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ABSTRACT

THE EFFECTS OF SALINE PUMPING WATER ON
FRESHWATER INVERTEBRATE COMMUNITIES

Linda M Bird

Saline effluents associated with coal mining affect many
rivers in the English East Midlands. The effects of one
such effluent, with a salinity «close to that of sea
water, were investigated by invertebrate sampling and
chemical monitoring.

Mathematical analyses showed that elevated salinity
reduced faunal diversity and altered species composition.
Some species were indicative of increased salinity,
including Lumhricillus riv&lis> Paranais 1litoralis and
Gammarus tigrinus.

A computer program was devised to predict species lists
for saline affected sites from environmental data. The
program was tested and used to predict changes in fauna
which would result from an increase in salinity.

Life history studies in the field and laboratory were
designed to explain the distribution of several species
in relation to salinity, Gammarus tigrinus was more r
selected than G. pulex. It was also able to reproduce in
fresh water and would probably remain in the rivers of
the Midlands if saline pollution was eliminated. Tubifex
tubifex was unable to reproduce above a salinity of 56mM
NaCl. Lumhricillus rivalis had optimal reproductive
success at 56mM NaCl, and was found to rer>lace
Tubificidae at saline sites.

In physiological experiments the salinity tolerance of
freshwater species such as Gammarus pulex was similar in
NaCl solution and in sea water. The estuarine Gammarus
tigrinus and Gammarus zaddachi were Dbetter able to
tolerate salinity in seawater, when 10mM potassium was
present.

Recommendations were made for less harmful disposal of
saline effluents. The most economical method may be to
release dilute effluents, provided the concentration in
the receiving river remains below 14mM chloride.
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CHAPTER ONE

General Introduction

1:1 Introduction

The history of river pollution in Britain probably dates
back to the establishment of the first large settled
communities, which poured raw sewage into the rivers from
a localised source. One of the earliest written records
of river pollution, however, from Spencer’s Faerie
Queene" and dating from the 16th Century, concerns mine
pollution rather than domestic wastes, and describes the
River Dart in Cornwall as "nigh choked with sands of
tinny mines" (Hynes, 1970). This is significant in a
country whose industrial wealth was based on large
reserves of coal, iron ore and other minerals which
provided power and raw materials for the newly developing
industries during the Industrial Revolution.

There is thus a long history of pollution from mines of
all types in Britain, and concern about the condition of
rivers polluted Dby Dboth domestic and industrial wastes
resulted in the first Act designed to limit such
pollution, which was passed by Parliament in 1874. This
Act and several others which followed, were only
partially successful, and when the regional Water
Authorities were formed in 1974, with a statutory duty to
control polluting inputs into rivers, many water Dbodies
in the industrial areas of Britain were still in very
poor condition, with discharges from old mines and
factories dating back for more than a century.

These older mines and factories were able to release

wastes into rivers with no thought as to their effect on



water quality, and the subsequent <reduction of the
pollution load from their effluents has proved difficult
and expensive, In the late 1980’s, many discharges remain
which are unacceptable in quality, causing gross
pollution, but which have no easy method of improvement,
Many of these discharges originate from coal mines, which
must not only dispose of large quantities of solid spoil,
but must continuously pump out water from workings to
allow coal to be mined.

There have Dbeen many studies on the effects of the acid
coal-mine drainage commonly found in Wales, North-West
England and North America (eg Roback and Richardson,
1.969; Learner et al,, 1971; Greenfield and Ireland, 1978;
Larrick et al., 1979; Scullion and Edwards, 1980;
Weatherley and Ormerod, 1987) but very little published
work is available on the effluents discharged Dby the
numerous collieries in the English East Midlands, which
are typically neutral in pH and saline, The East Midlands
includes the counties of Nottinghamshire and Derbyshire,
together with parts of South Yorkshire, North
Leicestershire and Lincolnshire. There has been some work
on the effects of saline effluents in North America
(Claasen, 1926), but these are due to the potassium
extraction industry, and oil production, rather than to
coal-mining.

A literature search of Dbiological data bases revealed
only one reference to saline mine effluents in Britain
(Beadle and Cragg, 1940) which briefly described a saline
stream in County Durham, although there were ©papers on
saline ponds and streams 1in Cheshire (Savage, 1981;
1982), and the saline River Weaver in Lancashire
(Holland, 19706), and references to saline pollution in

other countries (eg North America; Claasen, 1929; Sitter,



1947: West Germany; Wachs, 1963). It thus appeared that
saline coal-mine pumping water was a problem of the

English East Midlands which had received little ©previous

attention.
Researchers on coal efffluents mention the
orange-coloured deposits of ferric hydroxide (ochre)

which stain river Dbeds and in some instances directly
affect the distribution of invertebrates due to
smothering (Greenfield and Ireland, 1978). Fresh deposits
of solid colliery waste are neutral in pH in most areas,
but after some years of weathering, most coal-tii> wastes
become more acid due to the oxidation of iron pyrites
(FeS) which produces sulphuric acid and iron oxides. This
process 1is enhanced by the action of sulphur and iron
bacteria. The iron Dbecomes soluble in acidic solutions
and contributes to the toxicity of the effluents. In some
areas, the run-off from coal tips 1is treated with
hydrated lime to neutralise it before it is released into
rivers. In the East Midlands, this process occurs
naturally, due to the high concentration of calcium ions
in the g'round-water, dissolved from surrounding

limestone.

152 Coal-field Geology in the East Midlands

The major rock formations in the area are shown in Table
1:1. The East Midlands Coalfield covers an area of 2,400
square miles (104km2) and is the western part of a coal
measures basin of unknown extent. The coal measures reach
a thickness of 5,000 feet (1667m), and in the West are
close to the surface, while to the east they are buried
under increasingly thick layers of Permo-Triassie or

Jurassic rocks (Ministry of Fuel and Power, 1945) . The



TABLE 1:1

Ma.ior Rock Formations i1in the North Midland Coalfield

(Ministry of Fuel and Power Report, 1945)

Rock Formation Range of Depth
Period (m) in the East Midlands
Recent clays, sands and gravels 0-57
Jurassic clays, limestones and sands above 467
Permo/ New Red Sandstone up to 667
Trias Triassic marls and sandstones,

Permian limestones and marls

with basal sands or braccia
Carboniferous "Upper Coal Measures” up to 200

mudstones, sandstones

and thin coal

"Middle and Lower up to 1667

Coal Measures”

mudstones and sandstones with

many coal seams

Millstone Grit 33-1667

grey mudstones and sandstones

with thin coal

Carboniferous Limestone 283-1667

All depths are converted from feet as in the original

text to metres (m)



individual beds of <coal were originally laid down as
approximately level sheets which extended over a much
wider area than that mined at present. After the coal
measures were formed earth movements elevated the strata
and buckled them into a series of ridges. This
accompanied a period of arid conditions over the uplifted
area of land, and at this time there was rapid erosion,
removing coal and Millstone Grit from the surface, in
some areas down to the Carboniferous Limestone. This left
the land as an almost flat plain with limestone outcrops
and coal ©preserved 1in depressions. In the succeeding
downward movements of the land these eroded sediments
were covered with Permian and Triassic rocks, which were
continental deposits, in contrast to the Carboniferous
formations, which were primarily estuarine and marine in

origin. Overlying the coal measures is a roof of marine

shells consisting mainly of Lingula mytiloides,
Posidoniella minor, Pterinopecten papyraceus,
Gastrioceras carbonarium, G. listeri and various other
gastropods.

Over this "roof’ are two Dbeds of Permian Limestone
separated by red marl and sandstone. This limestone is
44% magnesium carbonate, with beds of gypsum, both of
which are commercially quarried in Nottinghamshire and
Derbyshire. These limestones may also contain beds of
rock salt up to 20 feet (7m) thick. This assemblage of
rocks indicates that they were laid down in a land-locked
basin similar to the present Caspian Sea, surrounded Dby
hot desert.

Overlying the Permian limestones are Triassic sandstones,
which cover two-thirds of the coalfield. The more recent
deposits above this are black shales covered by glacial

drifts.



13 Formation of Saline Ground-Water in Goal Measures

Most of the ground-waters 1in the FEast Midlands are
saline, especially where circulation of underground water
is restricted due to the low permeabilty of surrounding
rocks and/or the lack of a natural outlet for drainage
(Downing and Ilowitt, 1969). This salinity increases from
the SW to NE of the area, Many authors consider that such
saline waters developed from sea water trapped in marine
sediments at the time of their formation (eg White,
1957), although others (eg Chebotarev, 1955; Schoeller,
1962 and Anderson, 1967) point out that high salinities

can be achieved through solution of soluble materials in

the rocks, such as the rock salt found in the
Permo-Triassic formations in the Midlands. Anderson
suggested that the chemical composition of saline

groundwaters in the Midlands was not identical to that of
ancient sea water, and in particular that the waters
contained much more calcium chloride than would be
expected. Downing and Howitt (1969), however, considered
that the groundwaters of the Midlands were essentially
marine in origin, and changes in chemical composition
were due to flushing of the pore water from the limestone
during periods when the strata were uplifted, and their
dilution by rainfall. The changes in ionic ratios found
in the g'round-water when compared with sea water (Table
1:2) are believed to be due to reactions Dbetween the
original sea-water and the sediments, commencing soon
after deposition and continuing for a considerable
period, These changes involved the reduction of sulphates
(Emery and Rittenburg, 1952) and a decrease 1in the

magnesium and potassium concentration (Chave, 1960). The



TABLE 1:2

Proportions of Ma.ior Ions found in Standard Sea Water

Compared to Mine Drainage Water from Creswell Colliery

Ion Sea Water
Na+ 459
ci" 535
Mg2+ 53
Caz+ 10
K+ 10
S042+ 28
Br+ 1.0

Na*/C1l“ ratio

T+ /Cl- ratio
Mg"21/Cl-

S042+ /Cl- ratio
Ca2*/C1" ratio

Source of figures for

o o O o O

.56
.02
.07
.14
.02

(mM) Mine Drainage

Water (mM)

326
602
19

122
0.6
1.5
'14

0,35
0.001
0.02
0,006
0.06

standard sea water was Nicol (1967)



groundwater can also be concentrated in geological strata
such as clays which act as semi-permeable membranes
(Sitter, 1947).

Saline ground-waters are an extremely common companion to
coal and oil-bearing rocks in the east of Britain, and in
many countries throughout the world such as the Americas,
Belgium, India and New Zealand (Hodges, 1983) . In
Britain, there were several brine springs in
North-Eastern England which disappeared from the surface
when coal began to be mined in the area, to become a
problem in mine workings throughout the area (Hutton,
1831) . These Dbrines are, however, able to be discharged

directly into the sea in most cases.

1:4 History of Coal Mining in the East Midlands

The North Nottinghamshire and South Derbyshire area is
underlain by large reserves of coal. Some of this has
been mined since Roman times in the Western part of the
area, around Chesterfield, where the coal outcrops to the
surface (Figure 1:1). This is termed the "exposed
coalfield’ and regularly shallow mining in this area
began in the Middle Ages onwards (Area 1 on Figure 1:1).
Indeed, in 1552, the first horse-drawn railway in Britain
was built at Wollaton near Nottingham to carry coal
between Wollaton and Strelley by Sir Percival Willoughby,
who owned the Wollaton Estate (Griffin, 1971).

By the middle of the eighteenth century 100,000-150,000
tons of coal were Dbeing burnt annually in Britain
(Griffin, 1971). This coal came from shallow mines (less
than 700ft, 233m deep) on the exposed coalfield. By the
mid nineteenth century, however, most of the coal in

these areas was exhausted, and new mines were sunk
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progressively further east on the concealed coalfield in
the Leen Valley (Green, 1935) (Area 2 on Figure 1:1). The
shafts for these mines were sunk to an average of 850
feet (283m) (Williams, 1962) between 1859, when Shireoaks
Colliery was begun (Anon, 1956) and 1875, when the pit at
Newstead Abbey was opened.

Between 1890 and 1896, five new collieries were opened in
the Mansfield area to the East of the Leen Valley (Area 3
on Figure 1:1). These were followed Dby Gedling,
Mansfield, and Sherwood between 1900 and 1905. After this
eleven new pits were sunk in the Sherwood Forest area
(Area 4 on Figure 1:1), for example those at Clipstone,
Ollerton and Thoresby (Waller, 1983) . Some of these
collieries needed to sink very deep shafts (2,640 ft,
880m) to reach the coal of the "Top Hard" seam, which
earlier collieries to the west had mined into at a much
shallower depth. By 1945, there were 92 collieries in
Nottinghamshire and Derbyshire, 26 in the older exposed
area and 66 in the newer concealed field, where each
successive wave of pits was opened further to the east,
The removal of the water which floods intocoal seams as
soon as the water table is reached was a gradually
worsening problem for these mines as they were sunk
progressively deeper. The earliest mines in
Nottinghamshire, such as Wollaton, used a system of small
conduits which connected with larger drainage channels or
adits. This system was never very satisfactory, however,
and beam and other pumping engines were installed in all
mines as they Dbecame available. The need for adequate
drainage became increasingly urgent as shafts were sunk
deeper, encountering water at higher ©pressure which
flooded seams very quickly 1if not removed. The newer

mines also needed to cope with the problem of flooding

1"



from older, shallow workings which had been abandoned and
were encountered as new shafts were sunk.

In very shallow mines, the drainage water was fresh or
slightly saline, but as mines were sunk deeper, brine
springs were encountered, for example 1in a Dboring at
Ollerton (Wilson, 1926) a feeder of strong briny water
was encountered at a depth of 987 feet (328m) and
overflowed into the hole at a rate of 50 gallons per hour
until operations ceased. The water, saline or otherwise,
was pumped to the surface and then either piped to the
nearest river or directed into lagoons and drainage
channels which drain into the nearest river. Many of the
mines were situated at the head of valleys, and the
streams which were available to take away the mine
drainage water were very small.

One such colliery was at Creswell, and the workings at
this colliery produced streams of vey concentrated Dbrine
which was discharges directly into a small stream,

Millwood Brook.

1:5 Millwood Brook and the History of Creswell Colliery

The river system chosen for the field work for this
project was the River Idle catchment, which includes many
rivers which flow through mining areas, such as the Maun,
Meden and Poulter, Rainworth Water, Vicar Water and
Millwood Brook,

Millwood Brook was chosen for detailed survey work as
this small river receives a quantity of pumped mine
drainage water which is very large 1in relation to its
total flow, and the salinity levels <close to the
discharge are thus very high, allowing the effects of a

sudden increase in salinity followed by a decline to be

12



FIGURE 1:2

Sketch Map showing Millwood Brook and the River
Poulter together with the position of Creswell,

Nether Langwith and Whitwell.

Inset is a small map showing the position of
Creswell and the River Poulter in relation to the
River Trent and the surrounding cities of Derby,
Nottingham, Sheffield and Hull.

The position of sampling sites M1, M2, M3, M12,
M16, M17, M18, M19, D and E are shown, and the
position of the mine drainage water inputs indicated
by arrows. (The positions of other sites are shown in

Figure 1:3)

13
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investigated in the same water course.

Millwood Brook is a tributary of the River Poulter
(Figure 1:2), and it receives pumped mine drainage water
as it flows through Creswell Crags, a Site of Special
Scientific Interest, due to archaeological remains of
early human occupation in a series of Permian limestone
caves which cut into the walls of the gorge. There is an
archaeological research team based at a modern visitor
centre, and the whole area 1is a popular tourist
attraction, receiving 250,000 visitors per year, as it is
close to two large centres of population, Sheffield and
Nottingham.

All the wvisitors to Creswell Crags must walk alongside
Millwood Brook to reach the caves (see Figure 1:3), The
obvious pollution of the river provides a contrast to the
pleasantly wooded gorge through which it flows, and
provokes many comments from visitors to the area. In
addition to mine effluent flowing from a large concrete
pipe, which stains the river Dbed orange and produces
steam in winter (Plate 1), there is also, on the opposite
bank to the footpath, a water reclamation (sewage) works.
This works receives waste from Creswell Village
(population approximately 5,200), and has three discharge
points on the river, one directly opposite the orange
effluent input, one 75m below this input and one 130m
downstream (see Figure 1:3).

Previous work on the river has been carried out by
Creswell, 1984 and Dodd and Terrell-Nield, 1985,
investigating the fauna and chemistry of the section of
river at Creswell Crags. They found that the effluent was
non-acid, with a pH above 6.5, and extremely saline, with
a salinity approximately equal to that of sea water. The

pumped drainage water was also released at a temperature

15



FIGURE 1:3

Sketch Map showing Millwood Brook in the area of

Creswell Crags.

The positions of sites M3 to Ml2, A and B are
shown. Arrows indicate the direction of flow.

The position of inputs of Mine Pumping water
M), water from Crags Pond (C) and sewage effluent

(S) are indicated by letter.

16



CRESWELL CRAGS

Robin Hood's Cars Utothar Grundy's
Parlour

VISITOR CENTRE

PtCNtC AREA

910

SEWAGE WCfIKS

Church Hols Boat Hows)
Cars

17



PLATE 1

Views of Millwood Brook looking upstream towards
the Pumped Mine Drainage Water outfall, which can be
seen on the right of the pictures. The storm sewage

outfall pipe can be seen on the left of photograph 1.

Photograph 1 was taken in July and photograph 2 in

February

18






PLATE 2

Sewage litter from the storm sewage outfall on

the bed of Millwood Brook.
Photograph 1 was taken 5m Dbelow the Pumped Mine

Drainage Water outfall, and photograph 2 40m below,

two weeks after the sewage was released.

19






of approximately 20°C, winter and summer. This was due to
the depth at which the water was encountered, as
groundwater heats with depth.

Parts of the stream are also affected by effluents from
the Creswell Water Reclamation Works, which introduces
three discharges into the river. The first, released
directly opposite the mine pumping water input (see
figure 1:3) is intermittent, and used after sudden heavy
rain or overloading at the works, and 1is the least
aesthetically acceptable input as it discharged
completely untreated sewage into the river (Plate 2). The
third effluent consisted of 1-5Ml1/day of treated sewage
with a consent standard BOD (Biochemical Oxygen Demand)
of 10-15mg/1 02 (Severn-Trent Water Authority Report
1987), and the second is a flow of river water diverted
from Crags Pond through the Water Reclamation Works area
and released 75m below the mine input.

In addition to the discharges received at Creswell Crag's,
Millwood Brook, along its 1l4km length from its source at
Markland Grips (SK 503 747) to its exit from Welbeck
Great Lake (SK 547 751), where it Jjoins the River
Poulter, has consents given for 27 discharges. Of these,
16 are from water treatment works, 10 from industry and
one from farm drainage. Of the 10 industrial discharges,
three are from Steetley Minerals, a company which
quarries limestone from near Creswell Crags, and the
others saline effluents from the collieries at Creswell
and Whitwell. There are chemical standards required by
the Severn-Trent Water Authority for all these effluents,
but surprisingly no limit is set for the level of either
sodium or chloride released by collieries, despite these
two chemicals forming the major components of the

effluents.
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The coal-mining rights at Creswell were purchased from
the Duke of Portland in 1888 Dby Emerson Muschamp
Bainbridg'e (Williams 1962), who founded the Bolsover
Colliery Company (Griffin 1971). The shafts for the mine
were sunk between 1896-1898, and in 1898 the colliery was
producing 3,000 to 3,200 tons of coal a day. Up to 1908,

the colliery held the world record for production (3,800
tons/day), until it was overtaken in that year by Warsop.
The main seam of high quality "Top Hard” coal was reached
at 1095 ft (365m), and salty water was encountered early
in the digging of the shafts. The water was originally
discharged to the Millwood Brook via an open channel, but
later a pipeline was constructed wunder the valley to
discharge the water below Crags Pond, where it is
situated today,

A "model village” was built to house the workers at the
colliery, which originally had over 1,000 workers, and
still employed 939 in 1983. Most of the coal from
Creswell (92%) now goes to the C.E.G.B. power stations in
the Trent Valley, and the colliery has an annual output

of 671,000 tons (NUM Nottingham Area Report 1983).

1*6 Aims of the Research

This research project was undertaken to describe and
explain the effects of saline mine effluents on the
rivers of the English East Midlands. In the first phase
of the work, rivers were to be surveyed to discover the
distribution of saline affected water-courses and the
invertebrate animals present in saline and non-saline
rivers. Detailed field sampling was to be carried out on
Millwood Brook.

These field results were then to be modelled wusing
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mathematical techniques, to devise formulae to predict
the effects of increased salinity on freshwater
communities, which could then be used in setting limits
for future saline discharg'es,

The next stage in the work was to be an attempt to
explain the distribution of species in saline affected
rivers using' life-history studies, which were to be
carried out in Dboth the field and the laboratory. Four
species were to be chosen for these studies, two which
were "saline-tolerant” and two which were
"saline-intolerant” . The life histories and effects of
increasing salinity on the reproduction of the four
species were then to Dbe used to explain their
distribution in relation to salinity.

The toxicity of saline solutions to invertebrates was
then to be investigated, and finally the physiological
effects of increasing salinity were to be studied in the
laboratory, using measurements of physiological stress

such as respiration, mobility and sodium balance.
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CHAPTER 2

Invertebrate and Chemical Surveys of Millwood Brook

and the River Idle Catchment

211 General Introduction

Benthic invertebrate surveys are important in the
biological monitoring of the effects of pollution on
rivers (Hellawell, 1986). This approach is usually chosen
as, unlike fish, invertebrates cannot voluntarily move
away from a source of pollution and rapidly return once
conditions ameliorate. Some invertebrates are more
tolerant of pollution of various types than others, and
these tend to remain below a source of pollution while
others are killed. Thus a study of the composition of the
invertebrate fauna above and below a source of pollution
can provide much information regarding the severity of

pollution, and the length of time over which it has

occurred. In addition, invertebrates are present in all
but the most polluted river sites, can Dbe easily
collected and handled in the laboratory, and much
information has been published concerning their

identification and ecology.

Chemical samples are usually collected to supplement
invertebrate samples in order to provide information on
the specific nature of any pollutants present. These,
however, have the limitation of only providing
information about the condition of the river water at a
single instant, and only those pollutants known or
suspected to be present can be measured.

A detailed invertebrate survey of Millwood Brook in the
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vicinity of Creswell Crags was therefore planned, and a
more general survey of the rivers in the River Idle
catchment was undertaken to discover the extent of the

effects of saline mine effluents in this area.

2:2 Millwood Brook

2:2:1 Methods for gualitative and quantitative

invertebrate sampling and chemical analysis

Twenty-four sites were selected for invertebrate
sampling, nineteen on Millwood Brook and five on inputs
and tributaries. Sites were selected on the basis of
their distance from a source of pollution and their ease
of access. Most sites were in riffle sections (areas of
the river bed where stones Dbreak the surface of the
water) and all were shallow enough to be sampled on foot.
Sites were further apart away from the input of pumped
mine drainage water and closer together below this point
to detect any rapid changes in fauna. Details of the
sites are given under the "Site Descriptions" heading'.

Once a month between April 1986 and April 1987, 500ml of
river water was collected in polypropylene bottles from
below the water surface, across the width of the river at
each site to obtain a representative water sample. These
samples were analysed 1in the laboratory using a PTIO
portable conductivity meter, a Corning model 7 pH meter
and a Corning 925 "chloride" analyser. The last measures
total halide ion concentration and although the x-esults
are calculated in terms of chloride alone, ,, about 5% of
the halide present is known to be bromide (Dodd and
Terrell-Nield, 1985). Calcium was measured on a Corning

940 calcium analyser, which uses a fluoresence reaction,

= s B N



and sodium concentrations were measured in July and
December using a Corning-Eel flame photometer, Water
temperature was measured in the field wusing a standard
mercury thermometer. Dissolved oxygen concentration of
the water was measured in the field in December and July
using a portable oxygen meter.

To analyse the river water, sediment, pumped mine
drainage water and sewage effluent for metals and other
ions, several samples were analysed by electron-probe
microanalysis. This method records the presence of all
elements with an atomic number greater than 16, and gives
an indication of the relative proportions of these ions.
100ml samples of river water from sites Ml and M5 were
evaporated to dryness, in addition to 100ml samples of
mine drainage water and sewage effluent, and a sample of
the orange sediment collected fr-om the surface of rocks
below the mine drainage water input. Small samples of
these were placed on carbon stubs and analysed by the
electron-probe analyser, which was connected to a
scanning electron microscope and computer, calculating
peaks of activity corresponding to each element present
in the sample.

The invertebrate fauna at each site was sampled in April,
July and October 1986, using a standard kick and search
technique, Three samples were taken from each site as it
was shown by Furse et al. (1984) that this method of
sampling produced a more representative species list than
samples taken in only one season.

Kick sampling is used by most freshwater biologists to
obtain benthic samples and essentially consists of
placing a fine-mesh (900um mesh size) net downstream of
the operator on the river bed, and then disturbing the

sediment with the foot to a depth of several centimetres,
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allowing displaced animals to be washed into the net.
This technique 1is most effective in shallow water where
animals are not washed over the top of the net, and where
the substratum can be clearly seen, so that kick samples
can Dbe taken at different habitats within a sample site.
In addition, a manual search of the wunderside of rocks
and debris such as tree branches is carried out to ensure
capture of clinging animals such as flatworms and leeches
etc, which might not be dislodged by kicking.

The method was tested by Furse et al. (1980), who found
that a three-minute sample from a site could collect 60%
of the species which were collected from an eighteen
minute sample.

Since many of the sites sampled 1in this survey were
already poor in both species and numbers, it was decided
to sample for three minutes only at each site to minimise
the disturbance. Furse et al. (1980) also found that
species-level identification reduced the numbers of
"mis-classified" sites, so all invertebrates collected in
the survey were identified as far as possible, to species
where keys were available, and to the lowest level
possible when species-level keys were not. The exception
this rule were the Sphaeriidae and Hyracarina, whose
identification was considered to be specialised.

All samples were sorted 1live and the invertebrates
preserved in 70% alcohol for identification (using the
keys listed in Armitage et al., 1980), with the exception
of the enchytraeids and planarians, which were identified
alive.

To assess the numbers of oligochaetes and gammarids
present in different stretches of river, core samples
were taken during the summer at sites M1, M3, M4, M5, Mo,

M7, M8, M9, Mil, and Ml2. The corer used consisted of a
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FIGURE 2:1

Sketch Map showing Millwood Brook and the River
Poulter together with the position of Creswell,

Nether Langwith and Whitwell.

The position of sampling sites M1, M2, M3, Ml2, Mle,
M17, M18, M19, D and E are shown, and the position of
the mine drainage water inputs indicated by arrows.
{The positions of other sites are shown in Figure

2:3)
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FIGURE 2:2

Sketch Map showing Millwood Brook in the area of

Creswell Crags.

The positions of sites M3 to M1l2, A and B are
shown. Arrows indicate the direction of flow.

The position of inputs of Mine Pumping water
(M), water from Crags Pond (C) and sewage effluent

(S) are indicated by letter.
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FIGURE 2:3

Diagram to show the distance from source of all

sampling sites and inputs on Millwood Brook.

Sites are indicated by number and inputs Dby
letter. The section between 5 and 6 Km from source 1is
shown expanded, as sites are closer together in this

area.
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