 24 8.1
LOophomeismmAdmona	 OA OA OA 0.9 LO LI OA 03 03 3.0 2.3 21 OA 1,6 ao ao om 0.8 OA 1.7 1.6 OA 4.7 OA
Scolioneisodnido	 MD MO MO 9.9 MO 4.4 03 LO MO LO 7.1 21 03 194 9,0 23 OA 0.8 OA 21 17 MO 0.6 MO
Scoliotropiskoessiota 	 ao OA LO MO OA AA MO LO LS OA OA 03 OA MO MO MO MO OA OA MO LI OA OA OA
Stommwesmopidays	 OA OA MO ao LO MO MO OA OA 20 LO ao 0,5 0.5 LO OA 1,4 MO OA 1,7 OA ao ao OA
Simoonsisanceps	 OS MO MO 03 MO MO OA OA OA MO MO MO MO MO OA OA ao ao OA OA OA MO MO OA
Starnmeisgregorii	 OA OA 0.0 OA OA MD MO MO OA OA MO OA 0.5 16 3.0 LO 03 MO OA OA OA MO MO OA
Swinalormono	 MO MO MO MO MO OA MO 0.0 MO MO 03 MO MO MO OA MO MO MO OA MO MO MO OA OA
SmMdfsmraw	 SO 03 03 MO MO OA MO 03 MO OA MO OA MO OA OA CO OA OA MO MO MO MO MO MO
Systedrashsa	 OA M5 LO 03 OA 0,6 MO OA OA MO MO OA OA MO OA OA OA MO OA OA OA OA OA OA
ThalanionemanitrIAWArs	 OA OA OA OA OA OA OA 0.0 OA 03 MO OA OA MO OA MO 05 MO OA OA 03 OA OA OA
ThalsedoSraweentries	 OA MO 0.5 03 CO MO OA OA OA MO MO MO OA MS OA 03 MO 1.6 OA OA OA OA 1,7 OA
Thalasiosimkplopus	 MO OA MO MO MO OA OA 03 MO MO OA OA OA OA 03 0,5 03 01 03 1,7 03 OA OA MO
Trocksmisavrem	 MO MO ao MD OA MO MO LO 1.5 OA IJ OA OA 0.5 03 25 03 222 OA 22 OA OA OA MO
TALrfratiMOITY,	 MO OA MO OA OA OA MO OA OA OA MO OA OA MO OA OA OA 0.0OA Oh OA OA 29 OA
Tropidomiselegoas	 MO OA MO OA 10 OA OA MO OA MO OA am OA OA OA MO MO OA OA MO OA OA OA OA
Trrbiondlaismarieo	 MO 8,4 163 12 16 61 2.4 5,0 SA AS 3,0 73 OA OA OA OA OA OA OA OA OA OA OA OA 

0 202 206 221 193 180 205 201 200 201 198 191 208 191 201 200 210 248 197 179 183 220 172 209

Table A5.4 Diatom assemblage for each station of Thornham Marsh.	 224
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Appendix Six Brancaster Marsh

6.1 Relationships between foraminifera and environmental variables

The annual average of the six most important dead foraminifera found on the intertidal zone of

Brancaster Marsh are related to loss on ignition (LOT), pH and vegetation cover.

6.1.1 Foraminifera and LOT

The scatter plot of Jadammina macrescens versus LOI (Figure A6.1) shows a positive non-linear

relationship with relatively high abundances at LOI values exceeding 17.5 %. Conversely, Haynesina

germanica shows a strong negative non-linear relationship suggesting dominance in environments

with a relatively low organic content such as the mudflat. The scatter plot of Miliammina fusca,

Trochammina inflata, Elphidium williamsoni and Quinqueloculina spp. show non-linear relationships

with LOT.

6.1.2 Foraminifera and pH

The scatter plots of M fusca, T. inflata and H. gennanica versus pH (Figure A6.2) show a distinct

threshold of pH values at 6.5. Relatively high abundances of M fusca and T. infiata occur at pH

values less than 6.6. Conversely, the scatter plot of H germanica shows relatively high abundances at

pH values greater than 6.5. The scatter plots for J. macrescens, E. williamsoni and Q. spp. show no

relationships with pH.

6.1.3 Foraminifera and vegetation cover

The scatter plots of I macrescens and T. inflata versus vegetation cover (Figure A6.3) show strong

positive non-linear relationships indicating a dominance in environments with dense vegetation cover

such as the middle marsh. Conversely, the scatter plots of H germanica show a strong negative

relationship suggesting dominance in barren environments such as the mudflat. The scatter plots for

M fusca, E. williamsoni and Q. spp. show non-linear relationships with vegetation cover.
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6.2 Multivariate analysis of contemporary foraminifera

Two multivariate techniques are used to analyse the foraminiferal death assemblages (%) collected

from stations 1 to 23 at three-monthly intervals for a twelve-month period: first, unconstrained cluster

analysis based on unweighted Euclidean and Chord distance; and second, detrended correspondence

analysis (DCA). Only samples with counts greater than 40 individuals and species that reach 5 % of

the total sum are included.

6.2.1 Cluster analysis

Cluster analysis of monthly assemblages based on unweighted Euclidean distance detects zones

MEAG and MEHG (Figure A6.4):

I. Zone MEAG is dominated by three agglutinated species (J. macrescens, M fusca and T. inflata)

and one calcareous species (Q. spp.). The altitudes range from 3.27 m OD to 1.88 m OD (1.39 m).

However, the lower quartile range is 1.15 m (3.03 m OD to 1.88 m OD) (Figure A6.5);

Zone MEHG is dominated by calcareous species, notably H germanica with low frequencies of

J. macrescens, E. magellanicum and E. williamsoni. This zone differs from MEAG because it has

the highest percentages of H. germanica: exceeds 45 % total dead foraminifera in all samples.

The altitudes range from 2.48 m OD to 1.85 m OD (0.63 m) with an interquartile range of 0.46 m

(2.31 m OD to 1.85 m OD). However, the median is found at 1.88 m OD. The relatively low

altitude of the median is due to the inclusion of numerous samples at the seaward limit of the

transect.

The second variant of cluster analysis, unweighted Chord distance (Figure A6.6), classifies the data

into two zones (MCAG and MCHG). The species composition of each zone corresponds with their

Euclidean equivalents, though, the altitudinal ranges differ (Figure A6.7). The altitudinal range of

Chord Zone MCAG is 1.10 m smaller than Euclidean Zone MEAG. Conversely, the altitudinal range

of Chord Zone MCHG is 0.52 m larger than Euclidean Zone MEHG. Furthermore, the median

altitude of the former is 0.43 m higher than its latter equivalent.
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The similarities and differences between the two variants of cluster analysis are further shown in

Figure A6.8. The distributions of monthly Euclidean and Chord zones across the intertidal zone are

similar both in terms of the number and proportion of samples. However, Chord Zone MCHG

completely dominates stations 20 to 22 whereas Euclidean Zones MEAG and MEHG combine to

dominate these stations.

6.2.2 Detrended correspondence analysis

The first two DCA axes account for 63 % and 15 % of the total variance of monthly species data: 78

% in all. Therefore, it is Axis One that controls the ordination diagram (Figure A6.9a). Low positive

or negative loadings of Axis One are found for agglutinated species that dominate the middle marsh

such as M fusca, T. inflata and J. macrescens (Table A6.1). Conversely, calcareous species that

dominate the mudflat such as H germanica and E. magellanicum have large positive loadings. Thus,

the species loadings reflect an altitudinal gradient from middle marsh through low marsh to mudflat.

This relationship is supported in Figure A6.9b. The scatter plot of DCA Axis One scores versus

altitude shows a strong negative relationship. The loadings of Axis Two do not reflect any major

environmental gradient.

The two zonations produced by cluster analysis of unweighted Euclidean and Chord distance

correspond to distinct regions in the ordination diagram: the zones are mutually exclusive (Figure

A6.9a).

DCA of annual assemblages produces an ordination diagram also controlled by Axis One (Figure

A6.10a). Axes One (eigenvalue = 0.52) controls 86 % of the total variation of species data. Moreover,

the species loadings of Axis One (Table A6.2), the scatter plot of Axis One scores versus altitude and

the zonations produced by cluster analysis are comparable with the results from monthly assemblages

(Figure A6.10a, b).
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Species Axis One Axis Two Axis Three

Haplophragmoides spp. - 0.86 0.49 2.69

Jadammina macrescens 0.89 1.83 1.01

Miliammina fusca - 0.62 0.38 1.92

Trochammina inflata - 0.11 0.95 - 0.51

Ammonia beccarii var. batavus 3.17 3.47 - 0.83

Ammonia beccarii var. limnetes 1.81 -.0.02 - 0.70

Ammonia beccarii var. tepida 2.27 -0.76 2.08

Brizalina inflata 4.01 -0.02 1.87

Bulimina gibba 4.04 3.74 - 0.36

Cyclogyra involvens 1.41 - 0.09 1.07

Elphidium earlandi 1.79 - 0.25 1.32

Elphidium excavatum 3.25 2.54 1.38

Elphidium incertum 3.41 0.10 1.04

Elphidium magellanicum 3.43 1.00 0.67

Elphidium williamsoni 1.66 - 0.09 - 0.39

Glabratella millettii 4.22 3.54 - 1.25

Globigerina quinqueloba 2.79 4.16 0.03

Haynesina germanica 2.82 1.33 0.68

Quinqueloculina spp. 1.61 -0.68 1.23

Variance (eigenvalues) 0.57 0.14 0.08

Percent total variance 63 15 9

Cumulative percent of total variance 63 78 87

Table A6.1 Loading and percentages of variance explained by the first three detrended

correspondence axes from monthly foraminiferal death assemblages of Brancaster Marsh.
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Species Axis One Axis Two Axis Three

Haplophragmoides spp. -0.75 3.09 3.35

Jadammina macrescens 0.63 0.19 0.93

Miliammina fusca -0.68 1.67 0.94

Trochammina inflata -0.33 -0.55 -0.14

Ammonia beccarii var. batavus 2.56 1.07 -1.38

Ammonia beccarii var. limnetes 1.64 1.34 -2.18

Ammonia beccarii var. tepida 2.43 1.61 -0.23

Brizalina inflata 3.2 1.04 -1.22

Bulimina gibba 2.68 -2.85 4.79

Cyclogyra involvens 1.21 0.65 1.34

Elphidium earlandi 1.52 1.48 1.5

Elphidium e.xcavatum 2.64 2.05 -2.62

Elphidium incertum 3.01 0.73 0.06

Elphidium magellanicum 2.89 0.79 -1.11

Elphidium williamsoni 1.53 1.26 -0.53

Glabratella millettii 2.51 0.61 0.59

Globigerina quinqueloba 2.12 -2.51 3.41

Haynesina germanica 2.66 0.07 1.2

Quinqueloculina spp. 1.41 2.05 -0.66

Variance (eigenvalues) 0.52 0.05 0.02

Percent total variance 86 9 3

Cumulative percent of total variance 86 95 98

Table A6.2 Loading and percentages of variance explained by the first three detrended

correspondence axes from annual foraminiferal death assemblages of Brancaster Marsh.

6.3 Biostratigraphical data of Brancaster Marsh

The following three tables show the average annual foraminiferal death assemblages (%) from 4

three-monthly samples, the diatom assemblages and the environmental variables from stations of

Brancaster Marsh. The foraminiferal three-monthly samples were collected on 24/11/95 (BR951),

01/03/96 (BR961), 25/05/96 (BR962) and 16/08/96 (BR963). These data are archived on Computer

Disk One.
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5111311 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 II 19 20 21 22 13
Achnonthcs Drropcs 030 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 ORO 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 2.37 000 000
Achnasahm delscacsla 21.94 11.43 14.06 13.30 15.12 20.00 1106 11.27 8.78 3.66 197 11.38 19.51 9.79 4.83 141 0.49 4.81 239 0.76 969 4.00 343
Achnanlhc lanceolata 0.00 0.00 0.00 OW 0.49 aoo 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0210 0.00 aoo 0.00 0.00 0.03 0.00 030 000
Achn0n0ho. hurcdussma 4.13 6.19 8.85 7.39 2.93 5.50 2.51 4.90 4.39 1.05 3.45 2.63 2.93 3.15 0.48 0.00 0.34 0.00 1.44 1.37 047 0.00 090
Aohnathes =Ina= 0.00 0.00 0.00 0.00 0.00 0.00 MOO ORO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 095 4.00 0.00
Acanoptychus senartur 0.00 1.90 1.04 0.49 1.46 2.00 030 0.49 1.46 3.14 3.45 0.00 4.98 2.03 0.41 LW 1.62 2.14 1.91 9.05 214 100 441
Amphora coffeacjanstss 9.17 321 3.73 197 2.44 1.00 1.51 234 2.46 1.05 0.00 0.00 0.49 1.03 130 2.70 030 030 0.00 0.52 000 0.00 0.00
Amphora nova 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 1.35 0,49 0.00 0.00 0.00 0.00 1.05 000 0.00 000
Amphora manna 0.00 0.00 3.1.3 542 5.13 3.00 132 4.41 2.93 11.32 6.40 243 0911 0.52 2.42 135 1.08 0.00 0.00 1.05 2.37 3.00 490
Amphora oval= 0.91 2.38 3.60 4.93 141 LOD 2.51 339 0.110 1.05 0.00 1.05 040 0.32 000 0.90 000 0.00 0.00 030 900 030 0.00
AUllatio2 complacca 0.00 0.00 0.00 0.09 0.98 130 0.50 0.91 1.93 0.00 0.03 aao 0.49 0.00 000 030 0.54 0.13 1.91 0.00 006 000 000
Auncula dubta 0.00 0.00 aoo moo 0.00 030 0.00 030 030 4.00 0.00 0.00 ORO MOO 0.00 000 0.00 0.00 1.91 000 0.00 0.00 0.00
Bsddulphsa alcernans 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.03 0.00 0.00 030 000 0.00 0.54 0.33 1,91 0.00 0.95 1.110 1.96
Calonew westa 0.00 ORO 2.08 0.49 0.00 2.00 1.01 1.47 8.29 3.66 6.40 1.38 0.00 0.00 2.42 0.90 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CanspylosnraCraDdlsionni., 000 0.00 0.00 0.00 0.00 2.50 0.00 1.47 0.49 0.00 0.49 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 MOO 0300
Caconar dislans 0.00 0.00 0.00 0.00 0.00 0.00 0.00 006 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.48 0.00 0.00 OM 0.00
Carona: pethatl. 0.46 0.93 0.00 0.00 MOD 0.00 0.00 0.98 0.49 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.110 0.32 000 0.00 0.49
Cococruwelfosdes aoo 0.00 0.00 0.00 0.00 0.50 0.00 0.00 0.00 MOO 0.00 0.013 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cocoonms placenada aoo 0.00 0.00 omo 0.00 ctoo 0.50 0.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 006 0.00 0.00
Cocconea dadellum 1.30 2-86 1.04 1_07 2_03 3.50 2.51 098 0.00 1.57 0.99 1.05 244 2.38 2.42 2.70 432 7.49 6.22 6.11 9.44 4.50 7.14
Coccanur =amnions. 0.00 0.00 0.00 0.00 0.49 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cyclotella 0.00 0.48 0.32 0.00 000 0.00 0.50 0.00 0.00 0.00 003 030 030 0.00 0.00 0.00 0.00 0.00 0.00 0.00 OM 000 049
Cylesdnctheca clostenum 0.00 aoo 0.00 0.03 0.00 aoo 0.00 0.00 oss 0.00 0.03 0.03 MOO 2_36 097 030 0.00 0.53 0.00 000 0.00 030 0.00
Cymatosara belgsca 0.46 0.48 0.00 0.00 0.00 0.50 0.00 0.00 0.00 1.05 0.00 0.33 2.93 2.06 193 0.45 2.16 0.53 3.35 2.62 0.95 0.00 0.49
CymbelLa afjitur MOD 000 0,00 030 030 MOO 0.00 0.00 0.49 030 0.00 0.00 003 0.00 0.00 MOO oso 0.00 0.00 030 030 030 0.00
Delphsnesc c aunrrlla 000 030 0.32 MOO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00
Delphiness.rtrella 0.00 2.90 030 MOO 0.00 ORO 0.00 0.00 0.49 030 0.00 0.33 1.95 1.03 0.49 0.90 1.08 3.21 3.74 2.09 332 4.30 143

.14baitg 3.21 3.11 1.56 1.97 3.41 2.06 1.01 392 1.95 0.00 0.49 2.91 3.90 14.95 10.14 10.81 5.95 3.74 12-44 0.00 0.00 0.00 0.03
ameregromma mho, 0.00 0.00 0.00 MOO 0.00 0.00 0.00 030 0.00 0.32 0.00 0.00 MOO 0.00 aoo moo 0.00 0.00 omo 0.00 0.47 0.00 0.00
13plorsets chdyma 1.83 3.24 3.13 0.49 4.88 2.00 1.51 1.96 4.86 638 5.42 1.05 4.18 5.15 4.76 1.80 0.54 0.00 0.41 0.52 047 000 1.96
11ploneLs srarrupta 0.00 0.00 0.00 OM 0.00 0.00 0.00 030 0.00 1.05 099 0.00 0.00 030 0.00 0.00 0.00 0.03 0.49 0.00 1.42 0.50 OM
Elsploneu bur= DM MOO 0.00 0.00 0.00 ORO 0.00 0.00 0.00 0.03 099 0.00 0.00 030 0.00 0.03 090 0.00 000 0.00 0.00 0.00 0.00
rhplonets Wanda 000 0.00 0.00 0.00 0.00 0.00 030 0.00 000 0.00 0.00 0.00 0.03 0.00 0.00 0.00 030 0.00 0.00 aoo 0.47 0.00 000
aplimess ovals: 4.13 6.67 4.17 2.96 2.93 130 3.02 3.43 293 1.05 6.40 1.05 0.98 0.52 5.60 LW 0.34 (1.53 0.00 0.00 0.00 MOO 0.98
Apnea papula 0.00 0.00 000 003 0.00 0.00 0.50 0.00 2.114 0.52 4.93 1.05 098 0.00 1.45 0.00 000 0.00 0.00 0.00 0.47 OM 0.49
aploness Ruth 0.03 0.03 MOO aoo 030 0,00 0.00 moo 030 0.00 039 0.00 000 030 1.45 LW 1.62 0.33 0.41 0.00 0.95 0.50 0.49
Fragslana pouts= 0.00 0.00 0.00 0.00 0.00 0.00 0110 098 096 0.00 030 030 0210 0.00 0.00 0.00 0.00 1.07 0.00 030 0.00 000 0.00
Pragslana worm/ v. egagua 0.00 0.00 0.52 0.49 098 1.00 0.00 0.00 0.00 1.05 0.00 0.00 MOO 0.00 0.0D 0.00 0.00 0.00 0.49 0.00 0.00 0.50 0,00
Goraphonema anguramon 0.00 030 MOO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.53 0.00 0.00 0.00 0.00 0.00 0.00 0.48 0.52 0.47 0.00 0.00
Gyraccsma accundsmiun MOO 000 2.08 099 0.49 0.00 0.50 0.49 000 0.00 1.48 0.00 0.00 0.52 097 0.43 2.16 428 MOO 0.00 3.32 0.50 0.00
Gysangrna &06onna 0.00 0.95 0.90 0.00 0.00 0.00 0.00 0.00 000 000 ORO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Grangma halm* 0.00 0.00 0.00 0.00 0.03 0.00 1.51 0.00 0.00 0.32 0.00 000 0.00 000 0.48 2.70 2.16 1.00 0.00 2.62 4.70 4.00 3.39
Gym/T=2 realm 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 LW 0.00 0.00 0.0D 0.00 0.00 0.03 0.00
Gyruagma zalprotdcs var can. 0.00 0.48 0.00 0.00 1.46 030 030 0.00 0.00 0.00 3.45 3411 0.00 3.06 7-90 0.45 3.78 1.07 0.00 0.00 0.47 0.00 0.00
Gran,. WOW', 138 1.90 1.04 030 0.49 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.48 0.00 0.34 0.00 2.39 0.52 0.00 MOD 0.00
Gyroccgma stngsks 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.50 0.03
Gyramgma wansbeclal 0.00 000 032 0.00 1.95 0.50 CLOD 0.00 0.00 0.00 0.49 0.00 0.013 1.03 097 3.60 2.16 1.07 0.48 030 0.00 1.00 1.07
Narttschta vogata 030 0.00 ORD MOO 0.00 030 0.00 000 0.00 0.00 090 030 0.00 030 030 0.00 0.00 030 0.00 0.00 0.07 0.00 033
Arasccula apsoulala MOO 0.00 0.00 0.00 0.00 043 1.51 MOO 0.00 0.00 030 1.05 0.00 0.52 0.00 0.90 000 1.60 0.00 2.09 190 0.30 aoo
994000d14 tan var meta 2.75 323 0.17 1.48 1.46 1.50 3.03 4.90 439 3.76 4.93 3.26 293 2.06 5.31 3.60 3.24 0.53 237 5.76 1.42 1.50 0.49
Nanasla crucsacla 0.00 090 0.00 0.00 0.00 0.00 0.00 0.49 0.49 0.00 0.00 0.00 0.00 0.00 030 0.00 0.00 000 0.00 0.07 1.42 1.50 0.49
40090 09795094700I4 0.00 0.00 0.00 aoo 0.49 1.00 3.52 1.47 1.95 0.52 0.00 4.74 1.46 0.00 0.00 2.70 0.00 0.00 0.48 1.05 1.42 1.00 0,00
Nasloda digdarada32 4.13 6.19 3.13 MOO 0.98 0.50 2.51 0.00 0.00 12.01 3.45 737 439 0.52 3.86 1.35 142 2.14 1.44 4.19 0.47 250 143
10940010 030440907 090 030 0.00 0.00 0.00 0.00 0.00 0.00 093 000 2.46 4.21 0.49 0.32 2.90 1.35 6.49 6.41 5.74 5.76 047 030 0.00
Nam:a4o flanaaca 5.05 095 2.08 2.96 350 3.50 7.54 192 10.73 6.81 3.45 4.74 139 COD 4.35 135 0.54 0.00 0.00 0.00 047 0.50 030
Navscula lamp= 030 0.00 0.00 MOO 0.00 0.00 0.00 0.00 0.00 0.00 1.48 1.03 098 0.00 0.00 0.45 1.00 1.07 0.00 2.09 1.90 2.00 1.47
NaviCtsla gregana 0.00 000 000 0.00 0.00 0.00 000 0.00 0.19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.110 0.00 0.00 0.00 0.00 0.03 000
Nancula Inclophda 130 3.81 7.11 8.37 7_93 530 12.56 9.31 10.73 166 0.49 6.14 7.32 1.55 1.45 1.80 0.00 000 0.48 4.19 0.47 0.00 000
003003 srlsochabths 4.59 5.71 113 1.97 1.46 3.50 2.01 1.96 098 052 0.00 1.58 000 1.33 0.00 2.23 0.00 0.00 0.00 1.57 1.90 0.00 2.43
99060614040994 0.46 0.00 000 000 000 0.50 030 000 000 0.00 MOO 000 049 0.00 0.00 000 0.00 000 0.00 0.00 000 000 0.00
Idavsasla /741/432 0.46 090 2.08 2.46 1.95 0.30 1.01 0.49 0.00 0.52 030 OM L95 0.00 1.45 0.00 0.03 030 3.35 030 000 0.00 0.03
Akmcula pertgnrra 3.05 5.71 165 4.43 0.911 2-00 2.01 1.47 3.41 8.90 4.93 3.16 193 1.03 242 090 LW 2.14 191 052 095 1.00 0.49
Idanada placenada 000 000 030 0.03 000 0.00 000 000 0.00 0.00 030 000 0.00 000 000 000 000 OM 000 0.00 000 000 0.49
10990..lOr.12640.co009410 MOO 000 030 0.00 0.00 0.00 0.00 0.00 0.00 000 0.03 000 0.00 0.00 0.00 0.90 030 033 0.00 1.05 0.95 030 0.49
Nalccula rhyncocaphala 0.92 000 000 030 003 000 0.00 030 000 000 000 000 0.00 0.00 000 030 000 amp 0.03 000 0.00 0.00 000
Naxasla aalusasum 0.091 030 0.00 090 090 0.00 CIAO OM 000 003 049 2.63 0.98 0,52 0.00 ono 0.00 oao 090 000 0.47 040 0.00
30990149994179191 4.13 048 1.56 2.45 141 2.00 1.51 0.98 098 0110 0.00 3.16 7_44 133 0.00 000 0.00 040 000 000 000 000 0303
23000a14 vsndula 0.00 000 0.00 0.00 000 MOO 0.00 0.00 0.00 2.09 3.45 000 030 000 2.42 0.00 LOB 053 000 0.00 0310 000 0.00
100601101 006707264 030 0.00 1.04 000 0.00 1.30 1.01 0.00 098 1.05 0.99 1.05 1.46 2.06 2300 4.50 845 10.70 0.48 7.83 4.74 12.00 10.29
Idtschla bdobaZa 3.67 048 003 1.40 195 LSO 2.51 1.47 2.44 052 039 1.58 0.49 2-06 0.48 133 2.16 130 4.31 0.52 0.47 2.00 0.00
Mulch. .9,30‘,1,4 OM 090 0.00 0.00 030 0.03 0310 OM 0.00 0.00 040 030 000 0.00 033 030 0.00 0.513 096 033 000 000 000
liaccohsa fomscola 0.46 095 0.52 5.42 1.46 100 0.50 294 0.00 0.32 030 243 2.93 8.23 3.86 495 12.43 174 191 1.37 2.37 0.50 0.49
26067926 )59190000,.fiudatlum 4.59 439 5.73 9.85 0.78 7.00 7.54 9.31 6.13 2.09 0.99 5.26 4.88 4.12 3.38 495 3.78 247 3.13 1.57 0.47 0.00 0.00
Machu, navdulans 092 0.48 7_08 1.97 0.00 0.00 1.01 000 000 000 049 0.53 0.00 0.52 0.97 2.70 3.78 MOO 033 000 130 0.00 098
!4060994 09100 000 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 3.13 4.71 0.00 0.03 0.00
1/43994 30334 900 00500014 233 439 0303 4.43 1.85 430 3.52 4.41 1.46 1.57 939 0.53 1.44 161 0.97 10.36 000 0.00 0.00 1.05 0.95 1.00 3.92
18=sclua Arm 273 3.33 1.04 1.48 135 5.00 0.50 5.88 195 052 6.90 243 2.44 630 0.97 090 4.86 1.07 431 13.09 2.37 6.50 1029
26009926 0791.904110 138 048 1.36 059 0.49 000 0.50 0.00 049 1.57 OA 0.00 049 1303 2.42 1.10 432 1230 6.70 0.03 0.47 0.50 049
100901126 9090 0.00 0.00 0.00 049 0.00 0.00 0.00 098 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.03 003 0.03 0.00 0.03 0.00
0605799000,00 0.00 0.00 0.52 MOO 0.00 0.00 OM 0.03 003 0.00 0.00 0.00 MOO 0.03 0.00 0.00 0.00 003 0.00 0.00 0.00 000 0.00
Opephorn 30079 0.46 2.38 1.04 0.00 0.49 0.00 0.50 0.00 030 040 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 000 ORO
Cpephora panfica 0.00 000 0.00 0.00 000 0.00 0.00 0.00 0.00 0.32 0.49 1.58 aos 032 0.47 0.45 0.00 2.14 0.48 1.57 6.06 7.00 0.00
Paralsa sdcata 092 0.00 2_08 030 098 1.00 4.02 098 3543 4.19 2.96 2_11 2_44 2.50 2.42 4.50 2_70 3.74 431 2.09 4.74 803 637
Plagsogramma umlussnlas 0303 0.00 0.00 OM 000 0.00 000 0.00 0.00 0.00 0.00 000 OM 000 000 0.90 000 000 0.00 1.03 0.00 0.00 196
Pleu rcasgma ansulaacm 0.00 000 030 0.00 0.00 000 aoo 0.00 000 0.00 030 000 0.90 033 0.00 000 000 0.00 0.96 0.00 0.00 030 0.49
956055970 5055450 ORO 0310 030 030 0.00 0.93 0.50 MOO 033 030 0.00 0.53 0.49 031 0.110 0.00 090 030 0.46 1.05 1.42 2.00 147
Podossra stellsgera 000 000 030 000 030 003 033 000 0.00 0.00 0.00 090 aoo Goo oto 030 moo 0.53 000 0.03 0.47 033 Ow
Rhop 004e0 00p9a26e55 0.00 095 0.00 099 1.46 0.50 0.50 0.98 0.00 1.05 1.48 1.05 0.49 1.03 2.42 090 000 695 191 2.09 179 4.00 143
Rhaphoneo TIIII(097/112 046 0.00 0.00 000 000 0.50 0.30 049 0.03 000 aoo 053 090 032 0.48 090 0.54 1.07 2.39 2.09 093 0.00 2.94
Rhussclensa regera 030 0.00 0.52 0.00 033 0.00 0.00 000 0.00 0.00 0.00 0.00 OM 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 OM
509100e26990980 0.46 ORO 030 0.00 095 033 1.01 0303 098 5.76 030 233 0.00 0300 0.00 oto 1.08 0.53 0.00 0.52 150 3.00 196
a-0l9000pi0 lac:mato 003 000 0.00 030 000 0.00 000 000 000 0.00 0.00 000 000 000 0.00 030 0.00 000 aao 2.09 2.14 5.00 030
Sauronint amphscar 0.00 0.00 0.32 OM 098 000 0.00 0.00 000 0.00 1034 090 0.00 0.12 000 0.45 000 053 0.00 0.52 095 2.50 196
Stauroness ansphdays Av. obaaa 0.00 000 0.00 0.00 000 003 000 000 0.00 0.00 000 000 000 000 0.97 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000
920000010 ciciak 000 000 000 000 0.00 000 0.00 0.00 0.00 000 0.00 000 0.00 0.00 030 000 090 000 030 000 0.00 0.00 030
409091.0	 910 000 ORO 0.00 000 030 0.00 000 OM ORO 000 0.00 033 195 1.55 097 225 000 0.00 040 040 000 040 039
S4nrella gemma 040 000 000 000 000 0.00 000 0.00 0.00 030 ORO 0.00 0.00 aoo 000 000 0.34 1.07 030 0.52 095 LA 091
407091.4 90190 0.00 030 000 000 000 0.03 aoo moo oso olo 0.00 ORO 0.00 000 OM 0.00 000 0.00 0.00 0.00 095 030 196
40,700110 07009 0.00 000 032 099 2.44 103 0.00 0.49 0.49 1.03 099 0.00 049 000 000 0.03 000 0.07 0.00 0.00 aco aoo moo
Syntdra ulna 0.00 0.48 0.52 099 0.00 0.00 003 000 0.00 040 030 000 090 000 0.00 0.03 033 0.03 000 040 0.95 000 003
794100600554 hdcachicsales 0.46 0.00 ORO 0.49 0.49 1.00 MOO 0.49 000 0.00 0.00 000 ORO 0.00 000 0.00 039 000 OM 000 000 000 ORO
Thala=anra ercentnca 0.00 0.00 030 0.00 COO 000 0.00 030 000 000 aoo 0.00 omo 1.03 000 000 0.00 0.110 0.48 0.32 oss 0.50 040
79.0139490ra leptopa MOO 000 000 000 000 003 000 000 0170 0.00 0.00 000 0.00 0.52 0.40 000 0.54 3.21 1.44 000 0.00 1.50 0.00
Trachrecr opera 0.00 000 090 0.00 033 030 030 0.00 0.00 030 030 0.00 0.00 0.00 0.97 0.00 1.08 0.00 030 0.07 000 0.00 0.00
Populates= &gams- 030 0.00 0.00 000 000 000 000 0.00 000 000 OM 0.00 090 000 0.00 030 000 0.00 030 000 0.00 3.00 1.47
20990070114 hunpanca 2,79 2_38 2.08 1.97 1.46 3.00 1.01 0.49 000 040 MOO MOO 0.49 0.52 COO 0.00 034 OM 900 001) 0.00 000 0.49
Sum 218 210 192 203 205 200 199 204 205 191 203 190 205 194 207 223 /V 187 209 191 211 WO 204

Table A6.4 Diatom assemblage for each station of Brancaster Marsh. 	 232
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Appendix Seven: Standardised Water Level Index

The altitudes of each station from Cowpen, Welwick, Thornham and Brancaster marshes differ with

respect to tidal range and are not comparable. Therefore, the altitudes are converted to a standardised

water level index (SWLI). Three methods are shown:

7.1 Method One

The altitudes of stations and tide levels are expressed as:

Xab = [Viab MTLb)/(MHWSTb - MTLb)*100) + 100]
	

(10)

where Aab is the measured altitude (m OD) of station/tide level a at site b; MTLb is the mean sea-level

(m OD) at site b; MEIWSTb is the mean high water spring tide at site b; and xab is the SWLI of

station/tide level a at site b. The addition of the constant (100) ensures that all reconstructed values

within the training set are positive (various computer programmes do not accept negative values).

Method One constructs SWLI for stations and tide levels from the four sites (Table A7.1 and A7.2

respectively).

7.2 Method Two

The altitudes of tide levels are expressed as:

Xab = [(Aab LATb)/(HATb - LATb)]*100

where Aab is the measured altitude (m OD) of tide level a at site b; LATb is the lowest astronomical

tide (m OD) at site b; HATb is the highest astronomical tide at site b; and xab is the SWLI of tide level

a at site b expressed as a percentage. Table A7.2 shows the constructed tide levels and Figure A7.1a

shows the relationship between sites. The largest variation occurs for MLWST (V c = 0.05).
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7.3 Method Three

The altitudes of tide levels are expressed as:

xab = Mab - MLWSTb)/(MIHINSTb - MLWSTb)]*100
	

(12)

where Acib is the measured altitude (m OD) of tide level a at site b;, MLWSTb is the mean low water

neap tide (m OD) at site b; MHWSTb is the mean high water spring tide at site b; and xab is the SWLI

of tide level a at site b expressed as a percentage. The constructed tide levels are shown in Table

A7.2. MHWNT and LAT show the largest variations: their coefficients of variation are 0.04 and 0.07

respectively (Figure A7. 1b).
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Method Tide level Cowpen Welwick Thomham Brancaster Average	 SD	 V,

One HAT 221.46 222.58 224.62 224.62 223.32 1.36 0.01

MHWST 200.00 200.00 200.00 200.00 200.00

MHWNT 148.50 151.61 144.62 144.62 147.34 2.93 0.03

ivin loom	 loom loom loom loom -

MLWNT 49.79 48.39 49.23 49.23 49.16 0,50 0.01

MLWST 2.58 -6.45 0.00 0.00 -0.97 3,34 0.03

LAT -36.05 -32.26 -21.54 -21.54 -27.85 6.45 0.07

Total = 0.15

Two HAT 100.00 100.00 100.00 100.00 100.00

MIEWST 91.67 91.14 90.00 90.00 90.70 0.73 0.01

MHWNT 71.67 72.15 67.50 67.50 69.70 2.21 0.04

mn 52.83 51.90 49.38 49.38 50.87 1.53 0.03

MLWNT 33.33 31.65 28.75 28.75 30.62 1.96 0.04

MLWST 15.00 10.13 8.75 8.75 10.66 2.57 0.05

LAT 0.00 0.00 0.00 0.00 0.00

Total = 0.18

Three HAT 109.87 110.94 113.31 113.31 111.86 1.50 0.03

MHWST 100.00 100.00 100.00 100.00 100.00 -

MHIVNT 73.91 76.56 71.31 71.31 73.27 2.18 0.04

MT',
MLWNT

49.35

23.91

51.56

26.56

50.00

24.62

50.00

24.62

50.23

24.93

0.82

0.99

0.02

0.02

MLWST 0.00 0.00 0.00 0.00 0.00 -

LAT -19.57 -12.50 -10.77 -10.77 -13.40 3.63 0.07

Average = 0.18

Table A7.2 Tide levels and constructed standardised water level index for all four

contemporary sites using three different methods. The average, standard deviation (SD) and

coefficient of variance (Vc) are shown.
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Appendix Eight: Quantitative water level reconstructions

8.1 Environmental setting of additional field sites

The foraminiferal and standardised water level index (SWLI) data from Cowpen, Welwick,

Thornham and Brancaster marshes are combined with data collected by the Environmental Research

Centre (ERC), University of Durham. The environmental settings of the additional field sites are

discussed below.

8.1.1 Nith estuary, Solway Firth, south-west Scotland

The River Nith is one of the main rivers draining into the north shore of the Solway Firth. The

position in the inner Solway Firth accounts for the macro-tidal environment with a spring tidal range

of 7.25 m. This has led to the development of expansive intertidal sandflats and mudflats at the mouth

of the Nith estuary extending many kilometres into the Solway Firth itself. The high freshwater output

of the Nith combined with the large tidal amplitude produces a wide range of salinity in the estuary.

The site investigated is from the eastern shore of the estuary across a saltmarsh approximately 150 m

wide. The seaward edge is bounded by a small cliff approximately 1 m in height. The landward edge

passes into a narrow upland zone and is bounded by a coastal road. The small cliff accounts for the

absence of a traditional pioneer marsh zone at this site. This saltmarsh is a Site of Special Scientific

Interest (S S SI).

8.1.2 Roudsea Marsh, Morecambe Bay, north-west England

This site is located towards the head of the Leven estuary in the northern part of Morecambe Bay. The

marsh lies within a small embayment along the south-west border of the Roudsea Wood National

Nature Reserve. Although slightly grazed by sheep, there has been little disturbance by human

activities. Hydrologically, the marsh is influenced mainly by discharges of freshwater from the

Windermere catchment and sea water from Morecambe Bay and the Irish Sea. A small amount of

freshwater also drains onto the marsh from slopes of the nature reserve. Water salinity during high

spring tides varies between 5 %o to 25 %0 (Zong, 1997a). This is a macro-tidal site with a spring tidal

range of 8.4 m.
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8.13 Kentra Bay, Argyll, north-west Scotland

Kentra Bay (ca. 4 km 2) is well protected from waves by rocky outcrops and a narrow entrance. The

floor of the bay is filled with fine grained sediments and is exposed entirely during low tides. On the

north-east fringe of Kentra Bay, the marsh is only 120 m wide but covers a range of environments

from tidal flat, through pioneer, low and high marshes, to raised bog (upland) from which acidic

runoff is drained through the marsh into the Bay. The raised bog is designated as a SSSI. The

landward end of the saltmarsh is bounded by a small road. The amount of freshwater running into the

Bay is minimal and seems to have little effect upon the salinity of the incoming tides which is usually

as high as 33 %o. The predicted range of spring tides is meso-tidal (4.4 m).

8.1.4 Tramaig Bay, Jura, south-west Scotland

Tramaig Bay is a small, semi-circular tidal basin on the north-east coast of the Isle of Jura, protected

by solid outcrops with a narrow inlet connecting to the Sound of Jura. At predicted low water of

spring tides the basin is completely isolated from the Sound and a standing pool of saline water is left.

The basin is affected by a micro-tidal regime (ca. 1.6 m range at spring tides). The southern part of

the basin displays an undisturbed continuum from pioneer saltmarsh through to mature freshwater fen

which is flat and poorly drained. This feature is mirrored on the northern side of the basin. However,

the transition from upland to tidal flat over a distance of less than 20 m on the western side of the

basin is interrupted by a narrow estate road. Due to the small output of freshwater from the upland,

salinity within the basin is very close to that of sea water with little variation between tides.

8.2 Cluster analysis and detrended correspondence analysis

Unconstrained cluster analysis and detrended correspondence analysis (DCA) are extensively used in

Chapter 4. Similarly, cluster analysis based on unweighted Euclidean and Chord distance is used to

classify the contemporary samples according to their foraminiferal assemblage. The boxplots of

maximum, minimum, median and interquartile flooding frequencies within the cluster are analysed to

determine a vertical zonation of the intertidal zone. DCA is used to provide further information about

the pattern of variation within and between groups. Furthermore, the relationship between Axis One

scores and SWLI is explored to develop a transfer function (Fritz, 1990). To be comparable with
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weighted average regression and calibration, cluster analysis and DCA use the screened foraminiferal

training set (Volume One, Section 5.3.2).

8.2.1 Cluster analysis

Cluster analysis of unweighted Euclidean distance detects cluster zones EAG and ECA (Figure A8.1):

I. Zone EAG is dominated by agglutinated species Jadammina macrescens, Miliammina fusca and

Trochammina inflata. The SWLI of Zone BAG is from 230 to 174 (Figure A8.2a);

II. Zone ECA is dominated by calcareous species, notably Haynesina germanica with low

frequencies of Ammonia beccarii var. limnetes and Elphidium williamsoni. The SWLI is from 192

to 103.

The second variant of cluster analysis, unweighted Chord distance, similarly classifies the data into

two cluster zones (CAG and CCA) (Figure A8.3). The sample, species composition and SWLI range

of the zones are near-identical to the equivalent Euclidean clusters (Figure A8.2b).

8.2.2 Detrended correspondence analysis

DCA of the training set produces an ordination diagram to represent samples as points in a multi-

dimensional space (Figure A8.4). The first two DCA axes account for 25 % and 9 % of the total

variance of species data (34 % in all). Axis One (eigenvalue = 0.68) has large positive loadings for

dominant agglutinated species (H. spp., M fusca, J. macrescens, T inflata) and low positive or

negative loadings for calcareous species (H. depressula, A. beccarii var. batavus, Fursenkoina

fusiformis) (Table A8.1). Therefore, the species loadings imply that Axis One reflects a water level

gradient from mudflat to high marsh. The loadings and scores of Axis Two and Three (eigenvalues

0.23 and 0.13 respectively) do not reflect any major environmental gradient.

The DCA ordination diagram shows the contemporary field sites occupying similar ordination space,

therefore, justifying the agglomeration of annual average and single measurements (Figure A8.4a).

The zonations produced by cluster analysis of unweighted Euclidean and Chord distance correspond

to distinct regions in the ordination diagram (Figure A8.4b, c). Euclidean Zones EAG and ECA lie on

Axis One and are mutually exclusive. Chord Zones CAG and CCA also lie on Axis One but they

zones overlap.
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Species	 Axis One Axis Two Axis Three

Haplophragmoides spp.	 5.56 2.10 0.60

Jadammina macrescens	 3.40 0.37 0.74

Miliammina fusca	 3.58 2.72 0.95

Trochammina inflata 	 3.41 1.43 1.81

Trochammina ochracea	 1.47 0.18 -0.71

Ammonia beccarii 	 2.74 2.99 0.11

Ammonia beccarii var. aberdoveyensis 	 0.18 -0.35 2.96

Ammonia beccarii var. batavus 	 -0.44 -0.23 2.40

Ammonia beccarii var. limnetes 	 1.12 0.46 2.43

Ammonia beccarii var. tepida 	 0.83 0.75 2.82

Brizalina inflata	 1.56 -0.05 -1.08

Brizalina vari ablis	 1.58 2.29 0.23

Buccella frigida	 -0.47 3.33 2.19

Bulimina marginata 	 1.60 2.79 0.99

Buliminella elegantissima	 0.03 2.84 2.03

Cassidulina obtusa	 1.38 0.87 3.15

Cibicides lobatulus	 0.78 2.17 2.58

Cyclogyra involvens 	 2.19 0.75 1.68

Elphidium earlandi	 1.60 1.82 2.05

Elphidium excavatum	 1.01 1.80 3.25

Elphidium gerthi	 1.52 1.79 2.99

Elphidium incertum	 0.87 1.08 2.34

Elphidium magellanicum	 1.35 0.81 -0.36

Elphidium williamsoni	 1.87 2.05 2.11

Fursenkoina fusiformis	 0.69 1.70 0.03

Glabratella millettii	 -0.68 3.16 2.05

Globigerina quinqueloba	 1.56 0.02 0.29

Haynesina depressula	 1.31 3.33 2.10

Haynesina germanica	 0.87 1.41 -0.10

Lagena sulcata	 2.03 -1.27 -0.24

Miliolinella subrotunda	 1.23 -1.65 2.73

Planorbulina mediterranensis 	 -0.15 -0.56 3.19

Quinqueloculina spp. 	 2.13 2.07 1.42

Rosalina williamsoni 	 1.70 0.17 1.39

Spirillina vivipara	 2.42 3.46 1.59

Table A8.1 Loading and percentages of variance explained by the first three detrended

correspondence axes from foraminiferal training set.
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Zone
	

Dominant species	 SWLI

I	 Jadammina macrescens

Miliammina fusca

Trochammina inflata

II	 Ammonia beccarii var. limnetes

Elphidium williamsoni

Haynesina gennanica

230 to 174

192 to 103

Species Axis One Axis Two Axis Three

Variance (eigenvalues) 0.67 0.23 0.16

Percent total variance 25 9 6

Cumulative percent of total variance 25 34 40

Table A8.1 (continued) Loading and percentages of variance explained by the first three

detrended correspondence axes from foraminiferal training set.

8.2.3 Implications for sea-level studies

Statistical analyses are only able to classify the contemporary foraminiferal training set into two

robust zones: Zone I dominated by agglutinated species J. macrescens, M fusca, T. inflata; and Zone

II dominated by calcareous species H germanica, A. beccarii var. limnetes and E. williamsoni (Table

A8.2). The exact sample and species composition and SWLI of each zone are derived from Euclidean

Zones EAG and ECA respectively. It is preferred to use Euclidean rather than Chord zones because

the DCA ordination diagrams show the former zones to be mutually exclusive whereas the latter

zones overlap. Thus, the precise boundary between the Chord zones is arbitrary. Furthermore, Chapter

4 indicates that Euclidean zones are less susceptible to seasonal variations than Chords zones. This is

because the former detects clusters based upon frequencies of dominant taxa (which remain relatively

stable) whereas, the latter places more importance upon the minor taxa (which are prone to seasonal

variations) when classifying the data. Therefore, the application of cluster analysis with unweighted

Chord distance may distort the investigations (Hill, 1979; ter Braak, 1986; ter Braak and Verdonschot,

1995).

Table A8.2 Foraminiferal zones of the training set derived from cluster analysis based on

unweighted Euclidean distance.

Estimates of the indicative meanings can be developed from the premise that zones found vertically

adjacent, without a hiatus, must have formed in environments that existed side by side in space (Table
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A8.3). Therefore, the transition from Zone Ito Zone II has an indicative range equal to the transition

from one zone to the other, not that of the individual zone. For example, the indicative range of Zone I

is 28 whereas the range of Zone I directly above Zone 11 is only 9. However, with only two zones

being classified the indicative meaning can only be reconstructed for a limited range of index points.

Furthermore, the very localised nature of some distributions (Scott and Medioli, 1978, 1980a;

Patterson, 1990; Scott and Leckie, 1990; Jennings and Nelson, 1992; Gehrels, 1994; Horton, in press)

implies that they are not regionally applicable.

Indicative range Reference water level

Zone I 28.0 202

Zone I directly above zone II 9.0 183

Zone II 44.5 147.5

Table A8.3 Indicative ranges and reference water levels (SWLI) for foraminiferal training set.

The relationship of DCA Axis One scores versus SWLI is inadequate in developing a transfer

function (Figure A8.4d). Axis One scores between 0.9 and 1.0 relate to a relatively large range of

SWLI (115 to 177). Furthermore, SWLI reconstructions are variable due to the absence of Axis One

scores between 1.8 and 2.4.

8.3 Foraminiferal and standardised water level index data of additional

field sites

The following pages show the foraminiferal and SWLI data for the Nith estuary, Roudsea Marsh,

Kentra Bay and Tramaig Bay.
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Table A8.4 Foraminiferal death assemblages and standardised water level index from each station of

Nith estuary, Solway Firth, south-west Scotland.
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each station of Roudsea Marsh, Morecambe Bay, north-west England.



(a) Kentra Bay

Species 35 36 37 38 39 40
Elphidium williamsoni 0.00 0.00 0.00 0.00 6.25 53.33
Haplophragmoides spp. 0.00 0.00 0.00 0.00 0.00 0.00
Jadammina macrescens 98.00 98.17 75.00 98.36 59.38 12.00
Miliammina fusca 0.00 0.00 12.07 0.33 15.63 24.00
Trochammina inflata 2.00 1.80 12.90 1.30 18.80 10.70
Foraminifera tests counted (per 10 cm3) 109 116 304 64 75 148

SWLI 227.0 216.8 194.6 172.4 157.8 150.8

(b) Tramaig Bay

Species 45 46 47
Haplophragmoides spp.
Jadammina macrescens
Miliammina fusca
Trochammina inflata
Trochammina ochracea

0.00
100.00
0.00
0.00
0.00

0.00
84.62
11.54
3.80
0.00

8.86
75.95
5.06
1.30
8.86

Foraminifera tests counted (per 10 cm3) 70 52 79

SWLI 203.5 172.3 142.2

Table A8.6 Foraminiferal death assemblages and standardised water level index from 247
each station of (a) Kentra Bay, Argyll, north-west Scotland and (b) Tramaig Bay,
Jura, south-west Scotland.



Appendix Nine: Fossil biostratigraphical data

The biostratigraphical data of the new sea-level index points (SLIs) of Chapter Six are described in

this appendix (only species that reach 2 % of the total sum are shown).

Species 512 518 524 526 530 532 534 536 539 541 550
Ammonia beccarii var. aberdoveyensis 0.00 2.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ammonia beccarii var. batavus 2.75 0.00 0.00 2.78 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ammonia beccarii var. limnetes 7.69 5.56 6.78 4.17 0.00 0.00 0.00 0.00 0.00 1.00 0.00
Buliminella elegantissima 2.20 0.00 0.85 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cibicides lobatulus 8.24 5.56 3.39 1.39 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Elphidium crispzun 6.04 1.11 1.69 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Elphidium earlandi 8.79 14.44 13.56 2.78 2.22 0.00 0.00 0.00 0.00 0.00 0.00
Elphidium incerium 9.34 14.44 6.78 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Elphidium williamsoni 8.79 13.33 15.25 5.56 3.33 0.00 0.00 0.00 0.00 0.00 0.00
Haplophragmoides spp. 1.10 0.00 1.69 1.39 5.56 0.00 0.00 0.00 0.00 0.00 0.00
Haynesina depressula 7.69 5.56 2.54 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Haynesina germanica 26.37 30.00 14.41 8.33 3.33 0.00 0.00 0.00 0.00 1.00 0.00
Jadcmzmuza macrescens 4.95 5.56 19.49 70.83 57.78 96.77 100.00 100.00 100.00 89.28 0.00
Miliamrnina fusca 3.85 1.11 10.17 1.39 27.78 3.23 0.00 0.00 0.00 7.73 0.00
Total forams counted (per 2 cm3) 182 270 118 144 180 186 135 89 51 401 0
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(a)

Species 1363 1365 1378 1380
Ammonia beccarii var. limnetes 8.70 0.00 0.00 7.69
Cibicides lobatulus 4.35 0.00 0.00 7.69
Elphidium incertum 4.35 0.00 0.00 0.00
Elphidium magellanicum 4.35 0.00 0.00 0.00
Elphidium williamsoni 0.00 0.00 0.00 7.69
Fissurina lucida 4.35 0.00 0.00 0.00
Haynesina germanica 39.13 0.00 0.00 30.77
Jadammina macrescens 21.74 100.00 0.00 46.15
Lagena sulcata 4.35 0.00 0.00 0.00
Trochammina inflata 8.70 0.00 0.00 0.00
Total forams counted (per 2cm3) 184 42 0 32

(b)

Species 1378
Achnanthes delicatula 2.06
Actinoptychus senarius 6.70
Cocconeis peltoides 10.31
Cocconeis scutellum 0.52
Cymbella turgida 3.61
Delphineis surirella 4.12
Diploneis ovalis 1.03
Hantzschia amphicays 1.03
Navicula forcipata 1.55
Navicula humerosa 1.03
Opephora pacifica 3.61
Paralia sulcata 55.67
Rhaphoneis amphiceros 4.64
Thalassiosira eccentrica 1.03
Trvblionella navicularis 3.09
Polyhalobous 88.14
Mesohalobous 6.19
Oligohalobous-indifferent 5.67
Diatom valves counted 194

Table A9.2 (a) Foraminiferal and (b) diatom assemblages of Teesside industrial estate 249

T2.



Species 380 384 390 394 398
Ammonia beccarii var. aberdoveyensi 3.81 0.00 0.00 0.00 0.00
Ammonia beccarii var. batavus 5.71 0.00 0.00 0.00 0.00
Ammonia beccarii var. limnetes 11.43 0.00 0.00 0.00 0.00
Ammonia beccarii var. tepida 7.62 0.00 0.00 0.00 0.00
Balticammina pseudomacrescens 0.00 3.67 0.00 0.00 0.00
Cibicides lobatulus 7.62 0.00 0.00 0.00 0.00
Elphidiurn ear/and! 8.57 0.00 0.00 0.00 0.00
Elphidium excavatum 3.81 0.00 0.00 0.00 0.00
Elphidiurn incertum 3.81 0.00 0.00 0.00 0.00
Elphidium williamsoni 13.33 0.00 0.00 0.00 0.00
Globigerina quinqueloba 3.81 0.00 0.00 0.00 0.00
Haplophragmoides spp. 0.00 8.26 0.00 0.00 0.00
Haynesina depressula 3.81 0.00 0.00 0.00 0.00
Haynesina germanica 22.86 0.00 0.00 0.00 0.00
Jadammina macrescens 1.90 49.54 83.33 0.00 0.00
Miliammina fusca 0.00 9.17 16.67 0.00 0.00
Tiphotrocha comprimata 0.00 11.01 0.00 0.00 0.00
Trochammina inflata 1.90 14.68 0.00 0.00 0.00
Trochammina ochracea 0.00 3.67 0.00 0.00 0.00
Total forams counted (per 2 cm3) 105 109 12 0 0

Table A9.3 Foraminiferal assemblages of Dunswell HATI32
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Species 986 991 993 996 998
Haplophragmoides spp. 0.00 4.55 5.56 0.00 0.00
Jadammina macrescens 20.00 59.09 77.78 100.00 0.00
Miliammina fusca 0.00 0.00 16.67 0.00 0.00
Trochammina inflata 80.00 36.36 0.00 0.00 0.00
Total forams counted (per 2cm3) 45 44 54 46 0

Table A9.4 Foraminiferal assemblages of Marshebapel LM2.	 251
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Species 1486 1492 1494 1500
Ammonia beccarii 93.90 88.90 0.00 0.00
Elphidium excavatum 0.00 3.70 0.00 0.00
Elphidiurn williamsoni 9.40 3.70 0.00 0.00
Haynesina germanica 5.50 0.00 0.00 0.00
Jadammina macrescens 0.20 3.70 100.00 0.00
Trochammina inflata 0.20 0.00 0.00 0.00
Total forams counted (per 2 cm3) 3472 216 10 0

Table A9.8 Foraminiferal assemblages of Clenchwarton F13. 	 255



Species 482 486 494 496 528 530
Ammonia beccarii var. limnetes 10.34 8.57 0.00 0.00 0.00 0.00
Brizalina inflata 3.45 0.00 0.00 0.00 0.00 0.00
Brizalina variabilis 6.90 0.00 6.25 0.00 0.00 0.00
Cassidulina obtusa 3.45 0,00 6.25 0.00 0.00 0.00
Cibicides lobatulus 10.34 2.86 0.00 0.00 0.00 0.00
Elphidiurn excavatum 6.90 2.86 0.00 0.00 0.00 0.00
Elphidium gerthi 3.45 0.00 0.00 0.00 0.00 0.00
Elphidium incertum 0.00 2.86 0.00 0.00 0.00 19.05
Elphidium williamsoni 3.45 17.14 12.50 0.00 0.00 0.00
Fissurina marginata 0.00 0.00 6.25 0.00 0.00 0.00
Gavelinopsis praegeri 3.45 0.00 0.00 0.00 0.00 0.00
Globigerina quinqueloba 3.45 0.00 0.00 0.00 0.00 0.00
Haynesina germanica 34.48 37.14 43.75 33.33 0.00 19.05
Jadammina macrescens 3.45 11.43 18.75 66.67 100.00 33.33
Miliammina fusca 0.00 11.43 6.25 0.00 0.00 0.00
Trochammina inflata 6.90 5.71 0.00 0.00 0.00 28.57
Total forams counted (per 2 cm3) 232 280 128 48 41 21

Table A9.9 Foraminiferal assemblages of South Lynn F15a.
	 256
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Species 1050 1054 1058 1060 1064 1078 1080
Ammonia beccarii 75.70 83.00 0.00 0.00 0.00 0.00 0.00
Brizahna variabilis 0.50 0.50 0.00 0.00 0.00 0.00 0.00
Buccella frigida 0.80 0.50 0.00 0.00 0.00 0.00 0.00
Elphidium earlandi 1.10 0.70 0.00 0.00 0.00 0.00 0.00
Elphidium wi Ili amsoni 0.50 0.70 0.00 0.00 0.00 0.00 0.00
Fissurina lucida 1.10 0.20 0.00 0.00 0.00 0.00 0.00
Fursenkoina fusiformis 0.30 0.00 0.00 0.00 0.00 0.00 0.00
Globigerina quinqueloba 6.30 0.90 0.00 0.00 0.00 0.00 0.00
Haynesina germanica 12.20 13.30 0.00 0.00 0.00 0.00 0.00
Jadammina macrescens 1.10 0.00 90.90 100.00 0.00 0.00 0.00
Ouinqueloculina spp. 0.30 0.00 0.00 0.00 0.00 0.00 0.00
Trochammina inflata 0.00 0.20 9.10 0.00 0.00 0.00 0.00
Total forams counted (per 2 cm3) 3024 3536 176 288 0 0 0

Table A9.11 Foraminiferal assemblages of Spalding F19	 258



(a)

Species 870* 875 901 917*
Ammonia beccarii 0.70 0.00 0.00 0.00
Balticammina pseudomacrescens 0.00 5.17 0.00 0.00
Haplophragmoides spp. 0.00 5.17 0.00 0.00
Haynesina depresula 0.70 0.00 0.00 0.00
Haynesina germanica 3.70 0.00 0.00 0.00
Jadammina macrescens 80.00 56.90 0.00 9.38
Miliammina fusca 0.00 1.72 0.00 0.00
Trochammina inflata 14.81 31.03 0.00 90.63
Total forams counted (per 2cm3) 135 55 0 32

(b)

Species 901
Achnanthes brevipes 6.52
Caloneis westii 10.87
Cocconeis scutellum 4.35
Diploneis interrupta 19.57
Fragilaria virescens v. exigua 15.22
Navicula peregrina 6.52
Opephora pacifica 4.35
Petroneis humerosa 8.70
Pseudostaurosira brevistriata 6.52
Staurosirella pinnata 10.87
Svnedra ulna 6.52
Polyhalobous 17.39
Mesohalobous 43.48
Oligohalobous-indifferent 39.13
Diatom valves counted 46

Table A9.12 (a) Foraminiferal and (b) diatom assemblages of Brancaster NNC29. * 259

Counted by Dr I. Boomer, LOIS.



(a)

Species 270* 386 472 520* 592 673 674*
Haplophragmoides spp. 0.00 0.00 0.00 0.00 6.12 0.00 0.00
Jadammina macrescens 36.00 100.00 0.00 11.67 53.06 0.00 33.33
Miliammina fusca 0.00 0.00 0.00 0.00 14.29 0.00 0.00
Trochammina inflata 63.00 0.00 0.00 88.33 26.53 0.00 66.67
Total forams counted (per 2 cm3) 75 43 0 60 196 0 6

(b)

Species 472 673
Achnanthes brevipes 0.00 10.92
Achnanthes deli catula 21.93 6.90
Actinoptychus senarius 0.00 2.30
Actinoptychus sp. 0.00 1.15
Amphora marina 3.21 0.00
Amphora ovalis 1.60 0.00
Caloneis westii 8.56 3.45
Cocconeis scutellum 0.00 1.72
Diploneis didyma 5.88 0.57
Diploneis inten-upta 4.81 11.49
Diploneis ovalis 2.14 0.00
Fragilaria virescens v. exigua 1.07 9.77
Navicula digitoradiata 0.00 1.15
Navicula peregrina 39.04 4.60
Nitzschia sigma 1.07 0.00
Opephora pacifica 0.00 12.07
Paralia sulcata 2.67 20.69
Petroneis humerosa 4.81 1.15
Plagiogramma staurophorum 0.00 1.72
Surirella ovata 0.00 1.15
Synedra ulna 2.67 5.75
Thalassiosira eccentrica 0.53 1.15
Trachvneis aspera 0.00 2.30
Polyhalobous 8.02 44.25
Mesohalobous 84.49 39.08
Oligohalobous-indifferent 7.49 16.67
Diatom valves counted 187 174

Table A9.13 (a) Foraminiferal and (b) diatom assemblages of Thornham NNC35. * 260
Counted by Dr I. Boomer, LOIS.



Species 420* 554 575 590*
Balticammina pseudomacrescens 0.00 3.92 0.00 0.00
Haynesina germanica 9.09 0.00 0.00 0.00
Jadammina macrescens 78.79 58.82 45.16 40.00
Miliammina fusca 0.00 1.96 0.00 0.00
Tiphotrocha comprimata 0.00 3.92 0.00 0.00
Trochammina inflata 12.12 31.37 54.84 60.00
Total forams counted (per 2 cm3) 66 102 57 5

Table A9.14 Foraminiferal death assemblages of Salthouse NTNC40. * Counted by Dr 261
I. Boomer, LOIS.
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other LOIS partner = Dr W. R. Gehrels and * = Dr J. M. Lloyd)
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