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NCC co as ta l ecology re sea rch  program m e

The C oasta l Ecology B ranch of the C hief S cien tist D irec to ra te  was estab lished  in
A ugust 1979. One of th e  functions of the branch is to  co -o rd ina te  re search  and survey
in the field of te rre s tr ia l  co as ta l conservation . To this end a research  program m e has
been developed w ith four main aims:

1 to  describe the size, location  and quality  of the main coasta l h a b ita ts  in G reat 
B rita in  (saltm arshes, sand-dunes, v eg e ta ted  shingle, sea -c liffs , strandlines, 
'rec la im ed ' land and m aritim e islands);

2 to  assess the im pact of m ajor developm ent p ro jec ts  on s ites  of national 
im portance for n a tu re  conservation;

3 to  provide guidance on the  m anagem ent of the main coasta l h a b ita ts  for na tu re
conservation;

4 to investiga te  the ro le  of physical and biological processes in the m ain tenance of
n a tu ra l and sem i-na tu ra l coasta l h ab ita ts .

The resu lts  are  d issem inated  in various NCC publications:

a CSD research  repo rts : lim ited  num bers of 'hard ' copies are produced, usually by
th e  co n trac to r, and the  con ten ts  are  la te r  made available as a CSD rep o rt on 
m icrofiche through NCC's Inform ation and L ibrary  Services;

b "C on tract surveys";

c "R esearch & survey in n a tu re  conservation";

d "Focus on na tu re  conservation".

This rep o rt rep resen ts  one of th e  "R esearch  & survey in n a tu re  conservation" series.

Dr P a t Doody
Head, C oasta l Ecology B ranch 
N atu re  Conservancy Council 
Peterborough
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1 Introduction

1.1 Background

The existing coastline of the Wash resu lts  from  a long h istory  of rec lam ation  of 
its  sa ltm arshes, which began in Rom an tim es and has produced some 32,000 ha of 
ag ricu ltu ra l land since the 16th cen tu ry  (Dalby, 1957). F u rth e r rec lam ations are 
clearly  dependent on a continued renew al of sa ltm arsh  h a b ita ts  beyond the new 
em bankm ents. R ecen t research  has, how ever, questioned the assum ption th a t 
sa ltm arsh  developm ent will occur a t a ra te  capable of sustaining the  cu rren t level 
of rec lam ation , approxim ately  6,000 ha per century .

Since 1979, NCC has adopted a policy of objection  to edi rec lam atio n  in the Wash 
SSSI. At the  Gedney Drove End Public Inquiry in 1981 (N ature Conservancy 
Council, 1981), the  appeal of the landowner was re je c te d  on the grounds th a t the 
high conservation value of the site  superseded the  advantages of rec lam ation . In 
1982, L incolnshire County Council's C oasta l Subject P lan  proposed a  m oratorium  
on all rec lam atio n  un til 1986. N orfolk County Council subsequently  adopted a 
sim ilar plan.

A Public Local Inquiry in to  the L incolnshire Subject P lan  upheld the  Council's case 
and stressed  the opportunity  given by the m oratorium  to  co llec t som e objective 
evidence on the e f fe c t of rec lam ation  which had been c learly  lacking a t the 
Inquiries. A jo in t Working P a rty  on rec lam ation  and conservation  in the  Wash, 
com posed of rep re sen ta tiv e s  from NCC, MAFF and DoE, was se t up to consider 
fu tu re  policy. It recom m ended th a t m ore re search  should take  p lace to  "exam ine, 
in deta il, the  cu rren t vegeta tion , ra te s  of acc re tio n  and likely fu tu re  developm ent 
of iden tified  sa ltm arsh  areas in re la tion  to the  da tes  of th e ir la s t rec lam ation  and 
past m anagem ent". This survey aim s, th e re fo re , to  fu lfil these  recom m endations 
as they a f fe c t the  v eg e ta tio n  of the sa ltm arshes and m akes com parisons with the 
deta iled  work done for the W ater S torage Schem e Feasib ility  Study in the 1970s 
(Randerson, 1975; N atu ra l Environm ent R esearch  Council, 1976). O ther 
associa ted  stud ies are  being carried  out on the availab ility  of in v e rteb ra te  food 
resources for w aders and the value of the sa ltm arshes for in sec ts , breeding birds 
and overw intering  passerines.

1.2 The Wash and its  significance

The Wash is the  unfilled  part of the  Fenland basin which extended fa r inland a t 
the end of the la s t g lacia tion  (Steers, 1946). It inco rpora tes th e  estu aries  of four 
rivers -  W itham , W elland, Nene and Ouse. The Wash SSSI includes the  whole basin 
betw een  the  ou te r seaw all and a line from G ib ra lta r Poin t to no rth  of H unstanton. 
This is a to ta l a re a  of m ore than 63,000 ha w ith approxim ately  31,000 ha above 
the  low w ater m ark. Within this are  in te rtid a l sand and mud f la ts , offshore 
sandbanks, shingle sp its and sa ltm arshes. The sa ltm arshes m ake up a  significant 
proportion of th is h ab ita t in B ritain . The m ost rece n t e s tim a te  is of 3,600 ha, 
based on ae ria l photographs taken  in 1982 (MAFF, 1983, in objections to the 
L incolnshire Subject P lan), approxim ately  10% of the  British sa ltm arsh  area . This 
com pares w ith an a re a  of 4,240 ha ca lcu la ted  during th e  W ater S torage Scheme 
F easib ility  Study and based on 1971 aeria l photographs.
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The Wash is recognised to be of national and in te rn a tio n a l im portance for waders 
and wildfowl. In January  1985 the Wash supported m ore than 38,800 wildfowl, a 
h ighest to ta l m onthly count second only to  the Inner Solway F ir th  in B ritain . In 
1984/5 it also held the  second highest to ta l num ber of waders -  m ore than 135,000 
individuals in w in ter and 173,000 over th e  whole year (Salmon & Moser, 1985). 
The num bers of 12 species are  of in tern a tio n al im portance (Table 1.1). The site  
is also of significance for its  m igrant w ader populations, w intering passerines 
(P ra te r, 1981), breeding birds (Cadbury e t a l., 1975) and common seals (Vaughan, 
1975). These are described in m ore de ta il in submissions to the  1981 and 1983 
Public Inquiries (N ature C onservancy Council, 1981; MAFF, 1983) and the repo rt 
of the Wash Working P a rty .

1.3 The im pact of reclam ation

The im m ediate  re su lt of sa ltm arsh  enclosure is the gradual rep lacem en t of the 
sa ltm arsh  flo ra w ith in  the em bankm ent owing to the  leaching of salts. Some 
saltm arsh  and p aram aritim e  species may rem ain , a t le a s t tem porarily , on the 
banks of old creeks and soak dykes w ithin the  enclosure (Gray, 1976). The process 
of rec lam ation  begins w ith construction  of a sm all (cradge) bank on the seaw ard 
side of the  p ro jec ted  position of the new ou te r bank, giving a working a rea  usually 
40-70 m wide, p ro tec ted  from tidal inundation. M aterial for building the  main 
bank is taken  from  a  borrow  p it excavated  to  landward of the  cradge bank. P lan t 
com m unities are  th e re fo re  seriously d isturbed  or lost some 70 m to  seaw ard of the 
seabank. The ra te  of silting-up of the  borrow  p its  will depend on the  frequency of 
flooding by the  tide , which is re la te d  to the  connections to  the creek  system  and 
height of the  cradge bank.

Saltm arsh is considered 'ripe ' for rec lam ation  when it  reaches a height of 
approxim ately  3.4 m above Ordnance D atum  and clearly  it is the most m atu re  
vegeta tion  types which will be lost. In p ra c tic e , rec lam ation  size is decided by 
such fac to rs  as the  area : bank ra tio , which determ ines the  m ajor cost of 
em bankm ent. In some cases all the  consolidated  m arsh will be enclosed a t its  
narrow est point. C ontinued rec lam ations of the highest sa ltm arsh  have, 
th e re fo re , tended  to m ain tain  this h ab ita t in an im m atu re  s ta te  and tru n ca te  the 
na tu ra l successional change. Over most of the  Wash shoreline the saltm arshes 
form a re la tiv e ly  narrow  fringe w ith a low species d iversity . D espite  this, the ir 
in te re s t lies in a com plex m osaic of com m unities which vary in subtle ways as a 
resu lt of p ast grazing and rec lam ation . Some areas of older sa ltm arsh  do exist 
and have developed m ore diverse upper m arsh floras, and these are  likely to  be 
the s ite s  of g re a te s t conservation  value.

A fte r enclosure, th e  acc re tio n  ra te  beyond the new seabank increases, since the 
sed im entary  environm ent is no longer a t equilibrium . Saltm arsh spread will 
continue un til equilibrium  is re -estab lished . The ra te  of spread will be determ ined  
by the supply of sed im ent, the shape of th e  in te rtid a l p rofile  and th e  proxim ity to 
the low w ater m ark. MAFF (1983) e s tim a ted  (based on the  evidence of 
F J T K estner) th a t equilibrium  and s tab ility  of the m arsh edge occur, on average, 
30 years a f te r  rec lam atio n , giving a m arsh w idth of 500-900 m, 50% of this being 
achieved in the f irs t six years  and 92% in the  f irs t 18 years. MAFF also p red ic ted  
th a t the  to ta l a re a  of sa ltm arsh  in the Wash would flu c tu a te  betw een  2,500 and 
4,500 ha, assum ing a continuing program m e of rec lam ation .
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Table 1.1 Bird species of na tional and in tern a tio n al im portance w intering on the Wash 

(based on d a ta  in Salmon, 1981, 1982, 1983; Salmon & M oser, 1984, 1985)

Species Wash
1984/5

H ighest to ta l m onthly counts

Wash G reat 
average B rita in  

1980/1-1984/5 1984/5

% of 
B ritish 

population 
1984/5

♦D ark-bellied  
b ren t goose

14,212 18,188 89,000 16.0

♦Shelduck 11,222 15,577 61,830 18.1

♦P in ta il 1,111 1,701 30,810 3.6

♦P ink-foo ted  goose 9,500 7,270 - /-  120,000 7.9

+Goldeneye 352 253 11,120 3.2

-(-Mallard 2,502 4,014 159,340 1.6

♦ O yste rca tch er (21,281) 22,222 209,800 10.6

♦G rey plover 3,966 3,869 21,200 18.7

♦K not 77,050 75,165 194,000 39.7

♦Dunlin 20,101 26,798 371,600 5.4

♦ B ar-ta iled  godwit 7,846 8,250 63,800 12.3

♦Curlew (1,405) 3,743 65,600 5.7

♦Redshank (1.643) 3,388 66,000 5.1

♦Turnstone (911) 863 12,700 6.8

+Sanderling (85) 396 5,100 7.8

♦In ternational im portance  (>1% of world population)

+N ational im portance (>1% of B ritish  population)
calcu la ted  from  5 -year average if 1984/5 count incom plete

B rackets ind icate  an incom plete  count.

- /-E s tim a te d  figure
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It is now accep ted  th a t th e  low w ater m ark in the Wash is re la tiv e ly  s ta tic  and 
th a t the re  is some u ltim a te  lim it to sa ltm arsh  co lonisation. Thus, fu ture 
reclam ations will involve not only a sh o rt-te rm  loss of sa ltm arsh  h a b ita t bu t a 
perm anent loss of in te rtid a l a rea  and a steepening  of its  p rofile . The rep o rt of 
the  Wash Working P a r ty  gives a value of 20% reduction  in the  in te rtid a l a rea  in 
the la st 150 years. MAFF has p red ic ted  th a t this reduction  in th e  in te rtid a l zone 
will be in the order of 3,000 to  4,000 ha over the nex t 100 years, assuming a 
continuation of the c u rren t ra te  of p iecem eal rec lam ation . This rep resen ts  a loss 
of 17% of th e  cu rren t in te r tid a l area . This study aims to  assess the  ra te  of spread 
and successional change in the saltm arsh , in p a rticu la r th a t which has occurred 
since the rec lam ations of the 1970s, and to a tte m p t to quan tify  th e  loss of 
in te rtid a l area .

The im pact of rec lam atio n  on the  populations of birds, seals and in v e rteb ra tes  
through the lost sa ltm arsh  and in te rtid a l sand and mud fla ts  is less easy to 
p red ic t. I t is c learly  dependent on the proxim ity  of a lte rn a tiv e  sim ilar hab ita ts , 
the m obility of the anim als and the degree to  which these  h a b ita ts  are already 
exploited. A lthough new saltm arsh  may eventually  develop beyond the new 
seabank, this will be of no value to d isplaced anim als if no su itab le  h ab ita t is 
available in the in terven ing  period. For exam ple, th e  num bers of breeding 
redshank, which nest on the  higher saltm arsh  w here th e re  is som e p ro tec tio n  from 
flooding, have been shown to  be p a rticu la rly  badly a ffe c te d  by reclam ation  
(N ature Conservancy Council, 1981).

Any reduction  in the in te rtid a l a rea  of the Wash is a loss of p o te n tia l feeding 
grounds for w aders and wildfowl. Changes in th e  d istribu tion  of in v e rteb ra te  prey 
species may a ffe c t th e  feeding effic iency  and behaviour of birds (Evans & 
Pienkowski, 1984). In the  short te rm , rem oval of sa ltm arsh  will have an 
im m ediate  im pact on the  in v e rteb ra te  populations of ad jacen t tidal f la ts  owing to 
the disturbance of th e  sed im en tary  regim e and a d ecrease  in th e  input of organic 
d e tritu s , an im p o rtan t food source. The significance of sa ltm arsh  prim ary 
production in the to ta l energy  budget of the Wash is no t known.

1.4 Com parison w ith 1971/4 sa ltm arsh  v egeta tion  survey

As p a rt of the  W ater S torage Schem e Feasib ility  Study (N atural Environm ent 
R esearch  Council, 1975), a com prehensive survey of th e  Wash sa ltm arshes was 
carried  out (Randerson, 1975). Based on ae ria l photographs taken  in 1971, this 
produced a v egeta tion  map a t a scale of 1:10,000 and a breakdow n of the areas 
occupied by various p lan t com m unities. Twelve line tran sec ts  w ere se t up and 
used for deta iled  v eg e ta tio n  record ing  and m easurem ent of acc re tio n  ra te s  (see 
Fig. 1 on p. 23). The new study rep ea ted  the 1971/4 survey, using the sam e 
tra n se c ts  to  give an ob jective  reco rd  of v egeta tion  trends. As shown in Fig. 1, 
several rec lam ations have taken  p lace  since the  previous survey:

W ainfleet St Mary (1973) 
W ainfleet/F riskney Jub ilee  Bank (1976)

80 ha 
350 ha 
45 ha 
47 ha 
17 ha 
177 ha 
101 ha

F reiston  shore (1976-79) 
F re iston  shore (1979-80) 
Gedney Drove End (1978) 
Wingland (1974)
Ongar (1974)
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Sm all a reas to ta lling  41 ha w ere also enclosed on Fosdyke m arsh and on the east 
shore of the W elland channel.

Thus the  trends observed re f le c t the  response to  rec lam ation , as well as changes 
due to  succession, c lim atic  fac to rs  and grazing.

N ote on nom enclature

N om enclature for p lan t species in m ost cases follows th a t of F lo ra  Europaea 
(Tutin e t a l., 1964-1980). On firs t m ention, species are  re fe rre d  to  by the ir 
generic  and species nam es. Subsequently, the  generic  nam e only may be used, 
unless the species nam e is necessary  for c la rity . An exception to  this is Elymus 
pycnanthus (Godron) M elderis, which is re fe rre d  to  as A gropyron pungens, the  
nam e used in the 1971/4 survey.

2 V egeta tion  mapping -  ex tensive  survey

2.1 M ethods

2.1.1 1982/5 veg e ta tio n  maps

The p a tte rn  of sa ltm arsh  vegeta tion  was drawn from  black-and-w hite 
ae ria l photographs a t  a scale of 1:15,000, taken  by MAFF in 1982. The 
v egeta tion  was divided in to  com m unities as defined by the  N ational 
V egeta tion  C lassifica tion  (Table 2.1). These com m unities are described in 
section  2.2. The position of com m unity boundaries was confirm ed, as far 
as possible, by field  observation in 1985. C om m unities w ere iden tified  w ith 
the use of the  NVC saltm arsh  key and by com paring th e  vegeta tion  of
sam ple (usually 2 x 2 m) quadrats w ith the  exam ples given in the  NVC
account (Rodwell, 1983). Problem s in classifying com m unities according to  
the NVC are  described  in section  3.4.

V egeta tion  mapping in transitional and dynam ic h ab ita ts , such as 
sa ltm arshes, poses a num ber of d ifficu lties: com m unities m erge gradually  
in to  each  o ther and boundaries are  not easily  defined. Many areas are 
fin e -sca le  m osaics of two or m ore v eg e ta tio n  types, re fle c tin g  d ifferences 
in drainage and topography; these  are hard  to  map over la rge  areas. The 
c la rity  of boundaries on aeria l photographs also d iffers according to  the 
season in which they  w ere taken . This is a p a rticu la r problem  in im m ature 
m arshes w here the proportion of annual species is high. The 1982
photographs used in this study w ere taken  in M arch, when the seaw ard
sa ltm arsh  edge, w here dom inated by S alicorn ia , was poorly defined. This 
edge was, th e re fo re , drawn from  a se t of ae ria l photographs taken  in June 
1984 (scale 1:20,000) and oblique photographs (both C am bridge U niversity , 
1984). The m aps w ere drawn on tran sp a ren t overlays and then  co rrec ted  to 
the  1:10,000 O rdnance Survey grid w ith  the  use of pho togram m etric  
p lo tting  in strum en ts. The a rea  of each  vegeta tion  com m unity was then  
ca lcu la ted  by m eans of a d ig ital m apping system .
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Table 2.1 Wash saltm arsh  vegeta tion  com m unities

N ational V egetation 
C lassification  com m unities 
used (Rodwell, 1983)

C onstant species 
(frequency in 2 x 2 m 
quadrats >80%)

Map
code

E quivalent com m unity 
used in 1971/4 
survey

SM6 Spartina anglica Spartina anglica Sp Spartina

SM8 Annual Salicornia spp. Annual Salicornia spp. Sa Salicornia

SM9 Suaeda m aritim a Suaeda m aritim a Su Not used

SM11 A ster tripolium  
var. discoideus

R ayless A ster tripolium  
Puccinellia  m aritim a 
Salicornia spp.

As A ster

SM10 T ransitional low m arsh Puccinellia  m aritim a  
Salicornia spp. 
Suaeda m aritim a

TLM P uccine llia /A ster
P uccinellia /S uaeda/

Halimione
P uccinellia /Suaeda
P uccinellia /S alico rn ia /

A ster

SM13 P uccinellia  m aritim a 
P uccinellia-dom inated  
subcom m unity

Puccinellia  m aritim a P Puccinellia

SM14 H alim ione portu laco ides 
P uccinellia-dom inated  
subcom m unity

P uccinellia  m aritim a  
Halim ione portu laco ides

P/H P uccinellia /
Halim ione

SM14 H alim ione portu laco ides 
H alim ione-dom inated 
subcom m unity

Halim ione portu laco ides H Halim ione

SM24 Agropyron pungens 
(Elymus pycnanthus)

Agropyron pungens A Agropyron

SM13 Puccinellia  m aritim a 
approaching Limonium— 
A rm eria  subcom m unity, 
upper m arsh 
subcom m unity

Puccinellia  m aritim a

SM17 A rtem isia  m aritim a A rtem isia  m aritim a 
P lan tago  m aritim a  
F es tu ca  rub ra  
Halim ione portu lacoides

UM Upper mixed m arsh

SMI 6 F estu ca  ru b ra  
P uccinellia  m aritim a- 
dom inated 
subcom m unity

F estu ca  rub ra  
P lan tago  m aritim a  
Glaux m aritim a 
Puccinellia  m aritim a

SM23 Spergularia m arina— 
P uccinellia  d istans

Spergularia m arina 
P uccinellia  m aritim a  
P uccinellia  distans

P/S Not used
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2.1.2 Com parison w ith 1971/4 v egeta tion  maps

The vegeta tion  maps produced as p a r t of the previous survey (Randerson, 
1975) were drawn from  colour ae ria l photographs (scale 1:10,000, F airey  
Surveys Ltd) taken  in 1971. The veg e ta tio n  com m unities w ere classified  by 
th e ir dom inant and codom inant species. T here is a close relationship  
betw een  these  com m unities and those of the NVC, as shown in Table 2.1; 
this fac ilita te s  a com parison betw een  the  two surveys. A ttem p ts  w ere 
m ade to  c o rre c t the maps to  fit the  O rdnance Survey baseline, as was done 
for the 1982/5 maps (section 2.1.1). However, th is proved im possible owing 
to  the degree of d isto rtion  of th e  photographs. The areas ca lcu la ted  by a 
do t-g rid  technique in the previous survey w ere th e re fo re  used for 
com parison. The outline of rec lam ations which have taken  p lace since 
I 973 w ere tran sfe rred  onto the veg e ta tio n  maps, allowing th e  a rea  of each 
com m unity lost in rec lam ation  to  be m easured by the  do t-g rid  technique.

The two se ts  of vegeta tion  maps form P a r t  2 of th is rep o rt, which has been 
produced separa te ly  in lim ited  num bers.

2.1.3 Saltm arsh  w idth m easurem ents

Changes in the width of sa ltm arsh  w ere ca lcu la ted  a t 46 points around the 
Wash shoreline by using the  1971/4 and 1982/5 vegeta tion  maps. These 
points are m arked on the  maps (P art 2) and listed  in Table 2.5. 
M easurem ents w ere also taken  d irec tly  from  aeria l photographs taken  in 
I 977 (scale 1:10,000) and 1984 (1:20,000) (both Cam bridge U niversity  
copyright). The most acc u ra te  assessm ent of the scale of change is the 
d ifferen ce  betw een the  v egeta tion  maps (the la te r  se t having been 
c o rrec ted  to  the Ordnance Survey baseline), as these have been checked by 
m apping in the  field.

D etails  of ae ria l photography used in this study and the previous survey are 
given in Appendix 2.

2.2 Community descriptions

The com m unities used in this survey are described  below. F u rth e r de ta ils  are to 
be found in the NVC saltm arsh  account (Rodwell, 1983) and in Adam (1978, 1981).

N.B. A species is defined as constan t if its  frequency in 2 x 2 m quad ra ts  is
g re a te r  than  80%.

2.2.1 S partina ang lica sa ltm arsh  (SM6) Map code Sp

V egeta tion  ascribed to  th is com m unity is dom inated by Spartina ang lica , 
which is the  only constan t species and o ften  the only vascular p lan t 
p resen t. I t occurs mainly on the seaw ard  sa ltm arsh  edge, bu t p a tches may 
be found in poorly drained areas and pans throughout the m arsh. The 
v egeta tion  may be ch arac te rised  by d isc re te  tussocks or a continuous 
sw ard. Boundaries betw een  S partinetum  and o ther com m unities are 
genera lly  sharp and tran sitio n a l v egeta tion  types are ra re ly  ex tensive. 
S partina anglica sa ltm arsh  occurs on both  g razed  and ungrazed sites.
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Although p a la tab le , large stands are  avoided by grazing anim als because of 
the so ft sub stra te . S partina does no t respond well to  tram pling  but m ay be 
m ain tained  by grazing or cu tting  (Hubbard, 1965).

On the  Wash, Spartina anglica has been p lan ted  a t  various s ite s , for 
exam ple a t Ongar around 1925 (Chapm an, I960). Hubbard & Stebbings 
(1967) e s tim ated  the a rea  of Spartina  in the  Wash to be approxim ately  
1,400 ha, using aeria l photographs taken  in 1958. This is generally  
accep ted  to have been an o v erestim ate , although th e re  are consisten t 
rep o rts  of its  rapid spread in the 1950s. Spartina dom inates the  pioneer 
com m unity and form s a continuous sward only in the sou th -east corner of 
the  Wash, around the R iver Ouse, w here the  sedim ent p a rtic le  size is 
sm allest (Randerson, 1975). A t many s ite s  th e  p ioneer zone is a m osaic of 
Spartina-  and Salicorn ia-dom inated areas.

2.2.2 Annual Salicornia sa ltm arsh  (SM8) Map code Sa

Included in this association  are all stands in which annual species of 
Salicornia dom inate and are the only constan t species. On the  Wash five 
species have been described S. dolichostachya and S. fragilis (tetraploids), 
5̂. europaea and £!. ram osissim a (diploids), and Í5. pusilla . The species were 

not sep ara ted  in this survey and a re  re fe rred  to  by the generic  nam e only. 
Salicornia sa ltm arsh  may be ch a rac te rised  by widely sc a tte re d  individuals 
or dense stands. In the low m arsh, the  com m unity m ay occur as a d istinct 
zone or in a mosaic w ith p a tches of Spartina anglica and P uccinellia  
m aritim a saltm arsh  which grade into the transitiona l low m arsh (see 
below). Extensive a reas of Salicornia sa ltm arsh  are m ost p rev a len t on the 
sandier s ites  of the south and w est shores. Dense stands are also found in 
old borrow p its  and disturbed areas of th e  upper m arsh.

2.2.3 Suaeda m aritim a saltm arsh  (SM9) Map code Su

Suaeda m aritim a is the only constan t species in th is com m unity, which 
occurs as sm all stands in old borrow  p its  and creek  banks in th e  lower 
m arsh. Annual Salicornia, Spartina anglica, Puccinellia  m aritim a and A ster 
tripolium  are  also frequen t. This com m unity was not distinguished in the 
1971/4 survey.

2.2.4 A ster tripolium  saltm arsh  (SM ll ray less and SM12 rayed) Map code As

Two A ster com m unities a re  distinguished in the NVC -  S M ll, dom inated by 
ray less A ster tripolium  var. discoideus w ith P uccinellia  m aritim a  and 
Salicornia as additional constan ts , and SM12, dom inated by the rayed  form 
but w ith ray less individuals also p resen t. On the  Wash, stands of A ster are 
usually dom inated by the ray less form  but include some rayed  individuals. 
Salicornia, Puccinellia  m aritim a, Suaeda m aritim a and A trip lex  h a s ta ta  are 
also frequen t but not codom inant w ith A ste r. The com m unity has a 
discontinuous distribu tion  around the  Wash, occurring on all th ree  shores. 
In the  low er m arsh, the com m unity is usually found above the Spartinetum  
and Salicornietum  but a t som e s ite s  may be the  low est colonist. Landw ards 
the com m unity grades in to  v eg e ta tio n  dom inated by Puccinellia  m aritim a
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and Halimione po rtu laco ides. As described  by Adam (1981), th e  com m unity 
m ay grow on a hum m ock/hollow  topography w ith A ster on top of the 
mounds and Puccinellia  and Salicornia in the  depressions. This morphology 
is found on the older w est and south shore m arshes, as a t W rangle, 
L everton  and Gedney D rove End. The d istinction  betw een  A ste r tripolium  
saltm arsh  and the tran s itio n a l low m arsh com m unity (with 3-5 codom inant 
species) is o ften  d ifficu lt, especially  as the tw o com m unities occupy a 
sim ilar tidal range.

2.2.5 T ransitional low m arsh v egeta tion  (SM10) Map code TLM

In th is com m unity, P uccine llia  m artim a is codom inant w ith annual species 
of Salicornia and/or Suaeda m a ritim a . In w inter, it appears to  be an open 
P uccinellia  sward, form ing a zone above the  p ioneer com m unities. The 
open s tru c tu re  of the  sw ard m ay be m aintained by goose-grazing in the 
Wash. A t many s ites, P ucc ine llia  m aritim a, Salicornia spp., Suaeda 
m aritim a, A ster tripolium  and Spartina anglica are codom inant. Such 
transitional low m arsh v eg e ta tio n  is found on both  grazed and ungrazed 
s ites  and in low -lying areas w ithin Puccinellia  m aritim a and A ster 
tripolium  saltm arsh . This com m unity was defined in the 1971/4 survey as 
four Puccinellia  com m unities w ith codom inant Salicornia, Suaeda, A ster 
and Halim ione (Table 2.1).

2.2.6 P uccinellia  m aritim a sa ltm arsh  (SM13)

This is probably the  m ost w idespread com m unity of B ritish sa ltm arshes. In 
the  NVC, it includes a wide range of vegeta tion  from low -diversity  
Puccinellia  com m unities to  swards dom inated by herbaceous dicotyledons 
such as Limonium spp., A rm eria  m aritim a , P lan tago  m aritim a  and Glaux 
m aritim a . The Wash P uccinellia  m aritim a  sa ltm arshes, how ever, show only 
a sm all sam ple of the varia tio n  in th is com m unity in B rita in  and have, 
th e re fo re , been subdivided for th is survey as follows.

2.2.6.1 P ucc in e llia -dom inated subcom m unity (low -diversity  sward) Map 
code P

This is the  m ajor low to mid m arsh com m unity, where 
P uccinellia  m aritim a  is dom inant and constan t, form ing a 
re la tiv e ly  closed sward in which o ther species are poorly 
rep resen ted . On grazed  m arshes the tu rf  is short, w ith 
Salicornia, Spergularia m arina and Spergularia m edia p resen t in 
poached areas. A t o ther s ite s , where grazing no longer occurs, 
P uccinellia  form s a th ick , springy m a ttress , extending to high 
levels on the m arsh. These stands are o ften  m onospecific or 
contain  frequen t A trip lex  h a s ta ta , as a t N orth  W ootton and 
W olferton m arshes.

2.2.6.2 U pper m arsh subcom m unity (high-diversity  sward) Map code UM

This com m unity is found only on older saltings (at le a s t 3.2 m 
above O rdnance Datum ) where species such as Limonium
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vulgare, P lan tago  m aritim a, F es tu ca  rubra, A rtem isia  m aritim a
and Triglochin m aritim a are  p resen t. On ungrazed  site s, as on 
p a r ts  of F ram pton  m arsh, this com m unity form s islands within 
the A gropyron pungens sward, occupying the low er areas 
betw een  creek  banks. The non-grass species ra re ly  com prise 
m ore than 10% cover. On grazed  m arshes, a d iverse P uccinellia  
m aritim a com m unity is found on th e  h ighest ground -  on creek 
banks as a t K irton /F ram pton , above a sm all c liff  a t L everton , 
and on hum m ocks of d iscarded dredge spoil a t W rangle outm arsh. 
In some p laces, the com m unity m ay approach the  Lim onium — 
A rm eria  subcom m unity of the NVC, w ith P uccinellia  form ing 
less than  10% of the sward, but this is ra re .

2.2.7 Halimione portu laco ides sa ltm arsh  (SM14)

This is a species-poor com m unity, w ith  P uccinellia  m aritim a  and Halimione 
portu lacoides as the only constan ts. The d istinction  betw een  the  two 
subcom m unities described  below lies in the dom inance of H alim ione. On 
the  Wash, Halim ione or P uccinellia / Halim ione is a m ajor mid to upper 
m arsh com m unity and occupies a zone above or betw een  the P uccinellia
saltm arsh  areas. At som e s ites  it is found throughout the  m arsh, grading
into a pioneer, A ster or transitional low m arsh a t its  low er lim it. 
Halim ione typ ically  invades the low er m arsh levels along th e  w ell-drained 
creek  m argins.

2.2.7.1 Halim ione subcom m unity Map code H

Halim ione is the  dom inant species, w ith m ore than  75% cover. 
Puccinellia  form s an understo rey  w ith occasional individuals of 
C ochlearia  spp. and Suaeda m aritim a . This com m unity is largely  
absent from grazed  m arshes and on some s ite s  is confined to 
creek  banks.

2.2.7.2 Puccinellia  subcom m unity Map code P /H

Halim ione and P uccinellia  are codom inant, e ith e r closely
in term ixed  or as a  fine-sca le  m osaic. This is in co n tra st to  the
NVC and Adam (1981), w here the la t te r  is tre a te d  as a m osaic of 
P uccinellia  and Halim ione com m unities. This level of scale  was 
considered too sm all for th is survey.

2.2.8 Agropyron pungens (Elym us pycnanthus) sa ltm arsh  (SM24) Map code A

Agropyron pungens is the  dom inant and only constan t species in this 
com m unity. On the Wash, la rge  areas occur only on the  older m arshes, 
where the species is found in itia lly  on creek  levees and then spreads to  the 
b e tw een -creek  areas. Many stands are v irtually  pure Agropyron pungens; 
the  seaw ard edge tends to  be the m ost open and diverse owing to  the 
accum ulation  of d rif t m a te ria l. Some upper m arsh s ites  show a m osaic 
vegeta tion  w ith p a tch es  of Agropyron, P uccinellia  and A rtem isia . On 
younger m arshes, A gropyron occurs only on the d riftline , seabank base or
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cradge bank. Extensive Agropyron swards are absent from grazed  sites. 
Sheep-grazing, in p a rticu la r , is thought to  p reven t estab lishm ent of 
Agropyron, although sheep will avoid large stands (Cadw alladr & Morley, 
1973).

2.2.9 F estuca  rub ra  sa ltm arsh  (SM16) Puccinellia  subcom m unity

This com m unity contains F es tu ca  rubra, Puccinellia  m aritim a, P lan tago  
m aritim a and Glaux m aritim a  as constan t species in varying proportions. 
The cover of F es tu ca  ra re ly  exceeds 40%. In the NVC, Juncus gerard ii is 
also listed  as a co nstan t species, but this is not applicable to the Wash 
saltm arshes, w here it is ra re . F ragm ents of F es tu ca  rub ra  veg e ta tio n  are 
found on the h ighest levels of grazed and ungrazed s ites  in stands of 
Puccinellia  m aritim a  saltm arsh  (upper m arsh subcom m unity), w ithin which 
it  was included for mapping purposes.

2.2.10 A rtem isia  m aritim a  sa ltm arsh  (SM17)

This com m unity has A rtem isia  m aritim a, P lan tago  m aritim a, F es tu ca  rubra 
and Halimione portu laco ides as constan t species. Stands are  fragm en tary  
within Puccinellia  (upper m arsh subcommunity) or H alim ione vegeta tion , or 
associated  w ith d riftlin es , cradge banks and mounds of dredge spoil. As 
w ith F estu ca  ru b ra  sa ltm arsh , this com m unity was included in stands of 
P uccinellia  m aritim a  sa ltm arsh  (upper m arsh subcomm unity) for mapping.

2.2.11 Spergularia m arina—P uccinellia  distans sa ltm arsh  (SM23) Map code P/S

This com m unity contains P uccinellia  m aritim a , P uccinellia  d istans and 
Spergularia m arina as the  constan t species and has th e  appearance of an 
open Puccinellia  sw ard w ith  abundant Spergularia. The proportion of the 
two P uccinellia  species is d ifficu lt to determ ine , especially  in the  absence 
of flow ers. Small stands are  found on the older m arshes of the w est shore, 
along paths and ca ttle -p o ach ed  areas. This com m unity was not 
distinguished in the  1971/4 survey.

2.3 R esults

2.3.1 A reas of veg e ta tio n  com m unities

The areas of various p lan t com m unities taken  from  the  1982/5 and 1971/4 
vegeta tion  maps are given in Tables 2 .2-2.4. The d iffe rences found 
com prise, f irs t, loss of h a b ita t owing to  rec lam ation  and erosion of 
saltm arsh  and, secondly, changes in the  co n stitu en t species owing to  the 
e ffe c ts  of grazing , c lim ate  and na tu ra l successional developm ent. 
Exam ples of v eg e ta tio n  m aps of 1971/4 and 1982/5 are  given in Fig. 2.1a-h.
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Figure 1. The coastline of the Wash showing tra n se c t locations and reclam ations since 
1973
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FIG 21 h WAINFLEET
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The m ajor trends observed were as follows.

2.3.1.1 D ecline in Halim ione portu laco ides sa ltm arsh  (spread of 
P uccine llia  m aritim a saltm arsh)

In a survey of the w est shore of the  Wash by Newm an & 
W alworth (1919), Halim ione was the m ost ex tensive com m unity 
and was codom inant w ith F estuca  ru b ra  over large areas. In 
1971/4, H alim ione dom inated 1,295 h a  (31%) of the saltm arsh  
a rea , w ith  a fu rth er 526 ha (12%) codom inated  by Puccinellia  
m aritim a and Halim ione (Table 2.2). In co n tra s t, in the  p resen t 
survey, only 118 ha (3%) was dom inated by H alim ione. This 
d ram atic  decline is p a rtly  a resu lt of rec lam ation : 502 ha of
H alim ione sa ltm arsh  have been enclosed since 1973 (Table 2.3b). 
H ow ever, the dom inance and ex ten t of H alim ione have also 
declined in the rem aining areas. R ep lacem en t has been largely  
by P uccinellia  m aritim a , w ith the resu lt th a t the  a rea  of both 
Puccinellia /H alim ione and Puccinellia  sa ltm arsh  has increased  
since th e  previous survey. The fo rm er has shown a n e t increase 
of 525 ha to 1,051 ha (25% of to ta l sa ltm arsh  area) and the  la t te r  
an increase  of 756 ha to  1,244 ha (30%) (Table 2.2).

V egeta tion  maps of W olferton, Gedney, H olbeach and F ram pton  
m arshes (Fig. 2.1a, d-f) show clearly  the  loss of H alim ione.

This in crease  of P uccinellia  m aritim a  a t  th e  expense of 
H alim ione is perhaps con tra ry  to  the generally  expec ted  p a tte rn  
of successional change. There are a num ber of possible reasons. 
It m ay be due, for exam ple, to  the fro st sensitiv ity  of Halim ione, 
as described  by B eeftink  (1977), and the severe w inters of 
1978/9, 1981/2 and 1984/5. A lte rna tive ly , the Halim ione 
populations may undergo a n a tu ra l cycle of ageing and 
regenera tion . The influence of grazing is com plex: in general
H alim ione would be expected  to su ffer under heavy grazing and 
to have increased  in response to the decline in the use of 
ou tm arshes for grazing (see section  4.1). Since the opposite has 
occurred , a lte rn a tiv e  hypotheses are necessary : for exam ple, 
w ith th e  w ithdraw al of grazing, Puccinellia  m ay respond rapidly 
to  produce a ta li, dense sward which could overw helm  the 
H alim ione bushes.

2.3.1.2 D ecline in P uccinellia  m aritim a  upper m arsh subcom m unity

This is the  m ost d iverse vegeta tion  com m unity on th e  Wash 
sa ltm arshes. It includes fragm en ts  of F es tu ca  rub ra  and 
A rtem isia  m aritim a  com m unities (sections 2.2.9 and 2.2.10). It 
has decreased  from  386 ha (9%) in 1971/4 to  257 ha (6%) in this 
survey (Table 2.2). The change is largely  due to a loss of 89 ha in 
re c e n t rec lam ations, as a t W ainfleet m arsh (Fig. 2.1 h). Raising 
and rebuilding of the seabanks and digging the associa ted  borrow 
p its  are  also a significant fac to r in the loss of this com m unity.
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Usually, th e  top 50 to  100 m of sa ltm arsh  are a ffe c te d , and this 
may com prise a  large proportion of the  rem aining upper m arsh 
v eg e ta tio n . D iverse d riftlin e  com m unities, which may ac t as a 
seed source for invasion by upper m arsh species, are also lost. 
This may be com pensated for by th e  piles of dredge spoil, new 
cradge banks and causew ays across th e  borrow  p its , which are 
colonised by such species as A rm eria  m aritim a, A rtem isia 
m aritim a and Suaeda fru tico sa .

A diverse Puccinellia / F es tu ca  upper m arsh com m unity would 
c learly  becom e more w idespread w ith a d ecrease  in the ra te  of 
rec lam ation . Newman & W alworth (1919) recorded  large areas 
of such com m unities a t grazed  and w ell-drained sites on the 
no rthern  end of the w est shore a t a tim e when no reclam ation  
had occurred  for 70 years. A loss of P uccinellia  m aritim a upper 
m arsh subcom m unity has also resu lted  from  the spread of 
Agropyron pungens, p a rticu la rly  in the ungrazed section  of 
F ram pton  m arsh (Fig. 2.1 f; section  2.3.1.4 below).

2.3.1.3 D ecline in A ster tripolium  saltm arsh

The a rea  of A ster tripolium  saltm arsh  has declined since 1971/4 
from 531 ha (13%) to 134 ha (3%) (Table 2.2). A ster is still 
abundant, occurring throughout the succession, but the cover in 
the  zone to landw ard of the pioneer has declined, leaving a 
com m unity w ith several codom inants, i.e . tran sitio n a l low m arsh 
vegeta tion , SM10. This transitional com m unity now occupies 287 
ha  (7%), as com pared w ith 71 ha  (2%) in 1971/4.

The reason for this increase in the  a rea  of tran sitio n a l low m arsh 
veg e ta tio n  a t the expense of A ster com m unities is not c lear, 
especially  since the d istribu tion  of the  species is re la tive ly  
u n a ffec ted . It is possible th a t e ith er of the survey years was 
anom alous or th a t the defin ition  of A ster com m unities was 
c lea re r on the  1971 photographs (see also sec tion  4.2). The 
low er m arsh A ster populations have a high proportion of 
perennial individuals (Gray, P arse ll & S co tt, 1979), but may show 
y e a r-to -y e a r  varia tion  in grow th and flow ering, as may the  o ther 
species in the  sward. In the p resen t survey, the  percen tage  
cover of A ster in the zone above the pioneer zone was g re a te s t 
on the  south and east shores of the  Wash, p articu la rly  a t Gedney, 
Wingland, Ongar and N orth W ootton outm arshes (Table 2.3c). At 
N orth  W ootton (Fig. 2.1b), a w ell-defined A ster zone, w ith p lan ts 
up to  1.5 m ta li  when flow ering, is found to landw ard of the 
S partinetum , into which som e invasion has occurred .

2.3.1.4 Increase in Agropyron pungens

The a rea  of Agropyron pungens shows an overall increase  from 
361 ha  (9%) in 1971/4 to  471 ha  (11%) in this survey (Table 2.2). 
The loss of Agropyron in reclam ations, as a t Gedney Drove End
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(Fig. 2 .Id) and W ainfleet (Fig. 2.1h), is o ffse t by its  increase a t 
some sites  -  notably the ungra2ed p a rts  of F ram pton m arsh
(Fig. 2.1 f). A t F ram pton, Agropyron has spread  outw ards from
the creek  banks, infilling islands of d iverse P uccinellia  sward.
The low er lim it of colonisation has also moved seaw ards. The 
K irton /F ram pton  m arsh is recognised as being of high 
conservation  value (Lincolnshire County Council, 1982), but this 
s ta tu s  will be th rea ten ed  in the  ungrazed p a rts  if Agropyron 
spread  continues. The band of Agropyron a t W ootton m arsh 
(Fig. 2.1b) has also increased  in a rea  since 1971/4, but grow th 
will be lim ited  in fu tu re as the  s ite  is, in general, poorly-drained.

2.3.1.5 D ecline in Spartina anglica and annual Salicornia sa ltm arsh

The a rea  of p ioneer com m unities (annual Salicornia, Spartina and 
Spartina/ Salicornia) in 1982/5 was 386 ha (9% of the to ta l 
sa ltm arsh  area) -  sign ificantly  less than  the 585 ha (14%) found 
in 1971/4. This re f le c ts  an increasing m a tu rity  of the vegeta tion  
com m unities and successional change in the low to mid m arsh 
zones. C learly , some new pioneer com m unities have developed 
to  seaw ard of recen t rec lam ations (Fig. 2.1g, h), bu t th is has not 
o ffse t the overall trend  tow ards the  rep lacem en t of sparse 
p ioneer com m unities.

As in 1971/4, m ost p ioneer com m unities on the  w est shore w ere 
dom inated by Salicornia, w ith S partina com m unities found 
m ainly on the finer sedim ents of the  sou th -east corner, around 
the  Ouse ou tfa ll (Table 2.3a, c). However, betw een  the Welland 
and the Nene outfalls, the  proportion of Spartina in the pioneer 
zone has increased  significantly , although the  to ta l a rea  of 
p ioneer v egeta tion  has decreased . This increase in Spartina has 
occurred  mainly a t Fosdyke Wash, where saltm arsh  now extends 
out to  the  train ing  wall on the eas t side of the  Welland channel. 
This suggests th a t th e re  may have been a change in the sedim ent 
com position of this a rea  tow ards a sm aller p a rtic le  size.

2.3.1.6 T o ta l sa ltm arsh  area

A com parison of to ta l sa ltm arsh  areas (Tables 2.3a, c and 2.4) 
shows a n e t loss of sa ltm arsh  on the sections of shoreline where 
the  la rg est rec lam ations have occurred . A net loss of 184 ha was 
reco rded  on the w est shore betw een  G ib raltar Po in t and the 
W itham ou tfa ll and of 228 ha betw een  the  Nene and the Ouse. 
The developm ent of new saltm arsh  a f te r  rec lam ation  has, 
how ever, been m ore extensive on the w est shore -  343 ha 
com pared w ith only 50 ha betw een the Nene and the Ouse. On 
the  sections of shoreline where no rec lam ation  has occurred  
since the  previous survey, the a rea  of sa ltm arsh  has rem ained 
re la tiv e ly  stab le , increasing by 44 ha on the eas t shore and by 18 
ha a t Kir ton and F ram pton m arshes. B etw een th e  Welland and 
the  Nene ou tfalls , th e  sa ltm arsh  has increased  by 269 ha, mainly
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in the Fosdyke a re a  and on the eas te rn  side of th e  H olbeach range.

O verall, the a rea  of sa ltm arsh  has declined  by 83 ha, and 781 ha 
of m udfla ts  have been colonised by sa ltm arsh  v egeta tion  since 
the  previous survey.

2.3.2 Saltm arsh w idth m easurem ents

The width of sa ltm arsh  a t any p articu la r point is determ ined  by the balance 
betw een acc re tio n  and erosion, a stab le  w idth being achieved when these 
opposing forces are  in equilibrium  a t the  m arsh edge. This balance can be 
upset by m an-m ade e ffe c ts  such as rec lam ation , construction  of train ing 
walls, dredging and the disposal of dredge spoil. O ther influencing fac to rs, 
such as the supply of sedim ent and m ovem ent of channels, may change 
natu ra lly  or as a resu lt of engineering works. The r a te  of m ovem ent of the 
saltm arsh  edge in response to a change in the sed im en tary  regim e will 
i tse lf  depend on o ther fac to rs  such as the  slope of the  in te rtid a l zone.

The m easurem ents of m arsh w idth (Table 2.5) show considerable varia tion  
in s tab ility  of the  edge. The highest ra te  of spread  (460 m since 1971/4), 
giving an ex tensive S partina pioneer com m unity, was found n ear the 
Steeping R iver (point 1), where the  la s t rec lam ation  occurred  in 1966. 
Rapid seaw ard spread was also found on the  no rthern  p a r t of the w est shore 
(points 2-8), w here 110-295 m of m udflat have been colonised since 1971/4 
in front of the W ainfleet and Friskney reclam ations of 1973 and 1977. This 
gives a m ean value of approxim ately  20 m per annum . These values are 
com parable to  those of Inglis & K estner (1958), i.e . peak values of 35-45 m 
per annum, falling  to  8 m per annum in response to  rec lam ation  and ou tfa ll 
construction  on the w est shore.

On the south shore, response to the  1974 Wingland rec lam ation  has been 
less than  a t W ainfleet/F riskney , the saltm arsh  edge having moved 50-120 m 
seaw ards since 1971/4 (points 35, 36, 37). The pioneer zone is s teep e r and 
the  p a rtic le  size sm aller here (Randerson, 1975) than  on the  W est shore. 
Inglis & K estner (1958), for the period 1917-1952, give values of 51 m per 
annum seaw ard spread  im m ediately  a f te r  rec lam ation  a t Wingland, 17 m 
per annum n ear the R iver Ouse, and 21 m per annum n ear the  N ene. This 
ind icates th a t a decrease  in the ra te  of response to  em bankm ent has 
occurred  in rece n t years. C olonisation in fron t of the  1974 rec lam ation  at 
T errington m arsh (point 41) has been 85 m since the previous survey. 
F u rth e r spread will, how ever, be lim ited  by th e  Lynn Channel nearby.

At F reiston  shore, the  edge of consolidated m arsh has re tre a te d  by 165 m 
(point 16) and moved seaw ards by only 60 m a t point 17, desp ite  the  Home 
O ffice rec lam ations of 1976-79 and 1979-80. This m ay resu lt from 
problem s in stabilising th e  bank, which was b reached  and then  rebu ilt to 
landw ard of its  original position. Borrow p its  have been dug to a g rea te r  
d is tance  (250 m) than  usual from th e  seabank and vegeta tion  cover 
is fragm en tary . P roblem s w ith erosion of the new seabank w ere also 
m et a t po int 7, a t the southern  end of th e  W ainfleet/F riskney rec lam ation .
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Table 2.5 Width of sa ltm arsh  a t  se le c te d  poin ts, tak en  from  1971/4 & 1982/5 veg e ta tio n  maps and 1977 & 1984 a e ria l photographs

Extension  is c a lcu la ted  from  th e  d iffe re n c e  in m arsh  w idth be tw een  1971/4 and 1982/5 veg e ta tio n  m aps, tak ing  acco u n t of the  
w idth of any rec lam a tio n s  which took p lace  be tw een  th ese  d a te s . When two values a re  given for m arsh  w idth, th e  f irs t  g ives the  
edge of consolidated  m arsh and th e  second (bracketed) g ives the  seaw ard  edge of a sparse  p ioneer zone.

Poin t G rid re fe re n c e  
(♦ T ran sec t sites)

M arsh w idths (m) from  O uter Bank 

1971/4 1977 1984 1982/5

L a s t rec la m a tio n

W idth (m) 
D a te  since 1973

Extension  (m) 
1971/4 to  

1982/5

1 550578 350 420+ 820 810 1966 - +460

2 541573 440 80 260 240 1973 470 +270

3 534566 660 270 300 290 1973 480 + 110
4 523555 380 30 160 135 1976/7 460 +215

5 518551* 500(800) 230 340 345(455) 1976/7 450 +295

6 509542 490 200 300 290 1976/7 430 +230

7 497528 210 0 160 155 1976/7 210 + 155

8 473507* 350 100 320 335 1976/7 260 +245

9 470508* 500 580 560 600 1809 - + 100
10 458497 490 510 560 550 1962 - +60
11 447486 420 450(800) 520(780) 530(775) 1809 - + 110

12 439476 680 740(940) 650(900) 655(935) 1809 - -25

13 430459 260 250 280 265 1972 - +5
14 425452 290 240(350) 320(430) 285 1972 - -5

15 418445 250 270 360 310 1972 - +60
16 406433 960 830 250 235 1979/80 560 -165

17 406423* 920 370 410 400(440) 1976 580 +60
18 399414 460 450 460 430 1952/65 - -30

19 393399 500 480 470 480 1952 - -20

20 369388(E) 2155 2040 2140 2170 1865 - + 15
21 369388(SE) 1690 1620 1690 1665 1865 - -25

22 362379* 1770 1720 1820 1750 1870 - -20
23 355365 1260 1240 1340 1325 1870 - +65

24 351357 1010 980 1020 1000 1870 - -10

25 372352 1350 1560 1580 1425 1949 - +75
26 388354 450 550 620 620 1950 - + 170
27 412339* 1125 1100 1080 1120 1838 - -5
28 423337 1080 1015 1010 1040 1838 - -40

29 438329 1060 1000 1040 1040 1838 - -20
30 453320 1450 1480 1600 1560 1840 - + 110
31 464303 1280 1330 1400 1370 1875 - +90
32 477293 450 440 450 475 1875 - +25

33 482283* 985 590 560 550 1978 330 -105

34 486275 625 640 680 710 1865 - +85

35 501267* 660 250 400 440 1974 270 +50

36 504266 675 260(350) 320 370 1974 425 + 120

37 513263 770 380 380 390 1974 490 + 110

38 528260 650 290(340) 360 395 1974 380 + 125

39 546264* 380 310(440) 480 500 1955 - + 120

40 567262 400 - 420 450 1955 - +50

41 584253* 780 - 340 335 1974 530 +85

42 601256 270 - 290 290 1967 - +20

43 611268* 665 - 720(800) 700(780) 1960/6 - +35

44 617279 410 - 540 510 1966 - + 100

45 632289 510 - 680 640 1966 - + 130

46 643297* 775 800 800 1966 +25
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H ere, a short section  of bank was originally  s ited  beyond the lim it of 
consolidated  m arsh, but was la te r  reb u ilt, following the  m arsh edge.

Inglis & K estner (1958) showed th a t, in the absence of rec lam ation  or 
la rg e -sca le  engineering works, the sa ltm arsh  edge is re la tiv e ly  s ta tionary . 
This is confirm ed by the cu rren t survey for m arshes where no em bankm ent 
has taken  p lace since the  19th cen tu ry , such as L everton  (point 12), 
H olbeach R ange (points 27, 28, 29), K irton /F ram pton  (points 20, 21, 22, 24) 
and G edney/L utton  (point 32). H ow ever, some s ite s  in older m arshes 
showed less s tab ility : extension of about 100 m has occurred  a t points 30 
and 31 on the ea s t side of the H olbeach range and a t the  Horseshoe south 
tra n se c t (point 9). This may resu lt from  local m ovem ents of creeks beyond 
the  m arsh edge.

The cu rren t ra te  of colonisation in fron t of rec lam ations of in te rm ed ia te  
age is also variab le . Saltm arsh w idth to  the  north  end of the  1972 Leverton 
rec lam atio n  (points 13, 14) has stayed  re la tiv e ly  constan t since 1971/4. 
C learly  some extension would have been expected . The pioneer zone in 
this a rea  is narrow  and shows a hum m ock/hollow  topography ch a ra c te ris tic  
of a balance betw een  erosion and deposition (Coles & Curry, 1976). 
H ow ever, a t the  south end of this rec lam atio n  (point 15) an extension of 
60 m was found. Rapid saltm arsh  fo rm ation  is also evident n ear the Trial 
Bank tra n se c t (point 39) -  owing to  the p ro tec tio n  affo rded  by the  tria l 
bank and the  causew ay leading out to it .  On W ootton and W olferton 
m arshes (points 42-46), a seaw ard spread of 20-130 m has occurred  since 
1971/4. This m ay be a continued response to  the  1960s reclam ations or the 
resu lt of an increased  supply of sed im ent from th e  dredging of the  Lynn 
channel. 100,000 to  200,000 tonnes of dredged spoil are deposited per 
annum th ree  m iles seaw ard of the  Ouse m outh.

In sum m ary, genera lisations on the ra te  of sa ltm arsh  form ation  are not 
possible for the whole of the  Wash owing to  the overriding influence of 
local fac to rs . The MAFF (1983) e s tim a tes  (section 1.3; based on the 
ev idence of K estner) of 250-450 m spread in the  f irs t six years a f te r  
rec lam atio n  (42-75 m per annum) and 460-830 m in the  firs t 18 years a f te r  
rec lam atio n  (26-46 m per annum) are only achieved in the  m ost favourable 
c ircum stances. A t some site s, for exam ple in front of the  1972 L everton  
and 1974 Wingland reclam ations, sign ifican tly  low er ra te s  w ere observed. 
P rox im ity  to  the  main river channels m ust also p reven t fu rth e r spread in 
some areas.
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3 V egetation  m onitoring -  in tensive survey

3.1 M ethods

The 12 tra n se c t s ites  (Fig. 1) w ere chosen in 1973 as rep resen ting  th e  range of 
sa ltm arsh  veg e ta tio n  in the Wash, including v aria tion  due to m arsh age, location, 
sedim ent size and grazing. T ransec ts  w ere m arked by a line of posts a t 100 m 
in tervals, running perpendicular to the  seabank. In th e  p resen t survey, the 
vegeta tion  m onitoring involved two d istinc t approaches:

i) sy stem atic  sam pling a t regu lar in te rva ls  along th e  tra n se c t -  " transec t 
points" (which w ere not recorded  in 1973);

ii) re-reco rd ing  th e  study s ites  loca ted  in 1973 -  "study sites" .

M ethods followed the  NVC field manual (Rodwell, 1980) w here appropria te .

3.1.1 T ransec t points

Samples w ere lo ca ted  close to each 100 m post in a reas of homogeneous 
v egeta tion . H om ogeneity in th is sense is taken  to  m ean th a t the  quadrat is 
not p laced  across visually obvious veg e ta tio n  boundaries. F requency and 
cover (Domin scale  1-10: Table 3.1) w ere recorded  for all p lan t species in 
10 (usually 2 x 2 m) quadrats during August and Septem ber 1985. Where 
tra n se c t posts lay close to a boundary betw een vegeta tion  types or within 
an obvious m osaic, records w ere taken  in both  stands. D eta iled  vegeta tion  
records w ere not taken  a t the  F re is ton  tra n se c t as the  continued digging of 
borrow  p its  m ade access im possible.

3.1.2 Study s ites  (A, B, C...)

These 10 x 10 m sites  w ere chosen in 1973 to  sam ple the vegetation  
zonation along tran sec ts , th e re  being betw een th ree  and six s ites  per 
tran sec t. A t five tran sec ts , Ongar, Nene, F re is ton , Horseshoe N orth  and 
W ainfleet, alm ost all the m arsh p resen t in 1973 has been recla im ed  and the 
s ites  could not be loca ted . S ites Gedney A and Horseshoe South A have 
also been lost in rec lam ations. All the  rem aining site s, excep t F ram pton  F, 
w ere found, i.e . 29 out of the  51 se t up in 1973.

Each 10 x 10 m s ite  was divided into 25 2 x 2 m quadrats. Domin cover 
e s tim a te s  w ere m ade in 10 quadrats  chosen according to  a p redeterm ined  
schem e. F requency  was ca lcu la ted  over all 25 quadrats. To provide a 
d irec t com parision w ith the 1973 survey, cover for each species for the 
whole s ite  was reco rded  using the B raun-B lanquet scale (Table 3.1). It 
should be noted th a t the study s ite s  -  because of the succession within 
them  -  do not necessarily  s till provide a rep resen ta tiv e  sam ple of 
v egeta tion  types along a tran sec t, nor do they  necessarily  lie in 
homogeneous stands.

40



Table 3.1 Key to vegeta tion  c lassifica tion

a) Braun-Blanquet range c) F requency (constancy) value

Cover (%) Value TWINSPAN Frequency (%) Value Pseudospecies
pseudospecies

<5 0.3 1 1-20 I 1
5-20 1 2 21-40 n 2
21-40 2 3 41-60 m 3
41-60 3 4 61-80 IV 4
61-80 4 5 81-100 V 5
>80 5 6

b) Domin range d) Site codes

Cover (%) Value TWINSPAN
pseudospecies 1) W olferton Wolf

(Rare 1 ) 2) W ootton Woot
<4 (Occasional 2 ) 1

(Frequent 3 ) 3) Ongar Ong a
4-10 4 )
11-25 5 ) 2 4) T rial Bank Tri
26-33 6 3
34-50 7 4 5) Nene Nene
51-75 8 5
76-90 9 ) 6) Gedney Ged
91-100 10 ) 6

7) Holbeach Holb

8) Fram pton Fram

10) H orseshoe South HSS

11) H orseshore N orth HSN

12) W ainfleet Wain
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3.2  Analysis

The vegeta tion  a t each  tra n se c t point and study site  was assigned to  an NVC 
com m unity w ith the  use of the  sa ltm arsh  key and exam ples of records in the  NVC 
m anual. Com m unity descrip tions are given in section  2.2. The com plete  se t of 
flo ristic  data , p resen ted  as frequency (constancy) values and Domin ranges, is 
given in the A ppendices 1-7. These d a ta  were analysed w ith the use of the 
com puter program s TWINSPAN and DECORANA (Hill, 1979a, b). N otes on the ir 
use in re la tion  to  the NVC schem e are  given by M alloch (1985).

TWINSPAN (Two Way IN dicato r SPecies ANalysis) co n s tru c ts  a c lassifica tion  of 
the sample quadrats  and derives a c lassification  of species from  this according to 
th e ir ecological p re fe ren ces . The classifica tion  is ob tained  by successive divisions 
of quadrats arranged  along ordination axes. To make use of cover and frequency 
d a ta  (instead of ju s t p resence /absence), each  species is divided into a num ber of 
"pseudospecies" which rep resen t p a rt of the range of q u an tita tiv e  varia tion . The 
divisions, or cu t levels, used to  delim it th e  pseudospecies are  given in Table 3.1. 
A lte rna tive  cu t levels w ere used in the analysis, then  changed to im prove 
d iffe ren tia tio n  a t higher cover levels. The c lassification  of sam ple quadrats and 
study sites using cover or frequency d a ta  can be com pared w ith NVC com m unities 
and used to  describe the range of veg e ta tio n  types.

C lassification  tab les are  p resen ted  on pp. 50-52 for:

Study sites 1973 and 1985 Braun-B lanquet cover d a ta  Fig. 3.1.
Study site  quadrats 1985 Domin cover d a ta  Fig. 3.2.
T ransec t point quad ra ts  1985 Domin cover d a ta  Fig. 3.3.

DECORANA (D Etrended CO Rrespondence ANAlysis) is an ord ination  program
derived from rec ip ro ca l averaging, but where co rre la tions betw een the f irs t and 
higher axes have been rem oved. Thus, ordination diagram s can be produced to 
show the  re la tiv e  s im ila rities  of species and s ite s  w ith re sp ec t to co n stru c ted  axes 
which rep resen t flo ris tic  varia tion .

O rdination diagram s are  p resen ted  on pp. 53-55 for:

T ransec t point quadrats  1985 Domin cover d a ta  Fig. 3.4.
Study sites 1973 Braun-Blanquet cover d a ta  Fig. 3.5.
Study sites 1985 Braun-Blanquet cover d a ta  Fig. 3.6.

3.3 Results

3.3.1 G eneral discussion

Of the 29 study s ite s  reco rded  in both 1973 and 1985, only nine cam e out in 
the sam e group of the  TWINSPAN analysis for both  dates (Fig. 3.1); i.e . a t 
these s ites  the v eg e ta tio n  had not changed significantly . The changes in 
v egeta tion  com m unities a t study sites (Table 3.2) confirm ed those found 
through mapping (section 2.3.1). By 1985, of th e  10 study sites  which had 
more than 80% H alim ione cover in 1973, five had been lost in rec lam ations, 
two had rem ained  as dense H alim ione, and th ree  had Puccinellia  as the 
most abundant species. Halim ione had becom e P uccinellia /H alim ione at 
H olbeach B and F ram pton  D and a low -diversity  Puccinellia  sw ard at
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Wolf er ton A. A trip lex  h a s ta ta  had increased sign ifican tly  in abundance 
since 1971/4. The TWINSPAN classification  sep a ra te s  the  1985 
Puccinellia / A trip lex  com m unities of W olferton and N orth  W ootton m arshes 
(see section  2.2.6.1) from  other P uccinellia  com m unities. A trip lex  h a s ta ta  
is known to  show considerable y ear-to -y ear v aria tion  and hence no 
conclusions can be drawn on long-term  trends w ithout records for 
in tervening dates. A ste r-dom inated  study s ites  o f 1973 showed a decrease 
in the cover of A ster, as was found by m apping. For exam ple, 
A ster/Suaeda was rep laced  by Puccinellia /S alico rn ia  a t T rial Bank D and 
A ster/P uccine llia / Salicornia by Salicornia/Suaeda/ P uccinellia  at 
Holbeach D. However, A ster becam e more abundant a t W ootton E, 
invading the  Spartina  p ioneer zone, and a t H orseshoe South C. These last 
sites, th e re fo re , follow the expected  p a tte rn  of successional change. An 
increase in the  a rea  and dom inance of Agropyron pungens was confirm ed to 
have occurred  along th e  F ram pton  tran sec t. The species m ain tained  a 
g rea te r  than 80% cover a t s ite  B and increased  in abundance a t s ites  A, C 
and D. This spread  was a t the expense of a d iverse P uccinellia  sw ard in the 
upper m arsh and of a Puccinellia /H alim ione com m unity a t low er levels. 
Some o ther changes in vegeta tion  com m unities betw een the  two surveys 
w ere p a rt of overall successional developm ent and a d ecrease  in the 
abundance of low m arsh species. This is seen, for exam ple, a t H olbeach C 
and E, W olferton B, T rial Bank C and Gedney C.

The classifica tion  of s ite s  com pares well w ith the  NVC com m unities (Figs 
3.1-3.3). The m ost frequen t vegeta tion  types are  P uccine llia  (SM13) (340
out of 674 tra n se c t po in ts and 161 out of 290 study site  quadrats) and 
Puccinellia /H alim ione (SM14 Puccinellia-dom inated  subcom m unity) (84 
tra n se c t points and 30 study site  quadrats). The f irs t level of division is 
betw een Agropyron (SM24) and non-A gropyron com m unities, the  species 
d iversity  of the  fo rm er being very low and the  m ajo rity  of quad ra ts  being 
pure stands. The secondary division is generally  betw een  com m unities of 
low er and upper m arsh levels, Halim ione being c h a ra c te ris tic  of the  la t te r .  
In subsequent divisions, the  c lassifica tion  sep ara tes  the S partina-dom inated 
pioneer com m unities (SM6) of the  sou th -east corner of the  Wash from  the 
Salicornia-dom inated  p ioneer v egeta tion  (SM8) of the rem aining site s. The 
c lassifica tion  of d a ta  from whole 10 x 10 m study s ite s  in 1973 and 1985 
(Fig. 3.1) and th e ir  com ponent quadrats in 1985 (Fig. 3.2) sep a ra te s  the 
h igh-d iversity  Puccinellia  sw ards (SM 13 upper m arsh subcom m unity) a t 
F ram pton  and H olbeach from o ther Puccinellia  com m unities. H ow ever, in 
the  classifications of 1985 d a ta  from  tran sec t point quad ra ts  th is division 
does not occur (Fig. 3.3).

The d istribu tion  of s ite s  on the  f irs t two axes of ordination (Figs 3.4-3.6) 
show sim ilar groupings to  the above -  two sep ara te  p ioneer com m unities, a 
homogeneous low to  middle m arsh and g rea te r  d iversity  in the  upper m arsh. 
The firs t axis is strongly  re la te d  to  the m a tu rity  (height above O rdnance 
Datum) of th e  s ite .

3.3.2 D etails  of changes in the  veg e ta tio n  along tran sec ts

The changes in study s ite s  are sum m arised in Table 3.2, in which all species 
w ith a cover of m ore than 20% are  included. For d e ta iled  vegeta tion  
records see Appendix.
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Table 3.2 Changes in study site  veg e ta tio n  betw een 1973 and 1985

W ithin each com m unity the species w ith cover values of >20% are  listed  in order of 
decreasing  abundance. Em boldened species are  dom inant or codom inant.

T ra n se c t/ D istance
Study s ite  from V egetation  in 1973 V egetation  in 1985

seabank (m)

W olferton

A 90 H alim ione/Puccinellia P uccinellia

B 450 Puccinellia /S uaeda Puccinellia

C 690 P u cc ine llia /A ster/S a lico rn ia P u cc in e llia /A ste r

D 750 S partina /S alico rn ia /P uc  c inelli a S partina/S uaeda/P uccine llia

W ootton

A 80 P uccinellia P uccinellia

B 260 P uccinellia P uccinellia

C 560 Puccinellia /S uaeda P u ccine llia /A trip lex  h a s ta ta

D 610 P u cc in e llia /A ste r P u ccine llia /A trip lex  h a s ta ta

E 630 S partina /A ster/S alico rn ia A ste r/S p artin a /P u cc in e llia

T rial Bank

A 90 P uccinellia /H alim ione Puccinellia

B 215 H alim ione/Puccinellia /Suaeda H alim ione/Puccinellia

C 285 Puccinellia /Suaeda/H alim ione H alim ione/Puccinellia

D 350 A ster/S a lico rn ia P uccinellia /S  ali c orni a

Gedney

B 215 H alim ione/Puccinellia /Suaeda H alim ione/Puccinellia

C 360 P uccinellia /S uaeda Puccinellia /H alim ione
D 570 A ster/S uaeda A ster/S alico rn ia
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Table 3.2 (continued)

T ra n se c t/ D istance
Study s ite  from V egetation  in 1973 V egetation  in 1985

seabank (m)

H olbeach
A 100 H alim ione/Puccinellia/ Artemisia Puccinellia/ Halimione/ Artemisia

(mosaic) (mosaic)

B 350 Halimione Puccinellia/H alim ione

C 650 Suaeda/Puccinellia Puccinellia/Suaeda

D 920 A ster/Puccinellia/Salicornia Salicornia/Suaeda/Puccinellia
E 1020 Salicornia Salicom ia/Suaeda

Frampton

A 120 Puccinellia/H alim ione/F estuca Puccinellia /A gropyron/Festuca
(mosaic) (mosaic)

B 380 Agropyron Agropyron

C 480 Puccinellia/H alim ione Puccinellia/ Agropyron/ H ali m i one
D 1180 Halimione Puccinellia/H alim ione
E 1600 Puccinellia/Salicornia/A ster Puccinellia/Salicornia/ Aster

H orseshoe South

B 360 Suaeda/ A ste r/ Puccinelli a Puccinellia/Salicornia

C 480 Salicornia/Suaeda Puccinellia/ Aster
D 100 Puccinellia/ S ali c ornia *Puccinellia/Spergularia/

Salicornia

* includes Puccinellia  distans.
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3.3.2.1 W olferton

Most of the sa ltm arsh  is covered by a lush ca rp e t of Puccinellia , 
excep t for a band of Halim ione and Agropyron a t  approxim ately  
70 m, presum ably  th e  s ite  of the old cradge bank. Site A (90 m) 
has changed from  a com m unity of P uccine llia  and Halim ione 
codom inants to  a P uccinellia  sward w ith  less than  20% Halim ione 
cover. A trip lex  h a s ta ta , no t p resen t in  1973, is now a constan t 
species. S ite B (450 m) was a Puccinellia /S uaeda com m unity in 
1973, since when the  cover of Suaeda has declined to leave a 
low -d iversity  sw ard w ith occasional H alim ione and A ste r. S ite C 
(690 m) has rem ained  a P uccinellia-dom inated  com m unity but 
w ith decreased  cover of A ster, loss of Salicornia and invasion by 
A trip lex  and H alim ione. Seaw ard of th is  is a m ixed com m unity 
approaching A stere tum  in p arts . At site  D (750 m) th e re  has 
been successional developm ent from a p ioneer com m unity of 
S partina and Salicornia to  a transitional low m arsh w ith Spartina 
as the most abundant species. The pioneer zone is narrow , 
m ainly Spartina , invaded by A ster in some places. The m arsh 
edge is bounded by a creek , beyond which th e re  are a few 
outlying S partina clum ps, and has rem ained  stab le  in rece n t 
years.

3.3.2.2 W ootton

The vegeta tion  along th e  tran sec t is unusually homogeneous -  a 
dense P uccinellia  sw ard throughout to  625 m from  the seaw all, 
except for a band of Agropyron a t 100-250 m. S ites A (80 m), B 
(260 m) and C (560 m) have all rem ained  as P uccine llia - 
dom inated com m unities since 1973, bu t have shown changes in 
associated  species. T here has been a  m arked increase  in the 
frequency and cover of A trip lex  h a s ta ta  and com plete  loss of 
Spartina, Suaeda (A, B, C) and H alim ione (B, C). The decline in 
H alim ione is p a rticu la rly  strik ing . A t s ite  D (610 m), a sim ilar 
trend  has occurred  -  the vegeta tion  rem aining a P ucc in e llia / 
A ster com m unity, but w ith an increased  abundance of A trip lex  
h a s ta ta  and d ecrease  in Spartina, Suaeda and Salicorn ia. The 
band of A stere tum  now a t 625-680 m has moved seaw ards since 
1973, invading the  Spartinetum . At s ite  E (630 m), A ster was the 
m ost abundant species a t both  surveys, but the  cover of 
Salicornia has d ecreased  and th a t of P uccinellia  increased . The 
pioneer zone from  700 m is extensive and colonised by Spartina. 
The tran sitio n  from  P uccinellia  sw ard to p ioneer zone occurs 
over a short d is tance  w ith a steep  p rofile , but the  p ioneer zone 
itse lf  is wide and gen tly  sloping.

3.3.2.3 Ongar

The 1974 rec lam atio n  enclosed 550 m of the original tran sec t. 
The upper 240 m are  now a P uccinellia  sward w ith abundant 
A ste r. A H alim ione/P uccine llia  com m unity (as had been a t Site 
B in 1973) is now absent -  Halim ione occurring only on the few 
sm all creek  banks. V egeta tion  from  240-280 m is of a 
transitional n a tu re , w ith A ster, Puccinellia , Salicornia and
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Spartina as codom inants. The narrow  pioneer zone is mainly 
S partinetum  in a su b stra te  of very soft mud. The upper 100 m of 
sa ltm arsh  w ere lo st in 1986 in the digging of new borrow  p its .

3.3.2.4 T rial Bank

The sed im entary  reg im e in this a rea  has been a ffe c te d  by the 
construction  of th e  inshore tr ia l bank in the 1970s. This has 
encouraged rap id  sa ltm arsh  spread and successional change in 
the lower m arsh. The top 80 m of sa ltm arsh  w ere lost in 1984/5 
in bank rebuilding work. S ite A (90 m) has rem ained  as a 
P uccinellia  sward, but the  abundance of H alim ione has 
decreased; S partina and Salicornia are  now absent. S ite B 
(215 m) has also rem ained  re la tiv e ly  unchanged as dense 
H alim ionetum  w ith an understo rey  of Puccinellia  (SM14 
H alim ione-dom inated  sub com m unity). S ite C (285 m) was a
P uccinellia /S uaeda com m unity in 1973; both  these species have 
declined and have been rep laced  by Halim ione to  give m ore than 
60% cover of th is species. V egeta tion  a t s ite  D (340 m) has 
changed from an A ster/S alico rn ia  com m unity in 1973 to 
P uccinellia /S alico rn ia  in 1985. The frequency of H alim ione has 
also s ign ifican tly  increased  a t this s ite . The p ioneer zone is 
ex tensive, dom inated by Salicornia w ith p a tches of Spartina .

3.3.2.5 Nene

The 1974 rec lam ation  enclosed 300 m of the  original tran sec t. 
The top 200 m are  now an open P uccinellia  com m unity w ith a 
la rge  A ster com ponent. Below this is a band of A stere tum  to 
about 380 m from  the  seabank. The p ioneer zone (380-460 m) is 
a m osaic of Salicornia, Spartina and A ster w ith hum m ock/hollow 
topography. The H alim ione/A ster com m unity (site A in 1973) is 
now absent.

3.3.2.6 Gedney

The top 300 m of the  original tran sec t w ere lo st in the sm all 
1978 reclam ation , leaving no extensive upper m arsh or 
Agropyron com m unity. Below this, the  m arsh is dom inated  by a 
P uccinellia /H alim ione m osaic. A t s ite  B, H alim ione has declined 
from  m ore than 80% to  less than 60% cover. A t s ite  C, the  
vegeta tion  was dom inated by P uccinellia  a t both surveys, bu t the 
cover of Suaeda has declined  and th a t of Halim ione increased . 
Site D has continued to  be a transitiona l low m arsh com m unity 
since 1973, but the  cover of A ster has decreased  from  m ore than 
80% to  less than  60%. The pioneer zone is narrow  w ith 
hum m ock/hollow  topography. In some places, A ster is the  low est 
colonist and 're lic t ' A ster clumps are  found beyond the m arsh 
edge, which has r e tre a te d  in rece n t years (Table 2.5).

3.3.2.7 H olbeach

S ite A (90 m) has not changed significantly  since 1973, rem aining 
a m ixed com m unity of Puccinellia , A rtem isia  and H alim ione w ith
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o ther upper m arsh species such as Limonium , F estuca , P lantago  
and T riglochin. The cover of Agropyron and F es tu ca  has, 
how ever, increased  and th a t of Halim ione d ecreased . This and 
the  invasion of species such as A trip lex  litto ra lis  and C ochlearia 
may resu lt from  the  proxim ity  of a new cradge bank and the 
co llection  of d rift m a te ria l a t the  s ite . From  150 to  450 m, the 
vegeta tion  is com posed of pa tches of Puccinellia  and H alim ione, 
suggesting a rece n t decline in H alim ione. S ite B (350 m) has 
changed from alm ost 100% H alim ione cover in 1973 to less than 
40% in 1985. From  500 to  700 m the veg e ta tio n  is mainly 
P uccinellia  w ith varying am ounts of H alim ione, Suaeda and 
A ste r. Site C (650 m) was a Puccinellia /S uaeda com m unity a t 
both surveys. The a re a  from  900 to  1,100 m is heavily  goose- 
g razed  in the w inter; th is will tend to  p reven t Puccinellia  from 
forming a closed sw ard and leave space for invasion by annuals. 
S ite D (920 m) has rem ained  as a transitional low m arsh 
com m unity, but since 1973 th e  cover of A ster has declined and 
th a t of Salicornia and Suaeda has increased. At s ite  E (1,020 m), 
successional change has occurred , the  Salicornietum  having an 
increased  com ponent of Suaeda and P uccinellia  by 1985.

3.3.2.8 F ram pton

The tran sec t crosses the  ungrazed section  of the  m arsh. In both 
1973 and 1985, s ite  A (120 m) com prised a diverse P uccinellia  
sw ard with Limonium, F es tu c a , Triglochin and P lan tag o . Since 
1973, some invasion by Agropyron has taken  p lace  to  give 
20-40%  cover by 1985. S ite B (380 m) consisted  of com plete 
Agropyron cover in both  surveys. S ite C (480 m) was 
Puccinellia / H alim ione in 1973, since when it  has been invaded by 
Agropyron (now m ore than  40% cover). Annual species such as 
Salicornia and Suaeda have also been lost from this s ite . At site  
t) (1,180 m), H alim ione has declined from m ore than 80% to  less 
than  40% cover, being rep laced  mainly by P uccine llia . At 1,200- 
1,400 m the veg e ta tio n  is m ostly a Puccinellia  lawn of low 
species d iversity . At 1,500 m Halimione becom es codom inant 
w ith Puccinellia  and, below this, grades into a p ioneer zone of 
Salicornia and S partina . S ite E was a Puccinellia /S alico rn ia /  
A ster com m unity in both  surveys, w ith an increased  frequency of 
H alim ione in 1985.

3.3.2.9 F re is ton

The tran sec t s ite  is s till sub ject to considerable d isturbance and 
the excavation  of borrow  p its  to  a d istance of 250 m from the 
seabank. V egeta tion  cover on the  rem aining a rea  is 
fragm en tary , w ith m ore than  50% bare ground throughout. 
Beyond a large creek  a t 300 m th e re  is wide but sparse Salicornia 
p ioneer zone.

3.3.2.10 Horseshoe South

Saltm arsh  fronting  th e  1809 bank to the south of the tran sec t 
line is heavily grazed  and poached. Hummocks b ear a mixed
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com m unity of F es tu ca  rubra, Glaux, A rtem isia , P lantago, 
Spergularia, Agropyron and P ucc in e llia . S ite D (which 
exem plifies the rem aining g razed  upper m arsh area) is a short 
tu r f  of P uccinellia  m aritim a, P uccine llia  distans, Spergularia 
m arina and Salicornia. I t has changed l i t t le  since 1973, w ith a 
sm all increase in the cover of Spergularia and Suaeda. S ite B 
(grazed) a t 360 m has changed from  a S uaeda/A ster/ P uccinellia  
to  a Puccinellia /S alico rn ia  com m unity. S ite C (480 m) has shown 
successional developm ent from Salicornia/ Suaeda to P uccinellia /  
A ste r.

3.3.2.11 H orseshoe N orth

The 1976 rec lam ation  enclosed all the  existing consolidated 
m arsh a t th is poin t. The veg e ta tio n  is now an open sward 
containing a high proportion of annuals. It grades from a 
P uccinellia  com m unity a t 100 m to Salicornia a t 300 m, with 
dense Suaeda populations on the  creek  banks. The driftline  
com m unity is p a rticu la rly  d iverse a t th is s ite .

3.3.2.12 W ainfleet

A fte r the  450 m -wide 1976 rec lam ation , 50 m of saltm arsh  
rem ained  beyond the new seabank. The top 150 m of m arsh are
now dom inated by H alim ione, as in 1973. Below this, the
v egeta tion  is Puccinellia-dom inated  and then grades in to  an 
ex tensive Salicornia pioneer com m unity. The zonation follows a 
zigzag p a tte rn , Halim ione reaching  its  maximum ex ten t in the 
creek  em baym ents and Puccinellia  filling the  betw een-creek  
areas.

3.4 Problems in using the National Vegetation C lassification for saltmarsh

Saltm arshes, in genera l, do not show c lear boundaries betw een  v egeta tion  types. 
This is p a rticu la rly  so on the Wash, where species such as P uccinellia  m aritim a
and A ster tripolium  occur throughout the succession and species d iversity  is low.
H ence, a rb itra ry  decisions have to be made and com m unities defined by slight 
changes in re la tiv e  abundance. The NVC (Rodwell, 1983) is useful in defining 
these  boundaries but can group to g e th er a v arie ty  of com m unities (as in 
P uccinellia  m aritim a  saltm arsh , Puccinellia-dom inated  subcom m unity). It was 
found m ore convenient to use a division in to  low -diversity  (Puccinellia  
subcom m unity) and h igher-d iversity  swards (upper m arsh subcomm unity) as in 
Adam (1981).

Sim ilar problem s arise , th e re fo re , in the  c lassifica tion  of s ite s  w ith the  use of the 
TWINSPAN program : a la rge  num ber of sam ples and a sm all num ber of species do 
not make an ideal d a ta -se t. In some cases groups w ere split in ways which do not 
re la te  sim ply to  field  com m unities. H owever, in general, a good m atch  is found 
betw een  NVC and TW INSPAN-generated com m unities, especially  for the  cover 
d a ta  a t tra n se c t points (Fig. 3.3). F requency d a ta  are less helpful, as m ost 
records are for frequencies below 20% or above 80%. The cover d a ta  for study 
s ite  quadrats produce a less c lea r-cu t c lassifica tion  (Fig. 3.2) than  the tran sec t 
points because the  reco rds are not necessarily  for homogeneous stands. This is an 
inheren t problem  in using the NVC for the re-reco rd in g  of perm anent quadrats 
even when these  w ere chosen originally as sam ples of homogeneous stands.
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4 Grazing

4.1 Livestock

4.1.1 Grazing levels

The previous survey (Randerson, 1975) noted th a t the sum m er grazing of 
sheep and c a tt le  on the  saltm arshes had decreased  w ith the  increase  in 
arable farm ing around the  Wash. This trend  has continued in rece n t years. 
Wilkinson (1980) e s tim a ted  the a rea  of g razing  m arshes to  be 972 ha 
(Wrangle 178 ha; F re is to n  62 ha; F ram pton  220 ha; K irton  256 ha; Gedney 
136 ha; T erring ton  120 ha). The cu rren t grazing levels are shown in Table 
4.1. It should be em phasised th a t these levels vary  considerably w ith the 
tides, the w eather, the  grow th of vegeta tion  and the  tim e of year. It is 
also d ifficu lt to define the a rea  grazed, as the  anim als p re fe ren tia lly  graze 
the seabank and p a rts  of the m arsh which are accessib le to  them . Varying 
am ounts of pastu re  are  also provided behind the  seabank for refuge a t high 
tide  and for fresh  drinking w ater. The c a tt le  are  usually put out on the 
m arsh from  A pril/M ay until O ctober/N ovem ber. The average level of 
grazing by c a t t le  is approxim ately  one anim al per h ec ta re . H igher levels 
may be found, for exam ple on W rangle m arsh, w here farm ers own grazing 
rights to re la tiv e ly  sm all sections. The levels of grazing have been 
particu la rly  low in 1984-86 owing to  the raising of seabanks by the  Anglian 
W ater A uthority : access for stock  is not possible during construction  and 
until grass is re -es tab lished  on the bank.

C attle -g raz in g  is m ost com mon on the w est shore, w ith the  m ajority  of the 
fron tage from  the  southern  end of the  W ainfleet/F riskney  rec lam ation  to 
B utterw ick  Pullover being grazed a t varying levels (Fig. 4.1). Sheep- 
grazing is now re s tr ic te d  to  the a rea  from F re iston  shore to  the W itham. 
M arshes fronting the 1976-79 and 1979-80 Home O ffice rec lam ations are 
ungrazed a t p resen t, as work is s till continuing on stabilising the  wall. The 
K irton /F ram pton  m arshes w ere grazed by sheep un til 1945 and 
subsequently by c a tt le . Since the early  1970s horses and c a t tle  to ge ther 
have g razed  the  n o rthern  end of Fram pton  m arsh on the Scalp and around 
the Witham channel. The cen tra l a rea  rem ains ungrazed. K irton m arsh is 
usually fairly  heavily  g razed  by c a ttle , but rebuilding the  seabanks in 
1985/6 has re s tr ic te d  access and the num ber of stock  has been reduced . On 
the south shore, m arshes betw een the Welland and the  N ene ou tfa lls  have 
been ungrazed since 1980. P rior to  this, some grazing did occur on Gedney 
and L utton  outm arshes. Bank rebuilding has also p reven ted  grazing on the 
m arshes a t T erring ton  and Ongar Hill, which are  usually c a ttle -g ra z e d . On 
the east shore, the no rthern  section  of W olferton m arsh (Sandringham 
E sta te) was la s t g razed  in 1978. In m ost years c a ttle -g raz in g  occurs only 
a t the southern  end of W ootton m arsh. In 1985, how ever, som e c a ttle  w ere 
put out no rth  of the  W ootton tra n se c t -  presum ably because access to  the 
southern p a rt of the  m arsh was re s tr ic ted .

4.1.2 The e ffe c t of grazing on sa ltm arsh  vegetation

G razing influences sa ltm arsh  v egeta tion  by tram pling, m anuring (which 
adds nutrien ts) and se lec tiv e  feeding (Long & Mason, 1983). In general, the 
sward becom es sho rte r and m ore open, favouring p ro s tra te  herbs and
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Table 4.1 Stocking levels

Section O ccupier C urren t grazing (1985, unless sta ted )

1 MOD/G H Bowser Ltd U ngrazed
2 P R Cooper 10-17 cows + calves (1986, 32 cows + calves)
3 G H Caudwell 20-25 c a ttle  (1986, less than 20 ca ttle )
4 T Bowles & Son C attle -g razed : varying levels (1986, 16 c a ttle  in 

sections 4 and 5)
5 H M C larke (Farms) L td 40-50 c a ttle
6 Staples Bros L td C a ttle -g razed : num bers unknown (1986, 58 c a ttle  

in sections 6 and 7)
7 P R Cooper C attle -g razed : sim ilar level to sec tion  2
8 S G Danby & Sons 15 cows and calves (April to  July 1986, 18 ca ttle )
9, H J Saul 30 cows and calves
10 E W Bowser Ltd C a ttle -g razed : varying levels (1986, 45 c a ttle  in 

sections 10 and 12)
12 E Cook C attle -g razed : varying levels (ungrazed 1982/3)
13 J Saul 50 in -ca lf he ife rs  (1986, 55 ca ttle )
14 Home O ffice (North Sea Sheep-grazed throughout year; ungrazed in front

Camp) of 1976-7 and 1979-80 rec lam ations
15 A Lealand & Son) A lte rn a te  sections grazed  by 38 bullocks
16 A Lealand & Son)
17 A E L enton/R  Tunnard 35 horses (m ares and foals)
18 R Tunnard/LSHTNC/RSPB 40 horses and 40-50 c a ttle , or 80 horses and few 

c a t tle  (1986, ungrazed)
19 D W & T E D Dennis U ngrazed
20 C argill (Fram pton Farm s 

Ltd)
10 c a tt le  (1980-84, up to  50 ca ttle )

21 F Holmes 113 cows and calves (usually 150-175) 
(1986, 119 ca ttle )

22 W Dennis & Son 1985 and 1986 ungrazed (1981-83, 35-40 ca ttle )
23 J  Ward & Son U ngrazed (since 1980)
24 Hay & Son U ngrazed (since 1980)
25 Hay Farm ing Ltd U ngrazed (since 1980)
26 G Thompson (Farms) L td U ngrazed
27 Caudw ell Farm s Ltd U ngrazed
28 MOD U ngrazed
29 P E Ashford U ngrazed (since 1980)
30 J E Fines U ngrazed (since 1980)
31 NCC (NNR) U ngrazed; la st grazed 1979/80
32 J H P roc to r U ngrazed since 1974 Wingland rec lam ation
33 W H Kerkham U ngrazed (since 1980)
34 L Symington (Farms) L td U ngrazed 1984-6 (usually ca ttle -g razed )
35 E A Lane Ltd U ngrazed 1985-6 (usually 50-60 ca ttle )
36 W D Kerkham U ngrazed (since 1980)
37 W Burt 50 c a tt le  to  south end of section  only 

(1985, c a ttle -g razed  to north  end of section)
38 Crown E s ta te / 

Sandringham
U ngrazed since 1978
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grasses. Species such as annual Salicornia, Puccinellia  m aritim a and 
A rm eria  m aritim a tend  to  be encouraged by grazing, w hereas o thers such 
as Limonium spp., S partina anglica and A ster tripolium  are no t. Rem oval 
of grazing leads to a high ae ria l biom ass and the  accum ulation of l i t te r .  
There is, in general, an inverse rela tionship  betw een a high standing crop 
and species d iversity  (Grime, 1979). L ittle  experim en tal work has, 
how ever, been ca rried  out in B rita in  on the e ffe c ts  of p a rticu la r grazing 
regim es on the species com position of sa ltm arsh  com m unities.

Ranw ell (1961) showed th a t d iffe ren t grazing reg im es could a lte r  the 
course of succession on a Spartina  m arsh a t B ridgw ater Bay. In p articu la r, 
sheep-grazing favoured the spread of Puccinellia  and the  tille ring  of 
S partina , which in tu rn  reduced  the  available ground space for the  invasion 
of A trip lex  h a s ta ta . In the absence of grazing Spartina was rep laced  by 
Phragm ites austra lis  and Scirpus m aritim us. This is, how ever, of l i t t le  
re levance  to the Wash sa ltm arshes, where Spartina does not form  extensive 
sw ards and the re  are  no transitions  to  freshw ater m arsh. C adw alladr & 
M orley (1974), working a t B ridgw ater Bay, found th a t experim en tal mowing 
in Septem ber p reven ted  F es tu ca  rub ra  from  developing a tussocky grow th 
form  and m ain tained  a P uccinellia  sw ard.

Bakker (1978, 1985), record ing  the  im pact of various grazing and mowing 
regim es on sa ltm arsh  v egeta tion  in the D utch F risian  Islands, found a 
com plex p a tte rn  of responses. A decreased  species d iversity  was found 
a f te r  the rem oval of grazing, leading to  dom inance by a single species and 
a coarse-grained  veg e ta tio n  m osaic. A pure Agropyron com m unity 
developed, for exam ple, from  m ore species-rich  A rtem isia  m aritim a  and 
Juncus m aritim us. C onversely, a resum ption of c a ttle -g raz in g  was 
followed by an inc rease  in d iversity , the  vegeta tion  m osaic becom ing fine­
grained once the  dom inance of one species had been lost. A d ecrease  in 
th e  cover of Agropyron pungens occurred  in all com binations of grazing and 
mowing, usually in th e  firs t or second years of the experim ent. T rea tm en ts  
causing th e  g re a te s t changes involved mowing early  in the  growing season 
follow ed by grazing or mowing again, i.e . cu ltu ra l p ra c tic e s  which m ain tain  
a  short sward. When grazed , th e  vegeta tion  types F es tu ca  rub ra /L i m oniuro 
vulgare, J  uncus m aritim us and A rtem isia  m aritim a showed a tendency to 
regression  and an increase  in the  cover of Puccinellia , Spergularia and 
o th e r low m arsh species. G razing and /or mowing also caused an increase  in 
A grostis sto lon ifera , P lan tago  m aritim a  and Juncus gerard ii in com parison 
w ith  con tro l p lots. A stocking  ra te  of 1.6 an im als/ha was considered to  be 
too high, giving severe  tram pling  e ffe c ts .

On the  Wash, the e f fe c t of grazing is also to m ain tain  an open, short 
P uccine llia  sward (including P uccinellia  d istans and Spergularia in the  m ost 
heavily  poached areas of older m arshes). A m ore diverse com m unity w ith 
fragm en ts  of A rtem isia  m aritim a , F es tu ca  rub ra  and P lan tago  m aritim a 
develops on the  creek  banks of re la tiv e ly  heavily  g razed , older m arshes -  as 
is seen  a t K irton /F ram pton . In less heavily  g razed  areas, Agropyron form s 
a  narrow  fringe on the  c reek  banks. The absence of grazing on high, w ell- 
d rained  s ites  (as in the cen tra l sec tion  of F ram pton marsh) allows extensive 
sw ards, o ften  alm ost pure stands, of Agropyron to  develop. G razing also 
p rev en ts  the dom inance of H alim ione, although i t  m ay form  a sign ificant 
p a r t of the  vegeta tion  in ligh tly  g razed  areas. Sim ilarly, a sward of
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tussocky F es tu ca  rub ra  and Limonium vulgare (fragm ents of which are 
found a t F ram pton and on the H olbeach range) w ill no t develop on a heavily  
g razed  site . As described in section  2.3.1.1, rem oval of grazing may also 
favour the developm ent of dense, low -diversity  P uccinellia  sw ards. This 
may partia lly  explain the  rece n t spread of Puccinellia-dom inated  
com m unities a t the expense of H alim ione. G razing clearly  d iverts  the 
course of succession, and m arshes which have been previously heavily 
g razed  will requ ire  continuing m anagem ent to  m ain tain  th e ir d iversity . 
U ltim ate ly , how ever, ungrazed m arshes (as on th e  N orth N orfolk coast) can 
develop a high species d iversity , w ith a sward w ith a low er proportion of 
grass species. The ideal s itu a tio n  for conservation purposes (maximising 
s tru c tu ra l and species diversity) is a m ixture of ungrazed and grazed  
m arshes with a varia tion  of stocking levels w ithin the la t te r .

4.2 Wildfowl

G razing by geese, especially  b ren t geese, may have an im portan t influence on the 
species com position of some low m arsh com m unities. The highest m onthly counts 
of b ren ts  in the Wash have inc reased  m arkedly since the mid 1970s from  4,300 in 
1973/4 to  11,400 in 1979/80 and a peak  of 24,300 in 1982/3. A subsequent decline 
has taken  p lace to 14,200 in 1984/5. These changes in the Wash population have 
been  p a r t of a general increase  in th e  population of b ren ts  worldwide owing to a 
succession of good breeding years. An increase  in goose-grazing can be expected  
to m ain tain  an open com m unity in the  low m arsh w ith a high proportion  of 
annuals. The rep lacem en t of A ster tripolium  sa ltm arsh  by tran sitio n a l low m arsh 
v eg e ta tio n  (section 2.3.1.3) may be a t le ast p a rtly  due to m ore in tensive grazing 
of the  low er m arsh by b ren t geese. Joen je  (1985) found th a t grazing by wildfowl 
on recen tly  em banked sandflats  favours the  survival of annual p lan t colonisers and 
re ta rd s  succession tow ards perennial grassland. Ranw ell & Downing (1959) found 
th a t,  on reaching  th e ir w intering grounds a t Scolt Head Island, b ren t geese fed 
f irs t on Z oste ra  beds, then  on E nterom orpha and finally  on P uccinellia  and A ster 
of th e  low er saltm arsh  by the end of the w inter. F u rth er increases in the 
population of b ren t geese or reduction  in the  sa ltm arsh /in te rtid a l feeding grounds 
could fo rce the geese to move to  a lte rn a tiv e  feeding grounds in o ther estu aries  or 
in nearby  cerea l fields. A re la tiv e ly  im m atu re  sa ltm arsh  is m ost su itab le  to 
encourage wildfowl grazing: C adw alladr e t al. (1972) have shown th a t wigeon 
p re fe r  to  feed  on swards of Puccinellia  and A grostis tenuis ra th e r  than  tussocky 
F estuca .
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5 A ccretion rates

5.1 Methods

5.1.1 K estner cores

A ccretion  was m easured by the  technique of K estner (1959). In principle, 
the  technique involves m arking th e  p resen t su b stra te  level by a T-shaped 
plug of w hite silica flour of known depth . Thus erosion of or acc re tio n  over 
the  core can be m easured d irec tly . Cores w ere in se rted  into the m arsh 
su rface  a t th ree  s ta tio n s  (lower, m iddle and upper marsh) per tran sec t. At 
each  sta tio n , a line of five cores, 1 m ap art, w ere loca ted  p recise ly  by 
m arkings on a wire s tre tch ed  betw een  wooden posts. Cores w ere in serted  
by rem oving a plug of soil (2.5 cm in d iam eter; 10 cm in depth) w ith the 
inner tube of the co rer. The ou te r tube was then filled  w ith a silica  flour 
p as te , a th ick  slurry  of finely m illed silica  (200 mesh) mixed w ith w ater. 
A fte r rem oving the  ou ter tube, m ore silica paste  was spread over the 
su rface , so m arking the  cu rren t su b stra te  level. C ores w ere put in during 
Ju n e /Ju ly  1985 and dug up in A pril 1986 w ith a 10 cm d iam eter co rer. The 
re tr iev ed  cores w ere split w ith  a sharp knife and the sedim ent 
accum ulation  m easured. It proved im possible to re tr iev e  the cores a t the 
O ngar tra n se c t owing to  bank rebuilding work.

5.1.2 T ran sec t p rofiles

E levations along the  tran sec ts  a t N ene, Gedney, H orseshoe N orth  and 
W ainfleet (where rapid acc re tio n  was expected  because of recen t 
reclam ations) w ere determ ined  by op tica l levelling, to  give de ta iled  
p rofiles. These provide a d irec t com parison w ith the elevations m easured 
in 1973, and thus a longer-term  e s tim a te  of the ra te  of acc re tion .

5.2 Results

5.2.1 K estner cores

The m ean annual acc re tio n  ra te s  obta ined  show (Table 5.1) th a t, in general, 
acc re tio n  is continuing a t ra te s  com parable to those found in the  previous 
survey. As expected , the  ra te s  increase  tow ards the seaw ard edge of m ost 
tran sec ts . The h ighest ra te s  (more than  25 mm per annum) w ere found a t 
W olferton (700 m), Trial Bank (400 m), Nene (200 m), Horseshoe N orth 
(300 m) and W ainfleet (300 m). A ccretion  is c learly  low er on the  older 
m arshes, although re la tiv e ly  high ra te s  are  s till found in th e ir p ioneer 
zones (for exam ple a t H olbeach 1,000 m and F ram pton 1,700 m). E levated  
acc re tio n  ra te s  w ere found in fron t of some rece n t rec lam ations, notably  
a t W ainfleet. However, a t F re is ton  acc re tio n  was bare ly  d e tec ta b le  and 
com plete  erosion of the low est core s ite  had occurred . This presum ably 
resu lts  from  the continuing work being carried  out to  s tab ilise  the new 
seabank of the  1979-80 rec lam ation  and the excavation of fu rth er borrow 
p its . The m ajority  of suspended sedim ent will be deposited  in the  borrow 
p its  ra th e r  than on the rem aining m arsh su rface . An unexpected  trend  was 
also found a t the  Nene tra n se c t,  w here the  accre tio n  ra te  declined w ith 
d is tance  from  the  seabank. The topography of the p ioneer zone in this a rea  
is hum m ock/hollow  w ith many para lle l drainage channels. This p a tte rn  of 
acc re tio n  will lead to  a steepen ing  of the  m arsh slope and may be re la te d  
to  the  low er than  expected  ra te  of seaw ard  spread found in fron t of the  
Wingland rec lam ation  (section 2.3.2; Table 2.5).

61



Table 5.1 A ccretion  ra te s :  summary of resu lts  and comparison with 1971/4 survey

N ote: Values in b rack e ts  give approxim ate d istance from  1973 ou te r seabank, for com parison
w ith  1971/4 locations.
NM = not m easured.

1985/6 survey 1971/4 survey

T ransec t
D istance (m) Height (m) A ccretion  ra te D istance (m) H eight (m) A ccretion  ra te
from  ou ter AOD (mm per annum) from  seabank AOD (mm per annum

seabank

W olferton 100 NM 2.6 A 90 3.44 2.8
400 NM 17.8 B 450 2.97 13.9
700 NM 26.4 C 690 

D 750
2.88
2.56

31.0
19.9

W ootton 200
500

NM
NM

3.1
22.7

A 80 
B 260 
C 560 
D 610

3.51
3.51 
3.25 
2.99

2.1
7.3

26.9
20.2

700 NM 28.8 E 630 2.78 22.0

T rial Bank 100 NM 6.9 A 90 
B 215

3.42
3.36

3.9
8.4

300 NM 22.6 C 285 3.12 6.9
400 NM 28.7 D 350 2.89 11.8

Nene 300 m rec lam ation A 100 3.30 6.7
B 200 3.32 12.6
C 370 3.29 NM

200(500) 3.12 27.5
300(600) 2.78 23.1 D 620 2.66 22.9
400(700) 2.58 15.0

Gedney 300 m rec lam ation A 260 3.52 1.5

100(400) 3.30 7.4 B 515 3.10 7.1
300(600) 2.89 19.4 C 660 2.89 11.1
600(900) 2.12 18.9 D 870 2.65 8.2

H olbeach 200
600

NM
NM

4.6
18.9

A 100 
B 350 
C 650 
D 920

3.59
3.36
2.93
2.69

I.5
3.2
9.8
II .8

1000 NM 21.1 E 1020 2.45 25.8
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Table 5.1 (continued)

1985/6 survey 1971/4 survey

T ransec t
D istance (m) 

from  ou te r 
seabank

H eight (m) A ccretion  ra te  D istance (m) H eight (m) A ccretion ra te  
AOD (mm per annum) from  seabank AOD (mm per annum)

F ram pton ^qq

1100

1700

NM

NM

NM

2.6

6.2

15.8

A 120 
B 380 
C 480 
D 1180 
E 1600 
F 1700

3.51
3.74
3.43
3.39
2.85
2.67

1.3
1.7
1.8
4.4 
15.1 
16.3

F re iston  560 m rec lam ation

100(660)
200(760)

250(810)

NM
NM

NM

2.1
1.8

All cores eroded

A 80 
B 475 
C 700 
D 780

3.37
3.14
2.72
2.59

I.9 
5.3 
9.1
II .6

Horseshoe or.n 
South 400

500

NM
NM
NM

13.1
23.2
20.2

A 105 
B 360 
C 480 
D 100

3.25
2.78
2.56
3.29

2.6
16.9
26.6
4.4

H orseshoe 280 m rec lam atio n A 70 3.37 2.3
N orth B 180 2.99 11.2

100(380) 3.06 8.6 C 320 2.81 25.5
200(480) 2.54 21.2
300(580) 2.48 33.0

W ainfleet 450 m rec lam ation A 110 3.22 0.7
B 240 3.35 1.5
C 370 3.12 6.1
D 480 3.04 10.6

100(550) 3.05 6.1
200(650) 2.90 13.9
300(750) 2.83 26.5
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6 Sum m ary  and  a p p ra isa l

6.1 Total salt marsi:- area

The to ta l  a re a  o f sa ltm a rsh  in th e  W ash, m easu red  from  th e  v e g e ta tio n  m aps 
p roduced  in th is  su rv ey , was found to  be 4,158 ha . T his am oun ts  to  som e 9% of 
th e  a re a  of th is  h a b ita t  in B rita in  (ap p ro x im a te ly  44,000 ha). Thus, a n e t 
red u c tio n  of 83 h a  has o c c u rre d  s ince  th e  p rev ious su rvey  (R anderson , 1975). 
Since 1973, 864 h a  of sa ltm a rsh  have  been  re c la im e d , m ain ly  on th e  w est shore 
b e tw e en  th e  N ene and O use o u tfa lls . C le a rly , co n s id e rab le  a re a s  o f new 
sa ltm a rsh  have  deve loped  in  response  to  re c la m a tio n , a lth o u g h  a  n e t loss of 
sa ltm a rsh  has o c c u rre d  in th e  sec tio n s  of sh o re lin e  in w hich th e  la rg e s t 
re c la m a tio n s  to o k  p la c e . N ew  sa ltm a rsh  fo rm a tio n  has been  m ost rap id  on the  
w est shore  (343 ha), as co m p ared  w ith  only 50 h a  b e tw e e n  th e  N ene and th e  Ouse. 
A s ig n ifican t sp re a d  of sa ltm a rsh  was found to  have  o c c u rre d  b e tw e e n  th e  W elland 
and th e  N ene; in th e  rem ain in g  a re a s  th e  sa ltm a rsh  e x te n t  re m a in e d  re la tiv e ly  
c o n s ta n t.

A ssum ing th a t  th e  low w a te r  m ark  has rem a in ed  s ta t ic ,  any re c la m a tio n  re su lts  in 
a p e rm a n en t loss o f in te r t id a l  a re a . O f th e  rem a in in g  in te r t id a l  zone , 781 ha  of 
m ud or sand f la ts  hav e  beco m e co lon ised  by sa ltm a rsh  since  th e  p rev ious su rvey  -a  
loss o f ap p ro x im a te ly  3% of th e ir  a re a . The im p a c t and s ig n if ic a n ce  of th is  loss 
on th e  pop u la tio n s  o f w aders and w ildfow l and on th e  in v e r te b ra te s  on w hich th ey  
feed  is being in v e s tig a te d  by  G o ss-C u sta rd  and o th e rs  from  th e  In s t i tu te  of 
T e r re s tr ia l  Ecology (G o ss-C u sta rd  e t  a l., 1987).

This survey  has show n th a t  th e re  is co n sid e rab le  v a r ia tio n  in th e  r a te  of sa ltm a rsh  
sp read  a f te r  re c la m a tio n  ow ing to  the  overrid ing  in flu e n ce  of lo ca l f a c to rs . The 
values g iven by M AFF (1983) fo r th e  e x p e c te d  r a te s  o f sp read  and th e  tim e  tak en  
fo r equilibrium  to  be  re -e s ta b lish e d  c le a rly  o v e re s tim a te  th is  r a t e  in  th e  Wash as 
a w hole. S ince th e  p rev ious su rvey , th ese  high r a te s  hav e  only b een  ach iev ed  in 
th e  m ost fav o u rab le  c irc u m sta n c e s , m ain ly  on th e  n o r th e rn  se c tio n  of th e  w est 
shore . The re la tiv e ly  low r a te  of sp read  on th e  so u th  sho re  b e tw e e n  th e  N ene and 
the  Ouse is a p a r t ic u la r  cause  fo r co n cern . I t  su g g ests  th a t  th is  s e c tio n  of the  
sho re line  m ay be unab le  to  su s ta in  a  high r a te  o f re c la m a tio n  in th e  fu tu re . 
M easu rem en ts  of th e  r a t e  of a c c re tio n  and a com parison  of t ra n s e c t  p ro file s  have  
also h igh ligh ted  th is  s itu a tio n . S im ilarly , th e  e x te n t o f new  sa ltm a rsh  fo rm a tio n  
in fro n t of th e  1972 L e v e rto n  re c la m a tio n  w as also  s ig n if ic a n tly  less  than  
ex p e c te d . In g e n e ra l, how ever, th e  r a te s  of sed im en t a c c re tio n  a re  co m p arab le  to  
those  found during  th e  W ate r S to rag e  Schem e F e a s ib ili ty  S tudy , i .e . b e tw e en  
15 mm and 30 mm p e r annum  n e a r  th e  seaw ard  edge of th e  s a ltm a rsh . I t should 
also be n o ted  th a t  fu r th e r  se aw a rd  sp read  will n o t be  possib le  a t  som e s ite s  owing 
to  th e  p ro x im ity  o f a m ajo r channel or o u tfa ll;  th is  app lies, fo r ex am p le , to  
K ir to n /F ra m p to n , O ngar H ill and L u tto n  o u tm arsh es .

6.2 Changes in vegetation  communities

This su rvey  h as  shown co n sid e rab le  changes in th e  e x te n t of th e  sa ltm a rsh  
v e g e ta tio n  co m m u n itie s  s in ce  th e  e a rly  1970s. T he d iffe re n c e s  found re s u lt  from  
loss of h a b ita t  due to  re c la m a tio n  and erosion  and  also  from  changes in the  
c o n s titu e n t sp e c ie s  ow ing to  th e  e f f e c ts  of g raz in g , c lim a te  and succession .
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6.2.1 Losses due to  rec lam ation

The com m unities lo st a f te r  rec lam ation  are m ostly  those of the mid to 
upper m arsh zones. H owever, a t some sites all the  existing m arsh 
(including low er marsh) com m unities were enclosed. Halimione 
portu lacoides sa ltm arsh  (H alim ione-dom inated subcom m unity) has been 
particu la rly  severely  a ffe c te d  by reclam ation ; 39% (over 500 ha) of the 
a rea  of this com m unity reco rded  in the  previous survey has since been 
enclosed. In addition, 25% of the original a rea  of Puccinellia  m aritim a 
(P uccinellia-dom inated  subcom m unity), 23% of P uccinellia  m aritim a  upper 
m arsh subcom m unity, 14% of Agropyron pungens (Elymus pycnanthus) and 
11% of annual Salicornia sa ltm arsh  have been lost in rec lam ation . The 
digging of borrow  p its  during th e  rece n t program m e of raising seabanks is 
also a sign ificant fa c to r  in th e  loss of P uccinellia  m aritim a  upper m arsh 
subcom m unity.

6.2.2 O ther changes and the  influence of grazing

The most w idespread and d ram atic  change since the  previous survey has 
been the decline in dom inance and d istribution  of H alim ione and its  
rep lacem en t la rge ly  by Puccinellia  m aritim a . This has resu lted  in an 
increase in the  a rea  of P uccinellia  m aritim a sa ltm arsh  (Puccinellia- 
dom inated subcom m unity) and Halim ione portu laco ides saltm arsh  
(P uccine llia -dom inated  subcom m unity). T ogether, these  com m unities now 
occupy 55% of the  to ta l sa ltm arsh  area . This change is thought to  be 
largely  a resu lt of re c e n t cold w inters, although the  continuing reduction  in 
the use of the  m arshes for grazing may also be im portan t.

The o ther sign ifican t change in the older m arshes has been the  invasion of 
Puccinellia  m aritim a  upper m arsh subcom m unity by Agropyron pungens. 
The form er com m unity also contains fragm ents of A rtem isia  m aritim a  and 
F estu ca  rub ra  sa ltm arsh  and is the most diverse sa ltm arsh  vegeta tion  
com m unity on the Wash in te rm s of both  its  com ponent species and the 
s tru c tu re  of the  v egeta tion . S tands of Agropyron pungens are , in co n tra st, 
homogeneous in s tru c tu re  and of a very low species d iversity .

This trend  is the  expec ted  p a tte rn  of succession on w ell-drained  s ite s  in the  
absence of grazing . The in troduction  of a low level of grazing, ideally  by 
sheep, would help to  lim it the  spread of Agropyron. G razing is, how ever, 
likely to  be co n cen tra ted  a t th e  m argin of the  Agropyron sw ard, and the 
e ffe c t should be closely m onitored  to  p reven t overgrazing of th e  rem aining 
areas of d iverse v egeta tion . An a lte rn a tiv e  m ethod of controlling  the 
spread of Agropyron would be a m odification of the  drainage reg im e, to 
increase the frequency  and duration of flooding betw een creeks in the 
upper m arsh.

In general, th e  e f fe c t of reduced  grazing pressure has been to  encourage 
the  developm ent of ta il, dense and re la tive ly  hom ogeneous sw ards of 
P uccinellia  m aritim a, o ften  w ith A trip lex h a s ta ta  as an associa ted  species. 
This decline in s tru c tu ra l d iversity  is of considerable sign ificance for 
w intering wildfowl, which p re fe ren tia lly  g raze a sh o rte r tu rf , and also for 
breeding bird populations such as redshank, which nest m ainly in a 
'tussocky ' sw ard.
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O ther com m unities requ ire  continued grazing if  they  are to  p e rs is t -  for 
exam ple the  Spergularia m arina—P uccinellia  d istans com m unity which 
occupies sm all a reas  of heavily  c a ttle -g ra z e d  m arsh on the  w est shore. 
The m ain tenance or ré in troduction  of grazing a t  a range of densities would 
clearly  be of value in o ffse ttin g  the increasing  hom ogeneity  and lack  of 
d iversity  of th e  Wash sa ltm arshes.

The o ther m ajor veg e ta tio n  changes observed w ere a decrease  in the cover 
of A ster tripolium  and in the  a rea  of S partina anglica and annual Salicornia 
com m unities. This decline in the ex ten t of p ioneer com m unities com pared 
with th a t reco rded  in the previous survey re f le c ts  successional 
developm ent in the  low er m arsh zones. A reduction  in the  a rea  occupied 
by Salicornia and A ster m ay sign ifican tly  reduce th e  availab ility  of food 
for the  populations of w intering passerines, p a rticu la rly  tw ite , which feed 
on the seed of these  species (Davies, 1987). In th e  p as t, ex tensive Spartina 
com m unities w ere reco rded  in the Wash, as in o ther estu aries  on the  east 
coast. H owever, Spartina  now form s only re la tiv e ly  sm all stands and 
pioneer com m unities to ta llin g  97 ha, largely  in the  sou th -east corner 
around the G rea t Ouse ou tfa ll. Sim ilar reductions in the  a rea  of Spartina 
m arsh have also been reco rded  a t many o ther s ite s  such as H am ford W ater, 
Dengie F la ts  and the  e s tu aries  of the  B lackw ater, Crouch and Colne (NCC, 
unpublished data).

6.3 R ecom m endations for fu tu re  work

6.3.1 T ransec t profiles

The tra n se c ts  a t W olferton, W ootton, O ngar, T rial Bank, Holbeach, 
F ram pton and H orseshoe South should be levelled  to  provide a 
com parison w ith the  1973 profiles.

6.3.2 V egeta tion  m onitoring

R ecording of v egeta tion  a t tran sec t point and p a rticu la rly  study site  
quadrats should be rep ea ted  a t five-yearly  in te rva ls  w ith the use of 
NVC techniques. P re fe rab ly , all s ite s  should be reco rded  in a single 
season, ra th e r  than  a few tran sec ts  per y ear. The p resen t survey 
has shown th a t changes along the  tra n se c ts  are rep re sen ta tiv e  of 
changes in the  sa ltm arsh  vegeta tion  on a la rg e r scale  throughout the 
Wash. The com plete  survey, including production of a full se t of 
v eg e ta tio n  maps, should be rep ea ted  a f te r  10-15 years.

6.3.3 G razing

In the light of the  v egeta tion  changes described  in th is rep o rt, it  is 
c lea r th a t the  in troduction  of positive grazing m anagem ent should 
be considered in the  m arshes owned or leased  by conservation 
bodies. The e f fe c t of d iffe ren t stocking ra te s  and periods of grazing 
on the  course of succession are  not well understood. E xperim ental 
tr ia ls  w ith d iffe re n t grazing levels and durations would be very 
useful in planning fu tu re  m anagem ent. Such tr ia ls  should include 
m onitoring of the vegeta tion  and assessm ent of the value of 
d iffe re n t g razing  reg im es in providing h a b ita ts  for in v e rteb ra te s  and 
birds.
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