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THE DECLINE IN BROADLAND’S AQUATIC FAUNA AND
FLORA: A REVIEW OF THE PRESENT POSITION
Read by
Norwich

the President,

Dr. M. George

to the

members of

the Norfolk

and

Naturalists’ Society at a meeting held in the Central Library Lecture

Theatre, Norwich, 3

December 1976

Introduction

During the past few years naturalists and lovers of Broadland have been dismayed by the widespread losses of aquatic plant and animal life, the outbreaks
of avian botulism, the periodic fish kills and other signs that all is not well in the
region. Some of these ecological changes have already been described, for example
by Morgan (1972) and by Mason and Bryant (1965), but their interrelationships
both with one another, and with contemporaneous changes in Broadland’s
physical environment are only now beginning to emerge. Figure 1 represents an
attempt to portray diagrammatically some of the complicated “cause and effect”
inter-reactions which are believed to be occurring.
Although we are not yet in a position to produce a comprehensive synoptic
account of the way in which the ecology of the region is being affected by
natural processes, by the increasing recreational pressure on the waterways, and
other alterations in the pattern of land use, I thought it might be useful if I gave
an interim review of the scope, probable causes and effects on wildlife of the
principal changes taking place. I also propose to refer to some of the research
which is being carried out to improve our understanding, both of the processes
concerned, and the ways in which matters could be put right.
Ecological Monitoring

Attempts to assess and monitor the ecological changes taking place in an area
are all too often frustrated by the absence of reliable information about what it
was like in the past. In general, Broadland is well documented and Dr. Ann
O’Riordan, who examined the literature about the region for the Nature Conservancy Council (NCC) in 1975/76 has produced over 500 abstracts. These
are proving of great value to those working on the ecology and geography of
the region. Nevertheless, there is a dearth of quantitative as distinct from qualitative date about the fauna and flora of the region.

Very little is known, for example, about the relative abundance of the
macrophytes which grew in the various broads, although the species
present were often carefully recorded by earliei workers.

different

Despite the paucity of detailed ecological information it is known that many
of the changes which have taken place have not done so uniformly. Aerial
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photographs show, for example, that Cockshoot Broad lost almost all its margireedswamp between 1956 and 1962 (see plates 1 and 2), whilst that in
the Ormesby, Rollesby, Filby group of broads does not appear to have regressed at all during the past twenty-five years (Clarke in litt). Similarly, both
Morgan (1972) and Mason & Bryant (1975) have pointed out that macrophytes
ceased to grow in some broads much earlier than in others.
nal

In order to find out more about the rate at which such changes have been
taking place, and if possible relate this information to physical factors such as
the increasing number of boats in use on the waterways, bank erosion, dre dging
and piling, the
has recently awarded a short term contract to Michael
Jackson, a graduate from the University of East Anglia. He is studying not only
the literature, but unpublished information contained in, for example, the diaries
kept by the late Robert Gurney between 1921 and 1929, and the records kept by
the NCC, the Anglian Water Authority (and its predecessor the East Suffolk
and Norfolk River Authority) and the River Commissioners.

NCC

Another short term contract has recently been awarded by the NCC to
Robert Driscoll to investigate, inter alia the status of the brackish water fauna
of the lower reaches of the Broadland rivers; this was described by Robert
Gurney in a series of papers published in the Transactions between 1900 and
1930, but has not been studied in any detail since then. The information collected
by Driscoll will confirm whether this fauna has, as we suspect, been adversely
affected by eutrophication, intensive recreational use and other factors; it will
also be of value in connection with the Yare Basin Flood Control Study now
being carried out by Consultants for the Anglian Water Authority’s Norfolk and
Suffolk Land Drainage Committee.
,

Open Water Habitats
Numerous

in

Broadland

writers, for example, Jennings

and Lambert (1949) and

Ellis (1965)

have referred to the reduction in the amount of open water which has occurred
in the region as a result of the overgrowth of the broads by marginal reedswamp.
The rate at which this has occurred has varied from site to site. For example,
according to figures given in the Report on Broadland (1965) Ranworth Broad
shrank in size from 57 ha. in 1840 to 20 ha. in 1946, a 65% reduction, whilst
during the same period, Barton Broad decreased in size from 115 ha. to 66 ha

Although the total amount of water in Broadland declined from 1,200 ha.
700 ha. in the 1940’s, the amount increased somewhat during
the 1950’s as a result of the grazing pressure exerted on marginal reedswamp
vegetation by numerous coypus (Ellis 1965). Ranworth Broad, for example,
increased in size by about 4 ha. between 1946 and 1962. With the substantial
reduction in the numbers of coypus during the hard winter of 1962/63, and the
subsequent control exercised on the population by trapping, these animals are
probably not sufficiently numerous significantly to affect the total amount of
open water in Broadland. Nevertheless some indication of the biotic effect of
these animals can be gauged from the fact that the annual production of the
reedswamp at Alderfen Broad was reduced as a result of coypu grazing from
in the 1880’s to

12.3 tonnes dry weight in 1972 to 6.3 tonnes dry weight in 1973
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(Mason

1976).

w
>.2

(0

35:

o 5

|S

<
tt

«
< «

p
S o
X

2
X
o

UJ

u

SUSPECTED

sg

—

3
|
2 “
to <
z S
5
>

1

CL

d
HH

43

Many

of the broads are

now much

shallower than they used to be. This is
fact that they lie in close proximity
to rivers carrying heavy sediment loads. Nevertheless, there is some evidence
that the rate of mud deposition is accelerating. At Barton Broad, Osborne and
Moss (1977) have shown that this varied from 1.2mm to 3.1mm a year between
1720 and 1950, but that thereafter the rate of deposition rose to about 5mm.
a year during the 1950’s, c.lOmm during the 1960’s and c.l2mm a year during
the 1970’s. Osborne and Moss point out that the rate of deposition is now so
large that it cannot be ascribed to the increased rate of phytoplankton production
in the Broad. Furthermore although phosphate-rich sediments discharged from
sewage treatment works into the river Ant upstream of the Broad are probably
being deposited in the latter, these too can only be providing a relatively small
contribution. In the ciicumstances, Osborne and Moss believe that much of the
sediment is derived, firstly from the breakdown of the reedswamp around the
Broad, and secondly from material eroded from the banks of the river Ant
upstream of the Broad; this is caused by the wash produced by large numbers
of motorcraft, and by vessels moored alongside the banks. Whatever the sources
of the sediment, Oxborne and Moss’ results suggest that Barton Broad will
by 2025 have ceased to exist as we know it today unless remedial measures are
put in hand.
inevitable given their artificial origin

and that

To a limited extent such measures are already being taken by the Rivers
Yare, Bure and Waveney Commissioners. The navigable channels across Barton
Broad are currently being di edged by this Authority, whilst several other broads
open to public navigation have been dredged in the past. According to figures
kindly made available to me by Mr. C. Groves, the Commissioners’ Rivers
Manager, these include Malthouse Broad, where 118,220 tons were removed
between 1961 and 1967, South Walsham Broad and Fleet Dyke (172,820 tons
between 1960 and 1965) and Horsey Mere (123,800 tons between 1966 and 1970).
The environmental effects of mechanical dredging are not well understood,
but research carried out in Lake Herman, South Dakota, USA, suggests that the
rate of nutrient release increases, at least temporarily, as a result of the disturbance caused and the exposure of deposits below the mud surface Dunst et al
(1974). Where it is necessary to minimize nutrient release, for example, in broads
of particular ecological importance, it will almost certainly be desirable to use
suction dredgers. Such machines have been extensively employed in Sweden and
elsewhere but have not been widely used in Broadland mainly because they are
slightly more expensive to use than mechanical dredgers (Groves pers.comm).
One was used experimentally by the East Suffolk and Norfolk River Board at
Rockland Broad between September 1959 and April 1960, but did not give
satisfactory results. However in 1975 a “Mud Cat” was successfully employed
by Mr. Colin Chapman to renovate a small broad and other water bodies at
Brundall. The site is now being monitored as part of the NCC’s commissioned
research programme on eutrophication.
Conscious of the need to safeguard as much open water habitat as possible
given much attention to the maintenance of the dyke system in
the Woodbastwick section of the Bure Marshes National Nature Reserve. As a
result of past neglect this was in a near derelict condition when this site was
the

NCC has

44

and very little aquatic plant and animal life remained. During the past seven years a substantial number of dykes have been
restored by means of a Sykes 5in. Univac pump mounted on a pontoon and
many of the cleaned out dykes have developed a luxuriant stand of macrophytes
together with a good benthic invertebrate fauna.
established as a reserve in 1958

Peat was

still being dug from shallow (c. 1 ^m. deep) excavations in the fens
end of the 19th century, and the flooded workings, known as turf
ponds, were colonised by macrophytes befoie being occluded by reedswamp
peat (Lambert and Jennings 1951). Being of substantial size (for example 27%
of the area known as Woodbastwick Fen consisted of open water in 1845
(George 1976a)) these turf ponds would undoubtedly have supported a wealth
of aquatic plant and animal life. Apart from examples at Ranworth Flood,
Reedham Marsh (opposite How Hill) and near Catfield Hall, very few of these
water bodies now survive in Broadland and those that do have largely lost
their macrophytes and benthic invertebrates. In an attempt to provide conditions
suitable for the re-establishment of this flora and fauna a small relict turf pond
on the Bure Marshes National Nature Reserve has recently been mud pumped.

until the

There

is

no doubt

that the shallowing of the broads, the near derelict con-

and the occlusion
by peat of all but a few relict turf ponds, has been accompanied by a substantial
impoverishment of Broadland’s aquatic plant and animal life. However it is
often difficult to decide whether the decline in the status of a species can be
attributed to the natural processes associated with the senescence of the broads
and man made waterways, or whether other factors, such as lack of management
or eutrophication, are at least partly responsible. In many cases losses can be
attributed to a combination of circumstances. The endemic damselfly
Coenagrion armatum for example, which used to occur near Sutton Broad, and at one
or two other sites, and which was looked foi in vain by a team of entomologists
in 1974 and 1975, is believed to have become extinct, because the lelict turf
ponds and dykes once frequented by its nymphs, have, as a result of natural
processes and lack of management, become infilled by peat and mud respectively;
they have also probably been adversely affected by eutrophication.
dition of the majority of the dykes cut in the adjoining fens,

Outbreaks of avian botulism have been recorded from many parts of the
world and are characteristically associated with prolonged spells of warm sunny
weather, and the piesence of extensive areas of shallow, stagnant water in which
oxygen levels have been depleted by accumulations of rotting vegetation or
other organic mateiial (Smith 1976). During the past ten to fifteen years habitat
conditions in Broadland have become increasingly well suited to the causative
bacterium ( Clostridium botulinum ) and it comes as no surprise that the organism
has now been recorded from a large number of different sites in Broadland
(Borland et al 1977). Conditions suitable for the multiplication of the bacterium,
and the subsequent release of its toxin, have occurred every year since 1969,
with the exception of 1972, and were responsible for the deaths of over a thousand
waterfowl in both 1975 and 1976 (Lloyds et al 1976). Unfortunately, the only
known methods of controlling further outbreaks of avian botulism, namely
the removal of mud from all the infected broads, and the raising of water levels
woulo respectively be prohibitively expensive or impracticable. However re45

search being carried out by Dr. G. R. Smith of the Nuffield Institute may lead
to the development of more practicable methods of control. In the meantime
steps

have been taken to

set

up a number of centres where birds

disease can be iehabilitated

(NCC

affected by the

1976).

As a result of the investigations carried out for the NCC between 1972 and
1976 by Robert Driscoll, we now know that the most important remaining refuge
for aquatic plants and invertebrates left in Broadland is the extensive system of
dykes associated with the 20,250 ha. of reclaimed marshland. Parts of this system have been adversely affected by eutrophication, by saline water infiltration
and by unsympathetic forms of management, but other areas still possess a
remarkably rich diversity of aquatic species including national rarities such as
Sharp-leaved Pond weed ( Potamogeton acutifolius) and the dragonfly Aeshna
isocoles. The survival of this fauna and flora can be attributed firstly to the fact
that unlike the fenland waterways, aquatic herbicides have not displaced mechanical methods of dyke management, and secondly, that since most of the marshes
are still used for pasturage, the majority of the dykes are kept fairly full of water
in order to prevent cattle straying from one place to another.
Agricultural improvement, involving the conversion of the marshland to
arable,

and the subsequent cropping of the land

for cereals, root crops or grass

for sileage, usually involves the lowering of the water levels in the dykes. Driscoll

(1977) has shown that this is soon followed by the impoverishment of their
aquatic fauna and flora this is caused partly by the more frequent cleaning out
;

of the dykes, and partly by the fact that the remaining water in the latter receives
relatively larger quantities of fertilizers and/or herbicides leached from the
adjoining land. Salinities in some dykes also tend to rise as a result of the leakage
of brackish water through the flood banks of the rivers.
Studies carried out by Rendel, Palmer and Tritton (1977) in connection with
the Yare Basin Flood Control Study show that of the c. 16,000 ha. of marshland
which have potential for agricultural improvement, about 3,500 ha. have already
been reclaimed, and that a further c. 1 ,200 ha. are in the process of being improved.
Of the c.l 1,300 ha. of unimproved grassland which remains, a further 1,200 ha.

management of the remainder will probably remain unchanged unless measures are taken to remove, or at least limit,
the risk of flooding, particularly by saline water.

are likely to be improved however the
;

The Loss of Marginal Reedswamp
Marginal reedswamp was formerly of widespread occurrence in Broadland, but
Second World War it has largely disappeared from the broads associated with the rivers Bure and Ant. This is of considerable ecological significance
as the invasion of open water firstly by Lesser Reed Mace ( Typha angustifolia)
and Bulrush ( Schoenoplectus lacustris ), and later by Reed ( Phragmites australis)
in the manner described by Lambert and Jennings (1951) no longer occurs.
As a result the open water of these broads is now characteristically bordered
by tussock fen communities rather than by Phragmites dominated reedswamp.
Although marginal reedswamp has not regressed to the same extent in the river
Thurne broads as in those associated with the rivers Ant and Bure, many of the
since the

—
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reedbeds around the margin of Hickling Broad which were formerly harvested
regularly, are no longer worth cutting because of their invasion by Bent Grass
( Agrostis stolonifera ) and the depauperate growth of the reed plants during the
past three or four years (Beales, pers. comm).

Lambert (1946) has pointed out that in the Yare broads, where the marginal
vegetation is dominated by Glyceria maxima Phragmites tends to occur only
in land-locked pools and as a narrow fringe to the outer, tidally-scoured, edges
,

of the floating rafts formed by Glyceria. In these habitats, however, the stands
of reed underwent a marked regression during the early 1950’s (Ellis pers. comm)

The factors affecting the performance of Phragmites have been extensively
studied and a voluminous literature exists on the subject this is listed by Haslam
(1972a). In addition to edaphic factors like water regime, temperature and light,
;

this species is affected by numerous biotic influences such as grazing both by
coypus and by swans, geese and other waterfowl, trampling, and by the mechanical damage caused by boats being driven into, or moored alongside the marginal vegetation. Observations have shown that all these factors are having an
adverse effect on reedswamp in Broadland; so also has shading, which has
increased as a result of the growth of trees beside the waterways, particularly
where these traverse areas of unreclaimed fen. The relative importance of these
factors varies from site to site. Furthermore in many places the marginal reedswamp becomes impoverished, or even disappeais altogether for no apparent
reason. Whilst it is convenient to use the phrase “dieback” to describe this
phenomenon, it is by no means clear what combination of factors is responsible

for

it.

Although

it

has been claimed by some continental workers that eutrophica-

tion can adversely affect the performance of Phragmites , there

is

as yet

no hard

evidence for this in Broadland; indeed Haslam (1972b) points out that reed
growth becomes taller as the nutrient input increases. Dieback has not been
confined to broads used for public boating it is for example largely absent, not
only from Wroxham and Malthouse Broads, but from Hoveton Great and Ranworth Broads, both of which are closed to the general public. Although it would
appear from this that the two factors found by Sukopp (1971) to be responsible
for the loss of reedswamp from the Havel lakes in West Berlin, namely excessive
boating pressure and trampling, are of lesser importance in Broadland, it must
be borne in mind that recreational pressure on the Havel lakes is far in excess
of anything encountered in Broadland.
;

seem to vary in their susceptivility to dieback. Pargood examples of this were noticed on the river Yare near Reedham in
September 1976. In some places the shoots were similar in number and stature
to those produced in 1975 a few hundred metres away, however, the growth was
relatively depauperate, the shoots being fewer in number and up to half a metre
Different clones of reed

ticularly

;

shorter than those of the previous year.

Since reed will not grow in Broadland in water whose depth exceeds about
one metre, the width of the reedswamp growing beside a waterway is dependant
on the profile of the latter; the gentler the gradient of the batter, the wider the
reedswamp fringe. The River Commissioners are aware of this, and aim, when
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dredging a river to provide a profile of the type shown in Figure 2. In practice
rivers in Broadland have a profile more nearly resembling that shown in
Figure 3. In such situations only a very limited area is suitable for the growth of
reed. As a result the reedswamp fringe is very narrow and the aerial shoots of
the plants are liable to be physically damaged either by wave action or by passing

most

boats.

The

steep profile also

makes

by the wash generated by boat
swamp being washed away.

the

traffic

;

reedswamp

susceptible to undermining

this ultimately results in blocks

of reed-

Marginal reedswamp is of very considerable environmental importance.
Not only does it form a habitat for species like Reed and Sedge Warbler,
Bearded Tit, Coot, Great Crested Grebe and other waterfowl, but as Mason
(1976) has pointed out, it may, by absorbing large quantities of nutrients in the
spring, and not releasing these until the winter, be fulfilling a useful role as a
nutrient regulator.

A

broad band of reedswamp also helps to prevent bank erosion, since the

wave action. If
reedswamp is too narrow or if it becomes impoverished as a result of dieback,
bank erosion accelerates in places where the waterway adjoins reclaimed marshland it may then be necessary to provide piling to protect the floodbanks and
thus obviate the risk of flooding. In places wheie there is no flood bank, or
where the river is bordered by a wide “rond”, the river gradually widens as a
result of bank erosion; this increases the amount of sediment in the river, and
in narrow heavily used waterways where the muddy bottom deposits are constantly being stirred up, this adds to the turbidity of the water (Moss pers. comm).

closely spaced aerial shoots of the plants cushion the effects of

the

;

Because of the heavy cost, and unattractive “canalised” appearance of
Anglian Water Authority are, in conjunction with the NCC, carrying
out some experiments on the river Thurne a short distance upstream from Thurne
Mouth designed to find out whether it is possible to re-establish marginal reedswamp. The work will involve teprofiling the river to give a gently sloping batter;
reed will grow on the upper parts of this, and where the water depth exceeds
about 1 Jin .the Anglian Water Authority will be trying out various mechanical
methods of increasing the resistance of the muddy peat to wave action, and thus
preventing the undercutting of the marginal reedswamp.
piling, the

Other experimentation, notably in relation to the causes of reedswamp dieis currently being planned by the NCC.

back,

Eutrophication

has become apparent, largely as a result of the research carried out during
Moss and his team at the University of East Anglia,
that the Broadland waterways have, in common with many other water bodies
both in this country and abroad, become affected by eutrophication. The most
obvious symptoms of this phenomenon is the appearance in the water of dense
stands of phytoplankton which increase the turbidity of the water and give it a
greenish or brownish tinge. The oft repeated statement that the germination and
growth of macrophytes is inhibited because the phytoplankton prevents sufficient

It

the past few years by Dr. B.
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this

light reaching these plants

tion

and

and their propagules is probably an over-simplificahave recently drawn attention to the role which
this regard. Another symptom of eutrophidation is

Phillips et al (1977)

epiphytic diatoms play in

the loss of diversity in the invertebrate fauna; this too has occurred in Broadland,
worms and midge larvae having largely replaced the varied fauna of

tubificid

leeches, water snails, small crustaceans

and numerous other animals which used

to occur in the region’s waterways.

The eutrophication of the Broadland waterways has been caused by
that they are

the fact

now receiving excessive quantities of nitrates and phosphates. These

from natural processes, partly from treated sewage effluent
and partly from leached agricultural fertilizers; there is some evidence that
nutrient rich slurry from piggeries and intensive dairy units is in some places
also finding its way into the waterway system. The relative proportions of the
nutrients derived from these sources vary from river to river and can only be
determined by compiling a nutrient “budget”. This involves calculating the input
and outflow of nutiients from a waterway, and assessing the amount being utilized by living organisms in this latter respect the standing crop of algae is of
are derived partly

;

particular importance.

The nutrient budget produced by Osborne and Moss (1977) for Barton
Broad suggests that 73 % of the phosphorus reaching this site emanates from
the North Walsham and Stalham sewage treatment woiks and that a substantial
improvement in the ecological condition of the broad would be achieved if the
concentration of phosphates in these effluents could be reduced before they were
discharged. Osborne and Moss claim that a diverse community of macrophytes
similar to that growing in the broad at the end of the Second World War would
reappear if 70% of the phosphates were removed from the effluent, and that
some water weeds would recolonize the site even if the concentration could only
be reduced by 25 %.

Osborne and Moss point out that the flushing effect of the river Ant as it
flows through the broad results in nutrients being discharged with the outflow
from the latter at a fairly rapid rate. Most broads, for example Wroxham,

Hoveton Great, Ranworth and Rockland, are not flushed out to the same extent,
and would therefore not respond so quickly as would Barton Broad once the
incoming phosphorus load had been reduced.
Experience in Sweden, for example at Lake Trummen, suggests that if such
broads are to be restored to their former condition it may be necessary to remove
the accumulations of nutrient rich mud with a suction dredger. The investigations
being carried out at Brundall Broad, which are described by George (1976b)
should show how quickly a mud-pumped broad, which has been physically isolated from an adjoining nutrient rich river, is recolonized by macrophytes and
benthic invertebrates. Other water bodies at Brundall which have been mud
pumped but which remain in communication with the river Yare are serving as a
control to these experiments.

NNR

The mud pumping carried out on the dyke system of the Bure Marshes
has already yielded useful information about the techniques which can be used
to rehabilitate open water sites affected by eutrophication. Dykes which have
50

been

mud pumped and which,

because they are blind-ending, receive a negligible
from the river Bure, have been colonized by a
diverse assemblage of macrophytes, whilst those dykes which have been similarly
treated, but which carry a flow of nutrient-rich water, remain turbid with
phytoplankton and are almost devoid of macrophytes. Dams aie now being
provided at most of the points where water from the river formerly entered and
left the dyke system, and it will be interesting to see whether dykes affected by
eutrophication are recolonized by macrophytes and benthic invertebrates once
the flow of nutrients into them has been reduced.

amount of

nutrient-rich water

Unlike the broads associated with the rivers Yare, Bure and Ant, the great
majority of which have been affected by eutrophication since the 1950’s, or even
earlier, Hickling Broad, Horsey Mere, Martham Broad and other waterways
associated with the river Thurne, remained in excellent condition until 1969.
In that year, however, the water, first in Horsey Mere, and a few months later,
Hickling Broad, lost its limpid clarity and became turbid with phytoplankton.
More or less simeltaneously a very serious fish kill took place; subsequent
investigations by staff of the East Suffolk and Norfolk River Authority showed
that this was caused by toxin released by Prymnesium parvum , a common constituent of the phytoplankton found in these, and more recently certain other
broads.

Subsequent events did nothing to allay the anxiety felt by conservationists
about the condition of Hickling Broad and Horsey Mere. There were further
fish kills in 1970, 1973 and again in 1975 (Wortley 1976a); meantime ecological
surveys were showing that macrophytes had largely disappeared from both sites,
and that the formerly diverse benthic invertebrate fauna was being replaced by
chironomid larvae and tubificid worms.
In May 1974, the Norfolk Naturalists’ Trust understandably concerned
that such changes were taking place in Broadland, and more especially at
Hickling Broad, a site which it had safeguarded since 1945 and which had been
formally declared as a National Nature Reserve in 1958, drew public attention
to the problem in a Press Release. The Trust took the opportunity to urge that
the
and the Anglian Water Authority should mount a research programme
aimed at identifying the factors responsible for the changes, and formulating

NCC

remedial measures.

Both organisations responded to this request, the NCC’s and the Anglian
Water Authority’s research having been described by George (1976b) and by
Wortley (1976b) respectively.

The research commissioned by the NCC from the University of East Anglia
two Lund tubes each 20m in diameter, and other
experiments at Heigham Corner in Hickling Broad, the object being to determine
the relative importance of nutrient-loading, surface instability of the mud and
mechanical damage by boat propellers as factors likely to be responsible directly

—

involves the installation of

or indirectly, for the ecological changes which have occurred at this site. It is
hoped that the results obtained will enable us to design a programme of manage
ment which will lead to the recolonisation of this site by the great wealth of
aquatic plant and animal life which once occurred here.
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Although the research programme did not commence until May 1976,
some useful preliminary data has already been obtained from the intensive
programme of monitoring being carried out on the water chemistry, phytoplankton, macrophytes, and benthic invertebrate fauna, both inside and outside
the Lund tubes. It is probably significant that seedlings of both Najas marina

and Potamogeton pectinatus germinated over much of the experimental area
in the early summer but that only those growing in the tubes survived to the
end of the season.
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Seminar on Broad-

THE SPATIAL ARRANGEMENTS OF INDIVIDUAL PLANTS
AND SPECIES, AND THE RELATIONSHIPS BETWEEN SPECIES
MAKING UP A PATTERN IN AN AREA OF BRECKLAND
By George Garrod
Summary
Associations of plants characteristic of acidic and calcareous soils on Lakenheath
Warren, Suffolk, have been investigated using the technique of Association
Analysis in order to detect associations between pairs of species.

A lattice and a constellation diagram have

been constructed which represent

the species which are positively associated with each other.

Grouping of plants

is

clearly discernible after processing the data. Plants

form one group and another group is characterisof low pH. This latter group is less clearly defined, which may

typical of chalk grassland

of sandy soil
temporal vegetation changes associated with cyclic phenomena characteiistic of the ‘pattern and process’ described by Watt.
tic

reflect

The grouping is discussed in relation to cyclic behaviour of some of the
and the edaphic and topographic conditions which will require investi-

species

gation

if

causal factors are to be established.

Introduction

Watt (1940) discussed the considerable soil heterogeneity in Breckland associated
with the parent chalk and aeolian cover sands. Watt classified these grasslands
according to soil pH so that at one extreme Grassland
repiesented calcareous
grassland and at the other end of the edaphic spectrum Grassland
represented
acidic grassland. He recognised plant species characteristic of these categories;
for example Asperula cynanchia was characteristic of Grassland A, whereas
Dicranum scoparium was characteristic of Grassland F or G. Vegetational
heterogeneity within an area, therefore, may be linked to soil heterogeneity.

A

G

These studies of Watt were concerned primarily with a large scale of pattern
and vegetation, however, it is possible to recognise similar relationships
on a much smaller spatial scale such that species characteristic of acidic soils
grow in juxtaposition to those characteristic of calcareous soils. The area chosen
for this study reflects such spatial variation in the distribution of plant species.

of

soils

In recent years statistical techniques have been developed to analyse relaand environmental factors. One of these involves the
detection of association between different species. Initially it was postulated
that if there was a marked soil heterogeneity within the study site such that acidic
and calcareous soils were present then it should be possible to detect groups of
species which are characteristic of their respective soil types amongst the total
assemblage of species which grow in the area.
tionships between plants
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Hence the purpose of this study was to establish initially that within a small
area there were groups of species characteristic of acidic soils growing in juxtaposition to those of calcareous soils.
Site

The general area in which the site of study is situated forms part of Breckland,
a unique area of heathland in Norfolk and Suffolk. Here a thin covering of sand
and gravel overlies the chalk. Rainfall is low (c. 60mm) and the diurnal temperature range is high. The barren, sandy soil has a low nutritional status and supports a so-called steppe species flora, which has, in the past been much affected
by grazing animals.
(a)

(b) The actual
number of species

was

its typical Breck flora, large
low management stress, its structural
uniformity in similar growth habits of the component species and confinement
to the herb layer, absence of a marked pattern in the vegetation, and known variation in pH (4.0 - 8.5) and topography. It consists of a small area rather less than
400 square metres on Lakenheath Warren (TM 751808) and typical of a larger
area around it. Here the mantle of sand above the underlying chalk is very uneven. Sand mixed with chalky boulder clay in places and leached in others, produces a mosaic of soils of different nutritional status. Nearby is the rabbit-proof
enclosure used by Watt (1961) in his study of the effects of rabbit grazing.

site

selected because of

in close proximity,

The microtopography
with variations of about 7

creates a series of gentle hollows

and hummocks

cm between trough and crest.

Method
Before causal factors in plant associations are investigated it is necessary to
establish the spatial arrangements of individuals of a species, and the relationships between different species

lysis

which make up the pattern.

The method chosen to investigate the latter was a test of Association Anabased on Kershaw K.A. (1964) Quantitative and Dynamic Ecology.

an area of about 400 square metres was sampled and the plant
5cm x 5cm square quadrats recorded on 6/7 July, 1974. Statistical
analysis was then carried out to establish positive or negative associations between
Briefly,

species in 400

the different pairs of species.

These are shown in a constellation diagram (Fig. I) where species which are
strongly positively associated are placed close together and those with weak
associations further apart.

Results and Discussion

Although the data have been subject to statistical treatment, some subjective
assessment has had to be used, not only in the collection of data and in the
preparation of the species constellation, but in the interpretation of the ecological
significance of the data.
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FIG

1

- SPECIES CONSTELLATION BASED ON X 2 VALUES

Sandy summit*

Chalky hollows

Leontodon

One clearly recognisable group are the plants usually regarded as species of
chalk grassland in Gt. Britain (Group 1) which includes Carlina vulgaris Cladonia furcata Festuca ovina Galim verum, Koeleria gracilis Leontondon hispidus
Linum catharticum and Lotus corniculatus, and nearly all of these species have
,

,

two

,

,

,

positive associations.

The other associations are plants associated with sandy habitats (again
based on visual appearance) and are a loose group which can be sub-divided
on the basis of their positive associations as follows:
(a)

Festuca ovina Luzula campestris, Euphrasia

(b)

Dicranum scoparium, Anthoxanthum odoratum.

(c)

,

Cladonia foliacea,

Hieracium pilo sella,

officinalis.

Aira praecox,

Astragulus

danicus.
- Euphrasia relationship may be an example of host-parasitic
though Swann, E.L. (personal communication) while not doubt-

The Luzula
relationship,

ing an association, has never observed Luzula as a host plant.

With regard to these 3 divisions Watt (1961) investigated cyclic change where
the mosaic of patches in the vegetation each represented phases in a cycle where
each patch progresses eventually and repeatedly through the same cycle of events.
However, although small areas will change over a period of time the overall
structure and composition of the community remains unchanged, since each
phase is represented by a mosaic of cyclic units related spatially to each other as
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well as representing a time sequence. Watt uses the relationships between
Hieracium and Festuca to show the wave-like advance of vegetatively spreading
plants, numerical increase and vigour being followed by a decline. Hummocks
of sand build up around Festuca tussocks but fail to remain intact under Hieracium invasion as the latter’s power to bind the soil is weak it has no network
of fine roots like Festuca and on its death the soil-protecting leaves are removed.

—

Wind and rain then erode the hummocks down to the chalk allowing the
Festuca to return and i e-initiate the hummock. The inorganic environment and
the topography is thus often in a state of change. Groups (a), (b), and (c) above
may represent a stage of transition in such a process.
In spite of the present stage of study it is evident that in this small area
is a marked heterogeneity between groups of species which appears to be
determined by edaphic and topographic conditions.
there

It should be noted that this is a dynamic and not a static association, being
sampled at a point in time. Plants come and go with variation of temperature,
rainfall, and grazing. There will be sporadic contributors to the pattern e.g.
Senecio jacobaea which in this season has a small number of occurrences.
,

Further

Work

If the work were to continue it is suggested that the next stage of investigation
should be to examine more closely the patterns of these different species in
relation to soil environmental patterns.
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A

and Dynamic Ecology,

THE CTENOPHORA, SCYPHOZOA AND ANTHOZOA OF
NORFOLK, WITH ADDITIONAL NOTES ON THE HYDROZOA
R.

Hamond

Scaldbeck, Morston, Holt, Norfolk
(Present Address: Zoology Department, University of Melbourne, Parkville
3052, Australia)

and R. B. Williams
2 Carrington Place, Tring, Herts.
Introduction

The

present survey includes previously published records together with the

our own collecting and research on the Norfolk fauna. The records of
one of us (RH) began in about 1945, terminating in 1975, whilst those of the other
(RBW) began in 1965 and are still continuing; hence this survey represents some
32 years of continuous work. Previous studies on the marine and brackish-water
Hydrozoa were carried out by Hamond (1957 & 1963a). Freshwater Hydrozoa
of the family Hydridae lie outside the scope of this survey, but the other coelenterate groups, which are mainly marine, are all dealt with here. The ctenophores,
although not now regarded as coelenterates (Hyman, 1940), are included here
for convenience. The localities searched and the Norfolk marine area have been
defined by Hamond (1961, 1963b & 1969a) and collecting methods were as in
Hamond (1967a) and Williams (1972a). Local place names, wrecks, offshore
stations and landmarks mentioned in this paper may be found in Hamond
(1961, 1963a, 1963b & 1969a), Williams (1972a & 1976) or Ordnance Survey
maps of Norfolk. Our individual records and comments are identified by initials.

results of

Ctenophora
Pleurobrachia pileus (O. F. Muller).

Schulze (1875).

Present all the year round, but least plentiful in spring and most abundant
from July to November. An enormous swarm was washed ashore on Brancaster

beach in June, 1965 and it was common west of Scolt Head in July, 1974 (RBW).
Seen to shed ova in July and August (RH).
Beroe gracilis Kunne.

Schulze (1875) as B. ovata.

This is the common Beroe off Norfolk, occurring in small numbers all the
year round, feeding on P. pileus (Greve, 1970; RH). Most records are from the
winter months (RH). Greve (1970) gives photographs by which B. gracilis may
be distinguished from B. cucumis.

Beroe cucumis Fabricius.

An invasion of numerous large specimens (6 to 8 cm long) took place in
July 1965, along with certain other planktonic species (the copepods Calanus
helgolandicus Claus and Anomalocera patersoni Templeton, the amphipods
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Parathemisto gracilipes Norman and Hyperoche medusarum (Kroyer), and
larvae of a euphausiid, probably Nyctiphanes couchi (Bell), which at that time of
year indicate a strong incursion of the kind of water found normally off Yorkshire and Northumberland. When first seen on a calm sunny day (12 July) they
were cruising just below the surface in groups of up to six within an area of
approximately 20m square, adjacent groups being 100 or 200m apart (RH).

mauve colour, whereas B gracilis is usually
(RH). Both species are extremely delicate and
has not been possible to preserve them or to keep them alive in aquaria (RH).
B. cucumis

is

of an iridescent

.

colourless, or at most, faintly pink
it

Coelenterata

CLASS SCYPHOZOA
Order Stauromedusae
Garstang (1901) stated “Sheringham has been reported as a good locality
have no record of the species found there. A minute
long-stalked lucernarian obtained on the Norfolk coast by Mr. Geldart appears
to be a young specimen of Depastrum cyathiforme but the record needs confirmation”. Geldart collected decapod crustaceans from around Cromer (Hamond, 1971, pp. 95 and 105), so perhaps his lucernarian came from there as well.
At West Runton (about 3 km west of Cromer, on the same stretch of rocky
shore) Dr. E. A. Ellis found, in about 1935, what appeared to be Haliclystus
auricula (Rathke), but we have not so far found any lucernarians there or elsewhere in Norfolk waters. Mr. P. G. Corbin (Marine Biological Association,
1969) also failed to find any between Berwick-on-Tweed and Sheringham in
August and September of 1968, despite good conditions for observation during
the equinoctial spring tides. It may be that silting, pollution, or both have extinguished these animals on the east coast of England (Mayer, 1910, p.537;
Marine Biological Association, 1969; RH).
for lucernarians, but I

,

Order Semaeostomeae

According to Russell (1970, p.ll), the following four species are the only
ones likely to occur here at all frequently, although Pelagia enters Dutch waters
from the English Channel (van der Baan, 1967).
Chrysaora hysoscella (L.)
July

Occurs from June to September almost every year, most abundantly in
and August; often in Blakeney Harbour and other inshore waters (RH).

Three specimens, 15 to 22.5 cm in diameter, were found stranded in creeks
on Titchwell Marsh on 10 August, 1975 (RBW). They were unmarked except
for the brown marginal lappets, one of eight major colour varieties found near
Dutch shores by Stiasny (1927). Hardy (1956, pi. 7) figures a more well marked
specimen from Norfolk. Sorby (1903) also found wide variation in the pigmentation of specimens (as C. isosceles) from Essex waters. No parasitic amphipods
were found in the Norfolk specimens although Chrysaora sometimes harbours
many Hyperia in the summer (33 specimens of H. galba (Montagu) were counted
in a 12 cm diameter specimen from Newton Ferrers, Devon, in August, 1969
(RBW). Chrysaora was common at West Runton in August, 1976 (RBW).
;
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Pantin el at. (I960).
to reddish-brown species
this usually deep crimson
of
specimens
Large
than C. ,ama 'c'c "’
abundant
more
Usually
diameter.
may te from20 to 40 cm in
colours of Eessx
the
recorded
(RH).Sorby (1903)
with which it often occurs
orange.
to
specimens as creamy white

Cyanea

capillata (L).

Cyanea lamarckii Peron and Lesueur.

The blue Cyanea, rarely exceeding

^

fiju^

Hamond (1967b.
10 to 15 cm in

25SZK thXrfolV

coast Sorby

p.141) as Rhuos.oma.

recorded the specif

(1 903)

imporcata.
from Essex as C. lamarckii and C.
Aurelia aurita (L.)

,

,

,

•

*

being most

common

as May, the adults
Very small ones are found as early
in September (RH).
out
dying
finally
in June and July and
29 June, 1974, and large numb ers
on
beach
Common off Brancaster
the
into Brancaster Harbour during
the same swarm, were carried
possibly
measured
specimens
21
of
diameter
mean
two days (RBW). The

following

22

rcmwiTh

of them^contained
0 e
S
r
USa
Titchwell
/I^cff^b^s al^ been found In

arrange of 15 to 30 cm.

None
eI

HJam<md^967b^

(RBW).

in August, 1976

A

CLA

stations are discussed by Hamond
SchIfiK™(?875) and Walton’s (1908)
phrase “p.103 to p. 114 inclusive
the
of p.214
(1969^ P 214 and fig. ,). At the top
stations worked by the

denoting the
should read “P 105 to P.114 inclusive”,
station
in the Norfolk marine area;
••Porlerania”iee Schulze, .875), mainly
P.105, however,

lies

just outside

it.

Sub-class Alcyonaria

Order Alcyonacea
Alcyonium digitatum (L.)

Schulze (1875).
the we ^
only at P.106 (Schulze 1875),
and
stones
on
offshore
very widely distributed
as also
horse-mussel. Modiolus modiolus

Although the “Pommerania” took
.....

dead

.

M

i

Fincers”

is

it

,

the
shells (the latter mostly of

variety

and the

rest

orange (RBW).

A. digilalum at
Intertidally Dr. Ellis has seen
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West Runton and

it is

quite

taken from early 1962 to late 1967 was cut into thin slices and rinsed with water
(RH). (The copepod hoped for was Enalcyonium rubicundum, which was found
to be common in Alcyonium in western Sweden by Bresciani & Lutzen (1962).

Order Pennatulacea
Virgularia mirabilis O. F. Muller.

Schulze (1875).

Recorded from just outside the northern limit of the Norfolk marine area,
at P.105 (Schulze, 1875). The seabed and its fauna around this station are very
poorly known, and the animals from P.105 are therefore included in our Norfolk
list,

since they probably do, or could, occur actually in the area, given suitable

conditions.

Sub-class Zoantharia

Order Actiniaria
Nematostella vectensis Stephenson.

A

redescription based on Norfolk and Suffolk specimens has recently been
published (Williams, 1975a). Nematostella used to be very numerous in HalfMoon Pond at Cley, but less common in Abraham’s Bosom and Abraham’s
1976). The species appears to be rather
Creek at Wells (Williams, 1973a, 1973b
rare and aspects of its ecology, dispersal, world distribution and conservation are

&

discussed in Williams (1973b

&

1976).

Nematostella is now known to be dioecious and exhibits both sexual reproBleakney, 1976) and asexual reproduction (Williams, 1975a
1976; Frank
duction by transverse fission (Williams, 1975a
1976; Lindsay, 1975; Frank
and Bleakney, 1976).

&

&

&

In Half-Moon Pond, Nematostella fed mainly on harpacticoid copepods
and midge larvae (Williams, 1976). It was also obseived to feed on the amphipod
Corophium volutator (Pallas), but would not ingest the equally abundant, equally
sized isopod Idotea chelipes (Pallas) (RH). Despite conservation measures, this
anemone is probably now extinct in Norfolk due to the effects of pollution and
drought on its habitats. However, the fate of 10 anemones saved from HalfMoon Pond and moved elsewhere when it dried up in 1975 is not yet known
(Williams, 1976).
Actinia equina (L.).

The strawberry variety ( fragacea) does not seem to occur in Norfolk, but the
mesembryanthemum is common on the rocky strip of shore in northeast Norfolk. At West Runton (Hamond, 1961), unmarked specimens coloured
maroon, light red, olive and dark brown occur, as well as some with electric
blue or emerald green flecks. Many such individuals produced live young in
June, 1971 (RBW). Similar colour varieties live on the beach at Cromer and one
produced 12 young in April, 1973 (RBW). Breeding occurs at least up to October,
maybe all the year round (cf. Chia and Rostron, 1970). Actinia has also been
recorded from Gorleston (Collings, 1938) and Corton (Crisp, 1964), which alusual variety

though

in Suffolk, lies

within the Norfolk marine area.

Tealia felina (L.).

Four varieties, lofotensis , crassicornis , coriacea and tuberculata have long
been recognised within the Tealia felina complex. Hand (1955) raised these varie,
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ties

to specific rank, following a study of Pacific Tealia.

It

has yet to be estab-

lished whether his findings also apply to British Tealia , hence

name

retain the

T. felina.

Only the

varieties coriacea

and

we

at present

lofotensis

occur

in

Norfolk waters.

The var. coriacea was found at Gorleston (Codings, 1938), and inside the
“Hjordis”, on the Reef and Threshold, and on Hunstanton Scaup (RH) offshore,
single examples have been found at station Q.2, in a whelkpot at W.17, and in a
shrimp-trawl off Caister on 23 July 1959 (RH). The var. lofotensis was found at
Q.l, and is taken in whelkpots and much less often in dredgings (RH), whilst
Codings (1938) recorded it off Yarmouth. Large brightly coloured Tealia similar
to var. lofotensis with sparse verrucae holding no foreign material, occur below
low water level and in pools at low spring tides at West Runton (RBW). They
are distinctly different from the Tealia with well-developed verrucae holding large
amounts of attached material, like the typical var. coriacea found in south-west
England. Tealia similar to those found at West Runton were washed ashore at
Cley in December, 1974 (RBW). Norfolk (and other British) Tealia require
further study for comparison with Hand’s (1955) results.
;

,

Garstang’s statement (1901) that the “Pommerania” took this species off
(i.e. at P.108) appears to be mistaken, since it is not listed by
Schulze (1875).

Happisburgh

Gurney (1923)
Diadumene luciae.

Haliplanella luciae (Verrill).

and

Ellis (1935) as

as Sagartia luciae; Stephenson (1935)

introduced into Britain at about the turn of the century),
and then to die out or become rare
(Stephenson, 1935). It has been recorded at Salthouse and in Weds Harbour by
Gurney (1923); in Breydon Water, at Blakeney and in the Yare by Ellis (1935);
and in Titchwell Lagoon (Williams, 1972a). It probably does not occur any
longer at Salthouse (Williams 1972a
1973b) and extensive searches on the
north Norfolk coast in 1971 failed to reveal it anywhere besides Titchwell (Williams 1973b). It did not appear to be in Breydon in 1975 (RBW), but despite the
drainage scheme at Titchwell (Williams, 1972a), it probably still survives there in
small numbers (Williams, 1973b). Anemones from Titchwell were used in studies
on nematocyst discharge (Williams, 1968), prey analysis (Williams, 1972a) and
chemical control of feeding behaviour (Williams, 1972b & 1973c). Recently
(August, 1975), Haliplanella has been rediscovered in Weds Harbour (RBW)
(cf. Gurney, 1923, and a single specimen probably of this species in about 1948
(RH)); these three Weds Harbour records may constitute diffeient introductions
on ships.
specimen collected on 1 November 1975 (RBW) possessed catchtentacles, a very rare condition only reported once previously for English
H. luciae (Williams, 1975b). The present Weds population seems to consist
entirely of males, reproduction being by longitudinal fission, as at Titchwell

This species

(first

at a given locality tends to flourish for a time

&

A

(Williams, 1972a).

Metridium

senile (L.).

Pantin et

al.

(1960).

Orange, brown or grey forms of the variety dianthus weie found (RBW) at
Holme-next-the-Sea (on a beached barge, June 1971); on the peat beds at Brancaster beach (August, 1976); on mussels in the Brancaster Harbour Channel
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(August, 1976); on the wreck west of Scolt Head (July, 1974 and August, 1975;
see also Pantin et al., 1960); and in the mussel-holding pits at Brancaster Staithe
(July, 1974). All were small specimens, few having a basal diameter of more

than 3 cm However, after the storm of December, 1974, very large grey, orange
or pink specimens up to 8 cm diameter were washed up on Cley beach (RBW).
One grey individual had two mouths within the same disc and another had 9
the first British record of (M. senile from the North Sea with
catch-tentacles
catch- tentacles (cf. Williams, 1975b). Cod ( Gadus morhua L.) caught by angleis
off Cley beach sometimes have their stomachs full of Metridium (RBW). A similar
diet has been recorded for a black bream from Devon (Mattacola, 1976).
Codings (1938) found var. dianthus on Gorleston breakwater and it regularly
occurs inside the wreck of the “Hjordis” and less often on the lowest parts of
Hunstanton Scaup (RH). Offshore, small brown ones are often found on rocks,
stones and shells, whilst large, usually pink or white specimens occur on wrecks
(RH). Three Holme specimens released ova in June, 1971 (RBW). The usual
method of reproduction appears to be by pedal laceration.

—

Metridium

no longer commonly found under Wells Quay

as reported
long tentacles occurs under
Wells Rocks (RBW). At least some of these individuals can be assigned to the
variety pallidum but further studies are required to define this unusual population more closely. Further specimens of pallidum or intermediates between
pallidum and dianthus have been found at Brancaster Staithe and on the Scolt

by

Hamond

is

(1972), but a

dwarf form with

relatively

,

Head wreck (RBW).
Calliactis parasitica (Couch).

Schulze (1875) as Sagartia parasitica.

a southern species whose northern recorded limit to the east of the
British Isles is off Belgium (Leloup, 1952). Schulze’s (1875) record of a specimen
on the shell of a live Buccinum undatum at P. 1 1 5 (just outside the Norfolk marine
area) must therefore be viewed critically, since in Norfolk waters large whelk
shells, containing living whelks or hermit-crabs, may carry Tealia or Metridium
(see below under Stomphia). However, Dr. Ellis saw an anemone in a beachseine (draw-net) on the shore at Gorleston, about 1929, which he identified as
This

is

Calliactis.

Hormathia coronata (Goss e).

Schulze (1875) as Bunodes coronata.

In the apparent absence of any other record from the southern North Sea,
we are inclined to agree with Stephenson (1935) that the identification of the
specimen from P.108 is doubtful.
Sagartia elegans (Dalyell).

Pantin

et. al.

(1960);

Walton (1908)

as S. miniata.

This species occurs in small numbers under rocks near low water at both
East and West Runton; very numerous in the Threshold and as far up as the
Freshes Lays, as well as on Hunstanton Scaup and under the pier (RH). The
column of these intertidal examples (var. miniata) is pale translucent pink, often
tinted dark greyish-blue at the distal end. The colour pattern of the disc and
tentacles is extremely variable. Walton (1908) found this species at several places
area it has only been found
widely scattered in Norfolk waters, but within the
very close inshore. Records are of between 50 and 60 at D.26; a few at D.24;
10 at D.45; and two small ones in the middle of Blakeney Deeps (53 °01’N.

BW
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00°58’30”E) on 13 September 1962. Offshore specimens closely resemble those
of the intertidal region, although they seldom grow quite so large as those on
the shore. However, on about six occasions between 1953 and 1967, single
specimens which appear to be the var. nivea, were dredged on rough shelly ground
offshore (RH). The disc and tentacles are milk-white, sometimes with dull white
radiating lines corresponding with the mesenteries, while the upper part of the
is strongly flushed with magenta fading downwards into straw-yellow
or orange near the base; the limbus is greyish and there are narrow white
longitudinal stripes on the proximal part of the column. The upper column
often has scattered pale spots (small areas lacking the magenta pigment) which
do not necessarily coincide either with the cinclides or the suckers. One specimen
had the base and column dull reddish-brown, without any pale spots or white
stripes, but with the disc and tentacles of the usual pure white.

column

The record of Pantin et al. (1960) on the Scolt
confirmed, despite frequent searches (RBW).

Head wreck has not been

Sagartia troglodytes (Price). Walton (1908) as S. undata; Serventy (1934); Pantin
et al. (1960).
is one dredged by Walton (1908) at HX 6. Intertidboth the varieties, decorata and ornata exist in Norfolk, but decorata is
uncommon. Fine specimens of decorata occurred in June, 1971 in the barge at
Holme, where they were attached to stones under the sand and attained a column
length of 13 cm and a tentacle span of 7 cm (RBW). Much smaller specimens
occur around the breakwaters on the beach at Happisburgh (Williams, 1975b)

The only offshore record

ally,

and

,

in Wells

Harbour (RBW). The

variety ornata occurs in Titchwell

Lagoon

probably this vaiiety recorded by Pantin et al.
(1960) on the adjacent Brancaster beach peat beds); in Holkham Salts Hole
(Hunt, 1971); in Abraham’s Bosom (RH, RBW); and under stones at West
Runton (Williams, 1975b), Wells Harbour (RBW) and Happisburgh (RBW).
Small specimens also occui on the Strond at Morston (RH) and Cockle Bight
on Scolt Head (Serventy, 1934; Pantin et al., 1960). The record from Scolt Head
wreck (Pantin et al., 1960) has not been confirmed (RBW). Reproduction is by
viviparity (as in Actinia) all the year round (see Williams, 1972a; also observed
at West Runton, RBW).

(Williams, 1972a) (and

Sagartia sp.

Walton

it

is

(1908, p.223).

HX 5 could not be referred to any known species
by Stephenson (1935, p.392); Walton himself thought it was near to S. elegans.
The

single

specimen from

Cere us pedunculatus (Pennant).

Schulze (1875) as Sagartia

bellis.

from the east coast of England are usually highly
suspect. Schulze (1875) gave no description of his anemone from P.108. C.
pedunculatus is almost entirely restricted to the south and west coasts of England
and Scotland, usually between tidemarks, and is thus very unlikely to have occurRecords of

this species

red in the Norfolk area at all, let alone offshore; although it has been dredged
from slight depths elsewhere (Stephenson, 1935). There is, however, a genuine
record for the Blackwater Estuary in Essex from near Bradwell Power Station
(Davis, 1967); suggestive of local warming of the water as the reason for its
survival (Barnes and Coughlan, 1972). Nevertheless, such a record proves that
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Cereus might be introduced into the North Sea, although the means of dispersal
unknown; hence, the Norfolk record from the breakwater south of Gorleston
Pier (Dr. Ellis cited by Codings, 1938) needs to be confirmed.

is

Sagartiogeton undatus (O. F. Muller).
Walton (1908) as Sagartia viduata
Stephenson (1935) as Actinothoe anguicoma.

Among Walton’s (1908) numerous records are two from the Norfolk area
(two specimens at
4 and several at
5 ). His other records came from north
of our area, or from the eastern North Sea (towards the Dutch coast and Helgoland) where the species appears to be common. It has not been found in the
area (but see the next species).

HX

HX

BW

Sagartiogeton laceratus (Dalyell).

Stephenson (1935) as Actinothoe lacerata.

Small specimens are moderately common in dredgings, on stones and shells
in Blakeney Deeps and near the Blakeney Overfalls Buoy (RH). It has not been
found here between tidemarks. This species and the last are very much alike, and
it is not impossible that some of Walton’s Sagartia viduata really belonged to
the present species (RH).

Stomphia coccinea (O. F. Muller).

Walton

(1908).

Walton’s (1908) record from HXi appears to be genuine, and is from within
the Norfolk area, so perhaps it occurs closer to our coast. However, all of the
area examined in the hope of finding
large anemones from offshore in the
Stomphia Hormathia or Calliactis (q.v.), proved to be Tealia or Metridium
(RH). A. H. Patterson’s record of Stomphia from a Yarmouth shrimptrawl
on 29 May 1906 noted by Codings (1938) was probably erroneous; the coloured
sketch in his notebook is most likely of Tealia felina var. lofotensis (RH).

BW

,

CLASS

HYDROZOA

species is added to the Norfolk list, and recent work elsewhere has
had a bearing on Norfolk species. A review of the distribution of
certain medusae is given by Edwards (1968); see also the additional notes on
Hydromedusae by Russell (1970) and the general paper by Thiel (1970).

One new

frequently

Order Hydroida
Sub-order Anthomedusae
Protohydra leukarti Greef.

Found in Norfolk for the first time (23 May, 1975), attached to small fragments of algae in a ditch just to the south of the sea wall bounding the salt
marshes at Morston (RH).
Cordylophora caspia (Pallas).
lacustris ;

Gurney (1923)

Hamond

(1967b, p.139);

—see below).

Hunt

(1971) as C.?

as C. lacustris (?

Recorded at Potter Heigham bridge, at Ludham, and in the Waveney at
Haddiscoe on waterlogged wood (RH); it is apparently abundant in the main
pipes of the Yarmouth waterworks. A similar hydroid was found by Hunt
(1971) in Holkham Salts Hole. It was stated by Hunt (1971) that Gurney corrected his record of Cordylophora from Salthouse to Gonothyraea loveni (q.v.)
However, examination of Gurney’s publications reveals that he merely listed
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Cordylophora amongst other animals at Salthouse in Gurney (1923), and listed
G. loveni, again from Salthouse, in Gurney (1929). He made no explicit statement
regarding a mis-identification and his two lists differ in other ways besides in
the hydroids. Hence, the possibility remains that he found both hydroids at
Salthouse, although this must remain doubtful at present (RBW).
Clava multicornis (Forksal).

On

Hamond

a mussel from the Scolt

Bougainvillia sp.

(1957).

Head wreck,

Redeke and van Breemen

3 July,

1974 (RBW).

(1904).

Among medusae

taken in Norfolk waters by Redeke and van Breemen
(1904, p.127) were Aglantha digitale (see Hamond, 1963a) and a Bougainvillia
species. The Bougainvillia was recorded as being very rare on the afternoon of
6 August 1901, in “the northern part of the deep-water channel” (i.e. somewhere
approximately south-east of Smith’s Knoll, in the south-eastern corner of the
Norfolk area) the depth at which the plankton net fished was not stated, but the
water depth was 43 m. The identity of this medusa may be deduced (RH) by
taking all the species which Redeke and van Breemen would have been likely to
refer to this genus, and then to eliminate them progressively on the basis of
known geographical, ecological or seasonal criteria (Edwards, 1964a, 1 964b,
1966; Hamond, 1957, 1963a; Kuhl, 1962; Russell, 1953; Werner, 1954a, 1954b,
;

1958, 1961) as follows:
(1)

Nemopsis bachei is found in the brackish parts of large estuaries (Kuhl, 1962)
Redeke and van Breemen’s species was fully marine.

(2)

Bougainvillia muscoides

(

= Thamnostoma

Edwards 1964b, p.741) and
North Sea.
(3)

(4)

(5)

B. principis

sp.

Russell

do not occur

1953,

p.150;

at all in the

see

southern

Although common in the southern North Sea, B. superciliaris, B. macloviana and Rathkea octopunctata are all springtime species, most unlikely
to be found as late as August.
in the same area by Redeke and van Breemen
might indicate an unusually strong temporary push southwards by northern water (see above, under Beroe cucumis). This would possibly push
away from Norfolk the south-eastern North Sea resident Margelopsis
haeckeli, which only just reaches Norfolk waters (see Hamond, 1963a),
and might have the effect of holding up water which would otherwise enter
from the Channel and bring with it Lizzia blondina. Both these species
might therefore be discounted, although the time of year is right for them.

The capture of Aglantha

Such an incursion of northern North Sea water would probably have little
way on Bougainvillia ramosa or B. britannica both of which
are characteristic summertime species in many parts of the North Sea
other than the Norfolk area; and would only marginally increase the
chances of finding the Atlantic-based B. pyramidata whose only certain
North Sea record is from Helgoland in September.

effect either

,

,

Thus, the most likely candidates for Redeke and van Breemen’s medusa are
B. ramosa B. britannica or possibly Margelopsis (RH).
,

,

66

Hamond

Trichydra pudica Wright.

Edwards (1973) has now

(1957).

shown that the medusa of this hydroid
not Lizzia blondina but Pochella polynema whose apparent rarity may perhaps
be due to its presence in the plankton mainly at the same season (June and early
definitely

is

,

Hamond,

July) as the gelatinous flagellate Phaeocystis (see

1961) which coats

plankton nets with slime and clogs their meshes. The planktonic season for
Pochella is only slightly longer than this (Edwards, 1973, p.90) and therefore it
may have been missed in many places where the hydroid occurs. Edwards (1973)
also shows that both hydroid and medusa should now be known as T. pudica.
It is possible that this hydroid might live foi several years without producing
medusae, especially if (as for certain other species; Hamond, 1963a, p.669)
the Norfolk area is only marginally suitable (RH).
Sarsia eximia (Allman).

Medusae found

Williams (1972a).

Lagoon on 30 March, 1970 (Williams, 1972a).
This record extends the breeding season (as judged by the occurrence of medusae
or fertile hydroids) from late March to early September in Norfolk waters (see
Hamond, 1957 & 1963a). An unusual record, since it is so early in the year (c.f.

Hamond,

in Titchwell

1963a).

Tubularia larynx Ellis

Abundant on
et al.

(1960) found

it

Hamond

and Solander.

the Scolt
in

Head wreck,

(1957).

3 July,

1974 (RBW), where Pantin

1959.

Zanclea cos fata Gegenbaur.

Hamond

(1957) as Z. implexa.

Russell (1970, p.234) stated, “Distribution includes Noifolk (Hamond,
1957)”. However, these specimens came from 54 °08’N.00 °40’E., just outside
the northern limit of the Norfolk area,

and may be more appropriately regarded

as Yorkshire specimens (RH). Thus, this species appears not to have been yet

recorded from the Norfolk area.

Sub-order Leptomedusae
Obelia dichotoma

(L.).

Hamond

Living on twigs in Titchwell

(1957) as

Lagoon

Laomedea dichotoma.

(Williams, 1972a), with Sertularia

cupressina.

Gonothyraea loveni (Allman).

Gurney

(1929); Williams (1972a).

This species occurs in Blakeney Harbour, especially in the creeks (Hamond,
1957). All the Norfolk records are from rather sheltered conditions. Also from
pools at Salthouse (Gurney, 1929); Titchwell Lagoon (Williams, 1972a); and a
pool on Cley Marsh on 5 July, 1974 (RBW).

Hamond (1957) as Laomedea gelatinosa.
(Pallas).
For the change in generic name see Cornelius (1975). Previous notes on this
species (Hamond, 1957, p.314) were based on few records and were rather misleading. From numerous later observations (RH), it appears that this hydroid
lives at the level of low water of neap tides and below it prefers situations where
the colonies can hang continually immersed in a gentle current, and can endure
a limited lowering of salinity for just a few hours at any one time. The colonies
start to become apparent at the end of December, and increase steadily in size
Campanularia gelatinosa

;
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and abundance until the end of May; thereafter, in Blakeney Harbour (in the
lowest reach of Morston Creek, and on the undersides of boats and buoys in the
Pit) they die away, but large fertile colonies can be washed ashore as late as
September (mostly in June and early July). Unfortunately, the years in which
these large colonies have been recorded as being cast ashore have not been the
same years in which the growth in Blakeney Harbour has been followed. There is
thus no proof that subtidal colonies come to their growth climax later than
Harbour colonies; but on the other hand, all Norfolk colonies of this species
may perhaps reach their climax later in some years than in others. Taking the
Morston Creek colonies alone, 1962 and 1963 were good years, 1964 average,
1965 veiy poor, 1966 average, and 1967 was a marvellous year with thick luxuriant
colonies supporting a rich population of the polychaete
(A. Agassiz).

The maximum height of the

by Hincks (1868,

worm Proceraea

colonies was 25 to 30

cm;

that

cornuta

shown

about life-size, whereas that in Fig.l of the
same plate is very luxuriantly branched and is more likely to have been about
one-half or two-thirds of life-size. Although Hincks states “natural size”, this
would be most unusual if strictly true (RH).
in Fig.

1

pl.26)

is

Colonies on the bottoms of boats in the Pit are yellowish-white, but Morston
Creek colonies are brown, due to mud and diatoms the boat colonies are usually
somewhat larger. Boat colonies, growing as they do along the line of the keel
(as far down as possible below the surface) of those boats so moored as to be
permanently afloat, could never be collected until the boat was beached for
tarring. When they were collected (after immersion and exposure by at least two
successive tides), the colonies were still alive and apparently healthy, but contained not a single Proceraea copepod, or any other of the usual animals associated with the same hydroid about a hundred yards away in Morston Creek
(and elsewhere; Hamond, 1968, p.176; Hamond, 1969b, p.444). It was not
possible to verify the supposition that the animals, having endured one exposure,
deserted the hydroid en masse as soon as the next tide covered them (RH).
;

,

Campanularia flexuosa Hincks.
medea.
Titchwell

Lagoon

Hamond

(1957)

and Williams (1972a)

as Lao-

(Williams, 1972a). For the change in generic name, see

Cornelius (1975).

Garstang (1901);

Sertularia cupressina (L.).

Hamond

(1957); Williams (1972a).

This species was separated from S. argentea by Hincks (1868), but with
almost the sole exceptions of Hancock, Drinnan and Harris (1956), twentieth
century authors have regarded them as conspecific. In Norfolk waters, S.
cupressina is one of the commonest offshore hydroids, almost all specimens being
of the form argentea (RH) (cf. Leloup, 1952).
Kirchenpaueria pinnata

(L.).

Hamond

Common on mussels on the
Pantin et

al.

(1960)

Plumularia setacea

Found with

found
(Ellis

it

Scolt

(1957).

Head wreck,

3 July, 1974

(RBW), where

in 1959.

and Solander). Hamond (1957).
(RBW), but not recorded

the previous species

et al. (1960).
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there by Pantin

Nemertesia antennina

Hamond

(L.).

(1957).

Cast ashore at Cley after the storm of December, 1974 (RBW).
Tiaropsis multicirrata

(M.

Sars).

Hamond

(1957

&

1963a).

Russell (1970, p.254) quotes Hamond (1957) as finding both hydroid and
medusa here, but only the medusa was from Norfolk; the hydroid (Hamond,
1957, fig.26)

Aequorea

was from

vitrina

Gosse.

off

Northumberland.

Hamond

The luminosity of this

(1957

&

1963a).

now been shown to

be due not to ingested
supposed by Hamond (1963a), but to a substance manufactured by the medusa itself, aequoiin (Hastings et al., 1969).
species has

dinoflagellates, as

Calycella gracilis Hartlaub.

Hamond

(1957) as Calycellid

g.

&

sp. indet.

Calder (1970) redescribed fertile material seemingly identical with that of
Hamond (1957) and Hartlaub, although neither Hamond’s colonies nor Hartlaub’s were fertile. The possibility that the Norfolk specimens belong to a species
that reproduces by medusae instead of sporosacs (as in all known species of
Calycella) can almost certainly be discounted. With the work of Werner (1968a,
1968b) every likely medusa in the North Sea has now had its hydroid described,
except for Tima bairdi (see Hamond, 1957, p.322) whose hydroid will probably
turn out to resemble that of Eutonina (see Werner, 1968b).
Cuspidella (? costata Hincks).

Hamond

(1957, p.308).

From the survey of the distribution of Laodicea undulata (Forbes and Goodby Edwards (1968), it seems very unlikely that the Norfolk Cuspidella
belonged to this medusa. Furthermore, it was very much like the hydroid of
Staurophora mertensi (Brandt) illustrated by Naumov (1960, fig. 191 English
translation; Naumov, 1969). As very young Staurophora are fairly frequent in
the springtime plankton (Hamond, 1963a, pp.664-665), the hydroid no doubt
lives somewhere in the area; but unfortunately the supposed Cuspidella was
sterile (RH).
sir)

—

Discussion

Of the species listed above, the lucernarians and Nematostella vectensis are now
probably extinct in our area, and certain identifications are either probably wrong
(Hormathia coronata and Cereus pedunculatus) or require fresh specimens to be
found before confirmation. One species

known

( Calycella

gracilis)

is

now

definitely

time in British waters by name the others are
North European forms, Protohydra being new to Norfolk.

recorded for the

first

;

all well-

Extensive ecological studies carried out on Nematostella before the last
was lost due to drought (Williams, 1976)
may have provided enough information to facilitate controlled re-introduction
of the species into suitable habitats. The Haliplanella population in Wells Harbour should be carefully conserved and studies are being carried out on its
surviving natural population at Cley

spread at this locality. Work is also continuing on the identities of the unusual
population of Metridium at Wells and the Tealia form at West Runton.
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It is

noticeable that the

anemones taken

at varying distances

from the coast

by the “Pommerania” (Schulze, 1875) and the “Huxley” (Walton, 1908) are
area, so that the species found
not very different from those found in the
within 10 km of the coast are also liable to be found for at least the next 60 km
or more out to sea (as in other invertebrates; Hamond, 1969a). In the outer part
of the Norfolk marine area there are only two species, namely Stomphia coccinea
(substrate unknown) and Virgularia mirabilis (soft muddy bottom), that have
not so far been found nearer the coast. In this connection, it is noticeable that
the few patches of muddy ground which occur here and there near the coast,
although still very poorly known, are basically composed of tough grey or black
clayey mud, very different from the fine and rather soft deep-water muds that
are preferred by V. mirabilis and certain other species (Hamond, 1963b, p.21).
To judge from the preliminary results obtained with an ordinary dredge when
allowed an extra long warp so as to dig in abnormally deeply, further investigation of the muddy and sandy offshore grounds with a specialised dredge that
digs in deeply, or with a grab, will increase the list of burrowing species, as
distinct from the epibenthos taken by the normal oyster-dredge. Coelenterates
to be expected in these samples would be Cerianthus and burrowing anemones
and, on a microscopic scale in sand or shell-gravel, encrusting or sessile forms
such as the Microhydrulidae (Bouillon and Deroux, 1967) and free-living forms
such as Halammohydra and its relations (Clausen, 1963, 1967; Wolff, Sandee
and Stegenga, 1974). Probably few additional species of planktonic coelenterates
can be expected to be found here.

BW
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ATRIPLEX LONGIPES DREJ: A
by Richard

P.

NEW NORFOLK

SPECIES

Libbey

In a recent review of the genus Atriplex in Watsonia E. M. Jones (1975) referred
to plants resembling Atriplex longipes growing near the coast at Heacham in
West Norfolk. This is a species closely allied to Atriplex prostrata (formerly
known as A. hastata) the hastate Orache, a plant common throughout Britain.
Following this report I thoroughly explored the Snettisham and Heacham coastal
areas and in September 1975 discovered further plants showing characters of
A. longipes but not fully matching up with those of this species. P. M. Taschereau, a specialist in this genus, suggested after seeing the plants that it seemed
likely that A. longipes either is or was growing in the vicinity and that my specimens were probably introgressive hybrids with A. prostrata. In September 1976
further searches with P. M. Taschereau were made round the West Norfolk
coastline and in addition to more hybrid material, a small colony of Atriplex
longipes was discovered at Brancaster. This is only the second confirmed report
of this species in Britain, the first having been found by Taschereau in Kircudbright in 1975.

This note

is

therefore written with the dual objective of describing the

and distinguishing features of A. longipes so as to assist recognition in the field, and also hopefully to encourage members to re-explore
potentially suitable habitats along Norfolk’s extensive and varied coastline.
Since fruiting material is essential to be sure of identification and this normally
takes place in Oraches during September when other more attractive plants are
nearly over, it is possible that more time can be spared to examine our coastal
characteristic

belt in search

of these

less spectacular plants.

although a maritime species, should not be sought
of the foreshore, whether this be sand, silt or shingle, where
other species of Orache, A. littoralis and A. prostrata often flourish in great
profusion and in bewildering variety. Instead, sites rather more inland but
where the water is still brackish should be selected, and in particular those
colonised by tall vegetation and dominated by the Common Reed, Phragmites
large and small populated
australis {communis). There are numerous areas
by this grass which occur behind the dunes, in brackish conditions, almost
throughout the length of the Norfolk coastline. In this situation plants of
A. longipes may grow up to 2\ or 3 feet in length but tend to produce rather a
straggly growth habit. In just such habitats, however, tall forms of A. prostrata
commonly grow in abundance. These two species look very similar and frequently
hybridize; so that plants showing intermediate characters are often more in
evidence than the true A. longipes It is this factor which has no doubt led to
confusion and difficulty of identity in the past. In Flora Europaea Vol. I (1964)
this species is quoted as ‘recently found to be widespread in the British Isles’
Atriplex longipes

along the

,

drift-line

—

—

!

,
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and adds that the many subspecies and variants are probably more correctly
regarded as intermediates between A. longipes and other related taxa. Indeed,
the limited experience on the West Norfolk coast testifies to the accuracy of this
last

observation.

species

We know

very

little

about the distribution in Britain of the

itself.

Atriplex longipes. Drej.

Atriplex prostrata.

Two

Two

leaves

leaves

from midway on plant and one

from midway on plant and two

76

axillary bracteole.

axillary bracteoles.

As mentioned above, A. longipes is closely related to A. prostrata and like
other species in the group there is considerable variation in leaf shape, changing
noticeably from the base to the apex of the plant. The most reliable leaves for
diagnostic purposes are those which are produced in the midway region of the
main stem. In A. longipes these leaves are narrow triangular with a pair of weakly
developed out-pointing basal lobes and a cuneate base. The base angle of these
leaves is less than 145 ° giving a leaf length/breadth ratio of 1.3-3. 5. By contrast
the leaves of A. prostrata from a similar position on the plant are triangular
hastate in outline, with stronger out-pointing lobes, a truncate base with basal
0
angle of 160 - 230 and leaf length/breadth ratio of 0.9 - 2.0 (Gustafsson, 1975)
(See illustrations.) Unfortunately by the time the plant is forming good fruit the
middle stem leaves are mature and tend to fall off, so that care in handling is
necessary. There is some evidence that A. longipes flowers slightly earlier than
A. prostrata and starts to ‘yellow’ while the latter plant is still green.
The second important

factor which characterises A. longipes is to be seen
These are elongate triangular to rhombic in outline,
thin, herbaceous and entire except for a small distinctly developed pointed basal
lobe on each side. The surface of the ripe bracteole is often strongly reticulateveined especially towards the base, and the margins are united only at the base.
Some of the axillary bracteoles have characteristic long stalks up to 20 mm. in
in the axillary bracteoles.

length. In A. prostrata the bracteoles are triangular-hastate to triangular ovate
with a truncate to obtuse base. The basal lobes are rounded or sometimes toothed
and are often toothed towards the apex. The surface is smooth or tuberculate
and lacks the prominent venation of A. longipes. The margins are united only
at the base. (See illustrations.)

In the preparation of this note the writer

is

grateful to Pierre

for his help in the field, with identification of plant material

taxonomic descriptions

M. Taschereau

and with the

detailed

cited.
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British Isles.

THREE YEARS’ MOTH TRAPPING AT WELLS
by

P.

R.

Banham

moth trap has been in operation at Wells Field Study Centre, supby Rothamsted Experimental Station as part of their national insect
survey, but manned by the Centre Staff. The light is a clear 200W bulb, which
attracts moths from a smaller radius than a mercury vapour lamp, and the trap
is in the Centre grounds, beneath Cedar and Holm Oaks, with tarmac to the
South and a garden to the North. Open country is, of course, not very far away
but, none the less, the setting is urban rather than rural.
Since 1974 a
plied

An important feature of this scheme is that the trap functions every night
of the year, the catch being identified every day, so it may be assumed that all
light-attracted species occurring in the vicinity are likely to be encountered. The
total number of species trapped over the three years 1974, 75 and 76 was 143,
consisting of 68 Noctuidae 61 Geometridae and 14 of other families (Microlepidoptera are not included). 58 (40.6%) of these 143 occurred in all three years.
100 (69.9%) were trapped in 1974, 98 (68.5%) in 1975 and 102 (71.3%) in 1976.
,

A

table of selected results

trapped

is

is

given below, and a complete

list

of species

appended.

I should like to record my gratitude to Mrs. Joan Nicklen, of Rothamstead
Experimental Station, for help with identification in the first year.

TABLE

Moth

Commonest Noctuid

Alsophila aescularia 21.3 A. aescularia 27.3 Conistra ligula 26.1

Luperina testacea 68

L. testacea 109

Commonest Geometer Xanthorhoe fluctuata 97

X fluctuata

Commonest of others Spilsoma

S. lutea 18

Last

Moth

1976

1975

1974
First

1.

lutea 28

Opheroptera brumata

.

O. brumata

144

L. testacea 206

Scopula imitaria 132
S. lutea 34

17. 12

O. brumata 23.12

14.12

The

figure following each species
pecimens caught in that year.

is

either the appropriate date or the total

number of

NOCTUIDAE

A
A
A
D

B

Agrochola lychnidis Beaded Chestnut
Agrotis exclamationis Heart & Dart
Agrotis puta Shuttle-shaped Dart
Agrotis segetum Turnip Moth

A
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Allophyes oxyacanthae Green-brindled Crescent
Amathes c-nigrum Setaceous Hebrew
Character

A

G
A

Amathes triangulum Double Squarespot

A

Amathes xanthographa Square-spot

F
F

Amphipyra tragopoginis Mouse
Anchoscelis litura Brown-spot Chest-

A

nut
Antitype flavicincta Large Ranun-

Rustic

B

Apamea lithoxylea Light Arches
Apamea monoglypha Dark Arches
Apamea remissa Dusky Brocade
Apamea secalis Common Rustic
Apamea sordens Rustic Shoulder-

A
A
D
A
F
E

C

D
B

Apatele psi Dagger
Axylia putris Flame Ruxtic
Caradrina alsines Uncertain
Caradrina blanda Smooth Rustic
Caradrina morpheus Mottled Rustic

Ceramica

pisi

E

E
F
E

Hadena

thalassina Pale-shouldered

A
A
G
D
A
G

Hypena proboscidalis Snout
Leucania impura Smoky Wainscot
Leucania lythargyria Clay Wainscot
Leucania pallens Common Wainscot
Luperina testacea Flounced Rustic
Luspeyria flexula Beautiful Hook-

F

Mamestra

C

Noctua

B

A

brassicae

pronuba

Cabbage Moth
Large

Yellow

Ochropleura plecta Flame Shoulder
Omphaloscelis lunosa Lunar Under-

wing

A
A

Broom Brocade

Cerapteryx graminis Antler
Conistra ligula Dark Chestnut
Diarsia brunnea Purple Clay
Diarsia mendica Common Ingrailed

B

D

Orthosia gothica Hebrew Character
Orthosia gracilis Powdered Quaker
Orthosia stabilis Common Quaker
Peridroma porphyrea Pearly Under-

wing

A

Diarsia rubi Small Square-spot
Diataraxia oleracea Bright-line

G

Brown-eye

Angle-

Phlogophora
shades

meticulosa

Plusia chrysitis

Common Burnished

Brass

D

E

Dicestra

D
A

Eremobia ochroleuca Dusky Sallow
Eumichitis lichenea Feathered Ran-

A

unculus
Euplexia lucipara
shades

A

Euschesis

trifolii

Broad-barred

White
Hadena lepida Tawny Shears
Hadena rivularis Campion Coronet

Underwing

Clay

A

Light Shears

bicolorata

wing

knot

C

Hadena

Brocade

culus

A
G
A
A

Hada nana

Nutmeg

Y
Y

E

Plusia gamma Silver
Plusia iota Golden

G

Procus fasciuncula

Middle-barred

Minor
Small

Angle-

C
C

Lesser

Yellow

D
A
D
A

Procus furuncula Cloaked Minor
Procus latruncula Tawny Minor
Procus literosa Rosy Minor
Procus strigilis Marbled Minor
Rusina ferruginea Brown Rustic
Thalpophila matura Straw Under-

D

Lesser Broadbordered Yellow Underwing
Gortyna micacea Rosy Rustic

E
E

wing
Unca triplasia Spectacle Moth
Xylocampa areola Early Grey

A

Abraxa grossulariata Magpie Moth

D

E

Acasis viretata Yellow-barred
Brindle
Aids repandata Mottle Beauty
Alsophila aescularia March Usher
Anaitis plagiata Treble-bar
Apeira syringaria Lilac Beauty
Biston betularia Peppered Moth
(melanic)

comes

Underwing

D

Euschesis interjecta Least

Yellow

Underwing

B

F

A
C
C
E

Euschesis janthina

A
B
E

E
F
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Calothysansis amata Large Bloodvein
Campaea margaritata Light Emerald
Chiasma clathrata Latticed Heath
Chloroclystis rectangulata Green Pug

Cidaria fulvata Barred Yellow
Cleora rhomboidaria Willow Beauty

F

E
Oak

E

White

A
G

Lomaspilis marginata Clouded Border
Lycia hirtaria Brindled Beauty
Lygris mellinata Spinach Moth
Lygris pyraliata Barred Straw
Lyncometra ocellata Purple-barred

A
A

Carpet
Operophtera brumata Winter Moth
Opisthograptis luteolata Brimstone

Spring

Colostygia pectinataria

Green Carpet

B

Colotis pennaria Feathered

A

Crocallis elinguaria Scalloped

E

Deilinia pusaria

C

Deuteronomos alniaria Canary-

Common

E

Thorn

Wave
shouldered Thorn

G

Deuteronomos erosaria September

A

Dysstroma truncata
bled Carpet

Moth

Thorn

C

D

Common

A
D

Mar-

Earophila badiata Shoulder-stripe
Ectropis crepuscularia Small En-

B

Oporina dilutata November
Ortholitha

Broad-bar
Ourapteryx sambucaria

grailed

G
A

Ennomos

tail

quercinaria

August Thorn

C

Epirrhoe alternata Common Carpet
Erannis marginaria Dotted Border

A
G

Euphyia bilineata Yellow Shell
Eupithecia centaureata Lime-speck

E
E

Eupithecia linariata Toadflex Pug
Eupithecia succenturiata Bordered

A
A

Eupithecia vulgata Common Pug
Gonodontis bidentata Scalloped

B

Hazel
Gymnoscelis

Pug

Perizoma albulata Grass Rivulet
Perizoma alchemillata Small Rivulet
Perizoma bifaciata Barred Rivulet
Perizomaflavofasciata Sandy Carpet
Scopula imitaria Small Blood-vein

B

Sterra biselata Small Fan-foot
Sterra dimidiata Single-dotted Wave
Sterra seriata Small Dusty Wave

C

A
pumilata

Double-

C

Hemithea

Common Em-

A
A

A
D
A

Hydriomena furcata July Highflyer

A

striped

Pug
aestivaria

erald

Itame wauaria

V Moth

Larentia clavaria

Swallow-

Moth

G
A
D
D
A
A
A

A
A

Pug

Moth

chenopodiata Shaded

Selenia bi lunar ia Early
Sterra aversata Riband

Thorn

Wave

Thera obeliscata Grey Pine Carpet
Xanthorhoe ferrugata Dark-barred
Twin-spot Carpet
Xanthorhoefluctuata Garden Carpet
Xanthorhoe montanata Silverground Carpet
Xanthorhoe spadicearia Red Twinspot Carpet

Mallow Moth

OTHER FAMILIES
F

E

G
A
A
D
G
A

Garden Tiger
Cycnia mendica Muslin Moth
Drepanaria binaria Oak Hook-tip

A

Euproctis similis Gold-tail

F
F

Lophopteryx capucina Coxcomb
Prominent
Phalera bucephala Buff-tip
Philudoria potatoria Drinker
Poecilocampa populi December

A
A

Spilosoma lubricipeda White Ermine
Spilosoma lutea Buff Ermine

Arctia caja

G

Hepialus lupulina Common Swift
Hepialus sylvina Orange Swift
Laothoe populi Poplar Hawk
Lithosia lurideola Common Foot-

man ( =Eilema

Moth

lurideola)
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1975 only
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A NOTE ON

BREAM

RAY’S

IN

NORFOLK

R. B. Williams
2 Carrington Place, Tring, Herts.

Recently there has been increasing interest in records of rare or unusual
from northern Europe with the objective of amassing distributional data.
fish which has attracted much attention is Ray’s Bream (.Brama brama (Bonnaterre)). During the nineteenth century, there were apparently only about eight
confirmed records from Norfolk (references summarized by Mead and Haedrich,
1965). However, in 1927 and 1952, there were considerable invasions of the
North Sea (Mead and Haediich, 1965), and more recently, Brama was remarkably
abundant in 1967 (Wheeler and Blacker, 1969), 1969 (Wheeler and Blacker,
1972) and 1970 (Wheeler, Blacker and Pirie, 1975).

fishes

A

The distribution of adults is virtually limited by the 10 °C isotherm and there
a northerly migration beginning in April from off Spain and Portugal, around
Ireland and Scotland, into the northern entrance of the North Sea, followed by a
southward drift in September and October as the 10 °C isotherm retreats. In
November and December, the fish become trapped in the North Sea, and the
high percentage of beached specimens suggests that the decrease in sea temperature leads to disorientation and stranding, especially during storms (Mead and
Haedrich, 1965; Wheelei and Blacker, 1969).
fair propoition (8-25%) of
recorded North Sea specimens occur off Norfolk, probably because the North
Sea gyre tends to throw them onto the north coast, those that miss being swept
out to sea; this would also explain the rarity of Brama on the Suffolk and Essex
coasts. Table 1 summarizes data from 1966 to 1971 (from Wheeler and Blacker,
1969 and 1972; and Wheeler, Blacker and Pirie, 1975). The remarkable increase
in numbers entering the North Sea during the last decade might indicate some
dramatic change in hydrographic conditions, but more data is required to confirm this. Recent reports indicate yet another above average influx during the
winter of 1976-77.
is

A

TABLE

1

Records of Rays’ Bream off Norfolk 1966
Year

No. recorded
North Sea

in

No. and
off

%

Norfolk

-

1971

%

Norfolk
No. and
specimens stranded

1966

13

1

1967

77

13(16.9%)

12 (92.3%)

1968

8

2 (25.0%)

2 (100.0%)

(7.7%)

0 (0%)

1969

99

9 (9.1%)

7 (77.8%)

1970

67

9 (13.4%)

6 (66.7%)

1971

28

5 (17.9%)

5 (100.0%)

81

Recently I have recorded Ray’s Bream in Norfolk three times: a 45cm
specimen on Cley beach on 13 December 1975, following a storm; a 40 cm
specimen on Wells beach on 20 November 1976; and a 40 cm specimen on the
marsh east of Brancaster Staithe on 21 November 1976. All three specimens
were beached and had obviously died very recently.
I

am

grateful to

Mr. A. Wheeler for

his helpful advice in preparing this paper.
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A NOTE ON HOLKHAM LAKE, NORFOLK
R. B. Williams
2 Carrington Place, Tring, Herts.

& C. J. Beale
“Hopton”, Grove Road, Wells-next-the-Sea, Norfolk
Holkham Lake (National Grid Ref. TF 883435) lies within Holkham Park
and is a Site of Special Scientific Interest scheduled under the National Parks
and Access to the Countryside Act, 1949. It supports a large population of wildfowl and an interesting rare mineral, vaterite, has been found there (Rowlands
and Webster, 1971). Although now fresh-water, Holkham Lake was once tidal,
being connected to the sea by a channel leading past Holkham Staithe. In about
1719 the Coke family, owners of the Holkham Estate, had an embankment built
which excluded the sea from the Staithe (Purchas, 1965). This same embankment effected the physical and biological isolation of Holkham Salts Hole, which
unlike Holkham Lake has maintained a high salinity (74-83 % sea water) and
supports a peculiar relict marine fauna (Hunt, 1971). It was therefore of interest
to carry out a survey of the Holkham Lake invertebrates in order to ascertain
whether any of the original fauna had managed to adapt to fresh water conditions during the transition period and now survived as relict species.
The results of this

ham

survey, carried out with the kind permission of the Holk-

Estate, suggest that the present fauna consists only of fresh-water species

which colonised the lake as the salinity fell. None of the specimens collected
showed any unusual morphological features. The specimens were as follows:
the leeches Helobdella stagnalis and Batracobdella paludosa; the water louse
Asellus aquaticus; the water fleas Daphnia magna and Eurycercus lamellatus;
a midge larva of Chironomus thummi type a phantom midge larva Chaoborus
sp.; the lesser waterboatman Cymatia coleoptrata; the alder-fly larva Sialis
;

lutaria ; the caddis larva

Agraylea multipunctata; the water beetles Stictotarsus

duodecimpustulatus, Potamonectes depressus Enochrus melanocephalus the water
,

;

macrostoma Lymnaea peregra and Gyraulus ( =Planorbis) albus;
the swan mussel Anodonta cygnea and a pea cockle Pisidium sp. B. paludosa
and V. macrostoma are both rather uncommon in Great Britain.
snails Valvata

,

Identifications were by G. A. Boxshall and Miss J. Ellis (Crustacea); E. G. Easton
(Hirudinea) ; C. H. Lyal, P. C. Barnard, M. J. D. Brendell and P. S. Cranston (Insecta);
and R. B. W. (Mollusca).
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ADDITIONAL NOTES ON THE FOOD OF THE OTTER IN THE

BLAKENEY AREA
by Vincent Weir

and K. E. Banister

Introduction and

Methods

—

In our previous paper “The Food of the Otter in the Blakeney Area” Norfolk
Bird & Mammal Report 1971, we gave the results of a study carried out in 1969
and 1970 of the food of the Otters inhabiting the coastal strip between the Salthouse Marshes and the Stiffkey River. Information was gained by spraint
analysis, by recording remains of Otter meals and by observing the animals while
they were feeding. It should be noted however that although this study covered
a period of two years the majority of the spraint collections was made during
1969 with only four collections made in 1970, (January, February and March).
We stated in that paper that it was our intention to continue this work in the
same area and to recoid water temperatures in an attempt to establish any coirelation between water temperature and the absence of Eels in the Otters’ diet in
winter. We therefore embarked on a further year’s study covering the period
from the beginning of July 1973 until the end of June 1974. The methods used
were similar to those described in the previous paper. Spraints were collected
each weekend and the food remains found therein were compared with material
in the collection of the British Museum (Nat. Hist.) by one of us (K.E.B.). A
total of 1,060 single spraints was collected.

A maximum/minimum thermometer was placed in the main drain on Salthouse Marsh about a quarter of a mile from the East Bank and weekly readings
taken (except for the second week in August 1973). It was housed in a wire cage
and the cage was sunk to the bottom of the drain. The depth of water above the
cage varied between 3 ins. - 1ft. 6 ins. The day time visits to the area differed
slightly from those made in 1969 and 1970. Special attention was paid during
the study period to the extent of the home range and population size of the
Otters and this necessitated covering a larger area during the day than in the past.
Otter access and exit points at individual marshes had to be checked regularly
and consequently marshes such as Salthouse and Cley were not searched as
thoroughly as before. This could in part account for the small number of instances
of Otters’ meal remains being found during the course of the study.
With regard

to sprainting sites discussed in the previous paper,

we feel justi-

mentioning two additional places which seem exceptional. One was a
ring and shackle fixed into concrete above a small sluice upon which the animals
frequently sprainted. The other began as a typical site at the bottom of a sea wall
and had been favoured for sometime before a Mole raised a hill on the exact
spot. The Otters continued to spraint here but now on top of the Mole hill.
fied in
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Results

The winter of 1973/1974 was generally mild (see Table 1) with no extremes
of temperature. We were therefore unable to gain any information regarding a
link between water temperatures and the presence or absence of Eel remains
in the spraints. Unlike the 1969 results Eel bones were found in all but two of the
weekly collections during the winter of 1973/1974.

The results in general followed a similar pattern to the 1969/1970 study.
The Three-Spined Stickleback and the Common Eel formed the bulk of the
Otters’ diet and we estimate, on a volume basis, that the two species together

%

%

%

- 90
of the animals’ food as against 80
constituted about 85
in the previous
study. Eels, however, formed a larger proportion of the food than before, com- 45
prising about 40
%, or about half, of the figure given for the two species,

%

compared

to a third in 1969/1970.

The remains of cyprinid fishes were found in ten of the spraint collections
and Roach was identified on two occasions (November and December 1973).
Cyprinids constituted only a very small part of the Otters’ diet compared to the
fairly regular

appearance of these

fish in the collections,

although only in small

One explanation for this is that during a
period of gales and very high tides in November 1971, the road drain through
Salthouse and Cley Marshes where the Otters find some of their cyprinids was
quantities, during the previous study.

flooded with salt water and most of the fish, if not all, were killed. It is interesting
to note that the ten occurrences of these fish in the spraints were from July
1973 until February 1974 and that they were recorded in each of these months
except for January 1974. In 1969 there was a considerable reduction in the amount
of cyprinid remains in the summer and early autumn. During this period Crayfish were frequently eaten. However during the recent study Crayfish were only
found twice in the spraints (September 1973 and May 1974), compared with nine
instances over the period from the end of June to the middle of November 1969.
We had thought that this could have indicated a poor year for Crayfish, the
Otters supplementing their main diet of Sticklebacks and Eels with cyprinids
in lieu of Crayfish during the summer and early autumn. However, Dr. R. Ingle
of the British Museum (Nat. Hist.) who monitors Crayfish population changes,
informed us that he has no evidence of a decline in Crayfish abundance during
this period. We are therefore at a loss to explain the difference between the
Otters’ diet for 1969/1970 and 1973/1974.

Fish of other families found in the collections included Perch, identified

on two occasions (December 1973), Trout on four occasions (November and
December 1973 and June 1974), Pike on four occasions (August 1973, March,
April and May 1974), Bass once (November 1973) and Flounder once (March
1974). We are glad to have identified Flounder remains, for as we stated in the
earlier paper, these fish are common in the area and there seemed no reason
why the Otters should not eat them. Otters were also observed by V.W. on two
occasions eating fish which without much doubt were Flounders. Remains of
of the family Cottidae were found in thirteen of the spraint collections
Thumb was identified (July, September and October
1973). The remains in the other ten collections were too broken up for the species
to be determined. With regard to Trout, we reiterate our view expressed in the

fishes

and

in three of these Miller’s
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previous paper that in waters where both coarse and game fishes occur Otters
show a marked preference for the former. A noteable example of this took place
on the Glaven River during 1972. In the spring of that year many Trout escaped
from a Trout farm on the River and during the summer these fish were common

around the sluice at Cley. Spraints were collected in
June and examined for Trout remains but none was found.

in the Glaven, especially

May and

The remains of Shore Crabs were found once in the spraint collectione
(September 1973) and evidence that they had been eaten was noted during ons
of the day time visits to the area.

Mammal

bones were present in three of the collections (October 1973 and
1974) but they were too broken up for the species to be identified.
Bird remains were found in ten of the weekly spraint collections compared
with twenty in our previous study. As before Moorhens were the birds most

March

frequently eaten by the Otters and their remains were present in seven of the
samples. In the other three samples the species could not be identified. During
the year only two dead birds, a Mallard and a Redshank, were found which had
been killed by Otters. In the case of the Mallard there was evidence to show that
the Otter returned to the kill the following night and more flesh was taken from it.

TABLE

1969-1970

52

52

35

26

3

1

1973-1974 47

46

42

10

2

4

2

9

1

4

1

1

13

2

1

16

4

2

7

3

3

A comparison of the occurrence of certain species in the diet of Otters
1969/1970 and 1973/1974.
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WEATHER
By

1975/1976

Norgate

T. B.

Again pressure on space necessitated combining two years into one report

and

to listing the weather features statistically.

Norfolk Weather 1975 and 1976

MEAN TEMPERATURE
°C

°C

10-yr.

1975

1976

Avge.

NO. OF AIR

AND GD. FROSTS

SUNSHINE HOURS

10-yr.

1975

1976

10-yr.

Avge.

1975

1976

Avge.

Jan.

6.2

5.0

4.1

0/11

2/10

8.2/15.2

44.3

60.9

Feb.

4.3

4.1

3.5

9/22

8/17

10.3/18.6

84.4

53.9

68.1

March

4.7

4.6

5.3

6/17

6/17

6.7/17.3

71.9

116.4

114.5

April

7.8

7.8

7.4

3/11

3/10

3.3/12.1

123.1

175.5

152.6

May

9.8

11.8

11.0

0/8

0/4

.7/5.9

177.4

191.6

184.7

June

13.9

16.7

14.0

0/0

0/2

0/1.0

259.5

276.6

215.5

July

16.7

18.0

15.6

0/0

0/0

0/0

218.4

316.0

196.3

Aug.

18.3

16.8

16.3

0/0

0/0

0/0

251.1

268.2

184.4

Sept.

13.5

13.8

13.6

o/i

0/0

.1/.6

167.5

122.9

147.1

Oct.

9.8

11.5

10.6

0/4

o/i

.1/5.6

116.0

63.1

100.2

Nov.

6.7

6.1

6.5

8/17

4/12

5.8/12.8

72.0

62.1

65.5

Dec.

4.0

1.8

3.9

9/18

16/25

9.4/17.2

35.4

73.9

46.0

Year

9.6

9.8

9.3

1621.0

1781.1

1515.1

35/109 39/98

44.6/105.3

DAYS WITH HAIL OR SNOW

RAINFALL
1975

1976

10-yr.

1975

1976

10-yr.

mm

mm

Avge.

H/S

H/S

Avge.

Jan.

65.0

69.0

53.1

I/O

2.6/

14.7

17.8

41.1

—

5/3

Feb.

1/0

4. 1/1.0

March

97.2

15.6

36.8

10/5

4/0

3.5/.7

April

54.5

17.7

43.4

May

49.1

24.6

49.7

June

37.8

9.1

35.3

July

18.4

35.7

58.7

Aug.

1.8

52.1

52.1

Sept.

84.0

79.4

48.5

Oct.

34.4

111.4

56.6

Nov.

78.5

51.7

84.8

—
—
—
—
—
—

Dec.

37.1

48.5

53.1

Year 572.5

532.6

613.2

8/4

—

1.5/1.

0/2

-1/.4

—
—
—
—
—

—

o/i

2.2/1.

2/2

5/1

22/12

15/7

1/1

0/.5

—

89

40.2

DAYS WITH THUNDER
1975

—
—
1

2

—

1976

—
—
—
—
4

10-yr.

Avge.
.1

.3
.3

1.2

3.4

1

1

2.0

5

3

2.7

2

4

2.9

0/.1

3

6

2.4

0/.3

2

3

.8

2.7/1.0

—
—

—
—

16.7/7.4

16

21

.7
.2

17.0

For year

1975

Max. temperatures Highest

Max. temperatures Lowest

(
(

1976

Aug. 32.0

0

26 June 32.6°

°C) Air

8

°C) Air

30 Nov/1 Dec.

Min. temperatures. Lowest Air

—4.2°
Mar. —

—

.8

16 Dec.

Min. temperatures Lowest Ground

1

°

°

30 Jan.

—

9 Mar.

—9.4 0

0

1.4

28 Jan. —11.1

9.6

°

1975
January. The
jointly,

mean temperature for Dec.

was the highest

’75 together with the following January,

for at least 300 years. Rainfall

side, especially in the S.E.

was mostly on the high

corner of the county.

February. Despite high day-time figures many ground and air frosts kept the
mean temperature down, but being dry and sunny, it w as a pleasant month.
r

March. Squally showers of sleet, hail or even snow came in from the North Sea.
It was the wettest March since 1947, some rain falling on almost every day.
April.

Snow

fell

on

though amounts were small. N.W. Norfolk was the

8 days

wettest area with heavy showers inland.

May.

It

was the coldest

with 3 °C of ground

May

frost,

since 1955, the coldest night being at the very end

but increasing sunshine

made some amends.

A depression from the Arctic brought very cold weather, and snow stopped
play at two county matches. More reports of snow reached the Met. Office
than in any “summer” month during the last 87 years. Scattered thunderstorms
prevailed but parts of the county were very dry.
June.

July.

12

Again thunderstorms caused patchy

mm at Downham Market to more than

of which

fell

in 90 minutes

on

rainfall,

amounts varying from under
much at Marsham, much

10 times as

the 17th.

The mean temperature was the highest for 50 years and the day’s max.
°C (almost 90 °F.), was recorded on the 8th. There were 1 1 days
above 26.7 °C (80 °F.), a sure indication of hot weather. The heat-wave ended
suddenly in the middle of the month, but not the drought which had just begun.
August.

for the year, 32

September. The month started dry enough to complete a drought (15 days), but
fell
thunderstorms finally made it the wettest month since March. Over 25

mm

in

many

places

on the 13th and

14th.

October. Fenland and Breckland escaped thunderstorms and thus the rain,
having less than 12 mm, whereas other parts had over 40 mm. Temperatures were
reduced by fogs night and morning.

November. Though a wet month, much of it

month but

it

was much

fell in

3

-

4 days in the middle of the

drier near the coast.

December. Snow lay to a depth of 2 cms (less than lin.) for a while in the middle
of the month around Downham Market. There were no air frosts after the 20th
and only slight ground frosts, nor any worth-while amounts of sunshine.

90

The Year. Though the year’s mean temperature was on a par with the average,
seasonally there were significant differences. Treating Dec., Jan. and Feb. as
Winter; March, April and May as Spring, etc., the Winter of 1975 was over 2 °C

on the warm side, Spring slightly cool. Summer up by 1 °C (thanks to August)
and Autumn was fractionally below normal. Rainfall was nearly 60 mm (over
2iin.), about 10 per cent, below average in central Norfolk; but thunderstorms
in Summer and Autumn gave wide variations. These ranged from over 700 mm
(28in.) at Colkirk and Bradfield to 480 mm (19in.) in the Fens and West Norfolk.
Spring lacked sunshine otherwise the year was sunnier than usual.
1976
January. Westerly weather dominated until the 22nd/23rd when it became much
colder. Air and ground frosts occurred each night during the last week and the
maxima did not rise above freezing on either of the last two days. Up to 12£ cms
(5in.) of snow fell during the last 10 days, some of which lasted until early next
whole page could be devoted to the gale late on January 2nd when a
month.
hurricane-force wind of 90 knots (104 mph.) was recorded at Cromer and 89
knots in Norwich where 3000 council houses were damaged.

A

February. Several days of light rain and snow showers persisted during the
week and again later, but the last 10 days were warm.

March.

A

drier

during the
neither

first

first

month though there were several light showers and some snow
week. The weather alternated between easterly and westerly,

becoming

well-established.

April. A further dry month, the year’s rainfall so far being under 50 per cent of
normal and more than 75 per cent of it fell on the 13th. The last 10 days were
the coldest of the month with 7.8 °C of ground frost near the end.

top-soil was reported during the 1st and 3rd weeks in The Fens.
Thunderstorms occurred during the end of the month but the total rainfall so
(3in.) below average.
far this year was still 75

May. Blowing

mm

The mean temperature was nearly 3 °C above normal and was believed to
be the warmest June since 1846 with a max. over 31 °C in several places during
the last week. It reached 32.6 °C (90.7 °F) at Morley, the highest ever recorded
by the Norfolk Agricultural Station in 26 years. There were 8 days with maxima
above 26.7 °C (80 °F). It was also the driest since 1921 and drought conditions
prevailed for most of the month.
June.

Another month with record-breaking temperatures, only one day in the
12 failing to reach 26.7 °C. This figure gives an indication of a “good”
(nearly l|in.)
summer. Thunderstorms on the 15th and 16th, with up to 35
July.

fiist

mm

of rain at Salle, broke the drought.
August. There were more thunderstorms at the beginning and again at the end,
particularly during 4 days in the last week. Rainfall was near or above average
(nearly
in most of the county, and R.A.F. Marham recorded almost 125
(nearly 2in.) falling on Bank Holiday. Despite this there was a
5in.), over 47
22-day drought and it was the sunniest August for 29 years with only one completely sunless day.

mm

mm
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September. Intermittent showers persisted throughout the month with six thundery days in the second half. The Fen District was the driest with just over 50
and Houghton, near Walsingham, the wettest with a total of over 152 mm.

mm

(6in.).

October. It was a wet month with rain falling on 23 days, and with thunderstorms
at the beginning. Amounts of rainfall were very uneven, varying from 90
(6^in.) in the Northrepps area. During the
(3|in.) near Norwich to over 160
last week of the month there were 5 consecutive sunless days, the first time since

mm

mm

March.
November. This was a dreary month but fairly dry so far as rain measurement
was concerned. But there was little “dry” in the ground which restricted farm
work. The barometer was well below 1013 mb. (30in.) for the fiist half of the
month and below 980 mb. (29in.) at the very end, dropping at the rate ot 2mb.
(.06in.) per hour. Despite this there was little wind and fogs were frequent.
December. The coldest month of the year yielded 17 air frosts and 26 on the
ground. The mean temperature was \ °C cooler than the last cold December of
1968 and .1 °C warmer than Dec. 1962. Slight snow showers in the second half
of the month did not last long. The mean ground temperature was
.5 °C for
the month, unusually low, and Morley recorded surprisingly low mean earth
temperatuies at various depths: lOcms (4in.) .4°C; 20 cms (8in.) .7°C and at
30 cms (12in.) 1.8 °C.

—

The Year
Winter 1975/76. With the same definitions for seasons as before, Winter, though
cooler than last year, was still |°C above the recent average. Rainfall was
almost identical with last year’s, i.e. about 20 per cent down, while sunshine was
rather lower than last year, but still nearly 10 per cent above normal.
Spring. The mean temperature was only just above average while sunshine was
about 8 per cent above. Rainfall was noticeably low, more than 50 per cent down.

Summer. Rainfall being 30 per cent below normal, the drought was made more
it followed an even drier spring. A mean temperature 2°C above
average, coupled with outstandingly high sunshine hours made it a memorable
summer. Almost half the year’s sunshine total was recorded during the three
summer months and was over 60 per cent above average. It is reckoned that the
sun shone for 59 per cent of the possible number of hours for this latitude.

serious as

Autumn. This season made some amends for the lack of rainfall, being over 50
per cent above normal, though overall the year’s total was still about 1 1 per cent
on the low side. Most of the restrictions on water consumption were able to be
lifted. Temperatures were just about normal and sunshine was a mere 5 per cent
down.
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1976 Summary. This year has been such an unusual one with so many broken
Everyone will remember the summer drought and heat-wave. Dry
conditions began even towards the end of January, and by June the hist three
official summer droughts was experienced. It has been reckoned that by the end
of August it was the driest three-month spell for 250 years, or even longer. Driedup reservoirs and a serious drop in the water-table were general.
records.

Coupled with the drought, 1976 was the warmest and sunniest summer

this

century. There were 24 days with temperatures reaching 26.7 °C (80 °F) which

compares with 14 days
summer.

in 1975

—

in itself considered to
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have been a “good”

NOTES TO CONTRIBUTORS
1. All manuscipts submitted for publication should be
sent to Dr. E. A. Ellis, Wheatfen Broad, Surlingham,

Norwich.
Manuscripts should be typed double spaced on one
Latin names of genera and species
should be underlined. Dates should be in the form
1
January 1972. Text figures should be referred to as

2.

side of the paper.

Fig.
3.

1,

etc.

All Latin names should be followed by the authority
the name is first mentioned in the text or table.

when

References should be in alphabetical order at the end
of the paper, in the form of

4.

Bloomfield, E. N., 1905. Fauna and flora of Norfolk.
Nor. Nat. Soc., 8. 117-37.
Trans. Norfolk

&

5.

Tables should be set on separate sheets and numbered
numerals.

in arabic

6. Drawings should be in jet-black indian ink.
Shading
should be in lines or dots but not in half-tone washes.

Page-proofs only will be sent. They should be returned
with the least possible delay, and the minimum of essential
correction should be made.
7.

8.

Authors are supplied with 15 offprints gratis. Addimay be ordered when the proofs are returned.

tional copies

Printed by H. G. Stone

&

Co. (Printers) Ltd.,

Wymondham,

Norfolk

