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THE ANCIENT WOODS OF NORFOLK
THE PRESIDENTIAL ADDRESS DELIVERED TO THE SOCIETY

ON 13 NOVEMBER 1985

O. Rackham

Corpus Christi College, Cambridge

Ladies and Gentlemen —
I particularly appreciate the honour of being President of our Society, through

which, in my youth in Norwich, I first learnt to appreciate the delight and wonder
of natural history.

On 29 April 1924, Sir Hugh Beevor sat in my chair and read us a Presidential

Address on Norfolk Woodlands, from the Evidence of Contemporary Chronicles

(Beevor, 1924). He was the most learned woodland historian of his day; his lecture

is a point from which to begin the story of 62 years of research.

Wildwood

In Sir Hugh’s time almost nothing was known of the great woods which covered vir-

tually all Norfolk in the first part of the post-glacial period — roughly 12,000 to

4500 calendar years B.C. The science of pollen analysis, which had hardly begun in

1924, has revealed how birch, pine, and hazel migrated into the British Isles after

the last glaciation, and were followed by other trees to create various kinds of

natural forest (Godwin, 1975).

Fig. 1 illustrates the wildwood of Norfolk at the end of the Mesolithic period,

about 4500 B.C., just before civilization took a hand. My colleagues have counted

the pollen grains in nineteen cores of peat or mud that cover this period. I have ex-

tracted the appropriate figures and have adjusted them for the fact that some trees

produce more pollen than others. I am concerned with dry-land wildwood, and have

therefore omitted alder and willow pollen, which presumably came (at least mainly)

from trees fringing the fens and meres where pollen deposits form.

Norfolk, like the rest of the Lowland Zone of England, belonged to the Lime
Province, in which the commonest tree was small-leaved lime, Tilia cordata

(Rackham, 1976 p. 42-3). Lime was the commonest dry-land tree around 1 IV2 of the

19 sites shown in Fig. 1, and the second commonest at all but two of the others.

Hazel was the commonest tree at 4 :
/2 sites and ash at three. Oak was everywhere the

second, third, or fourth commonest. Elm (of both the wych and East Anglian

species, Ulmus glabra and U. minor (Bennett, 1983)) comes in third, fourth, or fifth

place. There was also pine, now extinct as a native tree in Norfolk. Yew was present

at many sites, but in quantities too small to show in Fig. 1; it too has almost certain-

ly died out, and we can hardly guess at what its native ecology may have been.

Norfolk wildwood could not have been a uniform mixture of trees. We can

distinguish at least four regions: the Broads with an extreme predominance of lime,

south Norfolk with abundant ash, the Breckland edge with predominant hazel and
some birch, and the Fens with pine.

Local variation is shown by the contrasts among the four cores from Hockham
Mere and the two each from Old Buckenham and Seamere. Lime and hazel could

not have coexisted as a mixture: lime is a very tall, densely-shading tree, with which
hazel (though it can grow 40 ft high) could not have competed. Hazel is not very
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tolerant of shade and produces pollen only if it can see the sun. There were there-

fore areas of limewood and areas of hazelwood. In south Norfolk there would also

have been areas of ash, perhaps in the form of ash-hazelwood or ash-limewood. Elm
formed woods probably on the more fertile soils. Oak would have formed woods on
the least fertile soils (cf Fig. 5), as well, probably, as being generally scattered

among ashwoods and limewoods. With alderwoods around pollen-collecting basins,

and pinewoods in the Fens, this makes at least seven local types of wildwood; there

were probably others based on mixtures of trees. Much of the variation which exists

in ancient woods today can already be detected in the wildwood.

From wildwood to woodland

Beevor was one of the first historians to appreciate that medieval England was not a

very wooded land. Seven-eighths of the wildwood had already disappeared by the

Norman Conquest. We now know that most of it was destroyed very much earlier

by prehistoric farmers seeking land for agriculture. Much of the evidence has only

recently become known: popular and even learned writers still perpetuate the pre-

Beevor myth that great tracts of wildwood survived into historic times and are

remembered in legend, being ‘used up’ by people who cut down the trees to make
buildings and ships.

The first farmers arrived about 4500 B.C. They attacked particularly elm,

perhaps by inadvertently letting loose Dutch Elm Disease (Rackham, 1980 pp.
265-6). Agriculture grew slowly and then more and more rapidly. By the end of the

Bronze Age (750 B.C.) the whole of Norfolk was populated, and there was no room
for large tracts of wildwood (Dymond, 1985 Fig. 3). The claylands of south and mid
Norfolk were thought until recently to have been an area of late, even medieval,

settlement. Yet even here I have long appreciated that north-west of my native

Harleston there are the remains of a gigantic example of country planning, with

miles of semi-parallel roads and hedges. They are cut across by a Roman main road

as they might by a railway or motorway (Dymond, 1985 pp. 46-7). A similar, better-

preserved example just inside Suffolk may well be Bronze Age (Rackham, 1986 pp.
156-8). The excellent pollen record of Diss Mere shows that there has been no
substantial woodland in the neighbourhood since the Iron Age. 1

Prehistoric peoples not only destroyed wildwood but converted some of it into

managed woodland. Evidence for coppicing and pollarding can be traced back in

Somerset to the Neolithic (Rackham, 1977). Woods were managed to grow rods and
poles of specific sizes for hurdles and structural work, and probably also leaves for

feeding farm animals. We know about Somerset because the material has been ex-

ceptionally well preserved and carefully recorded by archaeologists; there can be

little doubt that, given similar luck with preservation and discovery, the practices

would be found in Norfolk also.

As people multiplied, the remaining woodland would have been more inten-

sively used and managed. By the Roman period, Norfolk was nearly, if not quite, as

highly agricultural as it is now. Settlements had filled the upland and spilled over

into the Fens. Timber and underwood were used in building towns, farmsteads,

and villas; brickmaking, tiles, potting, baths, and hypocausts used fuel on a large

scale. Woodland conservation and the regular supply of wood and timber were un-

doubtedly of interest to the Romans in Norfolk, and may have been long before.
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Fig. 1 Proportions of trees at different places in the dry-land wildwood, just before the decline of elm
which marks the beginning of the Neolithic. Elm pollen counts have been multiplied by 2, ash and lime

by 8 (Andersen, 1970; Rackham, 1980 p. 101). Barton Broad: Lambert and others 1960. Brancaster:

Godwin and Godwin 1960. Diss Mere: H. J. B. Birks and S. Peglar, unpublished. Hockham Mere (four

sites): Godwin and Tallantire 1951; Sims 1972; Bennett 1982. Methwold Fen: Godwin 1941. Old
Buckenham Mere (two sites): Godwin 1968. Old Decoy and Peacock’s Fen: Godwin 1941. Ranworth:
Lambert et al. 1960. Saham Toney Mere: Bennett 1982. Seamere (two sites): Sims 1972; Bennett 1982.

Shippea Hill: Clark and Godwin 1962. Stow Bedon Mere: Bennett 1982. Wilton Bridge: Godwin 1941.

Woodland, trees, and early written records

Anglo-Saxon charters, from the eighth century A.D. onwards, show that England in

general was a not very wooded land. Trees formed part of three separate and settled

traditions:

(a) woodland — natural woods managed as a permanent, self-renewing resource

(Fig. 2). In a wood
, the majority of the trees, called underwood, are felled every four

to twenty years and are allowed to grow again by coppicing from the stump to yield

an everlasting succession of poles and rods. Interspersed are timber trees, usually

oaks, allowed to stand for several rotations of the underwood and then felled

to make beams and planks. (No planting of trees is involved; plantations are a

separate, and much more recent, form of land-use from woodland.)

(b) wood-pasture — land used both for trees and for grazing livestock. These objec-

tives conflict, in that the shade of the trees spoils the pasture, and the beasts eat the

regrowth of the trees. Special techniques such as pollarding were used to reconcile

them.

(c) non-woodland trees in hedges and standing in fields.
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The three traditions are known in detail from the abundant documents of the

Middle Ages, but sufficient records survive to prove that they go back much earlier.

By the eighth century at latest, England was a land of farmland with permanent,
often small, named, defined, and managed woods; separate areas set aside as wood-
pasture commons; and hedges and hedgerow trees.

Fig. 2 Wood of 4-5 years’ growth after coppicing. Hornbeam underwood, ash and oak timber trees.

Gawdy Hall Wood, 16 May 1974

The survival of Anglo-Saxon perambulations is a matter of chance, and none
are known for Norfolk, but there is no reason to doubt that our landscape had the

features I have described. Norfolk woods have names of their own, many of which
go back, on linguistic evidence, before the Norman Conquest. For example,

Wayland Wood in Watton, anciently Wanelund, is one of the wood-names involving

Old Norse lundr, a grove; moreover it gave its name to Wayland Hundred, later

Wayland Rural District. Although not very large, this was therefore in some way a

special wood, a grove of assembly, in Viking times long before the Conquest. By a

miracle of continuity it still survives and belongs to Norfolk Naturalists Trust.

The northern and western two-thirds of Norfolk belong to Planned Coun-
tryside, a land of villages, straight roads, and modern hedges — in its present form
largely the creation of Enclosure Acts which abolished medieval strip-cultivation

systems. The south-eastern third is Ancient Countryside, with scattered farmsteads,

greens, hamlets, and ancient hedges — the piecemeal growth ofmany periods going

back at least to the Iron Age (Rackham, 1976 p. 17; Addington, 1978, 1982). By
analogy with the rest of England, it is very likely that an early version of Ancient

Countryside once covered most of Norfolk, being replaced — but only in part — by
the introduction of villages and strip-cultivation in Anglo-Saxon times (Rackham,
1986 chapter 8).
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Non-woodland trees, naturally, play a greater part in the history of Ancient

than of Planned Countryside, though they did occur in open-field areas (e.g. Hin-
dolveston (Rackham, 1986 pp. 213, 216)). The same is true of woodland, although

Norfolk is not a particularly good example of the tendency. Woods of all sizes have

been thickly scattered through the Ancient Countryside part of Norfolk; in the

Planned Countryside part more than half the parishes have no historical record of

woodland at all.

Domesday Book attempts to provide a systematic record of woodland in 1086.

Norfolk, unfortunately, is one of the counties in which woods are recorded in terms

of the number of pigs they were supposed to fatten: e.g. ‘wood for 1200 swine’ at

Thorpe-next-Norwich, 18% swine at Hevingham, 2 swine at Braydeston. These
were imaginary pigs, and cannot accurately be converted into acres of woodland;
but by examining woods whose size is known at a later date, I infer that the

woodland of Norfolk in 1086 adds up to something like 158,000 acres, 12% of the

county — a little below the average for England as a whole, more than the propor-

tion for Suffolk but less than that for Essex (Rackham, 1980 pp. 119-123).

Woodland in 1086 was concentrated in a ‘Wooded Crescent’ running from
Bungay through Attleborough and East Dereham and towards Cromer (Fig. 3).

Occasionally, as around Shipdham, a quarter of the landscape might have been
woodland; but in much of the Breckland, Fens, N.W. Norfolk, and Broads region

there was none. Domesday Book names 731 places in Norfolk, and records

woodland for 354 of them. In 35 places it is stated that there had been woodland for

Fig. 3 Woodland in Norfolk in 1086. Each point represents one mention of woodland, usually in terms
of swine. The sizes of the dots are an attempt to translate numbers of notional pigs into actual areas of
woodland at the scale of the map. Crosses represent other mentions of woodland. Woods stated to have
been for more swine in 1066 than in 1086 are shown by ringed dots (the size of the ring is not a measure
of the change). After Rackham (1980) p. 122.
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more swine in 1066 than in 1086; I interpret this as meaning that pannage was be-

ing displaced by more intensive coppicing (Rackham, 1986 p. 120).

Not all this woodland is likely to have been primary — that is, derived from
prehistoric wildwood. Almost certainly some land would have fallen out of use at

the end of the Roman period, and would have turned into woodland; but as yet no
post-Roman secondary woodland has been identified in Norfolk.

The heyday of Norfolk woods
In the thirteenth century there begins an abundance of information about individual

woods. For example, a survey of the Bigod estate of Ditchingham in 1270 includes:

Item, underwood [of Tindhawe*]. 4 score acres, of which 5 acres can be sold

per annum for £4. 10s.

Item, underwood of Chertheage. 12V2 acres 1 ro[o]d, that is V2 mark [6s 8d] per

annum.
Item, underwood of Schyrifseles. 1 acre 3V2 ro[o]ds, that is 6d per annum.
Item, underwood of sextingge. 4 score and 6V2 acres, that is £5 per annum.
Item, Aldercarr of the same manor, 14V2 acres 1 ro[o]d, that is 8s per annum. 2

*Missing name supplied from other contemporary documents.

There were thus five separate private woods with definite areas, regular manage-
ment, and an expected and sustained yield of underwood. Even the smallest wood
had a name; Tindhawe, Chertheage, and Sextingge are Anglo-Saxon in form and
show that the arrangement was already centuries old in 1270. Tindhawe and Sex-

tingge are recorded down the centuries — for instance Tendall Wood and Sextene

Wood in an indenture of 161

9

3 — and are still with us as Tindall Wood and Sexton

Wood (Fig. 4). Their modern areas, 104V2 and 95 !
/2 acres, are a reasonable approx-

imation to the 80 and 86V2 acres of 1270, given the medieval tendency to underest-

imate the areas of woods (Rackham, 1968).

We also have the Ditchingham estate accounts year by year. In practice there

was much irregularity in the amount and nature of the underwood cut each year.

Timber trees are usually referred to by mentioning the branches and bark of oaks

felled for use on the estate; there are occasional mentions of woodland grassland in

glades. For example, in 1270-1 no less than 42 1
/* acres of ‘Tyindhae’ were felled at

once; this was sold for £9. 85, plus 5s 8d from ‘100 faggots in le tindhae remaining

from de-branching logs (schredinghe logarum) of IV2 acres’. (This is perhaps the

earliest surviving instance of the word ‘log’). Oaks felled in the woods to make
rafters for a new barn, etc., produced 17

s

worth of branchwood and 175 8d in bark.

In 1280 there is a mention of two woodsellers and a woodward. 4

Similar records can easily be multiplied. The Ely Coucher Book of 1251 shows
that the Bishop of Ely had three woods, total 340 acres, and two deer-parks in

Shipdham; Persons Wood (130 acres) and Toftwood (100 acres) in East Dereham;
and three woods ( 1 1 5 V2 acres) and a park in Pulham. 5 Forncett had six woods
(Davenport, 1906). Beevor gives many other names and areas of woods, and par-

ticulars of underwood and timber trees.

Woods were valuable. The Ditchingham woods were worth in underwood
alone (excluding timber) about I5 per acre per year, three times the usual value of

arable land (Rackham, 1980 p. 170). This was above the average value of woodland:

Norfolk was the most densely-populated, prosperous, and urbanized of English
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Fig. 4 The Ditchingham-Hedenham woods as seen by a German pilot of World War II. Tindall Wood
(to the east) and Sexton Wood (to the south-west) have altered little since the thirteenth century.

Hedenham Wood (to the north) and the nearby Round Grove and Long Row have a more complex
history (Fig. 7). The parallel-sided fields west of Hedenham Wood result from a nineteenth-century en-

croachment on the wood; the semi-regular field layout further north may be pre-Roman. In 1940, cop-
picing continued in Sexton Wood; in Tindall and Hedenham Wood it had ceased many years earlier,

and only traces are visible in the photograph (it has since been revived). Between Tindall and Sexton
Woods lies the formal eighteenth-century double park of Ditchingham and Hedenham Halls. Outney
Common, Bungay, is the south-east corner.
Area shown: 3V2 x 2V2 miles (5V2 x 4 km)
Luftwaffe photograph, 3 September 1940 10
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counties, and the woods remaining in 1270 had scarcity value. It is true that peat

from the Broads was an alternative to wood as fuel — I leave as a subject for future

research the extent to which woods may have become more valuable still through
the collapse of the peat industry shortly after this date (Lambert et al., 1960).

The importance attached to the conservation of woods can still be seen in the

great woodbanks that surround them. Already in 1226 the lord of Bradenham said

“about the wood, that he had raised one earthwork for the livestock, lest they eat up
the younger wood” — a considerable earthwork, since he had caught seven fish in

its ditch. 6 Tindall and Sexton Woods are now each surrounded by two miles of

massive banks with external ditches. Banks defined the woods’ boundaries and

helped in fencing out cattle and sheep which would eat the young shoots after fell-

ing. The Ditchingham woodbanks already existed in 1272, when the manorial

tenants were put on to ‘mending the earthworks round the wood where it was
necessary’. 4

An excellent series of woodland accounts are those of Norwich Cathedral

Priory, owners of two woods of about 300 acres at Hindolveston, from 1255 to

1389. At first the woods produced a moderate income of about £4 per annum from
sales of underwood. In 1272-3 the monks managed to realize £213. 1 65 8d in one

gigantic sale. The Priory had just been sacked and burnt by the revolting towns-

people, and cash was no doubt urgently wanted for repairs. This illustrates one of

the functions of woodland: accumulating capital in the form of timber, which could

be sold when needed. After 1272 the monks evidently preferred to increase their

regular income: although timber continues to appear in the records, underwood
sales increased and came to average £24 a year. Underwood brought problems of

security, and we find the hiring of a woodward, the making of 3.7 miles of new
woodbank at a cost of £10. 10s, the planting of a hedge, and the provision of

bridges, gates, and padlocks at the eight entrances. Much of the underwood ‘called

Heselwond’ was sold in bulk to a syndicate of hurdlemakers. Timber was sent to

Norwich and all over Norfolk. There were small sales of herbage and acorns. Young
ashes were dug up to plant in hedges elsewhere. Foxes and polecats came out and
devoured the Priory’s swans and peafowl. 7

A source of evidence, not yet much studied in Norfolk, is the timber in

medieval buildings; this tells us of the sizes of timber trees, the ages at which they

were felled, and the height of the surrounding underwood (Rackham, 1972).

Similar information about underwood is preserved in the wattle-and-daub between
the timbers. It is thus possible to reconstruct the composition, structure, and

management of a medieval wood (Rackham, 1982). We must be cautious, for timber

buildings exist in places, such as Thetford, where there was no woodland at all. The
pine of medieval buildings in King’s Lynn (Parker, 1971) can only have been im-

ported; so, presumably, was much of the oak used in the great cities ofNorwich and
Great Yarmouth. Beevor gives many particulars of this trade. It may be significant

that buildings in Norwich are often timber-framed only in the upper storeys and on

the more conspicuous fagades, and sometimes (e.g. Bacon’s House) the timbers are

sawn very thin.

Buildings in Harleston, within the Wooded Crescent, illustrate the usual

medieval practices of using large numbers of small oaks felled young. In a raised-

aisled hall of c. 1300 at Shipp’s Close I have identified one apparently original elm
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timber as well as oak; a later, inserted floor has timbers of aspen, which is unusual,

with some elm and ash; the floorboards are black poplar, which would have been a

non-woodland tree. Timbers other than oak should be looked for in the smaller and
humbler houses.

Wood-pasture after the Norman Conquest developed into its three branches of

wooded commons, deer-parks, and wooded Forests (Rackham, 1976); these were
less prominent in Norfolk than elsewhere. There were a few wooded commons with

pollard trees, such as now survive at Aylmerton (now Felbrigg Beeches) and
Thursford. I have records of 59 medieval deer-parks, which is few for so large a

county (Rackham, 1980 pp. 191-2). There was one, very obscure, Forest, at Castle

Rising; 8
its being designated a Forest or Chase would have referred, not to the

vegetation, but to the Howards or their predecessors being entitled to have deer

roaming the surrounding heaths and woods and to fine the inhabitants for breaches

of Forest byelaws.

What became of the medieval woods?

The management of woods went on with very little change down to Beevor’s own
time; indeed Sexton Wood and Tindall Wood are still coppiced much as in the days

of the Bigods (Fig. 4).

From the late sixteenth century, accurate large-scale maps add to our

knowledge. For instance, a map of ‘Rising Chase’ in 1588 shows many woods (most

since destroyed) in the Castle Rising area. 8 A Ditchingham map of 161

5

9 leaves no

doubt that ‘Tendal Woode’ was exactly the same as it is now. The Norfolk Record
Office is full of such maps, which are a conclusive record of the stability or change

of specific woods.

Some woods already disappeared in the Middle Ages: Beevor’s claim that in the

sixteenth century ‘nearly every wood was standing which was in the record of

Domesday Book’ is not quite true. Thorpe Wood — the biggest wood outside the

Wooded Crescent — was a source of concern to Bishop Herbert de Losinga in

c.1100; it was still a wood at the time of the ‘St William of Norwich’ affair in the

1140s; but shortly after it turned into Mousehold Heath (Rackham, 1976 pp.
136-8). Presumably its regrowth was destroyed by the sheep of commoners over

whom the Bishop had no control. This was not unique: three of the Forncett woods
disappeared during the Middle Ages. Up to 1350 there was rising population and
great pressure on land, and some woods (despite their value) were grubbed out to

make arable or turned into heath by grazing. After the Black Death, the population

was much less and peat was no longer an alternative fuel: conservation prevailed for

at least the next 200 years.

The Ely Coucher Book mentions eight Norfolk woods. Faden’s map of Norfolk,
surveyed 1790-4, shows only one still extant; this appears in 1251 as Calvecroft, 12

acres, and still stands today under the inappropriate name of Pulham Big Wood. In

Cambridgeshire (other than the Isle of Ely) the Coucher Book mentions four woods;
one was destroyed in the 1650s and the other three still exist. (These include Hayley
Wood and Hardwick Wood, which are reserves of Cambridgeshire & Isle of Ely
Naturalists’ Trust.) In Suffolk there were 19 Ely Coucher Book woods, of which
1 IV2 survived into the 1790s and 6V2 are still extant. This is perhaps an extreme ex-

ample, but it illustrates the fact that a smaller proportion of medieval woods survive
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in Norfolk than in probably any other English county. Most of the destruction was
in the seventeenth and eighteenth centuries. The survival especially of big woods
like Tindall and Sexton is a rarity.

My nearest parallels for such a destruction are Montgomeryshire (Wales) and
Ireland (Rackham, 1986 pp. 110, 116). That it should happen in these rustic

regions links the destruction to agriculture, and disposes of the myth that woods
disappeared through somehow being ‘used up’ by industries.

Other kinds of wild vegetation also disappeared. Seventeenth-century Norfolk

was rich beyond belief in heaths, old grassland, and fens; all these had been reduced

to fragments by the mid-nineteenth. We are rightly proud of what remains; but

there was five times as much 300 years ago.

Norfolk was the premier county of the Agricultural Revolution: already in the

1550s new crops, such as oilseed rape, were being introduced (Thirsk, 1985). But in

the seventeenth century the scope for innovation was limited. Much of the county

was either open-field arable or common-land. There were legal difficulties about in-

troducing new methods in open-field, and landowners had scruples about depriving

villagers of common-rights. But a wood was private property; its owner could do
what he liked with it, including grubbing it and ploughing the site if he felt like

doing so.

The first stage of the Agricultural Revolution thus destroyed woods. In the

second stage the legal technique of Enclosure Acts gave landowners control of the

open-fields. By the 1790s most of the woods and open-fields had gone, but

commons and heaths remained. The third stage came in the next thirty years:

landowners overcame their scruples about commons and destroyed most of those as

well. The Agricultural Revolution bit rather less hard in the Ancient Countryside

of south Norfolk, where woods and some commons still survive.

In the mid-nineteenth century, renewed agricultural prosperity brought

another, but lesser, wave of destruction: the victims included Edgefield Great

Wood and Tunman Wood in Horningtoft. As in the rest of the British Isles, there

was a greater onslaught after the Second World War, this time by modern forestry

as well as agriculture. Nearly half ofwhat little remained in 1945 had gone by 1973:

either coniferized (e.g. Brooke Wood and the one remaining wood in Hindolveston)

or grubbed out (most of Banyards Wood in Banham).

Ancient woods as they are now
To find all the medieval woods in Norfolk would be a considerable piece of research.

There are probably substantial remains of about 100 woods, mostly small, often

hidden among plantations or recent alder-carrs. Many have no known written

record and can be found only in the field.

The woods of Norfolk, even now, are exceedingly diverse: of 64 types of ancient

woodland so far recognized in England, 34 are represented in Norfolk (Rackham,

1986 pp. 104-5). Limewoods are a direct link with the most abundant kind of

wildwood: Hockering Great Wood is probably the third biggest limewood in

England. There are many variants of the ash-maple-hazel woods which are

widespread in middle England. Norfolk is at the northern limit of hornbeam-woods
(e.g. much of Tindall and Sexton and others as far north as Norwich) and of native
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beechwoods (in a wood-pasture form at Felbrigg). It is at the southern limit of bird-

cherry (Prunus padus) woods (e.g. Wayland Wood). It has an East Anglian speciality,

plateau alderwood, which is recorded at medieval Hindolveston and still exists at

Swanton Novers. Ancient oakwoods (Fig. 5) are rare outliers from the mountain

districts of Britain; with us they are on specially acid, infertile soils (e.g. Edgefield

Little Wood).

Fig. 5 A Norfolk oakwood, with coppiced oaks (last felled many years ago) and cushions of the moss
Leucobryum glaucum. Ancient oakwoods are typical of Wales and Scotland; in Norfolk they are rare and
specialized, on the poorest, most acid soils.

Swanton Novers Great Wood, 24 February 1970.

Any one wood usually has several different tree communities (Fig. 6). The two
woods of Swanton Novers, for instance, contain areas of ash-maple-hazel,

limewood, plateau and valley alderwood (in bird-cherry variants), oakwood, and
several intermediates. Every ancient wood is unique in much the same way as is

every medieval church.

We have seen how this kind of variation already existed in the pre-Neolithic

wildwood of Norfolk; it can be detected up to the limits set by the technicalities of
pollen analysis. The main gaps in knowledge are the antecedents of hornbeam-
woods and maple-woods: no diagram has yet been published from the chief horn-

beam areas of England, and maple sheds very little pollen. There is one opportunity
for comparing an existing ancient wood with pollen diagrams: Wayland Wood,
which is about 2 lh miles from Saham Toney and Stow Bedon Meres. The meres
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200 yards

Fig. 6 Tree communities of Hedenham Wood, mapped in 1975. Hornbeam tends to avoid the central

valley and maple to occur round the edges of the wood. The elms around the moat may well be the

suckering descendants of elms belonging to the medieval dwellers within the moat.

portray a wildwood composed about one-quarter of ash, one-fifth each of hazel, oak,

and lime, and small amounts of elm and birch. Wayland Wood today has rather

more ash, hazel, and oak than this, and rather less elm; part of the oak results from
nineteenth-century encouragement of timber. There is no lime at all (though it sur-

vives not far away in a grove at Great Hockham) and little birch. Bird-cherry, which
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is now a special and abundant feature of Wayland, is not represented in the

wildwood pollen record; nor are hornbeam, holly, or maple which are abundant in

parts of Wayland. A question for the future is how far these differences are due to

actual change, and how far to the surroundings of the meres being different in

character from the plateau site of Wayland Wood.

Earthworks are part of a wood’s history. For many woods they are almost the

only history, and however well documented the wood they usually tell us something
that is not in the records. Hedenham Wood (Fig. 7) has part of its massive, partly

double, perimeter bank and many other earthworks which tell a story of addition,

subtraction, and division between owners; they include an example of that charac-

teristic Norfolk settlement, the moat-in-a-wood (Fig. 8). A map of 1617 helps us to

interpret the changes, and shows that the moat was by then already deserted. The
nearby Round Grove is clearly a secondary wood; it overlies complex earlier ear-

thworks including another deserted settlement; but it was already a wood by 1617

and no earlier record is known.

Ancient woods are identified also by giant coppice stools, the result of centuries

of felling and regrowth. Tindall, Hedenham, and Round Woods all contain ash

stools up to 7 ft in diameter. Giant stools are formed by maple, lime (also giant

boundary pollards round Hockering Great Wood), some elms, and oak. They are

the oldest living things in Norfolk.

Plants are a further kind of evidence, as Beevor recognized:

Our original old woods may, I believe, be readily identified, because

every wood containing the wild hyacinth I take to be such. Outside the

wood, bluebells rarely appear in the hedgerow, if so they proclaim a

woodland that has disappeared. . . You may meet a planted wood of

hundreds of years old, but how much does it fail in charm compared
with the primaeval wood, with its glory of bluebells.

Bluebell is only a moderately good example, but it illustrates the principle that

there are plants characteristic of ancient woodland which seldom grow in hedges,

however ancient. Some fifty species are known, including wood anemone, herb

Paris, woodruff, Luzula sylvatica and L. pilosa , and among trees lime and service

(Peterken, 1981). Where several of these plants occur they are strong evidence that a

wood, or part of it, is ancient.

Medieval woods are specially rich in plant life, not only because of the ancient-

woodland indicators, but also because of the long-continued coppicing and all the

plants connected with it: primrose, violets, wood-spurge, raspberry, ragged robin,

and many others.

Conservation

Until recently Norfolk naturalists have somewhat neglected their woods: partly

because Norfolk is so rich in other habitats, but also because of the tradition of
secretiveness among landowners, so that few people know more than a handful of
woods. The woods of Norfolk would be the chief natural treasure of any lesser

county, but until recently little was known about them and their destruction went
unopposed. To some extent this is offset by the good management that many woods
have had in private hands. Norfolk landowners have tended either to destroy their

woods or to treat them well, often by continuing to coppice them.
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Fig. 7 Hedenham Wood and its neighbours, comparing a

map of 1617 with the woods and their earthworks as

surveyed in 1975. The seventeenth-century map explains

some of the earthworks, but others had already been
forgotten.

In Hedenham Wood, ‘Hell Yard’ (HY on the modern map)
is a great moat, supposedly the site of Hedenham Hall. By
1617 it was deserted and partly overgrown and its outer

enclosures forgotten. The name is presumably a mis-hearing

of Hall Yard (cf Abbey Yard, the name of one of the moats in

Gawdy Hall Wood nearby). The 1617 map catches the wood
in the act of expanding to invade the associated ‘pytle’ (P on
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the modern map). The western third of Hedenham Wood
was destroyed some 200 years later. Within the wood there

are four groups of superimposed, successively weaker, banks
and ditches. A is the original boundary bank. Next came the

banks B, including a transverse earthwork which divided the

wood into two ownerships; only a small part of this was still

in use in 1617. Bank C, representing a further subdivision of

ownership, is straight and presumably much later; it was in

use as a property boundary in the seventeenth century. Bank
D, feeble and in five straight lengths, is the new boundary
made when the wood was truncated in the nineteenth cen-

tury. There are many ponds in the wood: some are

‘fishponds’ associated with the moat, others presumably
natural.

Round Grove is an ancient secondary wood on the site of

earthworks which probably represent another deserted settle-

ment. By 1617 the settlement was forgotten and the site

already a wood. The grove now has much elm and no horn-

beam.

Long Row is a rare survival of the narrow ‘hedgerow
woods’ of Elizabethan or earlier date. Here, too the earth-

works indicate a more complex history than the map.
The 1617 map is slightly adapted from the original by

Thomas Waterman. 9
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Fig. 8 Gawdy Hall Wood, Redenhall, enlarged from a World War II aerial photograph. This is a

medieval wood, subdivided by internal banks much as is Hedenham Wood (Fig. 7). There are two
moats, ‘Abbey Yard’ in the north-east of the wood and ‘Old Hall Yards’ adjoining the middle of the

south side. In 1940, as now, the wood was fully coppiced, with many timber trees standing out above
the various stages of growth of the underwood.
Area shown: 1000 x 1200 yards (1.1 x 0.9 km)
Luftwaffe photograph, 7 September 194011

The threat of destruction is less now than in the 1950s and 1960s, especially as

the Forestry Commission has withdrawn from this activity; but woods are still sub-

ject to the whims of landowning fashion. We still meet the whim that it is the duty

of a woodland owner to kill the existing trees and to plant new ones. It is unsatisfac-

tory that only five ancient woods should be nature reserves — they include the

Swanton Novers woods (Nature Conservancy Council), Wayland Wood, and the

Thursford wooded common.

What we have left is about one-fifth of the woodland of medieval Norfolk. By
good fortune that sample still contains more than we might expect of the richness of

wildlife and meaning that there would have been originally. But many features are

now represented in only one or two woods; the grubbing or replanting of even a

single wood can easily destroy a last remaining example. There is much for our

Society to do in finding and protecting the ancient woods and encouraging their

responsible use.
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THOMAS BRIGHTWELL’S COLLECTION OF DIATOM SLIDES
K. B. Clarke

Decoy House, Browston, Great Yarmouth.

The Microscopical Society slides

Some years ago the Secretary of the Norfolk and Norwich Naturalists’ Society was
given a slide cabinet which held the diatom slides of the old Norfolk and Norwich
Microscopical Society. That Society had held its final meeting almost exactly a cen-

tury ago, in 1884. He kindly passed the cabinet to me to examine and I was faced

with quite a problem.

The slides had been on trays with 45 slides in each tray. Unfortunately some-
time during the last century the cabinet had been upended and the slides had
become displaced. The drawers were jammed firmly shut. Tugging at the drawers
produced the sound of grating glass. It was possible by shaking the cabinet to ex-

tract an odd slide or two or bits of broken glass. In order to get at the slides I

enlisted the help of a joiner and told him that I wanted him to dismantle the cabinet

in order to recover intact as many of the slides as possible.

He did a great job. There had been space in the cabinet for 315 slides and he

was able to recover 309 of the slides undamaged.

The slides were very dirty and had a heavy growth of fungal hyphae on the sur-

face. Cleaning the slides presented a problem. In many cases the important object

on the slide was indicated by a ring or dots drawn on the surface of the cover slip.

Fortunately many of the rings were very permanent, done with a kind of paint or

even scratched into the glass with a writing diamond. In the rest of the cases I clean-

ed the back of the slide first and drew an identical ring there before cleaning the face

of the cover slip. It was neccesary to do this because some of the slides contained as

many as 90,000 diatom frustules of which only one might be judged important.

Besides being engraved NNMS most of the slides were also engraved TB and it

seemed that they must be from the private slide collection of Thomas Brightwell.

Thomas Brightwell (1778-1868)

Thomas Brightwell was a non-conformist solicitor of Norwich who was a well-

known public figure in the city for most of his life and was Mayor of Norwich in

1837. He was the father of Lucy Brightwell, the Norwich School painter and
engraver. In the scientific world he is famous as having been one of the world’s

leading diatomists and the acknowledged expert on a number of diatom genera. He
was also an authority on leeches and an entomologist who left his collection of

beetles to Norwich Museum.
In 1858 he published his ‘Remarks on the genus Rhizosolenia of Ehrenberg’ in

which he showed that this fossil genus from the Miocene deposits of the United
States was in fact living in various parts of the world and was a common diatom in

the plankton of the North Sea (Brightwell, 1858b).

His favourite diatom genus was Triceratium and he published a monograph and

two further papers on it (Brightwell, 1853; 1856; 1858a). He described a number of

new species including Rhizosolenia styliformis which is often present in the southern

North Sea in unbelievable numbers. He named some of the species after members

Trans. Norfolk Norwich Nat. Soc.
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of the Microscopical Society, the common Chaetoceros wighamii was named after his

old friend (and tobacconist) Robert Wigham. Species were also named after

Brightwell by some of his learned friends in many parts of the world with whom he
exchanged letters and specimens.

Fig. 1 Aulacodiscus kittoni from a sample supplied to Thomas Brightwell by a Mr Taylor of Monterey
California. (Slide No. 18). The diatom was named after Brightwell by Janisch but Professor Arnott had
already published the name Aulacodiscus kittoni after Fred Kitton, a friend of Brightwell and President

of the Society in 1873.

His love of diatoms came late in life. He was already over sixty when he
published a book on the Infusoria of Norfolk with illustrations by Lucy (Brightwell,

1848). He described a number of diatoms in the book and it is obvious, as he admit-

ted later to Walker Arnott, that they were wrongly identified and his knowledge of
diatoms at that time was very limited indeed.

That was in 1848 and the next ten years were to be very fruitful and productive

for Brightwell. At the height of his success he was rendered almost blind by
cataracts and his last seven years, following a successful operation, were spent en-

joying his eminence and being perpetual president of the Microscopical Society in

Norwich.

The lost slides

Unfortunately Brightwell’s collection of slides was not to be found in any museum
collection. In the absence of ‘type slides’ of many of his species, modern workers
found themselves in difficulties when discussing the genera concerned. Other col-

lections were well documented and readily accessible. The slides of Fred Kitton,

another of the Norwich diatomists for instance passed into the collection of W. E.

Baxter, the East London Coroner, and went, with his slides, to the British Museum
(Natural History) in South Kensington. It might have been thought that Brightwell’s

slides might have ended up with Kitton, who inherited his microscope, which is

now in the Castle Museum in Norwich.

179



Provenance of the collection

It was desirable that the slides should be established, beyond doubt, as having been
those which Brightwell used for his work. The Rules of the Microscopical Society

are preserved in the Colman Library of the Norwich City Library. In the 1878 revi-

sion Rule 16 lays down that ‘Every slide is to be marked NNMS together with the

initials of the donor.’ It is possible that, under this rule, the slides were then marked
from memory ten years after Brightwell’s death. Did he donate so many slides to the

society, and why? The Society’s Minute Book, preserved at the Castle Museum,
contains an entry in 1862 which begins, ‘Mr Brightwell, having expressed his inten-

tion of presenting his microscope and collection of objects to the Microscopical

Society . .
.’ It was this gift, made at a time when Brightwell was experiencing great

sorrow both from the loss of his sight and his wife, which led to the Society being

put on a regular footing. The Society was reconstituted with a set of rules which
provided, inter alia, that Mr Brightwell should be President for life. The gift is fur-

ther confirmed in a letter to the Society from his son in 1868 in answer to a letter of

condolence, and Lucy Brightwell mentions the gift in her biography of her father

(Brightwell, 1869).

Reading further, one finds in 1883, when the Society was wound up, ‘Mr Kit-

ton thought that most of the slides should be packed up in the boxes and locked up
in the old microscope case.’ He, and some other members, including the Rev. James
Landy Brown, took ‘mementoes’ of some of the slides, but so far none of

Brightwell’s slides have come to light from this source. The diatom slide collection

of Landy Brown was given to me by the kindness of Ted Ellis and there are no
Brightwell slides there.

Thus, even though the slides were lost for a hundred years it seems certain that

they were the Brightwell collection. Further confirmation, if such were needed, is

given by the contents of the collection and its agreement with Brightwell’s publish-

ed papers.

The contents of the collection

To someone who, like myself was interested in local freshwater diatoms the collec-

tion was at first disappointing. The slides were mostly of marine and fossil diatoms.

Thirty-five of the slides were from guano and a further 35 were fossil diatoms from

Diatomaceous Earth. Only 1 1 slides came from Norfolk or Suffolk and of these five

were freshwater diatoms.

Fig. 2 Ceratoneis arcus (Ehr) Kg. from Slide No. 131 inscribed “Eunotia arcus Thibet Octr 1847 Dr
Hooker”.
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The collection did in fact cover the whole world of diatoms: Mr Geldart

brought back diatoms from Spain, Mr Norman of Hull sent material from Baldjik,

and Dr Hooker had even provided diatoms from ‘Thibet’. I undertook to prepare a

rough catalogue of the slides and it was only on closer aquaintance that I began to

realise the immense value and richness of the material. This interest was reinforced

when I was asked by Pat Sims of the British Museum (Natural History) to look

whether there were slides of Brightwell’s species Triceratium marylandicum among
them. There were in fact two, which our Society’s Council agreed could be loaned

to her and she expects to publish a work dealing with them shortly.

For me the most interesting slide is of material from Ormesby Broad. It is

marked ‘Triceratium. W. Garnham. Ormesby 1855’. I hope to deal more fully with

the contents of this slide at a later date but it could be mentioned that there is some
evidence of a change having taken place there over the past 130 years though not in

the direction of eutrophication which is the fate of many European lakes. The
diatoms suggest that there may have been a slight lowering of the salt content of the

broad. I am attempting to trace early analyses of the water to throw light on this.

What Brightwell and his friends knew about the plankton diatoms of the North
Sea came partly from Colonel Baddeley of Gorleston who examined the stomach
contents of Noctiluca, a large dinoflagellate which is often driven inshore to give a

strange luminosity to the waves breaking on Gorleston Beach. It was from the

‘stomachs’ of Noctiluca that Brightwell obtained the Rhizosolenia styliformis which
he described. Although the collection has two of these Noctiluca slides neither of

them has any Rhizosolenia. They contain almost exclusively Actinoptychus senarius

with an occasional Biddulphia aurita and B. regia and Coscinodiscus concinnus which
is a common plankton diatom in the southern North Sea.

Mr Norman of Hull provided four slides which throw more light on the diatom
plankton of the North Sea. He obtained material from ‘the stomachs of Ascidia

taken from Oyster shells dredged from a place twenty or thirty miles off the

Yorkshire coast, known as the Silver Pit’.

Another source of plankton, this time from the Indian Ocean, was provided by
salps. De Wallich, a retired surgeon of the Indian Army, examined their stomach
contents and in 1860 published his findings in the Transactions of the Micro-

scopical Society of London, Wallich (1860). There are two slides of his material

containing Brightwell’s Rhizosolenia and also a diatom which Wallich described

under the name of Hemidiscus cuneiformis. It still bears this name although

Brightwell appears to have published it eight years earlier as Triceratium semicir-

culare. Both the slides in the collection are marked by Brightwell ‘Coscinodiscus

semicirculare mihi’. Caution would be advisable before there is any suggestion that

the name should be changed. Brightwell in his original description stated that it was
‘Fossil, in Bermuda earth, not uncommon’ but I have not yet been able to find an
example in the slides of this material in the collection.

Of interest to those who study microfossils are the examples of the various

Miocene and Lower Pliocene diatomites of the eastern seaboard of the United
States. The collection contains 27 such slides besides about a dozen from diatomites

in other parts of the world. Many diatom species were first described from such
material, so that even these slides have a considerable importance for the taxonomist.
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Fig. 3 Coscinodiscus sp from slide No. 87 inscribed “Soundings, Sea of Kamchatka Dr Bailey”. The
slide is labelled

“
Coscinodiscus borealis crassus”.

A number of recent workers have looked at diatoms in the surface sediments of

the Pacific, notably in the Bering Sea and the Sea of Okhotsk. Pioneer work was
done here by Professor Bailey (1856). One of the slides in the collection is marked
‘Soundings, Sea of Kamchatka. Dr Bailey’. So here again is a slide of great historical

and scientific importance.

Among the local slides is one from Lake Lothing which must have had a par-

ticular interest for Brightwell. Lake Lothing, in the centre of Lowestoft was, until

1831 a freshwater lake, separated from the sea by an immense bank of shingle. A
lock was constructed at each end of the lake, as part of a navigation from the sea to

Norwich. Seawater was admitted to the lake. Brightwell made a careful study of the

effects of this change and published an account in the Edinburgh Philosophical

Journal (Brightwell, 1869). The slide dates from March 1856, 25 years after the

change to seawater. It contains a fine collection of littoral marine diatoms.

The Future of the Collection

The Council of our Society have decided that the collection should be retained in

Norfolk and after it has been catalogued it will be placed in the Castle Museum.
The museum already has 92 diatom slides in the Hurrell collection so that there is

now an excellent base for reference of diatomists in the county.
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THE DYKE VEGETATION AT HOLKHAM NATIONAL NATURE
RESERVE, NORFOLK.

R. J. Driscoll

Castle Museum, Norwich.

Introduction

Holkham National Nature Reserve lies on the north Norfolk coast. The western

part of the reserve, between Wells and Burnham Overy, includes approximately

710 ha of reclaimed marshland drained by a network of open dykes. The dykes

empty into the tidal channels at Overy Staithe and Wells through sluices which
open when the level of water in the channels is below that in the dykes (i.e. when
the tide is going out) and close when the levels are the same or the level in the chan-

nels is higher.

In 1975 the Nature Conservancy Council financed a survey of the aquatic flora

and fauna of the dyke system along with simultaneous surveys of land use and
drainage pattern. Lack of facilities meant that it was not possible to attempt any
kind of objective classification of the dyke vegetation although the marshes were
subjectively divided into four sub-areas based on differences in the species composi-
tion of the dyke flora (Driscoll, 1976).

Using the computing facilities at the Nature Conservancy Council’s head-

quarters at Peterborough it has at last been possible to attempt a more rigorous

classification of the dyke vegetation at Holkham using TWINSPAN, a FORTRAN
computer program that has been successfully used to classify dyke vegetation in the

Somerset Levels (Palmer, 1984) and the marshes associated with the Norfolk
Broads (Driscoll, 1983).

Many of the dykes sampled in Broadland were brackish and the classification

produced a gradation of vegetation types from species-rich freshwater to species-

poor brackish-water communities. In contrast, variation in the dyke vegetation of
the Somerset Levels, an area of freshwater marshes, was found to be largely the

result of differences in dyke maintainance techniques.

Methods

Land use was recorded by ground survey in July and early August 1975 and
mapped on a field by field basis using Ordnance Survey 1:10,560 maps as base

maps. The dyke network was mapped at the same time and an initial assessment
made of the dyke vegetation.

In late August and September the aquatic flora and fauna were recorded from
38 sample sites, chosen to include the range of vegetation types noted during the in-

itial survey. Each sample site consisted of a length of dyke that corresponded to one
side of a field. Emergent, marginal and floating plants were recorded from the

banks, submerged plants were sampled using a pond net and weed grapple. Species
lists were compiled for each sample site, the abundance of each species being
estimated using a four point scale. Habitat data, e.g. depth of water, nature of
bottom deposits, etc. were also recorded for each sample site. Fig. 1 shows the loca-

tion of sample sites.
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Land use

During the summer of 1975 approximately 275 ha of marshland were arable (out of

710 ha). The figures for the preceeding 5 years were: 1970-320 ha; 1971-350 ha;

1972-260 ha; 1973-255 ha; 1974-265 ha (figures taken from Nature Conservancy
Council files).

Since 1962, when the earliest recent map of land use was made, some fields had
been arable all or most of the time, other fields had been permanently under grass

and others had changed land use as a result of crop rotation.

Dyke network

The marshes at Holkham occupy the site of a former saltmarsh which was embanked
and reclaimed in several stages during the 17th, 18th and 19th centuries (Hunt,

1971). In 1975 the marshes were drained by approximately 74 km of open dyke. In

some of the older marshes (i.e. those that were reclaimed during the 1 7th and 18th

centuries) the dykes still followed the meandering courses of the saltmarsh creeks

that predated the reclamation. Elsewhere improvements in land drainage had in-

volved the realignment of old dykes and the excavation of new straight dykes. The
rectilinear network of dykes draining the most recently reclaimed area (19th cen-

tury) was obviously wholly man-made.

Most of the dykes draining arable land were rigorously maintained and had
steep, smooth banks. A large proportion of arable fields was underdrained, the

outlets feeding into the dykes.

Some of the dykes draining grazing marshes were well maintained, others were
neglected and virtually overgrown by emergent vegetation. The banks of some of

the grazing marsh dykes were badly damaged by stock feeding on the emergent and

marginal vegetation and drinking from the dykes.

The length of dyke leading to the tidal sluice at Wells was badly scoured and
devoid of aquatic macrophytes (thus it could not be classified using TWINSPAN
even though it was one of the 38 dykes sampled).

Water quality

Freshwater entered the dyke network as run-off from the land, from springs along

the southern edge of the marshes and from the outfall from Holkham Lake. A
sewage treatment works discharged into the dyke a short distance upstream from the

sluice at Wells. Saline water entered the drainage system from saline springs, e.g.

Salts Hole and Abraham’s Bosom, two highly saline pools (Hunt, 1971).

The salinity of the dyke water was estimated by measuring the electrical con-

ductivity of water samples collected from 61 dykes in December 1975 and February

1976. The electrical conductivities of water samples taken from the 36 dykes includ-

ed in the TWINSPAN analysis varied between 660 pS cm" 1 (dyke fed by freshwater)

and 24250 pS cm' 1
. An electrical conductivity of 46400 pS cm' 1 was recorded from a

dyke fed by water from Abraham’s Bosom. A sample of sea water collected for com-
parison from Wells harbour had a conductivity of 45870 pS cm' 1

.

Dyke flora

In comparison with some other areas of reclaimed marshland e.g. the Pevensey

Levels, the Gwent Levels, the Somerset Levels and Broadland, the dyke flora of the
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marshes at Holkham was relatively impoverished. Only 50 species of aquatic

macrophyte (broadly defined to include some algae) were recorded from the 38

dykes sampled in 1975. The only notable records were those of Ceratophyllum

submersion and Potamogeton obtusifolius, both of which are uncommon in West
Norfolk (Petch & Swann, 1968).

The most frequent species were Lemna minor and Phragmites australis (record-

ed from 25 dykes). Only 7 species were recorded from more than 10 dykes and 26

species were recorded from less than 5 dykes (7 species were represented by single

records). The number of species recorded from each dyke varied between 0 and 26.

Only 14 dykes contained more than 10 species and the same number contained less

than 5 species.

Many of the species found are characteristic of brackish conditions and it seem-

ed highly likely that salinity was a major determinant of the species composition of

the dyke flora.

Analysis

TWINSPAN is a computer program developed for the classification of vegetation

(Hill, 1979). TWINSPAN produces a sites-by-species table in which the sample

sites are arranged according to the similarity of their vegetation (i.e. sites with

similar vegetation are close together and vice versa) and the species are arranged

according to their ecological preferences (i.e. species that occur in the same type of

site are close together and vice versa). TWINSPAN also places the sample sites in

groups of sites with similar vegetation — the vegetation classes discussed below. A
second program, DATAEDIT (Singer, 1980) can be used to summarize the dif-

ferences between the vegetation classes.

The data used for the TWINSPAN analysis consisted of records of the occur-

rence of 50 species (and other taxa) in 38 sample sites. In most cases the abundance
of each species at each sample site had been recorded. However, failure to do this in

a few cases meant that one taxon, blue-green alga, one sample site and a few other

records had to be excluded from the analysis. A second sample site was excluded

because it had been devoid of vegetation.

When the dykes had been assigned to vegetation classes the various habitat

characteristics of the dykes were compared to see which characteristics, if any,

varied between the TWINSPAN classes and might be responsible for the vegeta-

tion differences.

The following habitat variables were investigated: width, depth, turbidity, elec-

trical conductivity (salinity), presence of ‘ochre’ deposits, presence of freshwater

springs, presence of sewerage outfall, flow, nature of bottom deposits, intensity of
dyke management, nature of banks, presence of fences along banks (which prevent
livestock grazing the marginal vegetation and damaging the banks), and adjacent

land use.

Electrical conductivity, land use and intensity of dyke maintainance were the

only variable that differed in a systematic way between classes.

Classification of the dyke vegetation

A total of 5 vegetation classes was recognised using TWINSPAN. Three classes A,
B and C, included relatively species-rich dykes. Class D included relatively im-
poverished dykes and class E consisted of the most impoverished dykes. In addition
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to these quantitative differences there were also qualitative differences between the

vegetation classes. Table 1 shows the main differences between the 5 classes in

terms of the species composition of the dyke vegetation. The species in Table 1 are

arranged according to their ecological preferences. In general freshwater species,

e.g. Hydrocharis morsus-ranae, are found near the top of the table and brackish-

water species, e.g. Scirpus maritimus, nearer the bottom. Blue-green alga has been

included in the table for completeness even though it was not used in the

TWINSPAN analysis. Table 1 also includes the habitat data available for each

dyke.

CLASS A — species-rich vegetation with open water (7 dykes).

More species of plant occurred in class A than in any other class. Callitriche sp.,

Apium nodiflorum, Nasturtium officinale agg. and Sparganium erectum were widely

distributed in dykes in this class. Several species were restricted to or virtually

restricted to class A dykes, e.g. Veronica catenata
,
Equisetum fluviatile,

Groenlandia

densa
,
Hydrocharis morsus-ranae and Potamogetan natans. Phragmites australis was

recorded from only one dyke in this class. Most dykes drained grazing marsh and
contained fresh or nearly fresh water.

CLASS B — species-rich vegetation with floating and emergent species (10 dykes).

N. officinale agg., A. erectum, Lemna minor, Lemna polyrhiza (which was recorded

only from dykes in this class), A. nodiflorum and P. australis were widely distributed

in class B dykes. Most dykes drained grazing marsh and several had damaged banks,

caused by stock drinking from the dykes and feeding on the dyke vegetation. All but

two of the dykes contained fresh or nearly fresh water.

CLASS C — species-rich vegetation with submerged and emergent species (6

dykes).

Many of the species present in classes A and B were absent from class C. L. minor,

A. nodiflorum, P. australis, Eleocharis palustris, Myriophyllum spicatum, Lemna
trisulca and Scirpus maritimus were widely distributed in dykes in this class. Several

of the species recorded in class C dykes are tolerant of or thrive in brackish water,

e.g. Potamogeton pectinatus, Hippuris vulgaris, M. spicatum, Schoenoplectus taher-

naemontani and S’, maritimus. All of the dykes in this class drained grazing marsh
and most were slightly brackish.

CLASS D — impoverished vegetation with Lemna minor (7 dykes).

Relatively few species of plant occurred in class D and most were typical of brackish
conditions. Only L. minor, P. australis and Enteromorpha sp. were widely

distributed. Most dykes drained arable land and were rigorously managed. All of
the dykes contained brackish water.

CLASS E — impoverished vegetation without Lemna minor (6 dykes).

Class E included a small number of brackish water species. Only P. australis and
Enteromorpha sp. were widely distributed in class E dykes. Most dykes contained
one or both of these species and little else. L. minor was absent from dykes in this

class. Several of the dykes drained arable land, all were rigorously managed, and all

contained very saline water.

Discussion

Notwithstanding the impoverished nature of the dyke flora there was considerable
variation between the vegetation of different dykes. This variation was reflected in

the TWINSPAN analysis which identified two major vegetation types, species-rich

and species-poor, which were subdivided into 5 distinct vegetation classes.
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Table 1 . TWINSPAN classification of the dyke vegetation at Holkham Nat rve 1 9 7

5

1
.

Vegetation classes ( number o f dykes :in brackets)

Species A (7) B ( 10)

1 1 19 31 32 12 13 18 2 4 5 6 33 8 9 1 7 38

Veronica catenata
Epilobium parviflorum

0 0

R
Equisetum fluviatile
Groenlandra densa R

0 0 0

Hydrocharis morsus-ranae 0

Mentha aquatica 0 F F C

Potamogeton berchtoldii
Potamogeton crispus R

0 0
0

R
R

Potamogeton natans 0 0
Ranunculus aquatilis R R

Ranunculus flammula R
Sparganium emersum
Veronica anagallis-aquatica 0 0

0
R

Callitriche sp. F F 0 F A 0 0 0

Juncus articulatus
Alisma plantdgo-aquat ica R 0

F

R.

Berula erecta R R ./ 0 0 0 R

Ceratophyl lum demersum R 0 R 0 0
Epilobium hirsutum R 0 0

Glyceria maxima 0 0 0
Nasturtium officinale agg. 0 0 0 • 0 F 0 0 F F 0 0 R 0 R
Ranunculus sceleratus
Solanum dulcamara

R
0 R R R

R

Elodea canadensis 0 F 0 0 R

Potamogeton pusillus R R R

Lemna polyrhiza R F F F R 0 0 R
Myosotis scorpioides
Potamogeton obtusifolius 0

F F 0 0 0 R

Lycopus europaeus R 0 0 R 0

Sparganium erectum F 0 F A R A F A F 0 0 F A R

Lemna minor R 0 F 0 A r A F A 0 F F 0

Rumex hydrolapathum R R R R R
Zannichellia palustris 0 0 R

Apium nodiflorum 0 0 R 0 F F 0 0 F R 0 R R 0

Carex riparia R R 0

Phragmites australis 0 R F 0 0 0 A 0 0

Enteromorpha sp. F 0 0 0 0

Filamentous alga A 0 A 0 0

Potamogeton pectinatus
Eleocharis palustris
Hippuris vulgaris

0
P.

Myriophyllum spicatum 0 0

Schoenoplectus tabernaemontani
Ceratophyllum submersum 0

Lemna trisulca
Scirpus maritimus 0

0 0

0 R
Carex obtrubae
Glyceria fluitans

0

0

Juncus inflexus F R

Blue-green alga + + t
+ *

Number of species 13 1 1 3 9 12 1 1 26 13 1 1 10 1 1 6 10 4 17 15 16

Vegetation cover 2

Floating species H M L L H H L H H H H M H L H H M
Submerged species L H L M M L L L L L L M L L L L L
Emergent species M L L L H H H H H H H M H M H H M

Width (m) 3 2.8 1 .6 1 .4 1.7 1 .8 2.3 1 .6 2.2 2.2 3.0 1.8 0.7 2.3 2.2 2.5 1.8 2.0

Depth (m) 3 0.6 0.3 0.3 0.6 0.4 0.4 0.3 0.4 0.6 0.6 0.7 0.

1

0.5 0.3 0.4 0.5 0.4

Turbidity 3 ' 4 1 1 1 1 2 1 1 2 1 1 1 1 1 NR 1 1 1

Electrical conductivity

5

0.7 0.7 0.7 0.7 0.6 0.8 1 .2 0.8 1 . 1 0.8 0.8 12.5 1 .6 1 .6 1 .0 0.9 5.5

Fenced/Ochre/Spring/Sewage 5 SP F 0

Flowing water 7 + + I + +

Nature of bottom 3 ' 3 B C C
\

C B C B B B C C S B B B B C

Time since cleaning (years) 1-5 •41 1-5 1-5

Nature of banks 3 SS SS SS PP PP SS PP P SS PP P

Adjacent land use 13 G/G A/T G/T A/T G/G G/G G/G G/G G/G G/A G/G G/G G/T G/G~ G/T G/A G/G

Notes

1

.

R rare
0 occasional
F frequent
A abundant
+ abundance not

recorded

2. H high cover
M medium cover
L low cover

3 . NR not recorded

4 . 1 clear
2 slightly cloudy
3 cloudy

5. ,mS cm
_1

x 1/1000

6. F fences along both sides
0 ochre deposit on bottom

SP spring fed
SE sewage effluent enters dyke

7.

+distinct flow along dyke
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Vegetat-ion classes (number of dykes in brackets)

C (6) (7) E (6)

14 16 3 10 17 15 20 21 37 27 28 34 35 23 24 25 36 22 26 Spp.

0 V cat
E par
E flu
G den
H mor

R M aqu
P ber
P cri
P nat
R aqu
R f la
S erne

V ana
0

R
R Call i

J art
R A pla

R

R
0

R

R

R

B ere
C dem
E hir
G max
N off
R see
S dul
E can
P pus
L pol
M sco
P obt

R L eur
0 0 0 + S ere
0 0 0 R 0 0 0 0 R 0 R L min
R R

F
R hyd
Z pal

R F 0 R R A nod .

0 0 0 0 0 C rip
+ F A 0 0 F F 0 0 R 0 F F F F 0 P aus

+ F F 0 F F 0 0 0 R 0 Enter
+ F A A + F F alg

A 0 0 0 F R P pec
0 0 0 0 E pal
F H vul

F F 0 0 0 A M spi
0 F 0 S tab

A F 0 R C sub
R 0 0 R L tri
A F F 0 0 S mar

0

0

C otr
G flu

0 0 J inf

* + + + BG al

4 10 18 12 9 13 6 8 8 3 3 2 4 2 2 1 4
. 2 ,

4

L M L M L M M L H l M L L L L L L L
H H M H M' H L H L L L L L L ' -‘L.

'

L H L M
H H H H H L L M L -S

' % L : M M M M L M

1 .2 2.2 2.4 2. 1 2.3 2.0 2.8 2.8 1 .5 NR 1 .3 0.9 1 .0 1 . 1 1.8 1 .7 1 .4 1 .7 1 . 4

0.2 0.6 0.3 '0.2 0.3 0.8 0.9 0.5 0.6 0.2 0.2 0. 1 0. 1 0.2 NR 0.4 0.2 0.7 0.1

NR Ah*
, 1 7 1 1 1

'
1 1 1 1 1 2 1 1 3 1

7.0 3.6 1 .2 3.3 2.7 1 .5 2.7 2.1 5.5 .10.

0

9.2 7.7 2.5 19.2 13.4 10.7 15.0 24.2 17.1

F SE

+ +
.1*

+ + + +

B B B B lUlf C B C B c H e H NR H C C L

1-5 1-5 1-5 1-5 1-5 1-5 1-5 1-5 1-5 1-5 1-5

P SS SS > -ss;, SS SS SS
.

SS SS SS SS SS SS

G/G G/G G/G G/G G/G G/G G/A G/S G/A A/T B/T A/A A/T A/T G/A A/A G/AB G/G G/A

B soft black organic layer on bottom 9.
C firm clay bottom
H hard bottom
S sandy bottom
L leaf litter on bottom TO.

SS both sides of dyke smooth, steep
P one side of dyke damaged by cattle
PP both sides of dyke damaged by cattle

A arable S sewage treatment works
B shelter belt T track
G grassland
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These 5 vegetation classes differed from each other both qualitatively and quan-

titatively. The differences were the result of differences in dyke maintainance

(associated with differences in land use) and salinity. Class A contained the greatest

number of species, most of which were typical of freshwater habitats, and included

species-rich, lightly managed, freshwater dykes that drained grazing marshes. Class

E contained the smallest number of species, all of which were brackish-water

species, and included impoverished, intensively managed, highly saline dykes that

mainly drained arable land. Classes B, C and D occupied intermediate positions

between the two extreme classes.

The graduation of vegetation types from species-rich freshwater to species-poor

brackish water communities was similar to that seen in Broadland.
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MATTED SEA LAVENDER, LIMONIUM BELLIDIFOLIUM,

IN WEST NORFOLK
C. P. Petch

The Manor House, Wolferton, Norfolk.

During the summer of 1985, prompted by the Nature Conservancy’s interest in

Limonium bellidifolium, the matted sea lavender, I revisited the sites in which I had

been accustomed to see this plant in West Norfolk (v.c.28) during the last fifty

years. It grows on the drier margins of salt marshes, and, in this area, prefers shingle

thinly covered with mud. It is often accompanied by Frankenia laevis ,
the sea heath,

Limonium binervosum ,
rock sea lavender, and in the background, Suaeda yera,

shrubby sea blite. As the coastal habitat is by nature unstable, some change in its

distribution might be expected.
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The Red Data Book (Perring & Farrell, 1977) gives the most westerly Norfolk

record as Wolferton, but as I have known the coast here well for over fifty years and
have never seen it, no recent change would seem to have occurred. A few miles to

the north, I used to find the plant in the strip of salt marsh at Snettisham beside the

Heacham River, where it ran parallel to the coast for some two miles before turning

west to reach the sea (TF 6535). After the sea floods of 1953 the stream was diverted

through a tunnel under the shingle, guarded by a sluice, and the old outfall was
closed. Since the exclusion of the sea, I have looked for the plant in vain.

At the north-west corner of the county is Holme salt marsh (TF 7044), north of

Hunstanton Golf Course. There the plant still grows in much the same quantity as

when I saw it in 1925, being particularly common on the western edge of the marsh
where it meets the dunes. Further east, at Thornham (TF 7244) there has been a

marked increase on the flats west of the Harbour Channel, since new offshore

islands began to grow up. Inshore of these islands was bare sand in 1950, but over it

a thin layer of mud was deposited, and salt marsh has grown. L. bellidifolium has

spread rapidly there, forming the large clumps that characterise its growth in open
communities. On the opposite, east, side of Thornham Harbour (TF 7345 to TF
7545) where the marsh is much older the plant grows on its northern margin beside

the dunes that form the coast.

West of Brancaster Golf Club and its road is a small area of compacted shingle

(TF 7645) with L. bellidifolium also growing in discrete clumps, of which I counted
614. This is apparently a new invasion and I am indebted to Mrs I. J. A. Marshall
of Burnham Thorpe for drawing my attention to it. East of the Club House, on the

Golf Course (TF 7845 to TF 7945) the plant is plentiful on the margins of the deep
inlets that run into the promontory from its eastern end. The shingle ridges that

separate them, now covered by dunes, are thought to have been formed when the

coastal drift was eastwards, contrary to its direction today.
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Across Brancaster Harbour, on the shingle island known as the Nod (TF 8145)
several hundred plants are growing in a small area, as I have known them for many
years.

Scolt Head Island has long been known as a site for L. bellidifolium , and re-

mains so today. It is most abundant between the old stable shingle ridges in the cen-

tre of the island, in the Spiral Marsh, the Western Hut Marsh, the Hut Gap Marsh,
the Privet Marsh, and the Plover Marsh (TF 8046 to TF 8246) (names as in Steers,

1934). It also extends along the southern margin of the island as far as the first

lateral west of Burnham Harbour, and is plentiful on this shingle bank.

On the opposite side of Burnham Harbour, the shingly margin of the Gun Hill

bank (TF 8545) is again a well known site, and has undergone little change in fifty

years. Further East, the islands in Holkham Bay had a fringe of L. bellidifolium

growing profusely in 1970 along the southern margin (TF 8845), but an increase of

sand has buried the site and I could not find the plant in 1985. Nor could I see it at

Stiflkey (TF 9744), where I last found it in I960. Time did not allow examination

of the Lodge Marsh at Wells. The extensive population on Blakeney Point is of

course beyond the vice-county boundary.

In conclusion it may be said that, much as the habitat has changed, enough
suitable localities persist, and sufficient new ones appear, to ensure the species’ sur-

vival. The accompanying map (Fig. 1) illustrates the changes in distribution

described above.
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Guidelines for Plant Recorders — Following a change of Recorder in both

the Norfolk vice counties, it is felt that we owe the people in the field at least some
explanation of how we intend to work, as there may well be a change in emphasis

which might lead you to think that your records were being ignored. The following

is for your guidance, and sets out the criteria we shall be using when deciding on
which records to publish in Transactions. This does not mean that these are the

only records we need. Please send in all your records as usual. Without them we
should not have anything to decide!

All records of rare or declining species will be published, though with the

necessary safeguards in respect of particularly rare species. New 10 km records will

not be published for plants occurring in more than 10% of squares in the county

(i.e. 7), unless they demonstrate an extension of range of more than 20 km.

An alien will be regarded as sufficiently established for a record to be publish-

ed, when it has been observed in the same site for five or more years. As an example
of this, Selaginella kraussiana was discovered in both vice counties for the first time,

during 1985, Mrs E. Beaumont finding it well-established at Felbrigg, and Mr
Stevenson similarly at Talbot Manor, Fincham. To publish the record ‘officially’,

we would like to know that it is still there in 1990!

C. P. PETCH, The Manor House, Wolferton, Norfolk;
A. L. BULL, Hillcrest, East Tuddenham, Dereham, Norfolk.
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PRELIMINARY OBSERVATIONS ON THE PLANT COLONISATION
OF EXPERIMENTAL TURF PONDS IN A BROADLAND FEN

G. C. B. Kennison

Contract worker for the Broads Authority, Norwich.

Introduction

The Norfolk Broads originated from medieval peat diggings which were generally

about three metres deep and became flooded by a change in the relative land and sea

levels. However peat continued to be excavated by man in shallower workings which
subsequently flooded creating ponds in marshland areas (Broads Authority, 1982).

These turf ponds filled with sediment and decaying plant material within a com-
paratively short time, and hydroserai communities were replaced by terrestrial ones.

Today, few shallow peat workings exist in Broadland. Wheeler (1983) has

demonstrated their nature conservation importance and the need for the creation of

new turf ponds.

He has identified species-rich fen communities growing on the site of nine-

teenth century peat cuttings. A number of rare species in Broadland remain largely

confined to such areas, especially Dryopteris cristata and Liparis loeselii. Indications

are that floristic diversity is a common feature of base rich turf ponds over pure

peat.

The objective of this management experiment is the creation of species-rich

communities via terrestrialisation. The establishment of turf ponds could inciden-

tally provide temporary refuges for a number ofuncommon aquatics. These aquatic

species should be conserved by a different approach to that described here,

however.

Fig. 1. Sketch map showing turf pond locations at Broad Fen. Ponds are labelled thus: A = Small, B =

Large, C = Medium, D = Row Boat and E = New. Dotted areas indicate thick scrub, carr and
woodland. Scale line is 0.5 km.

Trans. Norfolk Norwich Nat. Soc.
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To locate suitable sites for new turf ponds, core analysis should be carried out

to determine substrate stratigraphy and chemistry. Wheeler (1983) suggested that

excavations be made away from (i) estuarine clays, (ii) rivers, (iii) shallow fen over

base-poor bedrock, and (iv) acid land margins. It is best to site ponds close to ex-

isting species-rich vegetation and where water levels are reasonably high. These last

two considerations may well explain any observed differences in this study.

The Monitoring Programme
Between 1982 and 1984, a series of five experimental ponds was dug at Broad Fen,

Norfolk (TG 3425) and a plant monitoring programme initiated. The locations of

these turf ponds are shown in Fig. 1 and were based to some extent on peat cores by
Wheeler (1983). A broad originally straddled the Smallburgh-Dilham parish boun-

dary but is now completely overgrown by a species-rich fen community, it is now
undergoing management by the Broads Authority (Wheeler, 1978). Ponds D and E
are situated here about 0.5 km south of A, B and C.

The excavations were made using spades and wheelbarrows; the surface peat

was removed to a depth of between 0.25 and 0.40 metres. Pond B however, was cut

more deeply by a mechanical digger. Water flooded into the cuttings on creation.

Table 1 shows the age and design of the five turf ponds.

Table 1 . Turf pond characteristics on creation.

Mean Maximum Surface Shape of

Turf Pond Created Depth (m) Depth (m) Area (m 2
) Pond

A May 1983 0.25 0.30 40 Square

B Mar. 1983 0.40 1.00 500 Rectangular

C Aug. 1982 0.40 0.50 100 Square

D May 1984 0.15 0.30 200 Triangular

with ‘islands’

E May 1984 0.30 0.50 150 Square with

‘islands’

In order to assess patterns of future colonisation, records of existing plant com-
munities were compiled using a rapid survey technique (Wheeler, 1978). Table 1

shows that ponds D and E were dug within the most species-rich sites. Sedges

(Carex spp. and Cladium mariscus), rushes (Juncus spp.), reeds (Phragmites australis

and Calamagrostis canescens), bedstraws (Galium spp.) and bryophytes dominate
most of the vegetation at Broad Fen. Belt transects were set up across the ponds
after creation and peat profiles for each study area recorded. An analysis of the

vegetation was carried out each year by noting the presence or absence of taxa

within 24 contiguous V2 m quadrats.

Results

Table 2 summarises the data obtained in the summers of 1983, 1984 and 1985.

Nomenclature follows Clapham, Tutin and Warburg (1981) and the Chara species

were identified by J. Moore at the British Museum (Natural History).
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The results show increases in the total number of species every year after ex-

cavation; after three summers more taxa were associated with ponds A, B and C
than in the original vegetation. This is a reflection of the existence of both fen and
aquatic communities. Colonisers consist mainly of fen plants common in Broad
Fen. Many species spread from adjoining areas. Vegetative reproduction (e.g. by
rhizomes and stolons) was a feature of these ‘marginal invaders’, they include: Jun-
cus subnodulosus, Phragmites australis, Galium palustre, Hydrocotyle vulgaris, Poten-

tilla palustris, Calamagrostis canescens, Filipendula ulmaria and Carex spp. Other
plants probably entered via propagules (such as seeds and spores), especially as they

were often absent close to the turf ponds. A large number of species fall into this

category (e.g. Chamerion angustifolium, Cirsium palustre, Epilobium hirsutum,

Eupatorium cannabinum, Iris pseudacorus and Equisetum spp.).

Two ‘substrates’ (open water and underlying peat) are instantly available for

plant colonisation in new excavations. The peat has been colonised by ‘wet fen’ and
‘creeping’ plants. These species are abundant and include: Agrostis stolonifera,

Anagallis tenella, Baldellia ranunculoides, Equisetum fluviatile, Ranunculus flam-
mula, Potamogeton coloratus, and Eleocharis spp. None are rare but Anagallis tenella,

Baldellia ranunculoides , and Potamogeton coloratus are local in Broadland. The open
water of the turf ponds was quickly invaded by a number of aquatics namely Lemna
minor, L. trisulca, Potamogeton natans, P. obtusifolius, Chara hispida var. hispida, C.

globularis var. virgata plus species of Enteromorpha and Cladophora (filamentous

algae). Hydroserai communities, although transient, can give newly created turf

ponds some early botanical interest before terrestrial conditions develop.

The Promotion of Species-richness

A diverse flora has developed over the former Dilham Broad basin where ponds D
and E are situated (Table 2). Therefore ifD and E merely re-vegetate so that the ex-

isting communities return, then the excavation exercise will have maintained rather

than enhanced the flora. The ponds in the north (A, B and C) are located amongst
vegetation of lower species diversity. A number of new fen plants (not observed

in the original flora) have been recorded in the transects, e.g. Anagallis tenella,

Baldellia ranunculoides, Iris pseudacorus, Juncus articulatus, J. bulbosus, Eleocharis

and Equisetum species. However some of the species (especially Juncus and
Eleocharis spp.) could possibly have been overlooked in the initial pre-excavation

surveys. When terrestrialisation has progressed further a comparison between adja-

cent turf pond and fen communities will be a good test of the benefits, if any, of peat

removal. From the rate of colonisation at Broad Fen so far, this might be feasible by
1990.

Turf Pond Location

Water percolating up from the broad basin beneath pond D has caused considerable

sedimentation. This excavation is now almost full of soft mud which only

charophytes have colonised at the present time. Nearby, pond E has shown no such
tendencies and retains considerably more water than sediment. Open water has

been colonised by large populations of Lemna minor, Chara spp. and filamentous
algae.
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Table 2 . Floristic composition of turf pond and fen vegetation. Columns represent surveys
( 0 = fen before excavation, and 1, 2 & 3 = turf pond in first, second and third summers res-
pectively). Values in column 0 refer to cover, where 3 = 76-100%, 2 = 26-75% and 1 = <25*.
Columns 1, 2 & 3 indicate presence only (+). Ponds are labelled as in Fig. 1. Names of
higher plants follow Clapham et al (1 98 l )

.

Ponds

Species A B C D E

0 1 2 3 0 1 2 3 0 1 2 3 0 1 2 0 1 2

Agrostis stolonifera 1 + + + 1 + 2 + + 4-

Alnus glutinosa 2 1

Anagallis tenella +

Angelica sylvestris 1 + 1 +

Baldellia ranunculoides + + +

Betula pubescens 1 1

Calamagrostis canescens 2 + + 2 + + 2 + + + 2 + + 1 + +

Caltha palustris 1 + 1 + + 1 1

Cardamine pratensis 1 + + + + 1 + + 1 + 1 +

Carex spp. 2 + + 2 + + + 2 + + + 2 + + 2 + +

Chamerion angusti folium +

Chara spp. + + + + +

Cirsium dissectum 1 1

palustre +

Cladium mariscus 1 1 + + + 2 + + + 2 + + 2 + +

Dactylorhiza incarnata 1 1

Eleocharis spp. + + +

Elodea canadensis +

Enteromorpha spp. + +

Epilobium hirsutum + +

Epipactis palustris 1 1

Equisetum fluviatile + +

palustre + +

Eupatorium cannabinum 1 + + + + + +

Filamentous algae + + + + + + + + +. +

Filipendula ulmaria 1 + + + 1 + + + 1 + + + 1 + + 1 + +

Galium palustre 2 + + + 2 + + + 2 + + + 1 + 1 +

Holcus lanatus +

Hydrocotyle vulgaris 1 + + + 1 + + + 2 + + + 2 + 2 + +

Iris pseudacorus + + + +

Juncus articulatus + +

bulbosus +

ef fuses 1 +

subnodulosus 3 + + + 2 + + + 3 + + + 3 + 2 + +

Lemna minor + + + + + +

trisulca + + +

Lotus uliginosus 1

Lychnis flos-cuculi 1 1 + 1 +

Lycopus europaeus 1 + + 1 + + + 1 + 1 + 1 +

Lysimachia vulgaris 2 + + + 2 + + + 1 + + + 2 + 1 +

Lythrum salicaria 1 + + 1 + + 1 + + + 1 + + 1 + +

Mentha aquatica + + 1 + + 1 + + + 1 + 1 +

Myosotis spp. + + 1 + + 1 + +

Myrica gale 1 1 + 1

Oenanthe fistulosa + 1 +

Parnassia palustris 1

Pedicularis palustris 1 + + 1 + 3 +

Peucedanum palustre 1 + + 1 + + + 1 + 2 + 2 + +

Phragmites australis 2 + + + 3 + + + 2 + + + 2 + + 2 + +

Potamogeton coloratus + + + + +

natans +

obtusifolius + +

Pote'ntilla erecta 1

palustris 3 + - + + 2 + + + -1 + + +

Quercus robur + + +

Ranunculus flammula 1 + + 1 + + 1 + + 1 1 +

lingua 1 1

repens +

Salix cinerea 1 + + + 1 + 1 2 + 2 + +

repens 1 1 +

Schoanus nigricans 1 2

Scutellaria galericulata 1 + 1 +

Senacio aquaticus +

Stellaria palustris +

Succisa pratensis 1 1 1

Thelypteris thelypteroides 1 +

Valeriana dioica 1 + + 1 + +

officinalis 1 + 1

Bryophytes 2 + + 2 + +'
2 + + 2 + + 2 +

TOTAL NUMBER 24 12 24 32 23 17 31 33 26 15 19 32 32 12 27 34 15 26
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Towards the north end of the fen, past peat cuttings have not been indicated by
core analysis (Wheeler, 1983). The substrate beneath ponds A, B and C is more
stable, although narrow horizons of loose, sloppy peat have been noted in places.

Sedimentation was not a feature of the northern excavations, hence one can identify

differences in turf pond substrates at Broad Fen. This study may therefore reveal

contrasts between northern and southern re-vegetation patterns in future years.

Pond B was badly sited in an area ofmuch reed (Phragmites australis) which has

now colonised one end of the excavation completely. An extensive, crowded
rhizome system make it unlikely that many other species will become established.

Although a large number of species were recorded in 1985, few were abundant (ex-

ceptions being Juncus subnodulosus, Lemna spp. and Ranunculus flammula). Near-

by, more species colonised large areas of ponds A and C (Kennison, 1985). These
turf ponds were dug within vegetation where Juncus subnodulosus was dominant
and not Phragmites australis. A and C shared very similar pioneer communities, the

following species being most characteristic: Phragmites australis, Potamogeton col-

oratus, Ranunculus flammula plus species of Eleocharis, Carex, Chara and filamen-

tous algae. It seems that the floral composition of adjoining vegetation is an impor-

tant influence on the initial turf pond communities.

Turf Pond Design and Management

The depth, volume and surface area of water flooding into turf ponds after creation

is largely determined by its design as well as its location. Littoral infill of excava-

tions is more likely in shallow ponds and this has been shown to occur extensively

in the management trials at Broad Fen. Deeper cutting (greater than 1 m) should in-

crease the duration of hydroserai communities prior to terrestrialisation (this may
occur via the formation of ‘hover’, a raft of interlocked vegetation [Wheeler, 1983]).

Narrow ponds are likely to be rapidly colonised by ‘marginal invaders’. The
transect data suggest edges re-vegetate rapidly (Kennison, 1985). Corner infill

(chiefly by Phragmites australis
, Juncus subnodulosus and Carex spp.) is also evident

on inspection of some of the ponds (e.g. B). If hover establishment is an important

prerequisite for the development of species-rich fen vegetation, then such infill ear-

ly in the life of turf ponds could be unwelcome. Circular excavations, with a

minimum diameter of 10 metres, maybe a possible solution to this problem. Note
that very large turf ponds destroy large areas of fen and their attractiveness to graz-

ing wildfowl also makes them unadvisable (Wheeler, 1983).

Management of the vegetation that develops in turf ponds may be hindered by
access difficulties where the underlying substrate is unstable. Shallow turf ponds
over firm, deep peat with convenient ‘islands’ are likely to prove less hazardous.

Where turf pond creation is likely to lead to such difficulties then mowing of the ex-

isting species-rich vegetation may be the best form of management.

Further monitoring of turf ponds should provide information which may deter-

mine whether a species-rich community can be developed by excavation.
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PLANT Records for 1985 — Due possibly in part to the change over in recorders,

not many records have been received. A selection of these from East Norfolk appear

below.

Anagallis arvensis forma coerulea TM 39. Broome. PGL.
Crocus purpureus Many thousands in site mentioned in Flora of Norfolk. Apparent-

ly spreading rapidly, believedly due to transportation by grey squirrels. TG 20.

Lakenham. ETD.
Corydalis solida TM 39. Geldeston Park. PGL.
Fritillaria meleagris TM 39. Geldeston Park, not many miles from its original

‘native’ station at Harleston. PGL.
Genista tinctoria TG 10. Beside old runway near Stanfield Hall, Wymondham.

MBH.
Hieracium vagum TG 20. Sizeable colony at old City Station. ETD.
Luzula sylvatica TG 20. Still in the Rosary Cemetry, where found by Kirby Trim-

mer in 1866. ETD.
Medicago falcata TG 11. Roadside, Swannington, Presumably W. G. Clarke’s site.

ETD.
Narcissus x biflorus TM 39. Geldeston. PGL.
N. hispanicus TM 39. Geldeston. PGL.
Polypogon monspeliensis TG 13. Matlaske airfield. Abundant on silage heap capped

with lime sludge from Cantley. In view of the practice of capping silage heaps

with lime sludge, it may be worth looking out for this plant of coastal marshes

in such sites, as it is possible that it might find suitable habitat and persist.

MAB.
Salix x laurina (sericans) TM 39. Broome. PGL.
S. x multinervis TM 39. Broome. PGL.
S. x reichtardtii TM 28. Wortwell. PGL.
Sisyrhynchium californicum TG 14. Three large clumps in a remote area of Beeston

Bog, apparently well established. Mr D. Mower, comm. FF. Ken Durrant tells

me that this plant is widely distributed as a ‘weed’ in and around Sheringham.

MAB Mrs M. A. Brewster; ETD E. T. Daniels; FF F. Farrow; MBH Miss M. B.

Haycock; PGL P. G. Lawson.

A. L. BULL, Hillcrest, East Tuddenham, Dereham, Norfolk.
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WATER FROGS IN NORFOLK
J. Buckley

77 Janson Road, Southampton.

Introduction

The earliest fossil amphibians are to be found in Devonian rocks but modern am-
phibians are very different from the creatures which existed then and from those

which flourished in the ‘Age of Amphibians’ during the Carboniferous period.

Modern amphibians should not be regarded as fixed or static from an evolutionary

point of view. Anurans (frogs and toads) have evolved to be suited to many special

ways of life and in the ecological niches they occupy they are more successful than

potential competitors.

The most successful group of all the amphibia is the genus Rana to which the

water frogs belong. Rana frogs are abundant in every part of the world except polar

regions, the south of S. America, New Zealand and oceanic islands. They inhabit

damp places such as marshes or ditches, living for most of their adult life in the

grass or undergrowth and feeding by catching flying or crawling invertebrates with

their tongue. They breed in small bodies of water which last at least long enough to

allow their tadpoles to metamorphose successfully.

Rana temporaria (L.) is the common frog, native to Britain and familiar to us all

(Fig. 3). Three other species are recorded in Britain but they all appear to have been

introduced. Rana ridibunda (Pallas), the marsh frog; R. esculenta (L.), the edible

frog; and R. lessonae (Camerano), the pool frog, all belong to a group known as the

green or water frog complex. These frogs are the most aquatic members of the

genus, always being associated with bodies of water where they live gregariously.

They can be distinguished from R. temporaria by their close set eyes, narrow

pointed head, and lack of a black mark on the side of the head (see Figs. 4-6). Dur-
ing the breeding season, May to July, the males call very loudly, using the spherical

external vocal sacs which inflate near the corners of the mouth. Water frogs are ac-

tive throughout the day and are very fond of basking in the sunshine. When disturb-

ed they leap into the water making a characteristic plop. After a few minutes’

patient wait by the observer, the frogs usually surface and continue with their ac-

tivities.

Taxonomy
The taxonomy of the group has always been difficult because of the great variation

in both coloration and structure. Boulenger (1897-98) proposed that the whole
group should be known as Rana esculenta with three forms being found in Europe,

vis var. ridibunda , forma typica and var. lessonae.

Various theories have been published as to the affinities of these three forms but

the one which has prevailed is that proposed by Berger (1977). By experimental

crosses he has shown that the two varieties, ridibunda and lessonae, are in fact full

species. Rana esculenta forma typica
,
on the other hand, is a hybrid between these

two species and is now known simply as Rana esculenta. It has half its chromosomes
from Rana ridibunda and half from Rana lessonae and can maintain its hybrid

character without introgression by breeding with either of the parental types. In

Europe, populations may be of just one species, or they may be mixed lessonae and

Trans. Norfolk Norwich Nat. Soc.
1986 27
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esculenta or mixed ridibunda and esculenta. Under natural conditions, lessonae and
ridibunda are not found together because they have different ecological require-

ments, the latter preferring larger bodies of water.

Identification and habits

The three types of water frog can be distinguished using morphological features but

albumin patterns obtained by gel electrophoresis have also proved to be a useful tool

(Wijnands and Van Gelder, 1976). The two most useful characteristics for distin-

guishing the three water frogs are the ratio of the first toe to the length of the inner

metatarsal tubercle and the length of the tibia relative to that of the femur. In these

two characteristics, esculenta is intermediate to lessonae and ridibunda. The length of

the first toe and the inner metatarsal tubercle may be measured with a vernier

caliper or with a ruler marked in millimetres (Fig. 1). The comparative length of the

tibia to the femur in the flesh is determined by pressing the thigh and lower leg

close together and maintaining the lower leg at right angles to the axis of the body:

the tibial extremity or heel will overlap, just meet or fail to meet its fellow placed in

the same position (Fig. 2). The tibia length, measured in the flesh, divided by the

length of the inner metatarsal tubercle has also proved to be a useful parameter.

Table 1 is a compilation of measurements recorded in the literature. The colour of

individuals varies according to whether they are wet or dry and whether they have

been in bright or dim light. Much useful information can be obtained by watching

individuals at their pools but measurements can only be taken from specimens in

the hand. When examining water frog specimens it is convenient to wrap the front

end of the body in damp cloth and hold it gently whilst taking measurements from
the hind legs.

Fig. 1 Hind foot, metatarsal tubercle and first toe of water frogs. (After Berger, 1977).
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Fig. 2 Comparative lengths of tibia and femur in water frogs. (After Berger, 1977).

Table 1 . Measurements and ratios used for the identification of water frogs.

Body length (mm)
Rana
lessonae

Females mean
range

58.3

42-83

Males mean
range

52.0

42.5-65

Quotient of

toe length

tubercle length

range
mean
range

1V2-2.0
1.7

0.6-2.

2

mean
range

1.7

1.35-2.0

Quotient of
tibia length

tubercle length

range
mean
range

5-8

6.6

5. 6-8.4

Rana
esculenta

Rana
ridibunda

Source

81.0

54-115
86.7

72.5-107
Berger, 1977

70.0

51-86
78
65-99

Berger, 1977

2-3 2^2 -4.0 Boulenger, 1897-98
2.0 2.7 Wijnands &
0.75-2.8 1. 6-3.7 Van Gelder, 1976

2.2

1. 9-2.6

3.2

2. 7-3.

8

Berger, 1977

7-10 9 1/2-14 Boulenger, 1897-98
8.0 10.4 Wijnands &
6-9.6 8.1-13.0 Van Gelder, 1976
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The following key can be used to identify Norfolk frogs.1

Large specimens have a body length of 70 to 80 mm. The upper surface is

greyish, yellowish, or reddish to dark brown with dark blotches. A dark patch

covers the ear region. The snout is short and the eyes wide set. There is often a

A shaped mark between the shoulders (Fig. 3). The breeding season is

February to March and the call of the males can only be heard within a few

metres of the pond. The spawn is laid in large floating clumps and the eggs are

black above and white below. Rana temporaria

Large specimens may have a body length of over 100 mm. The upper surface is

grass green, dark green or mainly brown with dark blotches. There is usually a

pale vertebral stripe and the dorso-lateral skin folds on each side of the body are

often light coloured. The snout is long and the eyes close set (Figs. 4-6). The
breeding season is usually May to June. The males have external vocal sacs and
call very loudly. The spawn is usually laid in small clumps amongst weed
beneath the water surface. The eggs are brown above and yellowish below. 2

2

Heels overlap (Fig. 2). Vocal sacs are grey when inflated. The tubercle is small

with a distinctly displaced peak. The first toe is usually more than three times

longer than the metatarsal tubercle (Fig. 1 and Table 1). The back is rough
with many large warts and is olive green or brown in colour. The backs of the

thighs are mottled white and olive green. Specimens may grow up to 120 mm.
(Fig. 4). R. ridibunda

Heels do not overlap. Vocal sacs are white when inflated 3

3

Heels just meet. The tubercle is medium sized (Fig. 1). The first toe is two or

three times longer than the tubercle. The back is grass green to dark green

(sometimes also bright brown) with numerous black spots and a bright

vertebral line. The marbling on the back of the thighs is contrasting yellow and
black. Specimens are seldom longer than 90 mm (Fig. 5). R. esculenta

Heels fail to meet. The metatarsal tubercle is large and semicircular. The first

toe is less than twice the length of the tubercle. The back may be bright green

or brown with a light vertebral stripe. The marbling on the back of the thighs is

orange-yellow with brown or black. Specimens are seldom more than 60 mm in

body length (Fig. 6). R.lessonae

Most of the published information about water frogs comes from the continent,

e.g. Berger (1977), but Smith (1951) gives details of esculenta and ridibunda in

Britain.

Rana lessonae lives in small bodies of water during the spring and summer and

leaves these in September to hibernate on the land. It is the least aquatic species in

the group and is sexually mature after its first winter.

202



R. esculenta shows no ecological specialization and lives in all types of bodies of

water, usually with individuals of one or other of its parental types. When they live

in small bodies of water they hibernate on the land, but in larger bodies of water

they hibernate within them. Males are sexually mature after their first hibernation

but females are mature only after their second hibernation.

R. ridibunda is very aquatic and lives in ox-bow lakes and lakes near large rivers.

It hibernates in the water and both sexes mature after the second hibernation.

The Norfolk colonies

The early history of these frogs has been summarized by Buckley (1975) and Lever

(1977). This paper therefore deals mainly with post- 1974 information. The full data

are not presented here. Copies have been deposited with the Norfolk Biological

Records Centre and the national Biological Records Centre at Monks Wood. The
national distribution of the species is shown in Arnold (1973) and Arnold (1983).

Thompson and Stow Bedon TL 99

This is the oldest surviving colony of water frogs in Britain, having been known for

over one hundred and twenty years. Specimens collected and stuffed in 1853 are

still in the collections of the Norwich Castle Museum (Acc. no. 29.59) and are just

as described by Boulenger (1884a). In 1985 the specimens were x-rayed and the

resulting image reveals that the bones were left in the digits and to some extent in

the head. The inner metatarsal tubercles are large and the measurements I obtained

from the frogs are close to those given by Boulenger. All subsequent specimens
collected from the adjacent parishes of Rockland, Thompson, Stow Bedon and
Caston in TL 99 are also lessonae. It is difficult to understand why Smith (1951)
stated that these frogs were esculenta. This error is repeated by Fitter (1959), p. 265.

B. Clarke (B.M. [Nat. Hist.], pers. comm.) confirms that the specimens in question

held in the collections of the British Museum (Nat. Hist.) are indeed lessonae as

stated by Boulenger (1897-98). Another error in Smith (1951), Frazer (1964) and
Leutscher (1975) was to suggest that water frogs were extinct in Norfolk at the time
of their writings.

The origin of the Norfolk lessonae is uncertain and the same is true for the only

other known British lessonae colony which formerly existed at Foulmire (now spell-

ed Foulmere) Fen, Cambs. (TL 42, 45). This colony became extinct soon after its

discovery in 1844.

A male and a female lessonae from Stow Bedon were used by P. J. Smit as sub-

jects for the coloured plate XVII in ‘The Tailless Batrachians of Europe’
(Boulenger, 1897-98). A full description of Stow Bedon specimens is given in

Boulenger (1884b).

There has been no systematic study of lessonae in TL 99. They are to be found
most easily around the edge of and in the water-filled pingo depressions of this part

of Norfolk. Two counts at the end of the summer in 1974 revealed about forty

adults on the Norfolk Naturalists Trust reserve at Thompson Common.
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Fig. 3 Adult male R. temporaria from Southampton.

Fig. 4 Adult male R. ridibunda from Forncett St Peter.
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Fig. 5 Adult female R. esculenta from Erpingham.

Fig. 6 Young male R. lessonae from Thompson Common.
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Many of the observations needed to describe the annual cycle of lessonae are

lacking and the description below is merely provided as a working account to be

altered in the light of future observations.

The frogs appear at the pools in mid to late April and breeding activity,

signified by the calling males, starts in mid-May continuing into June. Spawning
possibly takes place in the early part of this period and the tadpoles develop rapidly

to reach an overall length of about 60 mm. The froglets appear in late August to ear-

ly September, with a body length of 25-30 mm. In their second year the froglets

grow rapidly, some individuals becoming mature in July or August. Records of

large tadpoles being found in the ponds early in the year suggest that some tadpoles,

either as a result of late spawning or slow development, over-winter to metamor-
phase the following year. The adult frogs cease to be seen around the ponds during

September to October.

Forncett St Peter TM 19

Water frogs are now well established in this area of the Tas valley. In 1972, Mr
Wong of Spring Farm, Forncett St Mary, visited a frog farm near Nantes in the

west of France and ordered 2,000 young frogs. When they arrived, about 25 per

cent had died and the remainder were turned out into a pen which enclosed part of

the pond in the pasture behind Yew Tree Farm. During the summer of 1973, the

pen was damaged and all the frogs moved into the pond. They stayed there for a

couple of years and then some moved towards the river Tas and into the ponds and
ditches (A. Wong, pers. comm.). When I visited the introduction site with John
Goldsmith and Mr Carpenter on 22 August 1979, a minimum of twenty one frogs

were around the pond. Eight were captured and measured before release. A tadpole,

69 mm long with small hind legs, was also found.

Earlier in the same year George and Paul Hart visited Honey Pot House, Forn-

cett St Peter, on 21 June to follow up reports of ‘edibles’ received through the Socie-

ty. Despite the poor weather, they were shown two frogs by Mr and Mrs Wright
and were able to collect some newly laid spawn. Specimens were also found in

ponds at Moulton Bridge, Great Moulton, on 21 August 1979 by John Goldsmith
and myself, a distance of over 2 km from the introduction site. The distribution of

these frogs is not fully known.

The most agreeable way to see these frogs is to combine a visit to see them with

a visit to the Forncett Industrial Steam Museum. During the summer, specimens

are readily observable in the large pond behind the Tea Room. In 1985, the pond
held twenty to thirty large adults and one or two hundred smaller specimens and
juveniles.

The frogs appear on the first warm day during April and call on warm days in

April and May. During June and July they call more or less continuously, especially

at night. Spawn is laid in July and the adults hibernate under water from September
onwards, depending on the weather. Some tadpoles metamorphase in the same year

as they hatch out but others over-winter.

Water frogs catch their prey often by leaping and grabbing it in their mouths.

The largest item seen to be taken was a hatchling moorhen (Jan Francis, pers.

comm.).
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The Forncett water frogs are large animals: the biggest one I have measured

was a male with a body length of 111 mm and a weight of 107g. The largest four

legged tadpole measured was 91 mm overall, head and body 39 mm, on 29 July

1984. The vocal sacs are grey and the tibia is longer than the femur so that the heels

overlap when this character is examined. In these characters the frogs agree with the

description of ridibunda. The metatarsal tubercle is large for this species, values

ranging from 2. 4-2. 8 (mean 2.6, n = 6) (see Table 1). Although the tubercle is large,

it is shaped as would be expected for ridibunda and the warty skin, shown well in

Fig. 4, is characteristic of this species. These frogs seem to be ridibunda , but

because of the large tubercle, not ridibunda perezi, the subspecies which is native to

the South of France.

Great Melton TG 10

Whilst on holiday in Germany, Paul Hart collected some water frogs from near

Norden, close to the Dutch-German border. On 1 August 1974, he released four-

teen specimens at Great Melton. The site chosen for their release was a small lake

formed by the damming of a stream which eventually flows into the Yare near Marl-

ingford Church. In May 1979, John Fenton photographed a specimen but it is not

possible to be certain of the species.

George Hart called the specimens esculenta but in copies of the photographs

mentioned above it looks rather like ridibunda. On 12 June 1979 the Harts visited

the lake, saw four specimens and heard several others ‘plop’ into the water. None of

the frogs called and there was no evidence of breeding. The Society received no
records of this colony in 1980 but in 1981 a male was reported calling on 23 June. It

is not known if water frogs still exist at this site.

Morton TG 1

1

George Berney of Morton Hall, Norwich, made the first recorded introductions of
water frogs in Norfolk (Newton, 1859). He released many specimens at several sites

within the county and animals collected from Wereham Fen and Foulden Fen were
definitely Rana esculenta (Boulenger, 1884b).

Some of the frogs released onto the meadows at Morton did not like the habitat

and travelled to ponds at the top of Honingham Heights. Nothing else has been
written about the frogs except where Boulenger (1884b) stated that the frogs were
no longer to be found at Hockering, one of the introduction sites. There is an un-
confirmed record of ‘edible’ frogs at Hockering in the early 1960s, but the area is no
longer suitable for these amphibians.

In 1980 George Hart was following up reports of ‘edible’ frogs on the Morton
Estate but a visit to examine specimens was not made. There is good evidence that

water frogs still exist at Morton and are probably descendants of those animals in-

troduced by Mr Berney (Lady Ann Prince-Smith, pers. comm.). Their loud call,

colour and behaviour make the possibility of confusion with common frogs unlike-
ly. Confirming the identity of the Morton frogs will have to wait for the 1986
season.
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Erpingham TG 13

The first introduction to the site at Grange Farm, Erpingham, was made bv W. S.

Seaman in 1977. He released eight frogs from Don Smith of Sprowston whose stock

had originated from Geoff Smith’s Pet Farm at Attlebridge in about 1970. The
frogs were released into the farmyard pond and two years later about six more, ob-

tained from Crostwick Aquatics, were also introduced. Having become established

in the farmyard pond, the frogs colonised a flight pond some 800 m away before

using other ponds nearby (W. S. Seaman, pers. comm.). The frogs occur in five

ponds along the Scarrow Beck between Eagle Road and Scarrow Beck Lane, a

distance of about 1 km. In 1985 a total of over 100 adults was recorded in three of

these ponds.

The frogs appear in late May to early June and call from late June to July. The
tadpoles metamorphose in the same year as they hatch out if the spawn is laid early

enough: otherwise they over-winter to metamorphose in their second year. The
frogs enter hibernation in the ponds in October or November depending upon the

weather.

The frogs vary in colour from grass green to brown with a light dorsal stripe

and glandular lateral folds. The irises are golden and the vocal sacs are white. On 6

September 1985, a 56 mm female was collected at this site and it fits the description

of esculenta. Two tadpoles collected on the same day metamorphosed in mid
September: one was bright green and the other grey/brown. The adult taken on 6

September is illustrated in Fig. 5 and the froglets in Fig. 7.

Fig. 7 R. esculenta froglets from Erpingham.
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Corpusty TG 13

During 1979 and 1980, a male water frog frequented a garden pond at Shepton
House, Corpusty. It first came to the pond on 30 May 1979, and in the next year,

on 7 May. It was last seen on 7 September 1980. The frog did not attract a mate in

either year and its origin is quite unknown (E. J. Buxton, pers. comm.).

Heydon TG 12

Small esculenta were introduced into a garden pond in 1979 (M. A. Brewster, pers.

comm.).

Discussion

Water frogs have a long history in Norfolk, longer in fact than in other counties. In

the telling and retelling of their story errors and misinterpretations have crept in.

All too often authors have suggested that these frogs were introduced or somehow
found their way to the Broads (Smith, 1951; Fritter, 1959; Leutscher, 1975; Lever,

1977; Frazer, 1983). There are no records of water frogs being released in

Broadland nor is there any good evidence of their presence there. The statement by
Gadow (1904) that he had heard ‘edible’ frogs calling at Hickling Broad may well

have resulted from confusion with the natterjack toad’s call (Buckley, 1985).

Malcolm Smith’s hearsay report for Wroxham Broad is equally unsatisfactory

(Smith, 1951). E. A. Ellis, (pers. comm.) knows of no other mention of this species

at Wroxham and none of the water frogs is listed in his book (Ellis, 1965). The in-

ference by Fitter (1959) and Lever (1977) that frogs released at Morton might have

spread to colonise Hickling and Wroxham is most unlikely. The distance from
Morton to Hickling is about 29 km and a step by step spread by the frogs would
surely have resulted in more records than the two rather doubtful broadland ones.

Smith’s (1951) statement that water frogs were no longer to be found in Norfolk

has already been shown to have been untrue (Buckley, 1975). He and later authors

have emphasised the number of colonies which have become extinct over the years,

making the suggestion that sooner or later all colonies will disappear. Yet the

Thompson and Stow Bedon colony is thriving more than a century later and the

same may be true for the Morton Frogs. Many of the losses of colonies can be attri-

buted to changes in land use, such as the filling in of ponds or drainage of land,

rather than the species’ inability to cope with our climate. It will be interesting to

see how the frogs established at Forncett and Erpingham fare in the years to come.

The question of whether Norfolk’s lessonae are native or introduced is still as

open for debate as when Boulenger (1884a) addressed the question. There has been
some change in the available evidence during the last hundred years but nothing

sufficient to cause us to alter his conclusion that they are not indigenous.

Fossil remains in Pleistocene and post-Pleistocene deposits would be clear

evidence that lessonae was once native and that the Norfolk animals might be direct

descendants. Unfortunately no such incontrovertible evidence exists. The skeletal

differences between water frogs and the common frog involves the use of relative

lengths and this makes the determination of isolated bones difficult. Limb-bones in

collections from the Upper Freshwater Bed (in the Savin Collection in the British

Museum) have recently been examined by a leading worker in this field and their
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original identification as esculenia is now regarded as very doubtful. (A. C. Milner,

pers. comm.). For this reason the record given by Newton (1884) must be regarded

with extreme caution.

As there is no evidence of lessonae being native, the questions remain as to when
it was introduced and by whom. Boulenger assumed that the specimens for such an

introduction must have come from Italy since at that time lessonae was only known
from there. Since then lessonae has been recorded from many countries in mainland
Europe and specimens could have originated from any of these. Buckley (1976)

argued that lessonae could have been introduced along with esculenia bv Mr Berney
at Foulden and that they could have spread to the Stow Bedon area along river

valleys. This would have required a movement of about 1 mile a year. Such an ex-

planation does not explain the absence of esculenta
, as found at Foulden, from Stow

Bedon or sites between the two localities. It also does not account for the hearsay

evidence that lessonae had existed in Norfolk since the 1820’s (Boulenger, 1 884b).

Furthermore the Foulmire pool frogs, discovered in 1844, cannot be linked to the

introductions by Mr Berney. If hearsay evidence is accepted at this site the presence

of the frogs can be traced back to the late 1700’s (Bell, 1859). It is curious that the

first two colonies of water frogs to be identified in England should be lessonae and
that no other pure colonies have been recorded since. Perhaps the frogs at these sites

were the result of an earlier introduction or introductions, or could they indeed be

native? The lack of any fossil evidence, and the history of very large introductions in

the early 1800’s makes the possibility that they were introduced in the 1700’s the

more likely explanation for their presence. Unless more evidence comes to light it

will not, be possible to be more definite about the origin of Norfolk’s lessonae.

At both Forncett St Peter and Erpingham, the water frogs appear to have had

no adverse effect upon the other species of amphibian using the same breeding sites

(J. Francis, W. S. Seaman, pers. comm.). Common frogs, common toads and
common newts metamorphose in large numbers at sites shared with ridibunda and
esculenta. The ponds at the main lessonae site also support a good amphibian fauna.

Anurans have been recorded in the prey of water frogs (Frazer, 1983), and this

has been observed by Beebee (pers. comm.) from specimens in captivity. R. esculenta

has been seen to eat large temporaria tadpoles and on one occasion a three quarters

grown frog. On the other hand, temporaria tadpoles feed voraciously on esculenta

spawn, and young tadpoles which appear relatively late in the year. Specimens of

esculenta emerging early from hibernation have been injured or even killed by male

temporaria not releasing them from amplexus, having caught hold of them (T. J. C.

Beebee, W. S. Seaman, pers. comm.). The extent to which the interactions describ-

ed in this paragraph occur in the wild has not been investigated.

Water frogs pose no threat to the survival of other species ofamphibian through
direct competition, spreading of disease or by interbreeding, nor do they pose a

threat to man and his livestock. Under the Wildlife and Countryside Act (1981) it is

nevertheless an offence to deliberatly release these species into the wild. The
offence can lead to severe penalties, up to an unlimited fine, but no prosecutions

have been brought under this section of the act. The species of water frog already

established in the county serve to enhance the county’s native fauna and their con-

tinued existence should surely be encouraged.
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EAST NORFOLK CHURCH FERNS
E. T. Daniels

41 Brian Avenue, Norwich.

In 1964 John Silverwood surveyed fern populations growing on the walls of some
150 Norfolk churches and recorded his findings in a paper dealing in a more general

way with Norfolk ferns (Silverwood, 1971). In 1979/80, mainly as a winter/early

spring project, I visited 339 churches in the vice-county of East Norfolk as defined

by H. C. Watson, i.e. all that part of the county lying east of 1° longitude and north
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of the River Waveney. The object was to plot the distribution of ferns occurring on

the fabric of churches, in churchyards, on tombs, on perimeter walls and banks and

in boundary hedges, ignoring, of course, deliberate plantings. In the account which
follows the nomenclature in the main follows Clapham, Tutin & Warburg (1962). A
copy of the field data has been deposited at the Norfolk Biological Data Bank at

Norwich Castle Museum.

My timing was a little unfortunate as it was evident many churches had been

recently cleaned and repaired, with the likelihood that a survey two years earlier

would have added to the number of buildings carrying fern populations. Even so,

the results are not strikingly different from Silverwood’s. He found that ‘rather over

half had no ferns at all’ (Silverwood, 1965), whereas my figures were:-

_ No. of sites

Ferns present 173

Ferns absent 166

As against his 7 genera and 10 species I recorded 8 genera and 14 species. These
were from a wider range of habitats and moreover he treated polypody (Polypodium
vulgare) in the aggregate sense while I recognised two species, using Roberts (1970). All

the species recorded by Silverwood were found and, in addition, the following:-

Athyriumfilix-femina,
Dryopteris borreri, Dryopteris dilatata and Polypodium interjectum

The complete species list and the total number ofsites where each occurred (with

figures in brackets to indicate the number of churches where the species grew on the

fabric) are:-

Asplenium adiantum-nigrum (black spleenwort) 52 (39)

Asplenium ruta-muraria(wall rue) 39(33)
Asplenium trichomanes (maidenhair spleenwort) 26(21)
Athyriumfilix-femina (lady fern) 2(-)

Ceterach officinarum (rusty-back fern) 1(1)

Dryopteris borreri(golden-scaled male fern) 2 (2)

Dryopteris dilatata (broad buckler fern) 3 (-)

Dryopterisfilix-mas(common male fern) 72(37)
Phyllitis scolopendrium (hart’s-tongue fern) 69(51)
Polypodium interjectum (polypody) 86(54)
Polypodium vulgare (polypody) 10(7)

Polystichum aculeatum (hard shield fern) 2 (-)

Polystichum setiferum (soft shield fern) 2 (-)

Pteridium aquilinum (bracken) 2
1 (4)

The Asplenium trichomanes all appeared to be of the sub-species quadrivalens .

In terms of numbers of individual plants, common or abundant occurrences

were noted in Phyllitis scolopendrium (22), Polypodium interjectum (30), Asplenium
ruta-muraria (17), Asplenium adiantum-nigrum (13), Asplenium trichomanes (7),

Dryopteris filix-mas (5). The figures in brackets refer to numbers of church buildings

on which the species grew in substantial numbers.

Silverwood recorded both Polystichum species as church fabric plants, but I

only saw them in churchyards.
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Nearly two-thirds of the fern-bearing churches had only one species, but some
were quite species-rich. Thus there were:-

113 churches with 1 species

4 1 churches with 2 species

14 churches with 3 species

2 churches with 4 species

2 churches with 5 species

1 church with 6 species

Some surprises were met. Dryopteris borreri was growing out of a church and on
its exposed crown Asplenium trichomanes was growing as an epiphyte. At least five

fern colonies had a full south exposure, helped in some instances by limited shading

from downpipes or buttresses, but long exposure to full sun must have been fierce.

They managed to persist, but not in a very flourishing state. All other wall ferns

grew on the north side where dessication was minimal. Ferns can be great survivors

as demonstrated by those growing on a wall very thoroughly and heavily tarred a

few years previously, in spite of which growing through the tar were Asplenium

trichomanes, Phyllitis scolopendrium and Dryopteris filix-mas. A tiny sporeling of the

last species had established itself on a patch of new mortar on a church cleaned and
repointed about two years previously. Bracken (Pteridium aquilinum) was rare in

contrast to its not uncommon appearance on old, damp brick walls in towns. Of
those which grew on church fabrics very young plants or sporelings occurred as

follows:-

Phyllitis scolopendrium at 1 1 sites

Asplenium trichomanes at 1 site

Dryopteris filix-mas at 3 sites

Asplenium adiantum-nigrum at 2 sites

Silverwood refers to Ceterach officinarum as having been known on Forncett St.

Peter Church since 1886. The very severe drought of 1976 killed all the plants. In

1977 the vicar and I searched but could only find the dead remains of crowns of 12

plants which had grown in the partial shade of a downpipe with a south exposure.

Two plants of this species grow on another church in central Norfolk where it was
recorded about 40 years ago, and said at that time to have persisted since at least

1854 (Petch & Swann). These also face south.

The generally held view that ferns are commonest in the north-east of the coun-

ty is supported by my results, strikingly so in the cases of Asplenium adiantum-
nigra, Asplenium ruta-muraria and Polypodium interjectum.
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DICRANUM FUSCESCENS SM., A MOSS NEW TO NORFOLK
R. Stevenson

111 Wootton Road, King’s Lynn, Norfolk.

In November 1985 Dicranum fuscescens was discovered growing on the ground in a

boggy hollow at the north end of Ingoldisthorpe Common, West Norfolk (TF
682323). The hollow, which is one of several in the area, gives the impression, by

reason of its topography, of being man made. It is situated on the edge of a rather

open heathy area which is being invaded by birch and gorse scrub.

The occurrence of this moss in Norfolk is rather unexpected. Watson (1981)

says that “away from hilly districts it will not be found”. Dixon (1924) states its

habitat to be “Among grass and upon rocks, on mountains . .
.”. Smith (1978)

however states that it occurs as “tufts, patches or turfs on soil, rocks, logs and trees

in woodland and, in northern and western Britain, in open habitats*'. The nearest

occurrences, according to the Brvological Society Census Catalogue (Corley & Hill,

1981) are to the west, in Staffordshire and Derby, whilst to the south it occurs in

Surrey and E. and W. Sussex. In Norfolk it occurs in an open habitat, and there is

little, if any, mature woodland nearby which could act as a refuge for the species.

When moist D. fuscescens is lacking in any distinctive characters and is not

unlike Dicranum scoparium or Dicranum majus. When dry however its leaves have a

characteristic crisped appearance, which makes it easily distinguishable in the field.

On trees and boulders, which dry out easily, this characteristic is developed fairly

frequently. On the ground however it would probably develop most frequently in

summer, when conditions are driest, brvological activity at a low ebb, and higher

plants growing most vigorously. This may account for it having been overlooked for

so long. M. O. Hill of the British Brvological Society kindly confirmed the iden-

tification. Voucher material is deposited in the B.B.S. herbarium, and that of the

author.

Associated bryophyte species include Calliergon giganteum, Campylopus pyrifor-

mis, Drepanocladus fluitans, Gymnocolea inflata, Sphagnum recurvum and Sphagnum
suhnitens. Higher plants in the area included Drosera rotundifolia, Erica tetralix,

Eriophorum angustifolium, Hydrocotyle vulgaris
,
Juncus articulatus, J. bufonius,

Molinia caerulea, Phragmites australis, Polygala serpyllifolia, Potentilla erecta and
Salix cinerea.

This record was made during the course of a survey of Ingoldisthorpe Common
by the Heacham and West Norfolk Natural History Society. The complete results

of that survey are lodged with King’s Lynn Museum, and the Norfolk Biological

Records Centre at Norwich Castle Museum.
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THE EFFECT OF CHANGES IN LAND MANAGEMENT
ON THE DYKE FAUNA AT SOMERTON AND WINTERTON

R. J. Driscoll

Castle Museum, Norwich.

Background

Changes in land management can have a profound effect on the resident flora and
fauna. Wetland drainage in particular has caused the extinction of or restricted the

range of several species of plant (Perring, 1970, Nature Conservancy Council,

1984). The reclaimed marshes associated with the Norfolk Broads are one of the

largest remaining areas of semi-natural wetland habitat in Great Britain. In the past

the marshes were used almost exclusively for grazing but in recent years an ever in-

creasing proportion has been ploughed up and converted to arable use (Broadland

Friends of the Earth, 1984).

Surveys that have included both grazing marshes and marshes under arable

cropping have found quantitative and qualitative differences between the vegetation

of dykes draining grazing marshes and that of dykes draining arable land. In general,

dykes draining intensively managed arable land support a very impoverished flora

in comparison with grazing marsh dykes. The conversion of grazing marshes to

arable use, with the associated loss ofopen dykes and rigorous management of those

that remain, poses a serious threat to many species of plant that inhabit dykes.

The effect of this conversion on the vertebrate and invertebrate fauna of dykes

is less well known, largely because surveys of the dyke fauna have been carried out

less frequently than surveys of the flora. This is mainly a result of lack of time and
expertise. Whereas most aquatic macrophytes can be identified in the field with

little difficulty, most aquatic invertebrates have to be collected and identified with

the aid of a microscope and many have to be dissected.

Aquatic plants provide food and shelter for a large number of invertebrate

species (e.g. a single Stratiotes abides L. plant collected by the author from a dyke in

1975 yielded 1 water beetle, 1 leech, 2 species of flatworm and 8 species of snail, a

total of 189 individuals). The loss of vegetation following conversion would almost

certainly adversely effect such species. Rigorous dyke management could restrict

the range of those species that have limited ability to colonise newly cleaned dykes

and changes in water quality could eradicate susceptible species.

The present ‘before and after’ study was carried out to assess the effects of

agricultural improvement on the dyke fauna of a single block of reclaimed marsh in

Broadland.

Introduction

Happisburgh-Winterton Internal Drainage District sub-district 1 is an indepen-

dently drained block of marshland on the Norfolk coast in the parishes of Somerton
and Winterton. Biological surveys of the dyke network that drained the marshes
were carried out in 1973 and 1974 (Driscoll and Lees, 1973, Driscoll, 1975). Most
of the marshes were part of Burnley Hall Estate, a large estate that was sold in 1978.

The new owners rapidly converted most of the marshes from grazing to arable use
and radically altered the drainage system.
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In 1981, with the cooperation of Burnley Hall Farms, the new owners, the sub-

district was resurveyed to quantify the changes in land use and drainage pattern that

had taken place and assess their effects on the dyke flora and fauna. A follow-up

survey was carried out in 1982.

Methods

Land use and drainage pattern were recorded bv means of ground survey and

mapped using Ordnance Survey 1:10560 maps as base maps. The flora and fauna of

selected dykes were recorded, species lists prepared and estimates made of the abun-

dance of each species. Aquatic animals were collected with a pond net by sweeping

through the submerged vegetation and open water and scraping the surface of the

mud on the dyke bottoms. Invertebrates were also collected by hand from aquatic

plants removed from the dykes with a pond net or weed grapple. Adult Odonata fly-

ing along dykes or settled on vegetation were also recorded. Habitat data, e.g.

width, depth, nature of bottom etc., were recorded for each dyke sampled.

A total of 64 dykes are sampled in 1973. A follow up survey of 13 dykes (1 1 of

them resamples) in 1974 added little new information but confirmed the results of

the earlier survey. Thirty three of the dykes that had been sampled in 197 3 were

resampled in 1981 and again in 1982. Most of the remainder of this paper is con-

cerned only with the 33 dykes sampled in 1973, 1981 and 1982.

Changes in land management
The changes in land management that took place in Happisburgh-Winterton Inter-

nal Drainage District sub-district 1 between 1978 and 1983 and their effects on the

dyke flora have been described in detail elsewhere (Driscoll, 1983, 1984, 1985) and

will only be summarized here.

Between 1978 and 1981 most of the marshes were converted from grazing to

arable use (mainly cereals). A system of plastic underdrains was installed, most of

the smaller dykes were filled-in, and the remainder were reprofiled and more
rigorously managed. The drainage improvements caused a general rise in the salini-

ty of the dyke water and increased the deposition of ochre in the dykes. Many dykes

were virtually devoid of vegetation in 1981 and 1982 and most aquatic plants were

less frequent than they had been in 1973.

Dyke fauna (Table 1)

The dyke fauna in 1973 was relatively impoverished in comparison with that found

elsewhere in Broadland. Most of the dykes sampled were more or less saline and
many of the species recorded were typical of brackish conditions. The few occur-

rences of freshwater species were restricted to those dykes fed by freshwater springs

or run-off from the dunes.

A total of 64 species of aquatic vertebrate and invertebrate was recorded. The
mean number of species recorded per dyke was 9.1 (range 3-22 species, n = 33).

Many species were recorded from less than 5 dykes and only 7 were recorded from

10 or more. The most frequent species were Potamopyrgus jenkinsi, Bithynia tenta-

culata, Lymnaea peregra, Asellus aquaticus, Gammarus zaddachi
,
Corixa punctata

and Coenagrion puella.

In 1981 the total number of species recorded fell to 47. The mean number of

species recorded per dyke also fell, to 4.9 (range 0-18, n = 33). The changes in the
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Tacie '

verteorates and ~*?verteerates recorded from 33 dykes sailed in Happisburgh - Nmtertcn Internal Drainage District sub-
1 m 1973 ,

’ *0) anri T982 : igures indicate nuntoer o£ dykes in which species occurred).

Species Year Species Year

.973 1982 1973 198) ) 982

Class Osteichthyes Sigara dorsalis (Leach) 8 14 19
£sox lucitis L. Sigara fossarura (Leach)
Gasterosteus aculeatus L. 1 4 6 Sigara lateralis (Leach) 1

22 20 Sigara nigrolineata (Fieb.)
Sigara concinna (Fieb.)

1

1

3

}

Order TTicladida Sigara limitata (Fieb.) 1

Plar.ana torva Hull

.

Sigara selecta IFieb.) 1

Polycelis nigra (Mull.)
Polycelis tenjis Igima

Sigara stagnalis (Leach) 1 3

Dugesia oolychroa (Schmidt Order Negaloptera
Dendrocoelum 1 acteam (Null.) Sialis lutaria (L.

)

5 2

Class Ga3troc«da Order Trichoptera
Valvata piacirvalis (Null.) Limnephilus lunatus Curtis
Potamopyrgus jenkinsi (Smith) 27
Bithyma tentaculata (1. 1 7 Order Coleoptera
Bithyma leacnn (Shepoard? 6 Haliplus coni inis Stephens 1

Fnvsa fontinalis 1. HaliDlus tulvjs iFab.) 1

Lvmr.aea oalustns (Hull. Haliplus immaculatus Gerhardt }

Lymnaea peregra (Hull.) 23 15 Haliplus lineatocollis (Marsham) 2 2 4

Planorbis planorbis 1 L. > Haliplus ruticollis (Degear) 2 1

Planorbis carmatus Null. Haliplus wehnekei Gerhardt 1 1

Anisus vortex ( 1

.

6 Noterus clavicorms (Degear) 1 l

Bathyomohal us contorcus (L.) ] Laccophilus hyalinus (Degeerl 1 l

Armiger crista (L.) 2 Larcophilus minutus (L.) \ 1 3

Hyphydrus ovatus IL.

)

8

Class Lamellibranchia Hygrotus inaequalis I Fab.) 5 2

Sphaerium lacustre (Hull.) Hygrotus versicolor ISchaller) 1

Coe 1 ambus paral lelogrammus (Ahrens) 2 1

Class Hirudinea Hydroporus palustris (L.) 1 2 7

Theromyzon tessulatjm (Null.) 4 Hydroporus planus (Fab.) 1

Erpobdella octoculata (L.)

Class Arachnida

Graptodytes pictus (Fab.)
Potamonectes assimilis (Paykull)

2

i

1

Argyroneta aquatics Cl. 2 Agabus bipustulatus (L.)
Agabus conspersus (Marsham)

2 2

1

Class Crustacea Agabus sturmi (Gyllenhal) 2 6

Ilybius ater (Degeer) 1

Asellus mendianus Raeovitza ( Ilybius iuliginosus (Fab.) 2 2

Gatanarus duebeni Lilljeberg | Ilybius subaeneus Erichson 1

Gamma r „s zaddachi Sexton 10 Rhantus frontalis (Mirsham)
Colymbetes fuscus (L.)

1

1

Order Ephemeroptera Dytiscus msrginalis L. 2

Cloeon dipterusi (L.) Gyrinus caspius MSnStrifs 1

Cloeon simile Etn. Gyrinus mannus Gyllenhall
Gyrinus substriatus Stephens 3 2

1

8

Order Odonata Helophorus gnseus Herbst 3

Ischnura elegans (van der Linden) 1 Hi lmphoru > obse.irus Mulsint )

Coenagnon puella (L.) Hydrobius fuscipes (L.)
Anacaeha limbata (Fab.)

2

l

Order Hemiptera Laccobius biguttatus Gerhardt 3 1

Hydrometra stagnorum (L.) Laccobius bipunctatus (Fab.) 1 2

Gems thoracicus Schua. 6 4 Laccobius minutus (L.) 1 3

Gems lacustris (L.) 4 2

1

Laccobius stnatulus (Fab.) 1 3

Gems odontogsster (Zett.) 0 Enochrus quadnpunctatus (Herbst) 1

Nepa cinerea L. 2 2 Cymbiodyta mnrginella (Fab.) 1

Notonecta glauca L.

Notonecta vindis Dele.
6 8

Cymatia bonsdorffi (C. Sahib.) 1

Cymatia coleoptrata (Fab.i
Callicorixs praeusta (Fieb.)
Corixa punctata (Illig.)

6

8 10
Number of species recorded each year 64 47 57

Corua panzert (Fieb.)
Hesperocor ixa linnei (Fieb.) 3

1

3
Total number of species recorded 95

number of species recorded per dyke between 1973 and 1981 were as follows: in-

crease 6; decrease 25; no change 2 (the equivalent figures for plants were: increase 3;

decrease 27; no change 3). Only 5 species were recorded from 10 or more dykes:

Gasterosteus aculeatus, Pungitius pungitius, P. jenkinsi, L. peregra and Sigara dorsalis.

The dyke fauna in 1982 was similar to that of 1981 and a total of 57 species was
recorded. The mean number of species recorded per dyke was 6.9 (range 0-17, n =

33). The most common species (recorded from 10 or more dykes) were: P. pungitius.
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P. jenkinsi, L. peregra, G. zaddachi, Gerris lacustris, C. punctata and S. dorsalis.

In addition to the general decline in the species richness of individual dykes bet*

ween 1973 and 1981/1982 the composition of the dyke fauna as a whole changed. In

1981/1982 9 new species were recorded and 22 species were lost, excluding

Coleoptera, in comparison with 1973. Some groups of animal disappeared, e.g.

Tricladida, other groups persisted but underwent changes in their species composi-

tion, e.g. Hemiptera.

Gasterosteus aculeatus and P. pungitius are the most common and widely

distributed fish in Broadland dykes (Driscoll, 1976). These sticklebacks were
caught more frequently in 1981 and 1982 than in 1973. However this may not in-

dicate a real increase in frequency — merely that the absence of vegetation in the

1980’s made them easier to see and catch.

None of the five species of flatworm (Tricladida) recorded in 1973 were record-

ed in 1981 or 1982.

Twelve species of snail (Gastropoda) were recorded in 1973. Seven of these

were also recorded in 1981 and 1982, although some species were much less fre-

quent than in 1973, e.g. B. tentaculata
, Physa fontinalis and Planorbis planorbis. In

general it was the more environmentally sensitive species that declined or disap-

peared between 1973 and 1981/1982. Potamopyrgus jenkinsi and L. peregra
,
the

most frequent species in 1981 and 1982, are both tolerant of ‘poor’ environmental

conditions. The more extensive sampling in 1973 yielded a single record of Hip-

peutis complanatus (L.), a species that is typical of freshwater dykes elsewhere in

Broadland. Unfortunately the dyke from which it was recorded, one of the richest

freshwater dykes in the area, was filled-in in 1981 before it could be resampled.

Sphaerium lacustre
, the only bivalve (Lamellibranchia) recorded in 1973, was

not found in 1981 or 1982.

Two species of leech (Hirudinea) were recorded in 1973, Theromyzon tessula-

tum , which feeds on the blood of water fowl, and Erpobdella octoculata
,
which feeds

on small invertebrates. Neither was recorded in 1981 or 1982.

Although there was no change in the species composition of the malacostracan

(higher Crustacea) fauna between 1973 and 1981/1982, there were changes in the

frequency of individual species. Asellus aquaticus was much less frequent in 1981

and 1982 whereas Gammarus duebeni was more frequent.

Only two species of damselfly (Odonata) were recorded in 1973. However,
larvae were found in all of the dykes from which adults were recorded, indicating

that breeding was taking place. A few larvae were found in a single dyke in 1981.

They all seemed to be Ischnura elegans
,
a species that can tolerate poor environmen-

tal conditions. Although no larvae were found in 1982, adult I. elegans were the

most common damselflies seen that year.

Adults of other species of damselfly and dragonfly were seen patroling along

dykes in 1981 and 1982 although there was no evidence of breeding. All were
species that regularly breed in pools in the nearby coastal dunes and in dykes in the

Martham area.

Between 1973 and 1981/1982 there was little change in the total number of

species of bug (Hemiptera) recorded. Changes in the species composition of the

hemipteran fauna were difficult to interpret as many species were only rarely
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recorded. However, Gerris lacustris was the most frequently recorded invertebrate

in 1982. Although ease of capture in the open water conditions that prevailed in

1981 and 1982 may in part explain its high frequency, the same is not true for the

other Gems spp. recorded. Cymaiia bonsdorffi and Cymatia coleoptrata are uncom-
mon in Broadland dykes (Driscoll, 1976). Both species were recorded in 1973 and
C. coleoptrata was found in the majority of dykes sampled in the marshes between
the Horsey/Somerton road and Martham Broad. Neither species was recorded in

1981 and 1982. Sigara dorsalis was much more frequent in 1981/1982 than in 1973.

Although the same number of species (18) of water beetle (Coleoptera) was
recorded in 1973 and 1981 the faunas were quite different. Only 6 species were
common to both years. However, as most species (in either year) were recorded

from only one or two dykes it was not possible to say if the differences were signifi-

cant. In 1982 30 species of water beetle were caught, including many species that

had been recorded in 1973 and/or 1981.

It might seem tempting to explain the increase in the number of species of

beetle as the result of some aspect of dyke management, e.g. the lack of vegetation.

However this was clearly not the case. A large increase in the number of species of

water beetle was also seen in dykes sampled at Horsey in 1982. Although the mar-

shes at Horsey are near to those in Happisburgh-Winterton Internal Drainage

District sub-district 1 (separated from them by the dry bed of the Hundred Stream)

they were being managed in a sympathetic manner that favoured the growth of

aquatic vegetation. It would seem that 1982 was simply a ‘good’ year for water

beetles!

Summary
Even before the recent changes in land management the dyke fauna of Happisburgh-

Winterton Internal Drainage District sub-district 1 was relatively impoverished.

Saline groundwater entering the drainage system made many of the dykes brackish

and the few species of animal that were widely distributed throughout the dyke net-

work were all species that thrive in or tolerate brackish conditions. Freshwater

species, many of which are common elsewhere in Broadland, were restricted to the

few dykes that were fed by freshwater.

Between 1978 and 1981 most of the grazing marsh was ploughed up and con-

verted to arable use. The drainage improvements associated with this change in

land use involved the removal of many dykes and the more efficient cleaning of

those that remained. Water levels in 1981 and 1982 were lower than in 1973

whereas the salinity of the water in the dykes was generally higher as a result of in-

creased seepage.

The changes in land management had a marked effect on the dyke vegetation.

Many of the dykes that had supported an impoverished flora in 1973 were virtually

devoid of vegetation in 1981 and 1982.

During the same period there were both quantitative and qualitative changes in

the dyke fauna. Although the number of species recorded in most dykes was less in

1981 and 1982 than in 1973 such a general decline was not apparent in all tax-

onomic groups. The species that declined most between 1973 and 1981/1982 were
those that have limited powers of colonisation, those that can not tolerate high

salinities and those that require a more complex vegetation structure than was pre-
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sent in the dykes in 1981 and 1982. Thus the flatworms, leeches and several of the

snails recorded in 1973 were not found in 1981 or 1982. With a few exceptions the

insect fauna showed little sign of impoverishment and some of the bugs and water

beetles seemed to thrive in the open water created bv the new management regime

Discussion

The dyke fauna of the marshland associated with the Norfolk Broads received little

attention from biologists until the 1970’s. Surveys carried out betw-een 1972 and

1975 (Driscoll, 1976) found a diverse invertebrate fauna that included several

nationally rare or local species, e.g. the snail Segmentina nuida (Mull.) and the

dragonfly Aeshna isosceles (Mull.).

In general the fauna of grazing marsh dykes is more diverse than that of dykes

draining arable land. The results of the present study support the circumstantial

evidence from the earlier surveys that agricultural improvement, in particular con-

version from grass to arable use, can cause impoverishment of the dyke fauna.

Fortunately, none of the species that were lost from Happisburgh-Winterton

Internal Drainage District sub-district 1 between 197 3 and 1981 is particularly un-

common in Britain and all occur in dykes in other parts of Broadland. Elsewhere in

Broadland agricultural improvement has already restricted the range of certain

species (e.g. A. isosceles disappeared from dykes at Thrigbv following conversion to

cereal production). Species such as 5. nitida and Anisus vorticulus (Troschel),

another rare snail that occurs in Broadland dykes, could easily be eradicated unless

steps are taken to protect their habitat.
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THE CENTIPEDES OF NORFOLK
R. E. Jones

The Lynn Museum, Old Market Street, King’s Lvnn.

Introduction

Centipedes (Chilopoda) comprise one of the four arthropod classes which make up
the group known as Myriapods. The other classes are the millipedes (Diplopoda),

Svmphyla and Pauropoda. Other than the fact that they generally have elongated

bodies with numerous pairs of legs these groups have little in common and are pro-

bably not closely related.

Centipedes are elongate, flattened, manv-legged creatures. There is a single pair

of legs to each body segment and the genital openings are at the posterior end of the

body. All are carnivorous, preying on other members of the soil fauna, and the head
bears a pair of powerful poison claws for capturing and paralysing their prey. None
of the Norfolk species is large enough to inflict serious bites on humans although

some species can give a painful nip if handled incautiously.

Four centipede orders occur in Britain and all four have been recorded from
Norfolk.

The order Geophilomorpha comprises thin, elongate centipedes which may be

up to 70 mm in length. The number of pairs of legs present varies according to

species, and for each species individuals may have a different number within a cer-

tain range. The number varies from a minimum of 37 pairs in Brachygeophilus trun-

corum and Schendyla nemorensis to a maximum of 83 pairs in Haplophilus subter-

raneus (Table 1).

The Scolopendromorpha are represented in Norfolk by a single species.

Members of this order are midway in form between the preceeding and following

orders. All individuals bear 21 pairs of legs. Many accidental imports in bunches of

bananas etc. belong to this order which is widespread in the tropics.

The Lithobiomorpha are the chestnut-brown centipedes that must be familiar

to everyone. They are typified by Lithobius forficatus (Fig. 1) which is extremely

common. All species have 15 pairs of legs and are rapid runners. The eight species

of this order recorded from Norfolk are all similar in appearance and can only be

separated with certainty by microscopic examination.

The order Scutigeromorpha is represented by a single introduced species which
has not become established in the county.

Of our three native orders, only the Lithobiomorpha possess eyes. The
Geophilomorpha are particularly at home in the soil. Their elongate bodies are able

to bend back on themselves in tight situations and they can move backwards almost

as easily as forwards. It is noticeable that in all species of centipede the last pair of

legs is elongated and it seems that these legs function like a rear pair of antennae, a

great asset to an animal moving backwards in a tight space.

The breeding behaviour of centipedes differs according to which order the

species belongs. The eggs of Lithobiomorpha are laid singly, covered with earth

and abandoned by the female. The young develop through larval stages acquiring

more pairs of legs until the adult number is reached. Thus any specimen with fewer

than fifteen pairs of legs is immature and identification is difficult even for the

Trans. Norfolk Norwich Nat. Soc.
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specialist. In the case of the Geophilomorpha and Scolopendromorpha the female

lays a batch of up to 30 or 40 eggs. These are guarded by the female who often curls

around them (Fig. 4) and after hatching the young likewise are guarded at first. The
young also go through a series of larval stages but, in this case, once the animals are

fully active they have the adult number of legs and are thus more easily identified

than immature Lithobiomorpha.

Little is known about the enemies of centipedes and it is possible that they are

distasteful to predators. Few records have been made on this subject but the author

has witnessed a robin (
Erithacus rubecula) eat a large Liihobius for/icarus and found a

partly eaten Strigamia crassipes in a small mammal burrow.

A curious phenomenon exhibited by some species of Geophilomorpha is that of

phosphorescence. Several species, including Haplophilus subierraneus and Geophilus

carpophagus in Norfolk, glow in the dark with a greenish-white light. The exact pro-

cess by which this occurs is uncertain, but it seems that the animal secretes a

phosphorescent liquid from pores on the undersurface of the body (Brade-Birks &
Brade-Birks, 1920). The function of this phenomenon is unknown.

Collecting and identifying

Centipedes inhabit moist, dark habitats although, with the exception of some
coastal species, they avoid wet environments. Their flattened form enables them to

squeeze into cracks and crannies in soil, amongst litter, in rotten wood, beneath

bark and under stones. They are seldom seen in the open unless disturbed, although

some species can be found in the open at night. Some are easily captured by sear-

ching such habitats but others require sieving from soil to be obtained in numbers,
although casual digging will unearth a few. Many of our apparently rare species are

in reality those which live in inaccessible situations such as deep in the soil where
they are not easily collected. Centipedes are found in most habitats except fresh

water and many species, especially those which may have been introduced into this

country, occur in synanthropic (i.e. man-made) habitats. They avoid extremes of

dryness and cold and many species burrow deep into the soil to avoid these condi-

tions. Consequently spring and autumn provide the richest periods for collecting

although many are found all year round.

The standard work of identification for centipedes, Eason (1964), is an excellent

book but sadly is out of print. Identification requires the use of a good binocular

microscope, since many species can only be identified by the examination of pat-

terns of microscopic pores or spines. This paper is by way of an introductory state-

ment On the current knowledge of Norfolk centipedes and the author would be

pleased to receive collections of Norfolk myriapods sent either to King’s Lynn or

Norwich Castle Museums. Intensive collection from one’s garden throughout the

year can add much to our knowledge of the county fauna. Myriapods should be

preserved in tubes of 70% alcohol but live material can be kept for many weeks in

jars or plastic tubs containing damp soil or litter.

A National Myriapod Recording Scheme is in progress and it is hoped that a

provisional atlas of centipedes will be produced very shortly by the British

Myriapod Study Group. Most of the records in this paper are the results of field

work carried out by the author since 1981. Some have been extracted from the scant

available literature and others from the data bank of the Biological Records Centre

at Monks Wood and the Norwich Castle Museum collections. The full data are not
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Fig. 1 Lithobius forficatus.

Fig. 3 Cryptops hortensis.

Scale lines: 5 mm

Fig. 2 Haplophilus subterrarteus.

Fig. 4 Necrophloeophagus longicorms guarding eggs.

presented here. Copies are deposited at the Norwich Castle Museum and the

Biological Records Centre. The specimens are in the collections of Norwich Castle

and King’s Lynn Museums.

The Norfolk fauna

The Norfolk centipede fauna is incompletely known and in fact one species was
added to the county list while this paper was being written. There are undoubtedly
more species awaiting discovery. To date, of about 35 species of centipede con-

sidered native or established in Britain, 21 have been recorded from Norfolk. It is

difficult to give an accurate national total as new species are being discovered every

year. An interesting absence is Lithobius variegatus which, whilst very common over

the rest of Britain, is absent from East Anglia and other part of the east coast. The
reason for this is unknown but may well be climatic.

Order GEOPHILOMORPHA
Haplophilus subterraneus (Shaw) (Fig. 2)

This is the longest species found in Norfolk, occasionally reaching 70 mm. It is

yellow-honey coloured and tapers anteriorly to a small round head of the same
colour. The last pair of legs is very thin. Alone amongst British centipedes it is

reputed to eat roots. It is widespread in grassland and woodland throughout Britain

and, being so large, it is surprising that there are only ten records from the county.
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If it is genuinely scarce then the distribution of records may indicate that it has a

coastal distribution in Norfolk. It has been collected along the eastern side of the

Wash from King’s Lynn to Ringstead, at Overstrand and at Aldeby, mainly from

gardens and waste ground.

Schendyla nemorensis (C. L. Koch)

This is a tiny species scarcely reaching 20 mm in length. Yellowish white in colour,

the last pair of legs is markedly swollen in both sexes. It is common in the soil and
litter of grassland and woodland and is frequently dug from the soil of gardens.

Brachyschendyla dentata Brolemann and Ribaut

A specimen of this tiny white species, which reaches just over 10 mm in length, was
found in a garden in Norwich in December 1985. The few British records from
Surrey and Devon have all been from garden soil or similar suburban sites. It seems
likely that this species has a widespread distribution in Britain but has been over-

looked because of its small size and burrowing habits. All specimens collected in

this country have been females.

Strigamia crassipes (C. L. Koch) and Strigamia acuminata (Leach)

These two medium-sized species are recognisable by their bright orange-red colour-

ation, and can be distinguished by counting their legs. The last legs of the males are

extremely swollen. Both are widespread with 5. crassipes being found in woodland,
grassland and waste ground whilst 5. acuminata is essentially a woodland species

and rarely recorded from other habitats.

Strigamia maritima (Leach)

This is our only littoral species and occurs around high tide mark, being able to

tolerate immersion in sea water. Less orange than other Strigamia it could be

mistaken for the following species. To date it has been recorded from Hunstanton
and Heacham (Brade-Birks, 1920) and more recently from under strandline seaweed

at Snettisham and Brancaster Staithe. Pitfall trapping indicates that it is active on
shingle beaches at night. It probably occurs all around our coast where conditions

are suitable and diligent searching should produce specimens in East Norfolk.

Geophilus carpophagus Leach

Another large species often reaching 50-60 mm in length, G. carpophagus has a

distinctive red-brown colour when adult. The hind pair of legs is swollen in the

male but not in the female. It is widespread and common in a variety of habitats,

frequently found in synanthropic sites and often entering buildings.

Table 1 . Leg numbers in the Geophilomorpha.

Species Leg Nos. (pairs)

Haplophilus suhterraneus 76- 83
Schendyla nemorensis 37- 43
Brachyschendyla dentata 39

Strigamia crassipes 49- 53

S. acuminata 34- 41

S. maritima 47- 51

Geophilus carpophagus 45-59
G. electricus 65-73
G. insculptus 45-53
Necrophloeophagus longicomis 49 - 57

Brachygeophilus truncorum 37-41
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Geophilus electricus (Linn.)

G. electricus is a medium-sized, thin, honey coloured species with a small rounded
head slightly narrower than the body. Widely distributed but not commonly record-

ed its habitat preferences are not certain. Most records have come from gardens and
other synanthropic sites. With a name like electricus

, one might expect this species

to glow in the dark, but Linnaeus was referring to its amber colour when he

christened it, and phosphorescence has not been demonstrated in this species.

Geophilus insculptus Attems

Another medium length, yellowish-white centipede which could be confused with

the next species. Its head is only slightly darker than the body, and its antennae are

short. Like G. electricus it is widespread but not commonly recorded, and although

many records are from gardens it occurs in a wide range of habitats including under
tree bark and in a shingle beach.

Necrophloeophagus longicomis (Leach) (Fig. 4)

One of our commonest geophilids and easily recognised by its yellowish-white body
and markedly darker orange-brown head with very long antennae. Widespread and
extremely catholic in its choice of habitats, ranging from seashores to woodland, it is

frequently found in garden soil and under stones.

Brachygeophilus truncorum (Bergso and Meinert)

A tiny yellow-white centipede rarely reaching 20 mm in length, this species is often

abundant in woodland litter and under the bark of trees. There are scattered records

from other habitats.

Order SCOLOPENDROMORPHA
Cryptops hortensis Leach (Fig. 3)

Between 20 and 30 mm in length, this amber coloured centipede could at first sight

be mistaken for a geophilomorph. The 21 pairs of legs distinguish this species in

Norfolk, although it is possible that other Cryptops species will be discovered here

in the future. Despite a preference for synanthropic environments it appears to be

native, occurring in woodland and other natural habitats.

Order LITHOBIOMORPHA
Lithohius forficatus (Linn.) (Fig. 1)

This is our most familiar and most frequently recorded centipede. It is chestnut

brown in colour and can reach 30 mm in length. It is ubiquitous in its distribution

and frequently wanders indoors.

Lithohius melanops Newport

Smaller and yellower than L. forficatus, L. melanops also frequently enters buildings.

It is found in woodland, coastal and synanthropic sites.

Lithohius borealis Meinert

Differing from the former species only slightly in the spines on the legs it may have

been overlooked despite being more chestnut brown in colour. It is recorded from
Winterton, Roydon Common and Weeting and appears to favour dry habitats.
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Lithobius calcaraius C. L. Koch

This medium-sized centipede is dark brown, bordering on black. The males have a

distinctive wart-like tubercule on the femur of the last leg. It is said to prefer drier

habitats than most species and this is borne out by records from coastal dunes and
heaths in Breckland and elsewhere.

Lithobius crassipes L. Koch

This medium sized species is less common than L. forjicatus and the inexperienced

recorder could mistake it for a small specimen of that species. It is found in

woodland and grassland but tends to avoid synanthropic sites.

Lithobius curtipes C. L. Koch

Being virtually indistinguishable from the previous species without critical

microscopic examination, L. curtipes has possibly been overlooked. However, the

few records which do exist are clumped in the area of Wayland Wood and the Stan-

ford Training Area, which suggests a genuinely limited distribution.

Lithobius microps Meinert

A tiny species under 10 mm in length, it is widespread and common. Exhibiting

similar habitat preferences to C. hortensis it may likewise be a native species that has

invaded synanthropic habitats. When handled this species curls up sideways which
is a distinctive character.

Lamyctes fulvicornis Meinert

Superficially resembling a small Lithobius sp. it requires microscopic examination

to distinguish this species. All specimens found in Britain have been females and

this species can reproduce parthenogenetically. Specimens have been collected from
the Stanford Training Area (Hooper, 1978), Hunstanton and Bressingham.

Order SCUTIGEROMORPHA
Scutigera coleopterata (Linn.) The House Centipede.

This bizarre Mediterranean species looks more like a large-eyed, manv-legged
spider than a centipede. It lives in houses in Europe and North America and is

established in the Channel Islands. There are occasional records from buildings on
mainland Britain and a specimen in Norwich Castle Museum is labelled ‘Norwich,

imported, July 1949’.
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RECENT RECORDS OF MOTH FLIES IN NORFOLK
INCLUDING A SPECIES NEW TO SCIENCE AND FIVE SPECIES NEW TO BRITAIN

P. Withers

27 Beech Way, Dickleburgh, Norfolk.

Introduction

Moth flies (Diptera, Psychodidae) are small to minute, primitive flies with charac-

teristically often patterned, hairy wings, which give the group their vernacular

name. Although related to the more familiar crane-flies and midges, they do not

show the typical long-legged and clumsy flight associated with these flies, but are

altogether more delicate in build and behaviour. Moth flies are frequent, sometimes
numerous, in or around vegetation in wet areas, but their secretive habits make
them unobtrusive. Certain species run in tight circles on sunlit leaves, but most are

shy and fly away only reluctantly, preferring to walk away from danger.

The larvae display the most fascinating range of requirements, and some have

come to the notice of man as pests. Trickle-filter sewage beds rely on bacteria to

purify water during its passage over the stones which house these bacteria. Unfor-

tunately, the larvae of Psychoda aliernata (Say) relish these bacteria and accumula-

tions of the larvae may sometimes be sufficient to render the water insanitary. A
number of Psychoda species breed in domestic drains, and can become troublesome

when the adults emerge in clouds through sink overflow outlets.

Identification

Existing works on the British fauna (Freeman, 1950; Duckhouse, 1962) are largely

inadequate, so I have been collecting material systematically with a view to produc-

ing new keys to the family. It is necessary to consult European works in order to

name certain species. Fortunately a great deal of work has been, and continues to

be, done on continental moth flies. The major monograph is by Vaillant (1971 et

seq.), but this work is not yet complete. Other workers have cast doubt on the accep-

tability of Vaillant’s supraspecific nomenclature, and heated debate continues. For
the moment I prefer to retain as many generic names as practical to assist in stabilis-

ing this situation.

Previous identifications of specimens using older works are often incorrect. For
this reason previous records of moth flies from Norfolk should be treated with cau-

tion, and are not considered here. All the species referred to below are in my own
collection or have been seen by me. Slide-mounting specimens is usually necessary

for identification, which may involve detailed examination of the genitalia and other

features.

Trapping

Of special value to ecologists are trapping methods which combine broad-spectrum

sampling with portability and ease of servicing. In this context Malaise traps and
water traps are among the most suitable. The Malaise trap is effectively a tent of
netting, without sides, but with a central baffle panel. Flying insects hit this baffle

and climb to the ridge, which is sloped. A little-understood behavioural characteristic

makes the insects climb the gradient where they are collected in a jar of alcohol. The
water trap is even simpler, comprising a white or yellow plastic bowl half-full of

Trans. Norfolk Norwich Nat. Soc.
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water, with a few drops of detergent added. The surfactant qualities of the detergent

lower the surface tension of the water and insects which land on it promptly sink

and drown. They are then extracted and preserved in alcohol.

Both these methods have been used with considerable success for collecting

moth flies, and many of the additions to the British fauna have been found only

amongst material from these traps.

Species new to Britain

Sycorax similis (Muller, 1927)

The genus Sycorax has hitherto been represented in Britain by the species silacea

Haliday (in Curtis), which I have found particularly frequently in East Anglian

fenland sites. This may reflect a reported propensity for females of Sycorax to suck

amphibian blood.

Whilst collecting at Thompson Common (TL 9498) on 1 June 1985, I was
puzzled to find a very small Sycorax among debris in a Cladium tussock. The
specimen was only one-third the size of silacea and extremely pallid. Once mounted
on a slide it was obvious from comparison with figures in Jung and Theodor (1958)
that this was a male of the little-known 5. similis. The species was known previously

from Switzerland and Roumania.

Telmatoscopus sp.

A Malaise trap operated at Upton Broad in 1983 captured a number of species new
to Britain, and also provided a small series of a species described here as new to

science. The species is a close relative of Telmatoscopus (Pattimerus) collarti Vaillant,

but Professor Vaillant has compared these specimens with the type of collarti and
declared them to be quite distinct. The genital terminology follows that of Vaillant

(1971).

Telmatoscopus vaillanti sp.n.

Male: wing length 2.68 mm.
Head: Antennae 16 segmented, segments with asymmetric base, neck as long as

base. Scape approximately twice as long as wide, pedicel globular. Predominant

ascoids paired, digitate. Eye bridge 4 facets wide, interocular space 2 facet widths.

Wings: Bases of wing forks at same level.

Genitalia: Dististylus 1.25 times as long as basistylus, curved throughout length.

Cercopod with 7-9 retinacula. Phallapodeme broad, dorsoventrally flattened and

widening at apex. Ductores and parameres fused to post-sternal plate. No
gonapophyses or furca. (Figs. 1 & 2).

Female: unknown.
Material: Holotype male, ENGLAND, Norfolk, Upton Broad (TG 384135), col-

lected in Malaise trap, 2-9 June 1983, A. Irwin & W. Urwin.
Paratypes: 3 males, ENGLAND, Norfolk, Upton Broad (TG 384135), collected in

Malaise trap, 2-9 June, A. Irwin & W. Urwin; 1 male, ENGLAND, North
Yorkshire, Malham Tarn, East Fen (SD 889672), collected in Malaise trap, July

1984, R. H. L. Disney.

Holotype and 1 paratype deposited in British Museum (Natural History) collec-

tion. Other paratypes in author’s collection.
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It is with great pleasure that I name this species after Professor Francis
Vaillant, in recognition of his great contribution to our understanding of psychodid
biology and his considerable assistance to the author throughout his studies.

Figs. 1 & 2 Telmatoscopus vaillanti n.sp. holotype male.

1. Dorsal view of hypopygium. 2. Ventral view of same. Scale line = 0.1 mm.

Telmatoscopus (Panimerus) maynei (Tonnoir, 1920)

This species is among the most distinctive of psychodids, and is readily identified

by Vaillant (1971). It is somewhat reminiscent of certain Pericoma in the form of the

genitalia, but the antennal segments of that genus have no discernable neck. Promi-

nent strongly chitinised and curved gonapophyses are a feature of this species and
others of the Panimerus subgenus.

I possess nine males from a Malaise trap at Upton Broad, 2-9 June 1983.

Known from France, Belgium and Sweden.

Telmatoscopus (Panimerus) denticulatus Krek, 1971

This species is very close to T. albifacies Tonnoir and probably overlooked. The
critical distinctions are found in the key and figures in Vaillant (1971).

I have material from Norfolk and Suffolk, viz:

Upton Broad (TG 3813), 2-9 June; Langmere Green (TM 1881), 9 June 1984;

Stowbridge (TF 6008), 30 June - 2 July 1984; Wilby (TM 2572), 14 June 1984.

There is also a specimen in Eaton’s collection of slide mounts in the British

Museum (Natural History) from Devon.

Known from Yugoslavia.

2
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Tonnioriella nigricauda (Tonnoir, 1919)

European species of Pericoma sensu lato with asymmetrical aedeagi have been

played by Vaillant in his genus Tonnoiriella
,
and I follow him in recognising this

feature as generically diagnostic. Thus far, only T. pulchra (Eaton) has been record-

ed from Britain. The Malaise trap at Upton Broad (TG 3813) provided three males

of a further species, T. nigricauda
,

collected 19-26 May 1983. The aedeagal

asymmetry may be either to right or left, and I have males showing both conditions.

Whether this is artefactual or exists in nature is unknown, but if the latter, some in-

triguing behavioural questions are posed. The species is readily identifiable using

Vaillant (1971). It is known from Denmark and Belgium. Dr R. Wagner has inform-

ed me that this species is rare in normal psychodid habitats, but he has found it in

some numbers by the banks of large rivers, and once on a raised bog.

Psychoda (Logima) zetterstedti Jezek, 1983

The species of the genus Psychoda have been the subject of a recent revision by
Jezek (1983a) and the erection or re-erection of a number of genera has been propos-

ed. It is not clear whether these genera will be widely accepted and the appropriate

fascicle of Vaillant’s monograph has yet to appear. In the circumstances, I propose

to treat these as subgenera until the doubts are resolved.

The survey of the species of Logima by Jezek (1983b) has established that the

common species parthenogenetica Duckhouse and severini Tonnoir are both

synonyms of alhipennis Zetterstedt. Jezek has also discovered that two species have

been confused under this taxon, and the second species he has named zetterstedti.

Examination of material in my collection revealed that these two species are quite

clearly distinct on features of the genitalia, and zetterstedti is by far the commoner of

the two.

This species will probably be found to be widespread. I have material from

Norfolk, Leicestershire, Oxfordshire, Isle of Man and Isle of Wight in April and

October. It is widely distributed in Europe.

Other recent records

Mormia eatoni (Tonnoir, 1940)

The genus Mormia is among the most bizarre and attractive of all moth flies. The
antennal structures called ascoids, normally simple finger-like projections, are in

this genus produced into elaborate leaves or tridents, and in this species have a clear

reticulate pattern. Nationally, this species, like all Mormia
,

is a rarity but I have
seen recent material from a Malaise trap operated at Holt Hall (TG 0890) on 19-26

June 1981, and again 25-31 July 1981. Elsewhere in Britain it is known only from
Dorset.

Telmatoscopus (Panimerus) hritteni Tonnoir, 1940

Most Telmatoscopus species are fortuitous captures, being present in relatively low

population densities. T. britteni is decidedly uncommon and I have only seen

specimens from Norfolk and Staffordshire. The Norfolk material is from Holt Hall

(TG 0890) and Upton Broad (TG 3813) in June and July.
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Telmatoscopus (Panimerus) goetghebueri Tonnoir, 1919

A few psvchodids are apparently very tolerant of saline conditions, and can be
found in salt-marsh areas where few other moth flies occur. One such is T. goetghe-

bueri, which I have found at Stowbridge (TF 6008) and also in Kent and Dorset,

each time in tidal situations. Collecting in such apparent entomological deserts can

be rewarding, and more effort in salt-marsh will doubtless add more species of moth
fly to the British list.

The moth fly fauna of Norfolk is very rich, largely due to the abundance of
suitable uncontaminated wetlands. No doubt further species will be added to the

county and national faunas, and I would be pleased to receive any specimens,

preserved in alcohol, to further our understanding of this attractive group.
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The Damselfly Lestes dryas in W. Norfolk - On 21 August 1985, in the

Stanford Practical Training Area, I found two ponds supporting populations of

Lestes dryas Kirby. One of these (TL 851929) was fringed with Scirpus taber-

naemontani while the other (TL 879916) had Juncus spp. as the dominant emergent

plants. Two other ponds (TL 860921 and TL 893896) had populations of Lestes

sponsa (Hansemann). None of the ponds had both species flying together.

Bob Merritt (Odonata Recording Scheme organiser) informs me that in 1984

both Lestes species were found flying together by Mr M. Donnithorne at a pond
near Thetford. In 1985 Bob Merritt visited the site and found males of both species

together at the pond, but female L. dryas were restricted to a well-vegetated dyke a

short distance away.

L. dryas seems to be well-established in S.W. Norfolk, but between 1971 and

1983, it was thought to be probably extinct in Great Britain. Several of its old

haunts, including a site near King’s Lynn, had been destroyed or were no longer
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suitable. The majority of the Essex sites where it was rediscovered in 1983 consists

of coastal ditches heavily overgrown with Scirpus maritimus. Examination of similar

sites in E. Norfolk and thorough surveying of other Breckland ponds should reveal

more L. dryas populations in the county. In the field, L. dryas appears to be more
heavily built than L. sponsa

,
but examination of the genitalia is essential to confirm

identification.

I thank the Commandant of Stanford P.T.A. for granting permission for the

visit which was arranged by A. E. Stubbs and I. F. G. McLean (Nature Conservancy
Council).

A. G. IRWIN, Castle Museum, Norwich.

THE COLEOPTERA OF SCOLT HEAD NATIONAL
NATURE RESERVE, NORFOLK: A SUPPLEMENT

R. C. Welch

Institute of Terrestrial Ecology, Monks Wood Experimental Station, Abbots Ripton, Huntingdon, Cambs.

After my last visit to Scolt Head in April 1981 I reviewed all the published records

of Coleoptera collected on this National Nature Reserve over the previous fifty

years, together with those unpublished records which I had managed to locate

(Welch, 1982). Of the 290 species listed 32 had not been recorded since 1935. A
number of these were species which appear early in the year, and it was thought that

the lack of records was more likely to reflect the tendency for recent visits bv en-

tomologists to the island to be during mid to late summer, rather than to represent a

real decline in the species concerned. I suggested that ‘someone visiting the island

during May would have a better chance of increasing our knowledge of the Col-

eoptera of Scolt Head National Nature Reserve’. In May 1983 I had the opportuni-

ty to spend 3V2 days on the island and put my theory to the test.

Before discussing new records, Bledius fergussoni Joy should be deleted from my
earlier list. Following the discovery of a vast colony on the northern margin of Plan-

tago Marsh, behind the ‘1953 breakthrough’, a range of specimens was checked
with material in the Natural History Museum. Despite considerable variation in the

extent of the apical yellow marks on the elytra, all specimens were attributable to B.

subniger Schnd. Of the largest Bledius with pronounced pronotal horns, B. spectabilis

Kr. is by far the most abundant and widely distributed species on the island. R. M.
Barnes’ 1951 record of B. tricornis (Hbst.) remains unconfirmed. Although there is

every likelihood of this species occurring on Scolt, several of the B. spectabilis col-

lected in May 1983 had a short pronotal horn which only reached to the level of the

mandibles instead of protruding well in front of the head. It is possible that such a

specimen could have been misidentified as B. tricornis. Only one female B. ger-

manicus Wagn. was found on Hut Marsh. I recently found a specimen ofBaeckman-
niolus maritimus (Steph.) in the Natural History Museum collected on Scolt by R.

G. Adams on 12 May 1965. Since my recent visit Mrs M. L. Hall informs me that

she saw a few Malachius barnevillei Puton on Senecio flowers on Hut Hill between
27 & 30 June 1983. On 16 February 1984 D. J. Morrisey found large numbers of
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larvae of the Wharfborer, Nacerdes melanura (L.) in a piece of timber cast up on the

strand-line on the east side of Cockle Bight. This is a new record for Scolt and I

have included it with my own below. A species ommitted from my previous paper,

Anthicus humilis
, was taken at Scolt Head on 1 1 June 1923 bv H. J. Thouless (Long,

1923).

Between 16 & 19 May 1983 I collected in excess of 1400 specimens of 215
species of Coleoptera on Scolt Head. These included 89 species previously

unrecorded on the Reserve which, together with Morrisev’s N. melanura , raises the

total known coleopterous fauna of Scolt to 380 species. Perhaps the single factor

largely responsible for this surprisingly large number of ‘new’ species was the abun-
dance of dead auks resulting from a major seabird wreck which occurred along the

North Sea coast mainly during February and March 1983. Several species of the

previously poorly represented genera Philonthus and Atheta were found associated

with these corpses. One third of all the new species were taken from carcasses, most-

ly along the top of the beach above high water mark. With such an abundance of
carrion one might expect to find Histeridae plentiful. Of the four specimens of the

littoral Baeckmanniolus maritimus (Steph.) collected, only one was found in a dead
auk. An additional 1 1 species were collected in pitfall traps placed mainly around
the pond on House Hills, and 13 phytophagous species of Chrysomelidae and
Curculionoidea were swept, mainly from their known host-plants. Dromius
quadrinotaius (Zenk. in Pz.), Anomognathus cuspidatus (Er.) and Atheta hasicornis

(Muls. & Rev) were taken under bark and several Pocadius ferrugineus (F.) were
found in a puffball fungus (

Lycoperdon sp.). Most of the remaining species were
collected crawling up the dune slopes, or at their base, where the beetles had fallen.

I was able to confirm five of E. A. Ellis’ early records for the period 1932-5. A
single male Amara ovata (F.) was found crawling up a dune slope in Norton Hills.

Sphaeridium scarabaeoides (L.) was not uncommon in dead birds and at the base of

dune cliffs in Hut Hills, Long Hills and Wire Hills. One male Philonthus cognatus

Steph. was caught in a pitfall trap on top of Hut Hills. A single Aphodius ater(Deg.)

was taken climbing up a dune slope in Norton Hills and at least eight Cleonus piger

(Scop.) were seen crawling along the lower slopes of the seaward-facing dune cliffs

of Hut Hills. Cidnopus aeruginosus (01.) was last recorded by B. L. Sage in May
1956. I collected eight specimens among the dunes on Hut Hills and Long Hills.

Another beetle found to be more abundant during May was Melanimon tibialis (F.).

Previously this small tenebrionid was only known from Scolt by two specimens I

collected on 30 June 1977 at the base of the dune cliffs of Hut Hills. During this

latest visit it proved to be locally common in parts of Long Hills, Hut Hills and

Norton Hills where moderate numbers were seen crawling over moss and short turf,

partly buried by sand, or crawling at the base of dune slopes whence they had been

blown. Meligethes aeneus (F.) was taken in large numbers by sweeping almost all

types of vegetation along the dunes, especially on the seaward side. I have little

doubt that these originated from fields of oil-seed rape which could be seen on the

mainland to the east of Brancaster Staithe. It is significant that five weevils, species

of Ceutorhynchus
,
were recorded from Scolt for the first time, all of which have

Cruciferae as their host plants. It will be interesting to see whether they become
established on native plants such as Cochlearia or Cakile. Kenward (1984) noted a

similar mass migration of Af. aeneus and Ceutorhynchus assimilis (Pk) towards the

Yorkshire coast in mid-June 1982.
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The following list of Coleoptera are additional to mv earlier list (Welch, 1982)

and comprise mainly common and widespread species. The only surprise is that

they have not been found on the island previously. Masoreus wetterhalli Gvll. is

perhaps the only noteworthy species. This xerophilous carabid is apparently at the

northern limits of its British distribution in Norfolk, although not confined to

coastal localities (Lindroth, 1974). In May 1983 I noticed a very marked change in

the vegetation since my earlier visits. The somewhat belated mvxomatosis epidemic

had reduced rabbit numbers dramatically in the western half of the island and rank

grasses etc are rapidly replacing the short grazed turf. Only at the eastern end in

Norton Hills are rabbits numerous enough to maintain such a sward. Clearly such

changes must have a considerable effect on the number of those Coleoptera

associated with such habitats. A clump of Crataegus bushes growing in a south-

facing bay at the east end of Great Aster Marsh were still in bud on 18 May 1983. A
later visit when these are in full blossom could provide additional records. A single

specimen of Anaspis maculata Fourc. was swept on Hut Hills and this, and other

members of the genus, often occur in numbers on hawthorn flowers which are also

attractive to Cantharidae. Two of the three species of Soldier beetle known from

Scolt have not been recorded since 1935. A total of over 400 species of Coleoptera

from Scolt Head National Nature Reserve is now a realistic figure.

Nomenclature in the following list follows Kloet and Hincks (1977). The
number 1 after a name indicates that species was collected from dead birds, and the

number 2 that it was caught in a pitfall trap. With the exception of the Nacerdes

melanura and Anthicus humilis records described above, all others refer to the period

16-19 May 1983.

CARABIDAE SILPHIDAE
Notiophilus biguttatus 2.

Bembidion (Philochthus) gullula

Amara lucida

A. plebeja

Harpalus (s. str.) latus

H. (s . str.) servus

Masoreus wetterhalli 2.

Dromius quadrinotatus

HYDROPHILIDAE
Sphaeridium lunatum 1

.

Cercyon lugubris 1

.

C. melanocephalus 1.

C. pygmaeus 2.

PTILIIDAE
Acrotrichis intermedia 2.

LEIODIDAE

Proteinus brachypterus 1,2.

P. ovalis 1

.

Lesteva heeri 2.

L. longoelytrata 2.

Omalium rivulare 1

.

Bledius subniger

Carpelimus bilineatus 2.

Platystethus nodifrons

Anotylus rugosus

A. tetracarinatus 1, 2.

Coprophilus striatulus

Philonthus longicornis 1.

P. marginatus 1.

P. politus 1

.

P. quisquiliarus 1.

P. splendens 1.

P. succicola 1.

P. tenuicornis 1.

P. varius 1.

Nicrophorus humator 1.

STAPHYLINIDAE

Agathidium marginatum
Choleva agilis 1

.

Catops fuscus
C. grandicollis
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Gabrius nigritulus

Staphylinus globulifer

Quedius scintillans 2.

Bolitobius cingulatus 2.

Tachyporus nitidulus

T. pallidus

Tachinus signatus

Cypha pulicarius

Diglotta submarina

Anomognarhus cuspidatus

Amischa decipiens

Nehemitropia sordida 1.

Atheta (Microdota) amicula 1.

A. (Microdota) lilipmana

A. (Lohse Grp. ll)gagatina 1.

A. (Mocyta) clientula

A. (Mocyta) orbata

A. (Acrotona) muscorum 1

.

A. (Acrotona) pusilla 1

.

A. (Daromicra) celata 1

.

A. (Lohse Grp. I) basicomis

A (Dimetrota) cauta

A. (Dimetrota) ischnocera 1

.

A. (Dimetrota) nigripes 1

.

A. (Dometrota) setigera 1

.

A. (Chaetida) longicomis 1.

Calodera nigrita 2.

Aleochara curtula 1

.

A. stichai 1.

PSELAPHIDAE
Brachygluta fossulata

SCARABAEIDAE
Aphodius granarius

ELATERIDAE
Agriotes obscurus 2.

NITIDULIDAE
Brachypterus glaber

Omosita colon 1 .

Pocadius ferrugineus

Glischrochilus hortensis

COCCINELLIDAE
Subcoccinella vigintiquattuorpunctata

Nephus redtenbacheri

OEDEMERIDAE
Nacerdes melanura

ANTHICIDAE
Anthicus humilis

CHRYSOMELIDAE
Chrysolina staphylea

Phaedon tumidulus

Galerucella lineola

Longitarsus plantagomaritimus

L. suturellus

APIONIDAE
Apion (Perapion) curtirostre

A. (Eutrichapion) virens

CURCULIONIDAE
Ceutorhynchus assimilis

C. contractus

C. erysimi

C. floralis

C. quadridens

Stenocarus umbrinus
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THE MOLLUSCA OF A DISUSED NORFOLK RAILWAY EMBANKMENT
K. S. Erskine

266 Unthank Road, Norwich.

Between 1979 and 1982, members of the Society carried out a survey of disused

railway lines in Norfolk, the results of which were published in these Transactions

(Leaney, 1983). From a botanical point of view, disused railway lines have been

shown to provide excellent habitats for many rare and restricted species. The
Norfolk disused railway survey showed that disused lines in the county are certainly

interesting, especially those stretches of line including cuttings and embankments.

Most of the lines were closed during the ‘Beeching era’ between 1963 and 1969

and have therefore been unmanaged for some 15 to 20 years. Prior to closure many
lines were regularly sprayed with herbicide, at least since the nineteen-thirties.

Used tracks are, therefore, virtually devoid of plant life and presumably molluscs as

well.

Colonization of the disused lines has taken place over the past twenty years or

so, rapidly by plant life and more slowly by animal life. In the case of molluscs, with

their poor powers of migration, the immediately adjacent habitats on either side of

the line are likely to be important in determining the species invading a particular

area. Man may contribute to colonization by the dumping of refuse, although on
neither of my two visits to Narborough was found that common associate of man’s
activities, the garden snail (Helix aspersa).

Narborough railway embankment
The Narborough embankment was chosen for the survey because the chalk at this

site is universally near the surface, so that chalk-dependent species (calcicoles) of

restricted distribution in the county might be expected to occur.

On the embankment sides pure chalk is at most only a few centimetres below

the soil surface, and on south facing slopes is frequently exposed, either due to

rabbit activity or to rain wash. On those south facing slopes that are not scrubbed or

wooded, grass growth is not only incomplete but also short and sparse in character.

On north facing slopes grass cover is complete and composed of taller growing

species affording more protection and shade for molluscs. Invasion by scrub and

saplings is more advanced on north slopes, further increasing cover.

The track itself was surfaced in places by gravel and clinker, but most of the

original track material has been removed to expose the underlying embankment
chalk. At the edges removal has been less complete leaving frequent patches of

cinder. Except at these spots the track, judging from its flora, is chiefly calcareous

like the embankment slopes.

A small deciduous wood is present at the foot of the south face of the embank-
ment. Tree saplings such as ash and sycamore are encroaching upon the embank-
ment, in some parts reaching almost to the top.

The surveyed site

The surveyed site was at Grid Ref. TF 753115, some 2 km north east of Nar-

borough, W. Norfolk. A railway bridge crossed a farm track, and the area surveyed

extended for some 15 m north west of the bridge.
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Two visits were paid to the site, the first on 30 July 1983. This was a hot, dry

day during a period of prolonged hot, dry weather, not at all suitable for finding

molluscs. The second visit was on 27 May 1984, a warm, very damp day.

Survey methods

A careful visual search under grass tussocks and other plants was undertaken for the

larger species. Any large stones or fallen branches were overturned and then replac-

ed. Samples of the surface chalk, earth and gravel were removed and sieved at home.
Samples of leaves from the encroaching woodland were also removed and sieved. A
coarse and fine sieve were used, after the material had been dried, in order to obtain

the minute species. Specimens were identified using Kerney and Cameron (1979),

and the present nomenclature follows that work.

Results

The dominant species found on the top of the embankment amongst the coarse

gravel, and where the grasses and herbs were sparse was Candidula intersecta. A
similar looking species, Cernuella virgata was also found here, but in much smaller

numbers.

The chalky soil of the south slope of the embankment contained the calcicoles

Pupilla muscorum and Vallonia excentrica. The deeper layers of the chalky soil pro-

duced the so-called blind snail, Cecilioides acicula. This species spends its whole life

beneath the soil surface in calcareous regions.

Amongst the roots of grass tussocks, particularly adjacent to the parapet of the

bridge, where the environment was somewhat damper, the following species were
found: Clausilia bidentata, Trichia hispida, Vallonia excentrica

,
Aegopinella nitidula

and Monacha cantiana.

A single specimen of Cochlodina laminata was also found near the parapet,

whilst another specimen was found under a rotten ash branch on the embankment’s
south slope. However, I think these were undoubtedly ‘wanderers’ from the small

wood at the base of the embankment, their normal habitat.

Sifting a sample of leaves and other rotting vegetation from the wood at the foot

of the embankment produced the following species: Clausilia bidentata, Cochlodina

laminata, Carychium tridentatum, Punctum pygmaeum, Acanthinula aculeata, Ver-

tigo pusilla, Vitrina pellucida, Aegopinella nitidula, A. pura, Vitrea crystallina,

Vallonia costata, Oxychilus alliarius and O. cellarius.

Most of the above species are commonly found in deciduous woodland with the

notable exception of Vertigo pusilla. Due to its small size, 1.6 mm by 1.0 mm, it is

probably under recorded. However it is quite a rarity in England and this is only the

second record for the vice-county.

Summary
From a conchological point of view the embankment itself does not appear to

support any rarities. It does support the calcicole species Pupilla muscorum,
Vallonia excentrica, Candidula intersecta, Cernuella virgata and the partial calcicole

Cecilioides acicula. The encroaching woodland provided a fairly predictable

molluscan fauna with the notable exception of Vertigo pusilla. The embankment
and adjacent woodland are certainly worthy of conservation in a county rather

237



sparse in land molluscs, especially calcicoles, which are better represented in more
southern regions.
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1985 WEATHER SUMMARY
N. W. K. Brooks

79 The Street, Old Costessey, Norfolk.

January — A very wintry month with a mean temperature of only 0.0°C — as

much as 3.5°C below normal, making it the coldest in Norfolk since 1979. Six days

had maxima below freezing and on the 8th a screen minimum of -20°C was record-

ed at Loddon. There were 25 air frosts and 28 ground frosts registered over most of

the county. Much of the month’s precipitation fell as snow, indeed snow fell daily

from the 1st to 16th, and lay widely on 19 days. The rain and snowfall was heaviest

in N. and N.E. areas bordering the North Sea.

February — Another wintry month but chiefly noteworthy for the exceptional

dryness — indeed it was the driest February in Norfolk since 1891. In some
localities in the extreme N.E. of the county there was no precipitation at all. Most
areas experienced one significant snowfall on the 8th, with snow lying for about a

fortnight. The mean temperature of 1.4°C was 1.8°C below average. Sunshine was
above normal.

March — March continued the trend of coldness with a mean 0.8°C below normal,

which made the month the coldest since 1970. Quite dry conditions prevailed but

snow was observed on as many as 9 days. Sunshine was average. The 31st with a

maximum of 15.5°C was particularly welcome and springlike.

April — Although only slightly warmer than usual it was the warmest for the coun-

ty since 1961. The month closed with a return of cold conditions and some slight

snowfalls. Rainfall was above normal with the highest totals to the west of Norwich.
Sunshine was deficient.

May — It was a much duller month than usual indeed the sunshine defecit

amounted to about 1% hours per day. Winds between N. and E. were frequent, and
thunder was recorded on 5 days. Most areas escaped air frost. Rainfall was rather

above average over much of the county.

June — A truly dreadful month, not only was it the coldest since 1972, it was the

wettest in the Norwich area for at least 150 years, and possibly much longer. Rain

fell on 24 days and over 100 rainfall observers in the county reported their ‘wettest
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ever’ June — (a fact only too believable to those attending the Royal Norfolk Show).

Thornham had the doubtful distinction of the highest rainfall total — an amazing
159.3 mm. Ground frosts were recorded on 3 nights, and sunshine hours were well

below normal.

July — A warmer month than usual — in fact with the exception of 1983 it was the

warmest since the memorable summer of 1976. The hottest day, the 5th, with a

maximum of 28.8°C also experienced a major thunderstorm that moved into the

county several hours after causing a spectacular downpour that interrupted play at

Wimbledon. In the Dilham-Swanton Abbott area hail of golf-ball size was recorded.

This hailstorm dented cars, damaged crops, and broke domestic windows. Sunshine

was rather above average.

August — Another poor summer month with a complete absence of any settled

warm weather and the coolest for the county for 7 years. The 30th however, with a

maximum of 27.1°C gave Norfolk one of the only hot days recorded anywhere in

the British Isles during the month. Rain fell on 21 days but rainfall totals were not

too excessive over most of the county. Winds tended to be stronger than usual thus

adding to the impression of early autumn. Sunshine surprisingly was only a little

below normal.

September — Although the mean temperature was near average it was the

warmest and driest September for 3 years. The hottest day was the 12th with a max-
imum of 26.2°C. Sunshine was deficient.

October — The month opened with a day of quite extraordinary heat, the temper-

ature rising to 27.9°C which made it almost certainly the hottest October day in

Norfolk this century. Indeed it was only a degree below the national record. The
monthly mean was only slightly above average as many nights were quite cold with

3 air frosts and 9 ground frosts recorded. It was the driest October for 7 years with

rain falling on only 9 days. An unusual feature was the complete absence of gales.

November — An extremely cold, wintry, but sunny month with a mean temper-

ature 2.9°C below normal, the coldest November in Norfolk for at least 60 years.

The 14 air frosts helped to produce a mean minimum of -0,1 °C, a very low figure

indeed for November. A sudden sharp frost on the 3rd practically stripped all the

trees in the county of their leaves in the space of a few hours. Sleet or snow fell on 9

days and lay on 3. Rainfall and snowfall totals were very varied, and tended to be

highest in N. parts of the county most exposed to northerly winds blowing off the

North Sea. No gales were recorded.

December — December in contrast was mild, with a mean temperature over

2.0°C above normal, making it the mildest since 1974. The temperature fell at the

end of the month — just too late to produce a white Christmas. Sunshine was very

deficient, being barely 50% of normal. It was a rather wet month with again, an

unusual absence of gales.

The year — The coldest since 1979, with the mean temperature over the county
varying between 0.5°C and 0.8°C below normal. Snow was excessive, falling on 49
days and lying on 34. Gales were infrequent, but so were dry periods, the longest

period devoid of rain being only 1 1 days. It was a rather wet year with most of the

county reporting an annual excess of around 50 mm. Thunder was recorded on 21

days and hail on 12. Sunshine was deficient.
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1985 Weather

MEAN TEMPERATURE NO. OF AIR AND SUNSHINE HOURS
°C GROUND FROSTS

1985 Avg. 1985 Avg. 1985 Avg.

Jan. 0.0 3.5 25/28 11/19 53.8 51.2

Feb. 1.4 3.2 20/21 12/18 81.8 66.8

March 4.5 5.3 14/22 7/17 101.0 100.6

April 8.8 7.3 2/11 4/14 136.7 154.2

May 10.9 10.9 -16 1/6 139.6 193.5

June 12.6 14.0 -13 —/rare 165.2 202.6

July 16.9 16.0 — very rare 221.9 193.9

August 15.1 16.2 — very rare 182.0 186.7

Sept. 14.4 13.9 — -/I 127.3 149.8

Oct. 10.8 10.4 3/9 1/6 123.0 109.1

Nov. 3.6 6.5 14/21 5/12 96.5 67.6

Dec. 6.4 4.2 5/11 9/17 28.7 50.5

Year 8.8 9.3 83/132 49/109 1457.5 1526.5

RAINFALL DAYS WITH DAYS WITH
mm SNOW/HAIL THUNDER

Costessey Taverham 1985 Avg. 1985 Avg.
1985 Avg.

Jan. 77.4 58.4 20/4 5/1 — rare

Feb. 6.1 45.0 4/0 4/1 — rare

March 38.7 42.7 9/1 3/1 — rare

April 74.0 39.9 3/3 1/1 1 1

May 57.0 41.7 — rare 5 2

June 132.5 43.2 -/I rare 6 3

July 59.8 57.9 -/I rare 4 3

August 79.4 54.9 — —/rare 4 3

Sept. 19.3 53.6 — —/rare 1 2

Oct. 13.7 62.5 — —/rare — 1

Nov. 66.6 71.1 9/2 2/1 — rare

Dec. 82.7 57.7 4/- 3/1 — rare

Year 707.2 628.6 49/12 19/7 21 15

Averages quoted are for 45 years to 1978 for rainfall, otherwise 16 years to 1984.
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NOTES FOR AUTHORS

The Transactions are published each year in the spring. Manuscripts should be with

the editor by 1 December of the previous year.

Authors are requested to write to the editor for a copy of Instructions for Authors

before writing a paper.

This issue of the Transactions may be used as a general guide to content and format,

but it is advisable to consult the editor before preparing final text, figures etc. Failure

to do this might result in delayed publication.

The editor will be pleased to discuss proposals for papers by any member, and will

help novice authors with the production of material.

All communications, including manuscripts for publication should be sent to:

Dr A. G. Irwin, Castle Museum, Norwich, NR1 3JU.

NORFOLK & NORWICH NATURALISTS’ SOCIETY
Patron: Her Majesty the Queen

The County’s senior natural history society. It has for its principal objectives the

practical study of natural science, the conservation of wild life, the publication of

papers on natural history, especially those related to the county of Norfolk, arranging

lectures and meetings and the promotion of active fieldwork. Specialist Groups cover

most aspects of the county’s flora and fauna.
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Secretary:
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