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AIM OF THE STUDY

AR ¥

The primary aim of this study was to make a general
ecological survey of the invertebrate fauna (Bottom-fauna,
Shore-fauna and Crustacean zooplankton) of the Shropshire

Union and, Llangollen Canals.
The,secondéry aim was to investigate:-

(1) The differences in the invertebrates distribution

along the length of each canal.

(2) The effect of the chemical and physical properties
of the wateern the distribution of the

invertebrates along each canal.

.[3) The seasonal qualitative and quantltative changes
~in the invertebrates of each canal, so that the
changes -in the population caused by the changing

of the environmental conditions could be

understood.

(4) To compare the invertebrates of the Shropshire

Union Canal with those of the Llangollen Canal.

1.
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ABSTRACT,

Five sites were chosen on the main Shropshire Union Canal
and fhree on the Llangollen Canal. Monthly quantitative éamples
of the bottom fauna, shore fauna, and crustacean zooplankton were
‘taken from all sites over a period of 24 months from the Shropshire

Union Canal, and over 18 months from the Llangollen Canal.

An account for the topography and the geographical location
of the sampling sites on the Shropshire Union and Llangollen Canals
are given, for it is believed.that these are important and affect

the physical conditions of the canal waters.

Sampling apparatus and procedures are described suitable for
quantitative collection of the bottom~fauna, sﬁore-fauna and’
crustacean zooplankton of the two canals, including the sites with

rough and uneven bottoms.

Experiments were done, as a further contribution on the
assessment of the accuracy of the dredge, which was designed for

sampling the bottom fauna of canals.

,The.qualitative and quantitative composition of the invertebrate

varied with season and prevailing physical and chemical conditions.

The seasonal qualitative and quantitative changes of the more

common invertebrates are described. Monthly size frequency

distributions of the more common species are illustrated graphically

and in tables.
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The water chemistry of the th.cahals was investigated by
collecting samples from all sites. The results obtained by
standard analytical techniques showed that the following
constituents all exhibited definite gradients along the canal:-
PH, Total hardness, Calcium and Magnesium concentrations (as mg
per litre). These constituents showed a difference in concentration

from one site to another.

The Llangollen Canal water chemistry was sigdificantly

different from the Shropshire Union Canal.

Undoubtedly, many reasons for the restriction of any particular
species to a particular environment lies in the basic chemical and

physical features pertaining to that environment. These have been

described and discusséd in results and discussion.

Some groups, (notably Tubificidae, Chironomidae larvae and
pupae,limnephilidae larvae) could not be fully identified within the

scope of this study. The general composition of the invertebrate

fauna at all sites can be seen in the tables.

The work provides guide lines which might be profitably used in
investigating the life cycle of some Ephemeroptera, Trichoptera and
Hemiptera. It should also be useful for work concerned with

maintenance of fish and fish food organisms and the assessment of

pollution in canals.
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1, INTRODUCTION

Until recently, very little research has been carried out
on canals compared with other freshwaters, such as rivers, streams
and lakes.

'

Like most inland waters, canals present a wide range of plant
and animals species, they also have a balanced natural economy but
with well-marked seasonal fluctuations. 1In addition to these
common characteristics, canals have certain advantages over the
other bodies of water cs subjects for biological study. A canal
may traverse widely differing tracts of country, and yet as an
engineéred waterWay many of its reaches are physically compared.
It is usually both narrow and shallow encugh to be sampled easily
from the towpath without elaborate equipment. Its regime is
carefully controlled so that neither ?lcoding nor drying out occur

except under exceptional and infrequent occasions.

_Very little ecological work has been done previcusly on the
canals. A paper by Boycott and Oldham, (1838) dealt with the
Mullasca, Wilson (1952) contributed popular and useful articles,
chicfly on historical aspects of the canals to the Shropshire
Magazine. The ecological field work carried out by Preston
Montford Field Centre, Twigg (1958), was concentrated on the North-
Western branches of Shropshire Union Canal system, and used only
for teaching purposes. Twigg, H.M. (1959) wrote a paper on both

used and disused parts of the Shropshire Union Canal.
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An attempt has also been made to give a balanced account of
the Lléngollen Canal as a whole environment by.the M.Sc,

Environmental Resource Course at Salford University (1968).

The present work on the Shropshire Union Canal and the
Llangollen Canal 1s the outcome of a general stﬁdy on the two
canals. The desirability of recording the present stage in the
ecological changes, andlthe possibility of setting standard methods of

sampling, sorting and recording might be of use in the study of

canals elsewhere in the country.

The establishment of reliable check-lists of the speciles of the
invertebrates found in the Shropshire Union and Llangollen Cahals
were felt to be an essential part of any basic ecological study and
one which would obvicusly prove most useful in connéction with other
work on the fauna of the canals. In conjunction with an inquiry of
this type, it was also considered‘desirable to find not on;y what
species are present in the two canals, but also how they are
distributed. Ideally, such distribution should be studied both in

time and space. Other aspects such as the physical and the chemical

changes were considered.

Quantitative samples of the bottom-fauna were taken. It was
decided to follow the method developed and tested by the help of
Dr. Pugh Thomas and other members of_phe Blology Department, using a
specially designed dredge. This apparatus worked satisfactorily on

all sites except the Horse-shoe falls site on the Llangollen Canal,

where bottom-fauna samples were taken with an Ekman grab, as the water



was too deep to use the dredgs. .

A kicking technique, and hand-net with 24 meshes/cm was used

to collect the shore-fauna samples.

It was convenient to have such a conical net of coarse mesh

silk (48 meshes/cm) for collecting crustacean zooplankton samples.

Certain chemical and physical factors [Température. pH, 02
concentration (p.p.m.), Total hardness, and Calcium and Magnesium
concentrations (mg per litre)) were obtained either by'recording in
the field or by taking samples for laboratory analysis. The only
chemical surveys carried out only on the Llangollen Canal were by
Boycotf and Oldham (1838), by Mid-Cheshire Water Board (1957),

H.M. Twigg (1859) and T. Christian (1969).
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There are 46 locks on the main’iine, and at Nantwich and Stretton,
there are two cast-iron aqueducts with the original cast-iron

balustrades carrying the canal over trunk roads.

Llangollen Canal:~-

g

The Llangollen Canal had its origins in the éighteenth cehtury.
when the iron foundries of Coalbrookdale were a focus of the Industrial
Revolution (Raistrick 1953). It was one of the first steps to meet
the need for improved communications in the region, and to carry goods

in and out of North Wales.

The Llangollen Canal runs from the dese-shoe falls'WBir.‘on the
River Dee, near Llaptysilio in North Wales, to Hurleston Lock. From
the Horse-shoe falls, the canal passes through five neighbouring
counties, linking up with the Shropshire Union Canal at Hurlston
Junction in Cheshire. Its greater paft runs through the Shropshire-

Cheshire Plain, as shown in Diagrams 1A and 1B.

The plain 1s a basin-like syncline of New-Red Sandstone, (Trias),
with a rim of Carboniferous rocks - Coal measures and limestone - to
the West and South, (Pocock and Whitehead, 1948). Beyond this rim, more
ancient rocks rise into sharp relief. The surface of the plain is
thickly mantled with glaclal deposits, ranging from heavy boulder clay,

to loose sands and gravels, which give variety and fertility to the soil.

Industries are concentrated on the Carboniferous outcrop, with its

resources of coal, iron end lime. Elsewhere, the economy is largely

rural, with dairy farms on the plain giving place to sheep farms. The

pattern of the canai‘network. can be understood in terms of these
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physical and economic factors. Its original traffic depended on
the exchange of minerals and agricultural prodﬁce; a barge carrying

coal or iron in one direction, might return, laden with cheese or

wood.

Imprbvement in roads and ra{l transport brought about the
decline of the Shropshire Union and Llangollen canals. At the
present day they are still open, but only for pleasure traffic. The
two canals run mostly through gently undulating land, no higher than
300 feet 0.D. Three large rivers flowing Eastwards out of Wales -
the Severn, the Tanat (for Shropshire Canal) and the Dee (for the
Llangollen Canal) have been used aé feeders. These give the average
rate of flow in both canals. 0.5 - 0.7 feet per second, or about

18 million gallons, per day.

To maintain its level with minimum of locks, even in the lowland,
the course of the two canals pass through a sequence of cuttings and .
embankments.  Numerous hump-back bridges cross the canals, (though
several have been levelled in the interests of road-traffic) at these

points, the canal narrows to barge-width.

The average width of both canals is 35 feet, and the maximum depth
sbout B6f feet at the centre. Full maintenance operations are still
carried out on both canals. The towpath is Kebt in repair and mown
annually; pat?hes of the bottom and gides are relined with clay where

this is essential; water weeds are cut occasionally; dredging is

carried out as required.

The use and maintenance of the canals has important leaving on

their biology for instance.
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(1) The state of repair exerts a direct or indirect control
on almost every influential factor. Use and maintenance ensure
constant flbw and level, and keep the canals clear of weeds. There
is room for a good plant succession on either sidé which is further
favoured by the gentle shore gradient-if the banks of the deep water
have slumﬁed{ The two canals are shallow enough through to be
inhabited to its full depth by a wide range of organisms, end for

photosynthesis to occur even in the deepest waters.

(11) Flow is about 0.5-0.7 feet/second on both canals
(H.M. Twigg, 1958). This constant flow is sufficient to maintain
good supplies of both mineral (Calcium, Magnesium and Sulphates) and
Oxygen. This current can transport nothing coarser than clay,
(Minnikin, 1820), so the local redis£ribution of coarse material is

brought about mainly by slumping from the banks.

[IIi] Nature of the bottom:- The bed was originally mades of
stongs with a uniform cover of Elay. but this no longer continues.
Stones, sand, silt and organic méterials have fallen in from the bank
and spread over parts of the bottom, especially in cuttings. This
variety of superficial deposits is important in the consideration of

the bottom-fauna.

The water is generally shallow, slow-moving, and well 1lit, so it
:ténds to warm and cool rapidly, depending on local conditions for
instance the degree of shade provided by the trees growing along the

:towpath:

o P I T T S T I




o Lancaster
York Q

O Skipten

|
/)

: (Ouse |

|LEEDS QNavigation

A ,

ol Selb
. &£ Canaly

Q@(’

\avigation

West
Stockwith

Hkeston

Llangollen O
Trent Junction

{‘f.f“Sh o |’.l|ul,!|lbnrull;:||
terways Board

ilable for pleasure cruising

land and Wales

“KEYS : L

Broad s Narrow :

Regional Boundary

Area Boundaries bt el 3 Norton Jusictioe

Area Engineers’ Offices S, < ion _Conal Q.
Independent Waterways =—— 3 S A i L

O-

Junction

D LEICESTER
Afmh(rltyjuudio

M
O

@
Welford

upon Avon,
4

Worcester

Waterways covered by booklets in the .. 3 S
“ - . . . 3 ‘Banbury
Inland Cruising”series shown in RED f v
(O
Tewkesbury \ Bletch
O Gloucester
Ciloucester Avieshaa
& Sharpness /\\ Q Oxford
3} Cunal -
U Sharpness ?
4 Gy
o
Although there is no through navigation on i."
BRISTOL the Kennet & Avon Canal the Waterways %
licence does apply 1o those stretches of the . Qs
Newbur

T RG

) waterway which are navigable
”"h o

v “.&--'.
LLM a0998%  Cap,,

Avo W

Hnlhk
L -

L
Ou L
Kennet &

Diagram,(1B). A map of the Shropshire Union and Llangollen Canals

showing the position of the sampling sites.



Diagram, (2).
Ee——

mches to 1 mile

Ord | nance

on the

survey map showi ng

the position of sites N2(1&2)

Shropshire ynion cCanal,’

-:—--—---_—-v-n'-_



11.

3. DESCRIPTION OF THE SAMPLING SITES

3.1 On the Shropshire Union Canal

The Shropshire Union Canal extends for about 120 miles, mostly
in Staffordshire and Cheshire, so it was not thought possible to

investigate the whole length of the canal intensively.

The part which the author was concerned with was from the

Stretton Aqueduct in the South to the Hurleston junction in the North

as shown in Diagrams 1A and 1B.

After extensive reconnaissance, 5 sites were chosen for detailed
study, each representing a different habitat type. All sites were
readily accessible from main roads. The location of each site is

shown in Diagrams 1A and 1B.

a. Site No.l (Off A5)

‘This site lies a short distance 250 yards to the South of the
Stretton Aqueduct (Diagram 2) and 20 yards from the fence. The
course of the canal at this site shows a sequence of embankments, so
the towpath bank is steep, being banked up with stones. The stone
used is almost entirely limestone (Heather, M. Twigg, 1958). The
water 1s about 33 feet wide and 5 feet deep. The towpath bank

falls one foot .vertically to the water surface and nearly as much again

to the bottom.

The bottom has been neither dredged nor repuddled recently.
Silt, stones and mainly black organic mud cover the bed at this site

because of the growing of reedswamp during the summer and the falling
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of large amounts of leaves in October and November from higher

plants growing beside the bank of the canal.

b. Site No.2 (Off AS)

This site is adjacent to site No.l, 5 yards from the Stretton
Aqueduct and 20 yards from the fence (Diagram 2). It is generally
similar to the preceding site, and because of its uniformity, was

chosen fer study to try to identify the errors of the technique.

C. Site No.3 (Market-Drayton) Newcastle Road Bridge.

This site is located 220 yards south of the Newcastle Road
Bridge which carries the A53, and just opposite to the electric post
No.3 as shown in the Diagram 3. The course of the canal does not
need any embankments, because it is cut in hard flat land. The
water is about 31 feet wide and the towpath bank falls less than one

foot to the water surface, and about 13 foot to the bottom.

The bottom has been dredged recently, as this part of the
canal is an important stopping place for the boats. Sand, silt, clay
stones and a little black organic mud cover the bed at this site.

Reedswamp and higher plants have rooted and fallen along the shore of

the canal at this site.

d. Site No.4 (Hurleston Junction - South of Corne's Bridge).

This site located 220 yards south of Corne's bridge, and just
under the electric cables crossing over the canal (Diagram 4). At

this site the canal runs in a low land, so embankments were necessary
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and the towpath bank is steep being banked up with stones. The
width of the canal is 32 feet and 6 feet deep in the middle. The
towpath bank falls 13 feet vertically to the water surface and
nearly 2 feet to the bottom, while the opposite side shelves gently

down from a high rough grazing land.

Mainly hard heavy clay, stones and little silt are distributed
over most of the bottom but there are patches of small amounts of
black organic mud with clay, stones and silt right in the middle
only. This variety of superficial deposits are important in the

consideration of bottom-fauna.

e. Site No.5 (Hurleston Junction - North of Corne's Bridge)

This lies only a short distance (70 yards) to the north of
Corne's bridge, and just opposite the mark of the danger area on the
opposite side (Diagram 4). The canal has a shelving shore line at
this site. There has been no scything recently, and the breach
caused a fall in water level, whcse middle depth is now only 4 feet,

and it lies less than 1 foot at the shore. The width is 303 feet.

Slumped soil forms most of the shore line. The bottom has not
been dredged recently. Black organic mud and soft clay were noticed
and were quite thick stretching straight from the shore, to the
middle with increasing thickness. Reedswamp and higher plants are

rooted and have been falling along the shore.
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3.2 On the Llangollen Canal '

The Llangollen Canal arises at Llantysilio, 2 miles west of
Llangoilen and passes down for about 50 miles to Hurleston junction
in Cheshire where it links with Shropshire Union Canal, Diagrams 1A
and 1B. Three sites were chosen, each representing a different
habitat type and all the three received detailed study. The

location of the sites are shown on the Diagrams 1A and 1B.

= i Site No.B6 (Llangollen Canal - Hurleston Junction)

This site is adjacent and only 10 yards west of the bridge which
carries the A51 (Diagram 4). It is generally similar to site No.3
apart from the bottom deposits or nature. The maximum depth is 5 feet
in the middle and the width of water is 28 feet with a gentle shore-

line.

The entire bottom has been dredged recently, and is mostly covered
by sand and stones. There are patches on the towpath bank where mud
occurs under rooted reedswamp. Certain places of the towpath bank are

fringed under water with the roots of plants growing on the land.

£ Site No.7 (Ellesmere)

This site lies parallel to the southern shore of Blackmere close
to the junction of the main Shrewsbury-Ellesmere road (A528) with the
Whitchurch-Ellesmere road (A495); the reach examined was 25 yards

east of the bridge (Diagram 5). The water is about 31 feet wide and

4} feet deep in the middle.
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The bottom has been neither dredged nor repuéﬂed recently, but
the towpath is mown annually. The towpath bank falls one foot to
the water surface and nearly as much again to the bottom.
Redistributed =ilt and fine sand cover most of the bottom,lbut there
are patches of fallen stones on the towpath side and black organic
mud under rooted reedswamp. Trees and rising grounds give a little
shade and some shelter from the wind. Also, certain lengths of the

towpath bank are fringed under water with trees and grass roots.

h. Site No.8 (Horse-Shoe Falls)

The Chain-bridge Hotel is situated 220 yards east of the start
of the canal at Llantysilio. This site lies about 110 yards west of
the Hotel, and the same east of the start (mouth) of the canal
(Diagram 6). The canal at this part was cut into the rock, so
neither embankments nor puddling was necessary. The width is
reduced to 15-17 feet only and the maximum depth is 6% feet. The

towpath bank falls about 3-3; feet to the water surface and almost

5% feet to the bottom.

The bottom has not been dredged recently, and it looks as if
cleaning is not needed for a while. The canal bottom at this site
consists of small stones intercepted with coarse gravel, fine sand
and occassionally with silt. Black organic mud is found under
rooted reedswamp in the canal as well as tree-roots, and remains of

fallen branches and fruit of surrounding trees on the towpath,

This site has a completely different characteristic from the

other sites, i.e., nature of the bottom, depth and the speed of the
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current. To sample the bottom of the canal an Ekman Grab was used.
There was no shore at this site és the banks were vertical, so no

shore samples were taken.
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I, FIELD WORK

4,1 Selection of Sampling Device

Methods suitable for the comparative study of invertebrate
fauna must differ in order to meet the requirements of various
kinds of bottoms as they exist in the canals. The requirements

for bottom sampling, for example, are so diverse that no one sampler

has been devised which will serve all the purposes.

Water bottom samplers are of various kinds. Some workers have

used grabs which are pushed by hand into the substratum and so bite

out a definite area, (Berg, 1938; Ford and Hall; 1858; Minckley, 1963).
A whole family of devices has been designed which ars pushed down into
tﬁe substratum and then pulled forward a fixed distance, like a shovel,
to take up a definite area of substratum'[Macan. 1958; Dittmar, 1955b;
Allen, 1940, 1951; Kgmler and Riedel, iSSBb; and Hynes, 1961). Such
dredge-like devices, if they are heavy enough, can also be used on lines

in fairly deep water {(Usinger and Needham, 1956).

Another family of devices is perhaps best described as box or drum
samplers. They consist of square or cylindrical boxes open at top and

bottom which are pushed into the substratum (Wilding, 1840; Riedsl,
1960bsy Whilley, 1862),

Alternative methods of quantitative sampling are to set out trays
of substratum in the water bed, and then to 1ift them complete with the
fauna that has moved in after a fairly long interval, (Moon, 1935;

Vene and Wickliff, 1940; Egglishaw, 1964), or to put in entirely



PLATE, ( 1 ) The Dredge
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artificial stones, (Britt, 1955; Cianficconi and Riatti, 1957).

Such methods, however, are likely to provide a reasonable measure of
the population, and they are a good source of specimens, and under some
circumstances they are the only way to obtain large numbers of certain
species. Artificial substrate have also proved to be very useful in
comparative census of black-fly larvae which seem to be attracted to
white surfaces or strips of polyethylene sheet, (Wolfe and Peterson,

1958; Williams and Obeng, 1862 and Ferguson, 1971).

The various types of apparatus and methods which have been
evolved for quantitative sampling of the bottom in running water have
been discuscsed by (Albrecht, 1853; Macan, 1958B; Cummins, 1962; and

by H.B.N. Hynes, 1870).

As might be expected, any biclogical survey with, as a complex
structure of the bottom as the Shropshire Union and Llangollen Canals,
is difficult to evaluate. On the advice of Dr. M. Pugh Thomas, and
satisfactory experiment results,(page 29)., a new type of aquatic bottom
sampler has been designed. It was built with the help of Dr. M. Mille.
It was a "Dredge” and was used to take quantitative samples of the
bottom fauna from the various sites on the two canals, except site No.8

on the Llangollen Canal where an Ekman grab was used.

The dredge (Plate 1) was made of heavy galvanized iron sheeting
box (2mm thick). The rear end of this dredge was a sheet of metal
net, with meshes of a size 0.6 mm, enough to keep small animals from
escapingthrough it and to let water pass wﬁen the dredge is towed.

The fore-edge is sharp to cut deeper in the bottom when the dredge is

towed. At the top surface two iron bars are fitted to a 150 cm stick.
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The dredge weighs 6} kilograms and it.is not expensive or complicated

to build.

of all'the various bottom samplers, the Birge-Ekman grab is so
successfully and so widely used for soft bottoms and deep waters, that
it has become a standard instrument "Limnological Methods, Paul S. Welch
(1948), paée-l?B". A site No.B8 (Horse-shoe falls - on the Llangollen
Canali has such characteri;tics°of depth and strdctura of the bottom

material that this device for sampling bottom fauna was used.

For the shore-fauna, all the sampling. devices have their advantages
and disadvantages. Many methdds are used for sampling from running
waterg. Some of these are described in the publications of Welch (1948),
Usinger (1956) end Edmondson (1866). Critical appraisals and

comparisons of these procedures, have been made by Macon (18588, 1863),

Morgan and Egglishaw (1956), and Hynes (18708).

In practice, the galvanized box used by Needham (1927}, the Hess
sampler (Welch (1948)3 Mackay (1969), and shovel samplers, (Macon (1958);
Elliott (1967), do not work very well, (Hynes (1870a)) as they are
cumbersome in water deeper than S0 cm. The Surber sampler (Surber (1837))
does not enclose the area to be sampled (Hynes (1970a)); it is also

difficult to use in canals, where the current is slow. This was tried,

but was unsatisfactory.

Kicking techniques, (outlined by Hynes (1961), Hynes and Williams
(1862), Morgan and Egglishaw (1865), Minshall and Minshall (1966),
Minshall and Kuehne (1969), Huni (1969)), and improved techniques of this
kind devised by Ke?shaw et-al, (1968), are useful and give satisfactory

results for numerical assessment of the difference between the populations

of different sites. Frost (1867), Hynes (1961), Huni (1969) and

S. Frost (1870), have satisfactorily used this technique to collect
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their samples. This technique is not accurately quantitative, because
it does not gample a known (definéd) area of substrata, nor the animals
liQing deep; 1t is, however, sufficlent to enable apéroximate
qualitative and quantitative comparison, Spence and Hynes (1871), of

different sites.

Considering the limitation of differeﬁt sampling techniques, the
shore-fauna of Shropshire Union Canal and Llangollen Canal under
investigation were surveyed using kicking technique to collegt routine
samples, because this requires only simplé and readily portable

equipment, and the wide variety of substrates from heavy clay to sand

and small stones can be sampled.

It was also important not to incur structural damage to either the
towpath or the canal bottom. Both canals are used for navigation and

sampling techniques likely to hinder the passage of boats could not be

employed.

Studies of the plankton of running fresh-water (mainly large
rivers and streams) have been geographically widespread. In Eurcpe
they include some Irish and English rivers (Southern and Gardiner (1938);
Rice (1938); Swale (1864)), several German rivers including ths Rhine
(Lauterborn, (1902); Bennin (1826); Jiigensen (1935); Waser et al (1943);
the Danube (Schallgruber f1944)3 p;epblt (1961)3 Czernin-Chudenitz (1966);
the Erynica in Poland (Sieminska, (1956)) and in Russia, the Volga
(Behning (192%a);. Romadina (1959)). In Asia they include several
Sibe;ian rivers (Greze [1853); Pirozhnikov and Shulga (1857). In North
America studies have been made on the Californian San Joaquin (Allen
(1821)) and Sacramento (Greenberg (1964)), the Ohio (Eddy (1934);

Ha?tmann (1965)), several parts of the Mississippi (Reinhard (1931);

Denham (1938); Lackey '(1842); Berner (1951)); and many other rivers

rd
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(Williams (1964),(1966)). In Africd most work has been done on the
Nile (Rizoska et al, (1955);3 Klimovicz (1861)), and in South America

there has been some studieS~on the Amazon and the Orinoco (Gessner

(1855a,b)).

For these investigations a general outline of methods used in the
collection of the plankton are given below together with a more

detailed description of those methods used in the two canals.

Before any particular system of sampling was chosen, all the
usual methods were considered. Full details of these can be obtained

from Welch (1948 and 1852). Briefly, they are:-

(1) Vertical or horizontal hauls with a bolting-silk net.

(2) The withdrawal of a known volume of water by a suction

pump and hose.

(3) - The use of a Clarke-Bumpus Plankton Sampler.

(Clarke and Bumpus (1940)),

(4) The use of a plankton trap.

All methods have their limitations.

A silk net catches irregularly, and it is difficult to make
even an estimate of the volume of water passing through the net.
Also the slow towing of the net through the water allows animals to
swim away from its path, but it is likély to be successful because
of the large number of animals caught, and it is ideal for the study

of life-cycles because of this, and that is why the author used it.
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suffer's .

The Clarke-Bumpus sampler probablefrom the same clogging as an
ordinary net, but if it is calibrated en sstimate of the amount of
water passing through the meshes can be obtained. The smaller
diamefer of the opening is off set by increased hauling speéd. A
comparison between a bolting-silk net and a Clarke-Bumpus Sampler
indicated that there is no significant difference in the proportions
in which thé two devices catch animals which are abundant in water,
providing that the meshes of the nets are the same, M. Pugh Thomas

(1859).

The suction pump and hose .does not seem to ha;e any advantage
over the two previous methods, and although an exact measurement of the
amount of water filtered can be obtained, it is still impossible to
estimate the number of enimals swirming away from the device. The
weight made it undesirable as it was planned to sample from many sites

far apart during the same day. This method was definitely rejected.

The plankton trap was rejected as being too slow to use and too

bulky for easy transport.

A%ter consideration the author decided to use a standard Freshwater
Biological Assoclation silk net (48 meshes/cm) and (40 cm deep). Rough
measurements by M. Pugh Thomas had shown that this would retain the
nauplii and the majority of the Rotifera while letting through most
of the phytoplankton and as all of the young stages of crustacean zoo-
plankton were al@ays caught it was always possible to Seé changes in

the population structures quite clearly.
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PLATE, ( 2) The Dredge,

\
Rear view,
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4.2 Collecting Technique ;

For the investigation of the bottom-fauna of the Shropshire Union

and Llangollen Canals the "Dredge” described below and shown in Plate

2 was used.

When taking a sample, the dredge is set up first by fixing the
stick to its top. The operator then walks a few steps in the shallow
water of the canal, and lowers it gently until it rests on the bottom.
The dredge is then towed by the stick, slowly, until it is near the
operators feet, then picked up gently by both hands. As the dredge is
towed along, its sharp fore-edge, cuts into the bottom and causes the
bottom material, to a depth of 3-4 inches to enfer the box. The rear

net of the dredge keeps all the material needed, and lets through the

turbulent flow of the water.

During the main sampling period, bottom fauna samples were
collected and transferred to rectangular plastic boxes, with water-
tight lids. Any material left in the dredge, was washed into the
plastip box. 10 per cent Formalin was added to kill and preserve

the fauna. The place and date of sampling was then written on the box

containing the sample.

The same technique was applied to collect the bottom samples from

all the sites except site No.8.

In accordance with particular needs of the depth and structure of

the bottom material, at site No.8 (see description of the sampling sites

on the Llangollen Canal,(page, 15 ), an ordinary Birge-Ekman grab was

used for the investigation of the bottom fauna.



TP
£
(8]
@
- L4
(o]
T3,
( 1
Yo
_PLATE,( 3) Ekman grab of usual type (above) in closad form,

2
—r——

( below) in open form and ready to be lowered into wdior.

S

(J) JGW (JC) Jctw chc.'n ; (TL) Top hd (TP) Trip pilll R

.; (Jp) Sprmg Wthh oporates jaws,’:(TM) Trip mechanism :



24.

In its present form, (Plate 3), it is built in a size having a

cross section of 15.2 x 15.2 cm. with height of 16 cm.

In operation, the sampler is attached %o a strong rod, by passing
the latter through the trip mechanism and screwing it securely below the.
underlying plate. The sampler is then lowered into the water until it
rests on the bottom. Its weight plus a little pressure from the
operator is usually sufficient to sink it’into the bottom for considerable
depth. After a short time, to allow for settling, the jaws were closed
biting out a sample of the bottom. The sample is delivered into a

rectangular plastic box by merely pulling up the jaws chains.

Triple samples were always taken because 1t was assumed that single
samples taken with the Ekman grab may be considerably different from one

another. The triple samples would give a more accurate picture of the

bottom fauna, K. Berg (1938)).

When a bottom semple had been taken.up, each collection was placed
individually.in a plastic box with a label with the date on. A dilute
solution of formalin (10 per cent) was added to kill and preserve the
fauna before being sorted and examined in the laboratory later on. When
there was enough time, the samples were passed through a sieve, thé
bottom of which consisted of a copper net with meshes of a size 0.6 mm.
During this process the sieve was held overside, its bottom just touching
the surface of the water. By carefu; shaking the mud was washed out.
The coarser parté were left in with the animals and they were then
transferred to a labelled glass Jar. It is impossible to employ a

sieve with finer meshes than 0.6 mm, if the sieve 1s to be handy encugh,

An improved kicking technique devised by Kershaw et al (1S868) and

described below, was used to collect the shore-fauna samples from the

© two canals.
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A standard Freshwater Biological Association net was used. The
net was made of strong cloth mesh (24 meshes to the inch), bounc  into
a four sided aluminium alloy frame. The length of the net was 25 cm,
and the width of the frame was 22 cm. A wooden handle, 75 or 150 cm,
long was screwed into the top of the frame (Plate 4). Thigh-high
waders with metal studs in the soles were worn while sampling. The
open end of the net faced the current, and the substrate in front of the
net was sharply kicked. The waders with metal studs in the soles were
useful for this manoeuver. The disloged animals and debris were carried

into the net by the current and the swinging of the net.

A total of five kicks at five separate places were used in a line
along the canal shore and at intervals of about 13 meters apart. The
material that was collected in the five kicks at five places was pooled
into one sample. At each site the sample was washed with canal water,
and the massed material was then transferred to a small rectangular
polythene box, with a water-tight 1id. Any material adhering to the
net was washed into‘the box with water from a wash-bottle, or picked by
hand and added to the box. 4 per cent formaline was added to kill and
preserVe the fauna. The date and place were suitably marked on the

sides of the box. The samples could then be stored until they were

required for examination.

Therefore, the "number of kicks"' in each sample were standards by

which samples from different sites could be compared. This technique

is outlined by Hynes (1861); Hynes and Williams (1962); Morgan and

Egglishaw (1865); Minshall (1966); Minshall and Kuchne (1969); Huni

(1969); Frost, Huni and Kershaw (1971) and Arskad (1872).
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PLATE, ( B5) The Plankton net.
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For collecting crustacean zooplankton samples monthly, a standard
Freshwater Biological Association net was used too. The net was
conical (40 cm. deep) and made of silk mesh (48 meshes/cm) or (120
meshes to an inch). The apex of the conical net was open and the hole
filled with a removable rubber cone. This cone measured 7 cm. high,

3 cm. diameter at the base and had a flat blocked apex of diameter 1 cm.
The net was mounted on a metal ring (25 cm. diameter). A wooden handle
of 150 cm. length was fitted at the side of the metal ring (see Plate 5J.
Samples were taken by drawing the plankton net along for 20 metres near
the bank (shore) tow, twice at each site. The material collected in
both samples at each site was mixed to give one single sample. At each
time the net was lifted from the water in an upward sweeping mcvement

to allow the material to fall to the apex of the net. When the sides

of the net were clean and the material massed together, it was tipped

into a small glass jar.

Formal—Alcohol solution (5 per cent fecrmaline added to 70 per cent
alcohol, equal parts), as recommended by most of limnologists for
general plankton preservation than any other liquid, was added to kill
and préserve the zooplankton. The date and place of sampling was
written in pencil on a strip of white card and placed into the jar

containing the sample.

The same technique was applied to collect the zooplankton samples

from all the sites.
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4.3 Physical and Chemical Factors Recorded in the Field

The following physical and chemical factors were recorded at

each site to study their effect on the distribution of the invertebrates.

as Chemical composition of the water "Total hardness, Calcium

concentration and Magnesium concentration”.

b. Dissolved oxygen concentration.
C. Water temperature.
d. pH of the water.
L]
a. Chemical Composition of the Water

Samples of the two canals were taken at each site, using screw
top polypropylene bottles of 1000 ml. capacity. The bottles were
transported filled with distilled water and washed out and refilled
with canal water at each site. Closing the bottles should be done
under the water surface so as to make sure they were completely full.
These samples were returned to the laboratory and analysed within

twenty-four hours (page, 40 )

b Dissolved Oxygen Concentration

The Mackereth oxygen/temperature probe was used to measure the

oxygen concentration at each site on both canals throughout the

sampling period. Described by Winkler (Mackereth, 1963) and Plate 6.
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Ce Water Temperature .

The water temperature was taken using, at each site on both canals,
the "Mackereth oxygen/temperature probe" Plate 6, described by Winkler,

Mackereth, (1963). Reading accuracy up to 0.10 5

d.  pH of the Water

The water for the pH estimations was collected using 500 ml glass
bottles. These bottles were held below the surface with their tops off
and allowed to fill to overflowing. The bottles were then stoppered
so as not to include any bubbles. These were then returned to the
laboratory. A pH meter type (Plate 7) was used fo measure the pH of
the water of every site on the two canals throughout the sampling period

regularly.
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4.4 Methodology "Experiments to Test the Accuracy of the

Dredge Method”

Experiménts were carried out to test the validity of the sampling

method. On July 20th, 1872 and on August 2Bth, 1872, five samples

~were taken separately by the dredge at site (2) on the Shropshire Union

Canal and also at site (7) on the Llangollen Canal.

Procedures

Five sampling points were made in a straight line parallel with

the canal shore and within the marked area at site (2). A similar

five sampling points were taken at site (7). Each of the five samples

were taken from the canal in a straight line of sampling points near the

middle and drawn towards the shore of the canal. = To avoid sampling

the same area twice, sampling points were made two metres apart.

The contents of every sample were transferred into suitably marked

plastic boxes and kept separately. A sufficient amount of 40% formaline

was added to kill and preserve the animals.,

In the laboratory each sample was separately treated and searched,

and the animals found were identified, measured and recorded, Tables 1

- and 2.

The relationship between the total number of animals in each sample

of the series was.analysed in terms of the x2 (or Chi-squared) test.

Ly

The statistic x2 may be defined as

where f

2
- 2 ('FO"'FB]

fB

= an observed class frequency

= the theoretical (expected) class frequency
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* ‘ TJABLE No.(2) To Test the Accurecy of the Oredge Sampling Method,
TABLE No.{1} To Test the Accuracy of the Orecge Sampling Method.
—_— Y € g ) Experiment No.II The identity, size and number of invertebrate fauna collected at site No.2
Experiment No,l The 1centity, size end number of Invertebrate fauna collected at site.No.2 August, 1972 on the Shropshire Union Canal and site No.7 on the Llangollen Canal.
20 July, 1872, on the Shropshire Union Canal and site No.7 on tha Llangollen Canal,
!
Size SAMPLES SAMPLES . size . SAMPLES SAMPLES
in rm 1 11 11 1v v 1 11 111 IV - v . in mm 1 11 111 v v 1 11 i1l v- . V
) .
OLIGOCHAETA ) ..iu §“_8_1 DLIGOCHAETA Site 2 Site 7
Har;ochaeta naidina, 3-10 84 106 90 112 S8 48 3] 40 n 59 Homochaeta naldina 3-10 89 83 101 131 94 100 89 120 94 105
Tooe . , > 10 59 1] 70 35 43 28 2 21 24 19 oo * > 10 24 32 2 a 30 s1 a1 38 39 43
Pristina longiseta 3-10 7 14 18 15 10 1 1l 2 2 3 Pristina longisata 3-10 13 8 15 18 9 2 2 2 ‘3 4
‘ s . : > 10 7 9 12 s . 8 1 3 ) - 1 * " > 10 3 5 7 6 1 2 1 2 2
Pristina menoni . 3-10 25 15 23 20 17 S 3 3 2 4 Pristina menoni 3-10 13 18 26 15 18 3 3 4 S 4
- . > 10 12 10 8 -13 14 3 2 4 2 1 . . >10 ? 8 6 8 s. 3 2 1 2 3
Prisuna_idrens!s 3-10 17 14 18 15 10 3 3 4 4 3 Pristina longiseta 3-10 17 17 20 14 18 3 5 6 *7 S
] . . : > 10 7 g 12 b [ 2 4 4 3 - . - > 10 10 9 -8 8 6 3 4 2 1 1
Stylodrilus heringlanus > 20 - 1 2 . - 2 4 2 1 - Stylodrilus heringlanus > 20 - 3 1 - - - 6 4 2 5 1
Lurbriculus varigatus > 20 - - - - - S 1 - 1 . Lumbriculus verigatus >0 - - - - 1 - 2 - 2 -
. Tubificidae - . >15 - 10 [ 4« 9 ? 6 2 5 4 3 Tubificidae >15 15 10 6 8 1n 6 3 6 4 -8
HIRUDINEA (Leeches) . o o : HIRUDINEA (Leeches) '
Glossophonia complanata 5-10 - - - - S | - - 2 - Glossophonia complanata 5-10 - C - " - - - 1 _- 2 -
Erpobdella octaculate 5-1% - - - 1 - - by - - : Glossophonia hetrochita 5-10 2 - - - 1 - - 1 - -
Helobdella stagnalis $-10 - 1 - - — 2 - - 1 Erpobdella octaculata 5-15 - - - 1 - - 2 - . 1
DIPTERA . o ) ) ’ o Helobdalla stagnalis . 510 - - - 2 - - - 3 1 -
Chironomidae larvas S 15 13 2 - 18 . 9 3 -2 4 DIPTERA , .
* " Y 5710 " 10 7 6 ] 3 3 . Chironomidae larvas <5 26 22 24 28 17 8 15 10 ? 10
. L 10-22 3 B 4 3 4 2 1 - - . L + »5-10 10 9 6 7 9 S 4 3
Ceratopogncicaa larvoe §-1§ Co- 1 - 2 3. ‘- 4 2 - . >10-22 4 2 9 2 3 2
’ B ‘ ’ Ceratopognoidae larvae 5-15 - . - - 1 - 1 -
GASTROPODA ’ GASTROPODA |
Planorbis planorbis - - . - . ' - - . .’ "
P ' 2 s ‘ : ] 1 . * Plenorbis planorbis 2- 5 - 1 - - 1 - - - - -
:’“:ta p‘:cimu. : #=s -1 - 1 T 1 - - - - © - Valvata piscinalis 2- 5 1 - 2 - - - - 1 - -
veccing ris . - e - - - - - -
Py )3 7 v . . l‘ 2 . Succina putris 3.7 - - - 1 - 2 - 2 - 1
_ Viviparus viviparus >10 - - | - L. 1 1 - - 1 - Lymaea glabra 35 - 1
. Bithyng 1 . - . - . - - . . ' ' " " -
- ”‘h" tentaculata -5 ; 1 i " L e Bithynia tentaculata 2-5 - 1 - 1 - - 2 - - 1
LAYELLIFRANCFIA (Bivalves) ‘ . T . ; Viviparus viviparus 10 b 1
. - . . . - - - - - 2 -
Pisidiun emicium <5 2 4 2 3. L2 10 10 J 12 14 LAMELLIBRANCKIA (Bivalves)
» ™ N - . ‘ . . ) . R St ad
, 5e15 .2 1 2 5 3 1 2 ‘ Pisidium emicium s 2 3 1 4 3 ° 14 7 10 1
Sphaerium corneum <5 - 1 2 "3 - s 5 -3 4 . . 5-15 - 1 - 1 4 3 2 4
. b . b 21 - - - . - - N " *
. 515 . < 1, 1 1 1 2 Sphaerium comeun 5 1 2 - 1 - 3 7 8 5
Oreisaina polymarpha ' 20 . 1. - 1., 2 - - . 1 - - . . 515 : 1
Andonta ¢yganea “ ' > - " - ' - ’ - - - - - - . : A ) A - T ) 1 1 2
donts cygenea : 20 ¢ Oreissina polymarpha L 1 - 2 1 2 1 1 - . -
- Anodonta cygenea 20 - - - - - - -
T0TALS i 262 271 3C1 273 240 © 138 . 1951 113 147 128 * ' : '
.
P ' . A Y
. ‘ ) ] TOTALS 213 243 262 283 247 215 203 230 202 213
N )
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° ‘ - TABLE No.(2) To Test the Accurecy of the Dredge Sampling Method. ° ;
TABLE No. (1) To Test the Accuracy of the Crecge Sampling Method. Expariment No.Il 4 at sit N2 :
. . The identity, size and number of invertebrate fauna collected ot site .
Exporiment No.l The fcentity, size end number of lnvertetrate fauna collected st site.No.2 ’ A 3
20 July, 1972. on the Shropshire Union Canal and site No.7 on the Llangollen Canal. August, 1972 on the Shropshire Union Canal and site No.? on the Llangollen Canal. ;
! 3
Size - SNPLES = v : o SA?';';ES W 7 ! Size . SAMPLES SAMPLES !
irre 1 1 111 : ! tnem 1 1T 111 v v i T 11 W .V
. s 7 .
SLICOOVETA Sl Sel i OLIGOCHAETA Site 2 Stte 7
- N R i ettt .
Homochaeta nafding 3-10 . a4 106 90 112 j:1] 48 €l 40 71 59 Homochaeta naidina 3-10 89 83 101 131 94 100 89 120 94 105
T . » 10 $9 s0 70 35 43 23 a2 21 24 19 T i > 10 24 32 29 27 30 s1 41 38 39 43
Pristina Jongiseta 3-10 7 14 18 15 10 1 1 2 2 3 Pristina longiseta 3-10 13 8 15 18 9 2 2 2 "3 4
) . . » 10 7 ] 12 S . 8 1 3 b} - 1 . * > 10 3 5 7 6 6 1 2 1 2 2 3
Pristina renoni . 3-10 2% 15 23 20 17 H 3 3 2 4 Pristina menon{ 3-10 13 18 26 15 18 3 3 4 5 4
. . » 10 12 10 [ 13 14 3 2 4 2 1 . . > 10 ? 8 6 6 9. 3 2 1 2 '3 §
PrhNM_ldrlnlil . 3-10 1?7 14 18 15 10 3 H 4 4 S Pristina longiseta 3-10 17 17 20 14 18 3 5 6 *? S H
] . . » 10 7 8 12 s [ 2 4 4 3 - - . > 10 10 9 N 8 6 3 4 2 1 1
Stylodrilus heringlanus > 20 - 3 2 ‘e - 2 4 2 1 - Stylodrilus heringisnus > 20 - 3 1 < - - 6 4 2 ] 1
Lurbriculus varigatus > 20 . - - - - - ) - 1 . Lumbriculus varigatus > 20 - - - - 1 - 2 . 2 -
Tubificidae »15 - 10 8 4 ] 7 8 2 5 4 3 Tubificidae > 15 15 10 6 | 11 5 3 € 4 -8
HIRUDIMEA (Leeches) ' , ‘ HIRUCINEA (Leeches)
Clossophonia complanate 5-10 - - 1 - - 1 - - 2 - Glossophonia complanata 5-10 - ST | - - - 1 N 2 -
Erpobdella octaculats 513 - s . " 1 - - 1 - - : Glossophonia hetrochita 5-10 2 - - - 1 - - 1 - -
HeloSoells stagnalls 5-10 - 1 - . - . - - 1 Erpobdells octaculata 5-15 - - - 1 - - 2 - . 1
OIPTCAA . . . . . Helobcella stagnalis . §-10 - - - 2 - - - 3 1 -
.. Chironomicae larvae s 18 1 a 18 9 3 2 4 6 - DIPTERA . , , ) .
. . $-10 10 ] ? ’ s s 3 3 2 Chironomidae larvae <5 26 22 24 28 17 8 15 10 7 10 )
J . . To0-22 3 ] 4 3 4 2 1 - - . . - - 35-10 10 ] 5 6 « 3 ] :
Cerotopognaicae lorvoo. $-1% - ) “-’ 1 o - 2 3- T - 4 2 » . »10-22 4 3 2 3 3 2 4
’ Ceratopognoidae larvae 5-15 - - - - 1 - 3 1 - 3
CASTROPCOA ' E
23 . ‘ . CASTROPODA i
:l:'\":‘“!:h“m“ * ° < ° 1 - ° o * © - Plenorbis planorbis 2-5 - 1 - - 1 - - - - - 1
s; ::ﬂ: P :‘i",‘"' : : 1 - -1 : 1 ; - - ° Velveta piscinalis -5 1 - 2 - - - - 1 - -
putels . 2 - - Succine putris 3- 2 - - - 1 - 2 - 2 - 1 i
Viviparus vivicarus *10 - - - ° 1 1 © - ] - Lymnaea glabra 3-5 1 :
Dlu nf - - - - - - ,‘ - - - . . L9 = - - - - - h " * §
u.*tu‘:r'::::::.:::": ) »3 i} ’ ! , : , ! - Bithynia tentaculata 2- 5 - 1 - 1 - - 2 - - b H
—;’T!Td—;—“—T . valves s . s 2 10 Viviparus viviparus 10 - 1 - - - 1 1 - 2 - i
Jn em - . H
¢ .c o o : ] ; > . 1o 8 n 14 LAMELLIFRAICHIA (Bivalves) !
. ! 2 N Pistdiun emicin 5 2 3 1 4 3 8 14 ? 10 1
Schasrium corneun <8 - 1 2 3 - ] H 3 4 . . 5. 15 : 1 1 [ 2 4 :
. . - - - - - - . - - - - 4 .
>$-18 . 1 } 1 ° 1 2 Sphaerium comeum . 5 1 2 . 1 - 3 7 8 s B
Orelssina polymorphe »20 1 - 1 . 2 © P ¢ 1 * - . . $-15 2 $
Anconta cygerse . ' .’ - - - - - .. . ' - - - e ' - 1 .. - 1 1 N
" ' >20 . -2 ' Oreissina polymorpha 20 1 - 2 1 2 1 1 - - - N
. Anodonta cygenea ’ 20 - - . - . . S . 3
101ALS w2 M 1, 73 240 12385 16 m 147 128 . ! 2 v 3
) * §
\] *
) TOTALS 219 243 262 283 247 215 209 230 203 as” N
1
N . :; i
! .

» . . o ak Gk haame ks ot 34 e e e i etan S daaab Ea et A A A Ak b . %



"'TABLE " 3

Lo The Chi-Squared Test to Find the Accu:égy of the Dredge Sampling Method.

(Degree of Freedom (V) = N-1 )

R = 5-1=4
. EXPERIMENT NO.1
e I oI - IIX IV Vv 1 I 111 IV \
R SITE 2 ON THE SHROPSHIRE UNION CANAL SITE 7 ON THE LLANGOLLEN CANAL
 £0~, = Vgsz.dd’\‘ 271.00 301,00 273,00  240.00 = 1347 138.00  151.00  113.00 147.00 128.00 = 677
= = | 269.40 135.40
r:fo-fe = |- 7.40 1.60 31.60 3.60  =-29,40 2,60 15,60  ~-22.40 11.60 = 7.40
cféffe)z = | - 54.76 . 2,56  988.56 12.96 864,36 6.76  243.36  501.76  134.56 54.76
(‘FQ'T'Fejz ;v ' . .
r = 0.20 ~.0.01 3.70 0.05 3.20 = 7.16 0.05 1.79 3.70 0.99 0.4 = 6.93
e
¥2 = 7.6 x2 = 6.93
Probability (P) = > 0.05 = > 5% Probability (P} = > 0.05 = > 5%
“EXPERIMENT NO.2 A
£ = | 219,00 243.00 262.00 283.00  247.00 = 1254 215.00 209.00  330.00 203.00 219.00 = 1076
Ty = | 250,80 215.20 '
f-f, = -31.80- - 7.80 11.20 32.20 - 3.80 -0.20 - 6.20  14.80  -12.20 3.80
(fo-felz = {1011.24 60.84 125,44 1036.84 14.44 0.04 38.44  209.04 148,84 14.44
(£ - )2
r = 4,03 0.24 0.5 4.13 0.06 = 8,95 0.00 0.18 1.02 © 0,69 0.07 = 1.S6
e
x° = 8.95 o - x% = 1.96
“Probability (P) = > 0.05-= > 5% .  Probability (P) = > 0,05 = >5%
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The xz Table is entered at the appropriate value (V), or number

of "degree 6f freedom” = (N-1) where N = the total frequency.

Results:~ A comparison o? the samples is shown in Tables 1 and

.~ 3 for the experiment No.l and Tables 2 and 3 for the

experiment No.2.

Conclusions:- The results of the experiments indicate that the sampling

method is reliable in that consistent figures were obtained.
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5.  LABORATORY METHODS

1

5.1 Methods of Sorting the Samples in the Laboratory

One of the most tedious and time-consuming tasks in gathering
the data is separating thes animals in the bottom fauna and the shore-
fauna from the debris. Hand-softing in flat pans is possible, but
it is so time-consuﬁing that it limits the number of samples that can
be dealt with. It is also not particularly efficient as it is easy

to overlook specimens covered by or attached to other objects.

Various attempts have been made to decrease the labour by many
means. The first of these and the simplest technique is merely to
place the sample in a trough, with baffles,along which a current of
water flows and washes out the animals and lighter debris into a sieve
and leaves béhind the partitions (Moon.(1935)]. Lauff et al, (1961),
placed the sample in a vertical tube up which a current of water or a
stream of air bubbles passed. - Animals and light debris were carried
to thé surface where they could be drawn off. ‘The same effect can be

obtained even more simply by using large amounts of water and a shallow

dish, which is operated in the same manner.

The other methods of sorting depend upon density differences and
are based upon differential flotation in a solution of high specific
gravity. Such methods have long been used for sorting certain
organisms from terrestrial soils, and Beak (1938b) first adapted the
idea to stream samples., Hg used a strong solution of caleium chlofide.

-and since then various other salts and sugars have been used. The
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merits of different materials are discussed by Macan, (1958b) and
Apdersoh (1859), who advocate the uée of a solution of sucrose of
specific gravity 1:12. . Almost all animals float, with the

exception of some Molluscs and a few Trichoptera larvae which form
cases of heavy material. Hynes (1870) suggests that floatation
tecﬁniques must be carried out rapidly because animals gradually sink
Ss they loose water by exmosis. Whitehouse and Lewis (1968) used
carbon tetrachloride for sorting samples, but there are obvious safety
hazards with the continued use of it. Mason and Yevich (1867), and
"Hamilton (1968) used dyes'to make animals conspicucus. The drawback
of these methods is that these dyes may interfers with the specific

identification of animals where natural colour is important.

Sti1l, the simplest technique is merely to place the sample (or
part of it) in a shaliow trough, with baffles along which a current of
water flows and washes out the animals and the lighter debris in a
sieve (Moon (1835)), and which was used'in the sorting technique in the

laboratory in this survey.

a. ‘ Bottom Samples

In the laboratory, at the first stage the bottom samples were
passed through a sieve whose bottom consisted of a copper net with
. meshes of size 0.6 mm. It was impossible to employ a sieve with a
finer mesh, if the sieve is to be handy enough. The sample~[or part
of it) was poured into the sieve and tap water was directed gently from
a hose. By careful shaking the mud was washed out. The coarser parts
were left with the animals and all were transferred to another labelled

plastic box.
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Some of the animals have a tendeﬁcy to adhere to the metal net
of the sieve which rendered their transfer difficult, therefore a
metal plate was fastened to one corner of the bottom of the metal
sieve, being soldered to the meshes. With plenty of water the
animals could be washed into the corner where the metal plate prevented
a little water from running‘thrdugh. From this placetthe animals
could easily be transferred. The second stége is to place every parfly
cleaned sample (or part of it) into a shallow trough, with baffles along
which a current of water flows and washes out the animals and lighter
debris into the same sieve (0.6 mm), leaving behind the heavy partitions.
The sieve contents were transferred to labelled glass bottles. Some
animals adhered to the mesh and the same technique was used as with those
mentioned befors. Then the sample was transferred from the bottles into
a white enamelled tray (12 x 10 x 2 inches). The bottle was checked

afterwards to make sure that nothing remained inside by more washing.

The tray base was divided into a one square inch grid of black water-
proof pen. Using a projected light from an intensity lamp each square
was searched with the help of a pair of forceps and by the naked eye.
Animals of size 3-5 millimetre or more weré picked out of the tray
individually and dropped into a petfi dish, where they could be identified,
measured, counted and recorded. In case there was not enough time for
identification, the animals of each sample should be preserved and stored
in a sufficient quantity of 70 per cent alcohol. Then the samplés were
pouréd into petri dishes, when required for identification, they should
be transferred to 30 per cent alcohol first and then to water and
examined. When there was enough time for immediate full sorting, the

small animals in the remainder of the sample in the tray were examined
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and counted with a binocular microscope (of X25 magnification). This
was done by taking a small portion of the sample from the tray with a

rubber bulb pipette into a small petri dish having a grid of (5 milli-
metres) squares cut onto its bottom. If samples had large amounts of
residue, it was easier to sub-sample it (page, 38). In case further

investigation of the ma?erial proved necessary, and there was not

»

enough time, the remainder of the sémples were preserved in 4% formaline.

'The washed silt, sand, small stones and inorganic material remained
in the trough; were searched in a similaf manner. This was found to

contain heavy animals mainly Molluscs and Trichoptera larvae without

cases or in cases made of sandy or stony grains. Occasionally some

light animals such as Chironomidae larvas, Oligochaeta and Nematodes were
also recorded.

1

The animals found were not recorded separately, but added to the
animals in the pet;i dishes or bottles. This agreed with S. Frost (1871);
who thought’it is essential to insure that encased Trichoptera larvae are
not overlooked in the washed sand and gravel. . Also, Hynes. (1970a),

pointed out that some heavy animals remain in tﬁe debris,,

b. Shore-Fauna Samples

They were completely searched and all treated in entirely the same

way as the bottom samples.
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5.2 Methods of Recording and Counting

a. Bottom Samples

For identification and counting the preserved animals which
were in 70 per cent alcohol, were transferred from the bottle to
30 per cent alcohol first and then to the water, "because of the
difference in osmotic pressure”, béfore transferring to a 5 cm.
diameter petri-dish which had a 5 mm square grid cut onto its
bottom. The animals were examined under a binocular micrbscope
(magnification X25). Using a direct light and with the help of a
right angled needle fixed into wooden handle, each animal was moved
to the middle,‘identified..measured and recorded individually.
After finishing each portion of the samplg. the petri-dish was gently
shaken and the animals poured into a suitably marked jar. The petri—
‘ dish was also washed with water before another portion was added.
This process was repeated until the whole sample was.examined.
Occassionally the unidentified small animals were transferred to a
microscope slide in few drops of Amman's lactophenol prepared as
follows: ’ |

Carbolic acid 400 gm. - Lactic acid 400 ml.

Glycerol = 800 ml. - Distilled water 400 ml.

The animals should be covered with a' cover-slip and left in this fluid

for several hours before identification under a compound microscope.

A pipette with a rubber teat was used to transfer small amounts
of the remainder of the sample to a 5 cm. diameter petri-dish. The
debris and animals were thinly dispersed and the petri dish searched

under a binocular microscope (magnification X25). The petri dish was



movea froﬁ right to left and back af successive levels on the
microscope gtége, thus avoiding the risk of counting animals more
than.once.’. Animals weré measured to the nearest millimetre using
the needle and 5 mm. grid, identified, counted and recorded by

marking them against a check list. After searching each amount,

the petri dish was washed and another amount added. “This process was

repeated until the whole sample was completed.

Searched material and large animals were kept in labelled

storage jars in dilute formaline (4%).

be The Shore-Fauna

The shore-fauna sambles were mainly treated in entirely the

same way as the bottom samples,

C. Crustacean iooplankton

The crustacean zooplankton animals were stored in Formal-alcohol
solution (5 per cent formaline added to 70 per cent alcohol, equal
parts), as recommended by most of the limnologists as being better

than any other liquid for general plankton preservation.

Theyanimals were counted in a half cylindrical Perspex trough
(30 cm. long and ébout 2 cm. in diameter (Plate 8)). This was
pushed along uﬁﬁer the low power of a‘binocular microscope by hand.
The number of_animals in summer samples was t06 large to be counted
without reduction. The use of a number of museum jars 5-6 cm. in
diameter and about 15 cm. tall had their bottoms_partitianed into
four sections of equal areas (Plate 8).  These Qere filled with

preservative solution, the animals were then added and the 1iquid

L e i 0l 5 - i ' %0 Eom Mt 20 iy 0
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stirred. Aftér allowing time for seéttling (12 hours), the animals
were withdrawn with a pipette from opposite sectors and counted, or if
they were still concentrated, the animals remaining in the jar were
restirred and the procedure was repeated. In the proportions of the
animals caught it was assumed that this method of reduction was
reasonably accurate. This was also checked by M. Pugh Thomas (1859)

from a series of samples taken from Llyn Tegrid.

In this survey count the large Microcrustacea can be identified
under binocular microscope, leaving all smaller ones to be picked out,
identified and counted by transferring them to slides, and for

examination under a compound microscope.

The animals were identified with the aid of the keys of the

following workers:-

CLADOCERA COPEPGDA

D.J. Scourfield and J.P. Harding and W.A. Smith
J.P. Harding

.

A Key to the British A Key to the British Freshwater
Freshwater Cladocera Cyclopoid and Calnoid (Copepods)
Freshwater Blological Freshwater Biological
Assoclation Association

Scientific Publication Scientific Publication

Ne.5 (1966) No.18 (1960)
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5.3 Sub-Sampling Technique

Even after preliminary sorting, some of thé bottbm fauna and
the shore fauna samples were found to contain large quantities of
animals, debris and inorganic material, which made the sample too
large to be searched. A sub-sampling téchnique wag applied, to éave

time and reduce labour.

Allanson and Kerrich (1961) tried to overcome the problem of
extensive sorting, by using a sieve to separate the macro and micro
portions of samples. They examined the whole ﬁacro-portion and sub-

sampled the micro-portion by marking it to a definite volume and taking

out a known volume for examination.

The method used in this survey, however, is similar to the one

used by Hynes (1861), King (1969), Huni (1968) and Ferguson (1870).

The sub-sampler (Plate 10) is a water-tight, perspex on, with a
blocked bottom and an open top. Two vertical plates (8 cm. high) are
fastened diagonally across the base, thus forming a cube of 8 cm. sides,
divided into four equal triangular compartments, and the walls of each

compartment were leak-proof.

Animals larger than 4 or 5 mm. were picked out of the sample, as

mentioned before, and the remaining sample was sub-sampled.

In sub-samﬁling the remaining matérial was poured into the box
and water was added carefully from a wash bottle, to fill the cube.
~ A flanged, leak-proof lid was placed on the top and held firmly. The
box was turned upside down and-shaken vigorously for a few times and

then quickly stood on its bottom on a level surface to settle for
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several hours. By this procedure thé sample material was dividea into
four parts in the four equai triangular compartments. .The contents of
the two opposite compartments were then completely removed and kept
aside .in a suitably marked jar, this represented half the sample.
Sufficient water was added to the material remaining in the sub-sampler
to again fill the four compartments. The box was again shaken and the
material left to settle. Parts of the sample from two opposite
compartments (each was approximately 6ne eighth of the original Qolume]
were again removed and transferred. to a separate jar. If a further

dilution of the sample was required mors water was added to ths remains

in the box and the process repeateqL

In order to save time and reduce labour, one eighth.or some times
one sixteenth of the sample was searched under the binocular microscope
Al
and the number of animals counted was multiplied by. 8 or 16 to

calculate the total number of individuals in the whole sample.

The accuracy tests of these sub-sampliné techniques have been
carried out by Huni (1868), and Ferguson (1870), who divided one sample
into 8 sub-samples and showed that the coefficient of variation of the

total numbers was not statistically significant.

1
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5.4 Chemical Analysis ‘ .

The only previcus chemical analysis carried out on these canals
were by Boycott and Oldham (1936), by the Mid-Cheshire Water Board in
(1857), H.M. Twigg (1959) and T. Christian (1859) analysed the

Llangollen Canal water for many of the important constituents.

®ony
-

.It will be obviocus from the above that there was a lack of up-to-

date information on the water chemistry of the two canals as a whole.

One of the aims of this project was to investigate the various
chemical properties of the canal water on the distribution of the

invertebrates at various sites and over a period of time.

The water analysis samples were taken in 1000 ml flasks. The
flasks were transported filled with distllled water and washed out at
each site just before the water sample. The samples were then

analysed within twenty=-four hours by the following technique.

a. Total Water Hardness

E.D.T.A. (Ethylenediamine tetraacetic acid) forms a chelated
soluble complex when added to a solution of metal cations. If a
small amount of a dye such as Eriachrome Black "T" or "R"‘is added
to a solution containing calcium and magnesium ions at a pH of 10,
the solution will become wine red. If the E.D.T.A. 1s then added

- as a titrant, the calcium and magnesium will be complexed and the

solution will turn blue. This is the end-point of the titration.

Method S \
Add 1 ml of pH buffer to 50 mls of a sample, to give a pH of

:.19-10.1.. A tablet of dry powder indicator was then added. The
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titrant (E.D.T.A.) is then added slowly with continuous shaking until
the lasf reddish tinge disappeared, the remaining few drops were

added, this gave a blue-end point. -

Calculation

A x B x 1000
Total Hardness as mg/l litre Ca CUS ml sample

or parts per million (p.p.m.)

" where A = ml titrated

‘B = mgCaCO, = 1.0 ml E.D.T.A.

3

CR

Total Hardness as mg per litre Ca CO3 )

ml (E.D.T.A.) titrant x 1000
ml sample

ml (E.D.T.A.) titrant x 1000
50

= ml [EOD.TIA.) titrant XZO-

b. Calcium Hardness

When E.D.T.A. 1s added to water containing both calcium and
magnesium, it combines first with the calcium that is present,
Calcium may be determined directly using E.D.T.A. when the pH is
sufficiently high so that thg magnesium is largely precipitated as
the hydroxide and an indicator is used which combines with calcium
only. Several indicators are available that will give a colour

change at the point where all the calcium has been complexed by
EoDlTlAn at pH Of 12“13.
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Method

Use 50 ml. of sample. Add 2.0 ml. of N NaOH solution to produce
a pH of 12-13. Add the indicator "Calcon” until pink colour resulted.

Titrate with E.D.T.A. solution slowly until the pink almost disappears.

Calculation

calcium hardness as mg/l Ca CO3

A x B x 1000
mls sample

where A = ml titration

B = mg Ca'CDS = 1.0 ml of E.D.T.A.

C. Magnesium Hardness

To estimate magnesium present, subtract calcium values from total

hardness result.

From the methods employed, as described in the abbve section, the

detailed résults obtained have been given in Tables 63-70 and Figure 1.



" TABLE No.4 ‘Total Numbers and % of EachtGrbupvor‘Qrééf Taken From
B . _All Sites on Each Canal by the Dredge in,1870-71 and
’ ©1871-72 to the Total of the Invertebrates.

Tatal Numbers and % of Each Group or Order faken From
All Sites on Each Canaf by the Hand-Net in 18 Months
to th2 Total of the Invertebrates.

TABLE No.s

- s, [1.C
1870-71 ' 1871-72 - 1871-72. :
" DLIGOCHAETA - 11,619 14,788 7,105 Sroup or Order 308 L1.C
Ty ‘22.9 . 27.3 70,2 OLIGOCHAETA 12,451 3,020
. HIRUDINEA' . - . . a2 a0 85, % 21.8 © 85.3
. © 0.08 0.08 ° 0.97 HIRUDINEA 110 | 101
.éRUSTACEA‘  ”59” ‘ 51 64 g % 0.2 0.8
e 0.1 . 0.08 0.65 ." CRUSTACEA 3,596 3,889
' INSECTA 36,418 - ©36,401 2,008 * °:26 4.8 ;
R 70,13 7, 67.05 ' . 20.64" | INSECTA 28,464 3,617 /
Diptera = 34,950 " 35,489 . o,es. % 49.50 31.50
R . 69.55  65.50 18.11 Diptera 25,317 2,070
: ,Ephémeroptera 468 -390  L o 27 2 % 44.0 18.20
Ty 0.0 © o5 o0z | Ephemeroptera 651 56
k Trichopfefa ,a o 763 S so0 . 124 jw s % 1.13 0.48
% - .1.50 0.0 - 1.26 :i; Trichoptera 824 1,303
" Coleoptera 34. 120 C2 0 % 1.42 11.25
s " 0.08 ey - (+) - | ‘ Coleoptéra 510 168
Hemiptera .- 2 . 0. 0o % 1.60 1.45
. e ;[+1' - - " Hemiptera 600 15
. Odonata- 2 [ 0 ) % 1.05 (+)
s (4. e L | . Odonata 161 5
. GASTROPODA 2,481 . 2,188 07 % ' 0.48 (+)
R 4.8 4.00. .09 .0 77 GASTROPODA 8,641 515
_ LAMELLIBRANCHIA 1,087 768 76 - L T 15.01 4.5
R 2,10 1.40 5.9 i "LAMELLIBRANCHIA 4,262 296
_NEMATODA 32 140 0 ¥ . (Bivalves)
L% 0.08 0.16" e B D s 7.43 2.56
C - NEMATODA ‘ 61 .3
AP oo L S Co o ‘ 0.11 ~ (+)
-+ = sign indicates that an item contributes less.than' (0.05%)" ‘
-+ S:.U.L. = Shropshire Union Canal ‘ e ~ 00 (#) = sign indicates that an item contribytes
- L1.C. = Llangollen Canal . 5 e less than 0.05%
‘ - R : 4 S:UfC.fjé Shropshire Union Canal

L1.C. = Llangollen Canal



6. RESULTS

6.1 The Qualitative and Quahtitative Composition of the Fauna

The invertebrate results are interpreted in the light of previous
authors such as Macan, Hynes and Elliott.. Each group of animals will
be considered separately. The numEer of invertebrates (bottom fauna,
shore fauna and crustacean zooplankton) taken from each site‘in all
months have been given in Tables 41-62 in the appendix. The physical
and chemical factoré recorded have also been given in Tebles 63-70 in

the appendix.

All those species which had been recorded from both canals at all

sites are discussed further in the systematic sections below.

Monthly quantitative changes and seasonal variations in the non-
insect and the insect species or groups will be discussed (page9%-123)-
Life cycles of the common species have been described where possible,

also the newly recorded Trichoptera species (Economus tentellus) in

England, has been described (pags,102).

The following abbreviations have been used in Tables and

Histograms. )
Ny = Nyhph or Nymphs )
Lv = Larva or Larvas
Pup = Pupa or Pupae
S;U.C. = Shropshire Union Canal
Site 1 = Site off AS
Site 2 = Site off AS
Site 3 = Site at Market Drayton, New Castle Road Bridée
Site 4 = Site at Hurleston Junction (South of Corna's Bridge)
Site 5 =

Site at Hurleston Junction (North of Corne's Bridge)

43.
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Llangollen Canal .

L1.C. =

Site 6 = Site at Hurleston Junction (Llangollen Canal)
Site 7 = Site at Ellesmere

Site 8 = Site at Horse-Shoe Falls

Most of the animal species or groups were found in the dredge
and the hand-net samples, in the two canals. 0ligochaeta, Diptera
and Gastropoda orders were the major components of the invertebrate

community.

A complete list of all the bottom fauna taken by the dredge,
the shore fauna taken by the hand-net, and Crustacean zooplankton taken
by the plankton net, with relative freguencies, is given below. Each

order will be considered separately in each canal.
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Monthly occurfence ot eoch Oliyncheeta  species tgken Lty the

reds e shropshl 1 and tre
on the S hropshire Union Cana

Table N2 6 dredge ¢t each site

tiengoten Canal.

1970

.SPECIES A SONDUJFMAMJJ A

1971 1972
S ONDOD JF MA MJ J

"Homochaeta naiding 1

No sample

Li.C
® N o

»

Pristina lorgseta

s.u. C.
P A& W N -

[ ]

No sample

~

]
8 -

L.C.

Pristina menoni

No sample

LLC.
® N O

Pristing idrensis 1

6 Ne sample
7 »
M 8 ]

Tubdificidae 1

6 No sample

—— o———

C
~
v

-Stytodritys  heringianus 4 —

IJl

—
—

s U C
v s W

]

No sample

LLC.
® - o
»

Lumbriculus varigatus 1 *
2
(¥

=3 | — — —
Jg4 . .. NONE

5 |-

No sample -

. — — —— —

LLC
® v o

Eisenefla tetradera NONEFE

NONE

S.
whE wn -

NONE

|
|

LLC
@ N O
.

Pelscolex ferox

S. U C.
[ TR S P VI

6 No sampe . .

~

L. c.
.
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" Table No -7

Monthly occurrence of each Oligochaeta species taken

by the hand-net at each site on the Shropshire

Union Canal and Llangollen Canal.
197 1972
SPECIES ) FMAMJI JI ASONDIFMAMUYUJ

.

Homochaeta naidina 1

O3
.3
(64

- ° 5

~N o

LL.C.

-—

Pristina longiseta

S‘U‘C‘
AW

LLC.
o

Pristina menoni

Pristina {drensis 2

:

LL.C.

-

= Tubiticidae

o~ o e e L vt -

NONE
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6.2 OLIGOCHAETA .

Oligochaetes were the most abundant group of inverteﬁrates in
all months, and at all sites, buf they are clearly much more
abundant both in density and numbers in the Shropshire Union Canal,
than in the Llangollen Canal. This abundance is possibly attributable
toc the largér amounts of black organic matter, on which many of these

animals depend for their food (Egglishaw (1864)) and (P.S. Maitland
(1966)].

In the Shropshire Union Canal, they represented 22.9% of the
total invertebrates in 19?0-71, and 21.8% 1in 1971-72 of the dredge

samples. Also they represented 21.64% of the total invertebrates of

the hand-net samples.

In the Llangollen Canal theyrepresented (70.2%) of the total
invertebrates in 1871-72 in dredge samples, and (25.3%) in hand-net

samples.

The following species have been recorded from the Shropshire
Union-and Llangollen Canals so far. Species recorded during the

study period included

Homochaeta naidina (Brecher)

Pristina longiseta {(Ehrenberg)
Pristina menoni (Adyer)
Pristina idrensis (Sperber)

Stylodrilus horingianus (Claparede)

Lumbriculus variegatus  (Muller)

Eiseniella tetraedera (Savingny)

Peloscolex ferax (Eisen)




' JABLE No. 8 Total Number and % of the Oligochaeta (Homochasta naidina) Taken
| from Eech Site'by the DBredge in 1970-71 and 1971-72 ta the Total )
of the Oligochasta.
S.U.C. L1.C i
1 2 3 4 5 TOTAL 6 7 8 TOTAL
1970-71
Hemochaeta 2,414 2,478 1,292 1,199 1,960 8,543
naidina
% 20.42 20.96 10.10 10.14 16.58 77.7
1971-72
EZEEEFSéta "
naidina 2,582 2,547 1,833 1,903 1,630 10,595 1,600 1,852 1,857 65,309
% 17.50 17.50 13.02 12.90 11.03 72.10 22.80 26.40 26.72 76.00
Total Number and % of the Oligochaeta (Homochaeta,naidinaj Taken
from Each Site by the Hand-Net in 18 Months Lo the Total of
Oligochasta.
S.U.C. L1.C ::::::
1 2 3 4 5  TOTAL 6 7 8. TOTAL
. s -
Homochasta : o
" naidina 2,034 2,216 652 1,102 1,054 7,058 193 1,764 % 1,957
% - 16.34 17.80 5.24 6.83 8.47 57 .47 6.39 58.41 g 62.58

| S.U.C. =

™

Shropshire Union Canal
L1.C. = Llangollen Canal
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The following descriptions of the development pattern of the

species found ‘in the two canals are based on the percentage frequency

" distributions along each'canal. For these descriptions both dredge

and hand-net samples results have been used separately. Monthly
quantitative changes, seasonal variations and notes on the more
common sﬁeqies have been given. Total numbers and sizes of each

sample have been shown in Tables (4 to 62).

Homochaeta nai dina

In the Shropshire Union Canal large numbers of Homcchaeta naj dina

were taken in all months from every site with monthly maxima in the
two years obtained in November, December, January and February. It
forms 77.7% in 1970-71 and 72.1% in 1971-72, of the total Oligochaetas

in Dredge samples.

In the two years they declined in numbers from March to October

"and the monthly distribution pattern was slightly different, numbers

were more or less constant, until November, they then increased to a
maximum in December (Tables 41-55). Their percentage and distribution

for every site in the two years, can be noticed in Tables 6, 7 and 8.

In the Llangollen Canal, this spacie#was also the most common
one throughout the year, and at all sites. It formed 76% in 1971-72,

of the totel Oligochaeta  in Dredge sahples. and 62.58% in the Hend-

net samples.

V4
The numbers of this speciesfound in December, January and

February 1971.and 1872, were considerably greatsr than the numbers

taken during the rest of the two years. As shown in Tables 41-55



TABLE No.9Q Total Number and % of the Oligochaeta (Pristina longissta)
Taken from Each Site by the Dredge in 1970-71 and 1971-72 ]
to the total of the Oligochaeta.
S-U-c. Llnc.
1 2 3 4 5  TOTAL 3 7 6 TOTAL
1970-71 .
Pristina
longiseta 243 210 31 7 4 435
% 2.05 1.80 0.26 0.06 (+) 4,20
1971-72
Pristina ‘
lcrngiseta 330 228 31 9 9 807 22 42 67 131
% 2.24 2.20 0.21 0.06 0.06 6.00 0.31 0.680 0.95 2.20
Total Number and % of Oligochaeta (Pristina longiseta)
Taken from Each Site by the Hand-Net in 18 Months to the
Total of the 0ligochaeta.
S.U.C. L1.C. s
1 2 3 4 5 TOTAL 6 7 8 TOTA[_
Pristina | =R
longiscta 482 483 15 4 7 991 53 131 >
5 3.87 3.87 0.12 (+) (#) 7.95 175 4.33 .08 .
o ' .
=

(+) = Sign indicates that an item contributes less than 0.05%
 S.U.C,~ = Shropshire Union Canal

 L1.C. = Llangollen Canal



TABLE No. 10

Total Number and % of the Oligochaeta (Pristina
menonl) Taken from Each Site by the Dredge in
1970-71 and 1971-72 to the Total of ths Oligochaeta.

S.U.C, Li.C. :
1 2 3 4 5 TOTAL B 7 8 TOTAL
187071 ‘
Pristina .
menoni 351 380 94 17 38 860
% 2.96 3.03 0.78 0.14 0.32 6.40
1971-72 .
Pristina .
menoni 670 592 129 23 52 1,466 66 111 221 398
% 4,53 4.00 0.87 0.16 0.34 12.00 0.94 1.58 3.15 4.15
» Total Number and % of the Oligochaeta (Pristina
menoni) Taken from Each Site by the Hand-Net in
| 18 Months to ths Total of the Oligochaeta.
s S.U.C. L1.C. o
1 2 3 4 5 TOTAL 6 7 8 TOTAL
T e — . o o
Pristina ' ' & 4
- menoni . 555 926 S0 21 21 1,883 88 298 5 397
5 6.94 7.43 0.40 0.7 0.17 15.26 3.24 8.80 2

14.13

[ B e N,

'gf‘S.U.C.l = Shropshire Union Canal

©© " LLC. =.Llangollen Canal
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large numbers were present .at svery.éite in the 18 months samples.

Pristina longiseta

v e e w e

In the Shropsﬁi;e Union Canal khis speciesﬁas less common than
‘H. niadina and even rarely occurred in certain months. It only
formed 4.2% in 1970-71 and 6% in 1971-72 of the total Oligochaeta:
in Dredge samples and 7.95% in Hand-net samples, most of it was taken
from sites 1 and 2 with maximum numbers in November and December of
both years. Very few of this specieswere taken from sites 3, 4 and
5, less than 0.3% in s;te 3 and less than 0.07% in sites 4§and 5 of

the total Oligochaeta. .

In the Llangollen Canal, this specieswas also rare, Tables 6, 7,
9 end 41-55, comprising only 2.2% of the total Oligochaeta. in the
Dredge samples, and 6.06% in the Hand-net samples. Mostly they were

collected from site 7, but peak numbers were taken in May, 1971, and

January, 1972.

Pristina menoni

In the Shropshire Union Canal this species was present all year
round, Tables 6, 7, 10 and 41-55, in sites 1, 2 and 3. It formed
6.4% in.1970-71 and 12% in 1971-72 of the total Oligochaeta. in the
. Dredge samples qu 15.26% in the Hand-net samples. It was most
numerous in September and October 1871 in Dredge samples and December

1871 and January 1972 in Hand-net samples, Table 10.

On the whole, the maximum numbers werae taken from sites 1 and 2
and the minimum from sites 4 and 5, and less than 0.4% of the total

Oligochaeta Table 10.



TABLE No. 11 Total Number end % of the Oligochaeta (Pristina )
idrensis) Taken from Each Site by the Oredge in .
1970-71 and 1971-72 to the Total of the 0ligochaeta. s

S.U.C. L1.C. )
1 2 3 4 5 TOTAL B 7 8 TCTAL
1970-71
Pristina '
idrensis 409 392 76 4 44 925
% 3.46 3.31 0.84 (+) 0.37 7.90
1871-72
Fristina '
idrensis 410 706 147 11 39 74 130 299
% 2,95 4,77 0.99 .0.068 0.26 10.7 1.05 1.80 4.26 4.2
Total Number and % of the Oligochasta (Pristina
idrensis) Taken from Each Site by the Hand-Net
in 18 Months to the Total of the 0Oligochaeta.
S.uU.C. L1l.C.
1. 2 3 4 5 TOTAL B 7 8 TOTAL
. Pristina y o
idrensis 1,064 1,077 43 5 28 2,217 76 271 & 347
- N <
% 8.58 8.65 0.35 (+) 0.22 17.83 2,51 9.00 0 11.50
. a .
S :

(+) = ASign indicates that an item contributes less than 0.055%
'S.U.C.= Shropshire Union Canal

L1.C.= Llangollen Canal
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.

In the Llangollen Canal, this species was one of the most common

species, especiay in site 7, where it formed 9.8% of the total

' Dligochaetas in Hand-net samples.

Maximum numbers were collected in December 1971, January and

February, 1972 in Dredge samples and June 1871 and 1972 in the Hand-

net samples, Tables 6, 7 and 10.

Pristina idrensis

In the Shropshire Union Canal, this sﬁecieswas more common and
present in sites 1, 2 and 3, through the year, but was very rare or
absent from sites 4 and 5,(Tablesg7, 11841-55Maximum numbers were taken
in September, October and November, 1872, in Dredge samples, and

December, 1971 and January, 1972 from the Hand-net samples.

It formsd 7.9% in 1970-71 and 13.7% in 1871-72 from the total
0ligochasta in Dredge ‘'samples’and 17.8% in Hand-net samples. The
lowest numbers were collected from sites 4 and 5 less than 0.07% from

site 4 and less than 0.4% in site 5 from the total Oligochaeta for

both years.

| In the Llangollen Canal, this species was also more commen and
found in all the sites, throughout the year, with maximum numbers in
November 1971, December 1871 and January 1872 in the Dredge samples
and December 19;1 and January 1972 in the Hand-net samples. It

formed 4.2% in the Dredge samples and 11.48% in Hand-net samples from

the tptal Oligochaeta , Tables 6, 7, 11 and 41-55.



TABLE No. 12 Total Number and % of Oligochaeta (Tubificidae)
Taken from Each Site by the Dredge in 1870-71 and .
1971-72 to the Total of the Oligochasta.

S.U.C. L1.C.
1 2 3 4 5 TOTAL 6 7 8 TOTAL
1970-71
Tubificldae 51 68 19 15 32 185
% 0.43 0.5 0.16 0.12 0.27 1.60
1671-72
Tubificildae 94 91 51 31 51 318 33 47 ‘91 171
% 0.63 0.61 0.33 0.21 0.33 2.70 0.47 0.67 1.30 2.3Q
Total Number and % of the Oligochaeta (Tubificidae)
Taken from Each Site by the Hand-Net in 18 Months to
to the Total of the Dligochaeta.
S.U.C. L1.C. |
1 2 3 4 5 TOTAL 6 7 8 TOTAL
‘ - o
Tubificidae 92 94 31 26 18 27 42 % :
% 0.72 0.71 0.23 0.20 0.13 2.01 0.84 1.28 g 2.12
' =

S.UIC.

Shropshire Union Canal

L1.C. Llangollen Canal
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Tubificidae

»

Members of this family were found in nearly all the months and

" at almost all sites. - Like many of the previous specieé'discussed, only- -~ -

a very much smaller number was found, as compared with, for example,

Homochaeta naidina species. The largest number was found in July 1872,

(77 specimens) in the ﬁredge sample. Beforé this fhe largest number
was found in September, October, November and December of 1971 and June'
1872 in the Dredge samples, also December 1971, January and February
1972 in the Hand-net samples. The apparent increase in numbers during

the winter is shown by both methods..but the sizes are small.

In the Shropshirg Union Canal they formed (1.6%) in Dredge samples
in 1871-72 and 2.7% in 1871-72 and 2,01% in Hand-net samples of the

total Dligochaetes.

In the Llangollen Canal, they formed 1.4% in Dredge Samples 1971-72

and 2.12% in Hand-net samples of the total Oligochaetes.

The total of the percentage at each site is shown in Tables 6, 7,
12 and 41-55, for both canais.

Other 0ligochaetes

They include the following species.

a. Stylodrilus heringianus = (Claparede)

b. Lumbriculus varﬁ%atus - (Muller)

c. Eiseniella tetradera - (Savingny)

d. Peloscolex ferox - (Eisen)




TABLE No.13 Total Number and % of the Other Oligochaeta
Taken from Each Site by the Dredge in 1970-71 :
and 1971-72 to the Total of the Oligochaeta.

S.uU.C. L1.C.
1 2 3 4 5 TOTAL B 7 8 TOTAL
1870-71
Othar
Oligochaeta 15 11 16 7 14 63
% 6.12 0.08 0.12 0.06 0.12 0.50
1971-72
Other : ‘
Cligochasta 7 15 10 2 11 45 47 71 360 478
% ' .05 0.10 0.07 (+) 0.07 0.31 0.67 1.01 5.13 6.80
Total Number and % of the Other Oligochaeta
Taken from Each Site by the Hand-het in
18 Months to the Total of the 0ligochacta.
S.U.C. L1.C.
1 2 3 4 5 TOTAL B 7 8 TOTAL
Other o -
 Oligochaeta . 3 8 11 0 15 37 32 60 £ 92
% (+) c.08 o0.09 -~ 0.12 0.30 1.06 1.99 g 3.04
. y, ) 2

(+) = Sign indicates that an item contributes
less .than 0.05%
S,U.C. = Shropshire Union Canal
L1.C. =

Liangollen Canal



Very few members of these sbecies were found especially in the
Shropshiré Union Canal at all sites (66 specimens in 1970-71) and
42 specimens in 1971-72)in Dredge samples and they formed 0.6% and

0.4% of the total Oligochaetes. Also, only--38 specimens in the

‘Hand-net samples where it -formed 0.28% of the total Uligochaetes.

Larger numbers of these species were found in the Llangollen

Canal where they formed 4.2% in 1871-72 in the Dredge samples and

3% in the Hand-net samples of the total Oligochaetes.

In all sites of the two Canals the number of each specieswas
small and the detailed percentage and numbers of each one at all

sites is shown in Tables 6, 7 and 41-55. :

50,
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TABLE No.16

Total Number

and % of the Hirudinea (Leeches)

Taken from Each Site by the Dredge in 1970-71
and 1971-72 to the Total of the Invertebrates.

- S.U.Co. L1.C.
- 1 2 3 4 5 TOTAL 6 7 8 TOTAL
1970-71
Hirudireca 4 5 12 3 8 32
(Leeches)
% (+) (+) (+) (+) (+) 0.09
1871-72 '
Hirudinea 3 1 18 4 4 30 14 50 22 a6
{Leeches)
% (+) (+) [+]. (+) (+) 0.08 0.14 0.61 0.22 80.97-
Total Number and % of the Hirudinca (Leeches)
i Taken from Each Site by the Hand-Net 1n 18 Months
! rand-net
| to the Total of the Invertebrates.
- SUUOC. L]-IC. o
" 1 2 3 4 5 TOTAL 3 7 8 TOTAL
‘Hirudinea - :
(Leechfq) 6 10 38 g 43 107 49 92 141 -
J - % . (¥ " (+) 0.08 (+) 0.07 0.20 0.42 0.80 1.10

‘ (+]—=

S.U.C,=

L1.C.=

Sign indicates that an item contributes
less than 0.05%

Shropshire Union Canal
Llangollen Canal

)
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6.3 HIRUDINEA (Leeches)

i

Very small numbers of leeches were taken in all months from

A

botﬁ canals. They were represented by 6 species.

(1) .Glossiphonia heteroct ita (2) Pisicola geometra

(3) Glossiphonia complanata - (4) Hemiclepsis marginata

(5) Helobdella stagnalis (6) Erpobdella octoculata

In the Shropshire Union Canal, all together they formed in 1970-71
0.09% and in 1871-72 0.08% in the dredge samples, and 0.2% in Hand-net

samples of the total invertebrates.

Among the common species were Glossiphonia (hetrochita and

complanata) and H. stagnalis. They were present throughout the

sampling perlod, especilally in site 3, Tables 14 and 15. Most other
species were occasionally collected from allsites in different months.

The average size and number of these species at each site being given

in Tables 41-55,

‘This group of animals showed the biggest difference between

maximum and minimum numbers present in different months.

In the Llangollen Canal, all species were found in the dredge
* and hand-net samples taken from all sites throughout the sampling
period, where they formed 0.97% in 1871-72 in the dredge samples and

0.6% in Hand-nét samples of the total invertebrates.

The total number of these species found in monthly samples

taken from the canal was much more in site 7. Among the common

species were H. stagnalis and E. octaculata - Tables 14 and 15.

Very small numbers of other species as compared with these last two



taken from‘ofher sites throughout thg sampling period, Tables 41-55.

Also this group of animals showed the biggest differeﬁce between
maximum and’minimum numbers present in different months. The average
size and number of each speclesat each site being given in Tables 41-

55.
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B N ’ ngif‘TABtE No. 19 gfﬁ(i];iTéfél Ngmberswaﬁd % of Tricheptera (Larvae) Taken from Each Site by

:f lﬁthé Drcdgefin 19f0f71 épd 5971;72 to the Total Number of the Insects.

“‘1lff}g >f§{;li_;:; ISR :“i(ii)*wfotal Numbers and % te thz Total of the Invertebrates..

N TN P : ‘ ' P

R S N - 4 5 TolAL____ i3 6 7 8 TOTAL i1
Lagzo-7y oo o
‘Trichoptera Lervae . 8 .. - 26 4B 670  17- 783
w0 . 007 o1z 1.e8 (+) 2.11 1.5

\
o\

PN

1971-72 . . - ,
Trichoptera Lervae ~ 3 T4 15 472 5 500 12 75 7 124
SR SRR €5 BN €5 N €3 1.28 (+) 1.4 0.9 0.6 3.92 1.93 6.5 1.

w .

)
[a3}

o\

(i) Total Mumbers and % of Trichoptera Larvae Taken from Each Site by
the Hand-Net in 18 Months to the Total Number of the Insects.

(ii) Total Numbers and % to the Total of the Invertebrates

"') N « . “ . SlU-C. ’ Ll-c.
‘ ' 1 2 3 4 5 TOTAL ii - 6 7

[92]

TOTAL ii

1,303

‘Triéhdptera Larvae g1 10¢ a2 433 101 624 1,165 138 o
EEREE 0.32 0.3 0.32 1.52 0.39 2.50 1.42 32.2 3.54 & 35.9 11.25
Z< .
%3]
L a,f,klg’, REESIPR SRR (+) Sign indicates that an item contributes less than 0.05%
- o ' S.U.C. = Shropshire Union Canal o P
. LLC.=Llangoilen Canal LR
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6.4  TRICHOPTERA .

~ Trichoptera larvae were found in Hand-net and Dredge saﬁples
in both canals throughout the year. Although the numbers were
somefiﬁés’high. they rarely fofmed an important prbpbrtion of the

whble insect population, especially’in the Shropshire Union Canal.

In the Dredge'sampléSJfrom the Shropshire Union Canal, they
found 1.5% in 1970-71 and 0.9% in 1971-72 from the total invertebrates:;
and 2.11% in 1970-71 and 1.4% in 1971-72 of the total insects, while

in the net samples they formed 1.42% of the total invertebrates and

2.9% of the total insects.

In the Dredge samples from the Llangollen Canal they formed 1.26%
of the total invertebrates aend 6.5% of the insects in 1871-72 and in
Hand-net samplés they formed 11.35% cf the total invertebrates, and

35.8% of the total insects throughout the sampling period.

Larvae belonging to the following species and families, were

recorded in both canals throughout the sampling period.

Family Polycentropidae ,
(1) Homocentropus picicornis (Stephens)

(2) Polycentropus flavemaculatus (Pictet)

Femily Psychomylidae

(1) Economus tentellus (Rambur)

Family Limibhilidae

Femily Glossoshatidae

(1) Glossosoma boltoni (Curtis)

Monthly quantitative changes, seasonal variation, and notes on

the life cycles of each specieshave been given. Total numbers and
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sizes of each species have been shown in Tables 41-55 in the Appendix.

Family Polycentropidae

- Larvae belonging to this family were taken throughout the sampling

period from both canals. Two species were found.

(1) Homocentropus picicornis

This’wés the most ﬁommon species in Sﬁrobshire Union Canal, and
formed 84% in 1970-71 and 73% in 1971-72 o% the total Trichoptera in
the4Dredge samples, while it fofmed 76% of the total Trichoptera.in
the hand-net samples. Larvae were taken in all months,‘Tables 17,

lé. 19\and‘41-55. Most of the Homocentropus picicornis was found in

site 4, where the bottom is heavy clay, 1ittle stones and silt. This
seems to be compatible with the observations of Badcock [19495 in which

she noted that the greater densities of Polycentropus larvas may be

partly attributed to the clay and silt.

Very small numbers of Homocentropus picicornis were found in the

Llangollen Canal throughout the year. It formed in the Dredge sambles.
12% in 1971-72 and 3.2% in the Hand-net samples of the total

Trichoptera, Tables 16, 17, 19 and 41-55.

. Numbers of larvae collected each month were too small to determine
the life history of this species. However, Hickin (1867) has shown

thaplit is univdltine with a short flight period from the end of June
until the middle of July,
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Polycentropus flavomaculatus

Only 3 larvae were taken from the Shropshire Union Cénal, 2
in February and one in March, 1971, and 10 larvae in the Llangollen -
Canal, 5 in March 1972 and the rest throughout different months ‘of

the year, Tables 41-55,

It is difficult to separate larvae of P.flavomaculatus from

those P.kingi. Edington (1964) has separated the two species on

the basis of the anal claws., The anal claws aré supposed to be
obtuse angled in kingl and right angled in p.flavomadulatus. Numbers
of larvae collected in both canals were too small to determine the
life history of this species. Tables 41-55. Adult flight period of

p, flavomaculatus cccurs from May to September or October (Maccan and

Maudsley, (1968)); Elliott (1968) and Crisp and Gledhill (1870)

reported.

Family Limohilidae

Limﬂﬁhilidae larvae were taken in Hand-net semples almost every
month. The largest numbers were found in the Llangollen Canal in
February and March, 1971 aﬁd January, February and March, 1872,

1196 larvae = 81.5% of the total Trichoptera in.the'Llangollen Canal,
‘'most of it found at site No.6, Tables 41-55, The vegetation may be
responsiple. A microhabitat of particular interest here are the
soilifree rooté of alder and grassés Qnder the towpath bank, where
most larvae use the roots and fallen branches for case-making as well
as for the attachment. Twigg (1857).

Very few were found in Dredge

samples.
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In the Shropshire Union Canal Eimé%hilidae larvae were less
common, oﬁly small numbers were taken in the hand-net samples,
where it fSrmed 11.1% of the total Trichoptera, all of 1t was
found in sites 3 and 5, with maximum numbers in Februafy agd March,

1871 and 1872, Tables 17, 18 and 41-55.

Limé%hilidaa larvae are univoltine with overwintering larvae.
Small larvae in the Llangolleé Canal, site 6, first appeared in
September each year, grew steadily through the autumn and winter and
full grown larvae were found in March, (Hynes (1961)). The monthly

larvae sizes and numbers in both canals are shown in Tables 41-55,

Family Glossoé%atidae

Glossosoma boltoni

Only two caseless G. boltoni were found in the Shropshire Union

Canal in August and September in 1871 in the hand-net samples.

. G. boltoni has a univoltine life cycle. In the River Rheidol (Wales)

they hatch in spring and grow rapidly after hatching particularly in
summer, (Jones (1948)), the pupae occur from June to August (Arshed,

(1872)) and the adult fly from April to September, (Hicken (1867)).

.Family Psychomyiidae

Economus tentellus (Rambur)

E. ientelIus larvae were less common in the Shropshire Union
Canal, they formed in 1970-71 (14.2%) and in 1971-72 (29%) of the
total Trichoptera in the Dredge samples, where they wers only 12.6%
of the total Trichoptera in the Hand-net samples, most of it

collected from site 4 with the maximum number in winter time.
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Smaller numbers were also collected from the Llangollen Canal
almost all from site 7 where it is probably associlated with the
presence of Spongilla (Hickin (1867)). In the hand-net Sample;
they formed 4.4% of the total Trichoptera, but only a few were

found in the dredge samples.

Although this species was less abundant than others, its
monthly distribution pattern indicates that it has a univoltine life
cycle, flying in summer, suggesting that the eggs hatch during

summer months, grown rapidly during summer, and autumn and over

winter as full grown larvase.
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6.5 COLEOPTERA *

Larvae and adults belonging to this order were taken from the
Shropshire Union and the Llangollen Canals in both dredge and Hand-
net samples throughout the year in'all months. fn the Shropshire
Union Canal they formed 1.6% and in the Llangollen Canal 4.64% of
the total insects in the Hand-net samples. The highest numbers
were recorded in July, August and September 1971, and the least

numbers were recorded in January 1870 and January and February 1872.

Two different families were recorded.

(1) Family Dytiscidae

Dytiscinae - (Sub-family) Larvae and adults

(2) Family Halipidae

Haliplus "(species) Larvae and adults

Monthly occurrence, numbers and sines of each taxon at each site

from both canals are summarised in Tables 20, 21 and 41-55.

Family Halipidas

Haliplus (species)
Haliplus larvae and adults were the most abundant Coleoptera in

both the Shropshire Union and ths Llangollen Canals and were collected

throughout the sampling period.

In the Shropshire Union Canal, they were present in all hand-net

samples. Tablo 20 though thoy were found in larger numbers in sites

%

1 and 2 than in sites 3, 4 and 5. Maximum number of larvae and

ﬂ

Lk

:adults wers collected in summer and the least through winter with
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’

irregular numbers in between. In the hand-net samples, they formed

78.4% of the total Coleoptera.

Small numbers of Haliplus larvae and adults were taken frequently
from the Llangollen Canal, in most of the months. They made 43.3%
of the total Coleoptera, in the hand-net samples, Table 20. Their

numbers were at maximum in summer and least in winter.

In Dredge samples, only a very few larvae and adults were found
throughout the sampling period, in both the Shropshire Union and

Llangollen Canals, as seen in Table 21.

S
Family Dyticidae

Both larvae and adults belonging to the sub-family Dytiscinae
occurred spasmodically in both the Shropshire Union and the Llangollen

Canals, and were found mainly in the hand-net samples.

In the Shropshire Union Canal they formed 21.6% of the total
Coleoptera taken in the hand-net samples, where only one larva was

found- in the Dredge samples taken throughout tﬁa sampling period.

In the Llangollen Canal they formed 56.7% of the total Coleoptera
found in the Hand-net samples, where only four larvae recovered from
the dredge saemples. Thelr numbers were very small and were mostly

taken in the summer time and in all other months less irregular numbers

were collected.

Larvae and adults of the Dytiscinae collécted from both Canals

were sparse and their life cycles were not clearly defined, Pupae were

absent from all samples, and no separate samples were taken to trace its
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pupae and this makes elucidation of their 1ife cycles (histories)

more diffiﬁult. The life history of the Dytiscinae has recently been
investigated by Holland (1872) in the River Alun and the River Dee in
Denbighshire. Adults and larvae can be found throughout tke year,
From June to September, however, larvae climb out of the water to
pupate. 'The pupal stage is spent in crevices in the river banks.
Adults are sexuaily mature during Spring and early Summer. Some late
larvae may, over winter é seéond time to pupate the following year,

thus taking two years to reach adulthood. Also, some adults may

survive a second summer and breed again, (Holland (1972)).
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6.6 EPHEMEROPTERA .

Nymphs belonging to three May fly species were takeh from both

canals throughout the sampling period, and they were:-

-

{1) Caenis horaria (Linn.)

' {2) Baetis mutinus (Pumilus)

(3) Ephemerella ignita (Poda)

- In the Shropshire Union Canal in the dredge-samples they formed
1.26% of the total insect and 0.8% of the total invertebrates in
1970-71, and 1.06% of the'totél insects and 0.75% of the total
invertebrates in 1971-72. They were found more in the Hand-net samples
where they forméd 2.3% of the total insects and 1.13% of the total

invertebrates in the 18 months samples.

In the Llangollen Canal Ephemeroptera nymphs were found in very

small numbers throughout the sampling peribd. and they comprised 1l.4% of the

‘"total insects and 0.29% of the total invertebrates in 1971-72 in the

dredge samples., In the Hand-net samples they formed 1.54% of the total
insects and 0.46% of the total invertebrates in the 18 months sampling

period.

Monthly quantitative changes, seasonal variations, and notes on the
life-cycle of each species are described. Monthly numbers taken from
each site of the two canals are given in Tables 41-55 and the total

numbers found at all sites during the sampling period are summarized

iq Tables 23 and 24.

i




Caenis horaria *

Caenis horaria was the most common species present in the
Shropshire Union Canal.  Large numbers of nymphs were taken in
most months of the sampling period. Most of them from sites 4

and 5, Tables 23 and 24.

At site 4 in the Dredge samples they formed in 1970-71 86.4%
and in 1971-72 91.5% and in Hand-net samples 74.3% of the total
Ephemeroptera. At sites i, 2 and 3 in the Dredge samples thers

were none and in Hand-net samples only six nymphs were found in the

18 months sampling period.

Monthly maxima each year were collected in May and June 1971
and 1972, from the Hand-net samples and November, December and

January 1970 and 1871 in the Dredge samples.

In the Llangollen Canal very small numbers of nymphs were

taken in the Hand-net samples only in different months throughout

the sampling period (28 specimens only).

Ephemerella ignita (Poda) . .

Very small numbers of E. ignita nymphs were collected during

the sampling period.

In the Shropshire Union Canal iﬁ the Dredge samples thay
formed 1.16% of the total Ephemeroptera in 1970-71 and 1% in
1971-72, while in the Hand-ﬁet samples they formed 2.8% of the
total Ephemeroptera in the sampling period. Most of the nymphs
were found in site 5, Tables 22 and 23.
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In the Llangollen Canal also small numbers were found in sites
6 and 7 only. In the Dredge samplés (13 nymphs) were found in
1870-71 and (25 nymphs) in 1871-72, and in Hand-net samples (28

nymphs) were found throughout the sambling periocd.

E. ignita is well known to be univoltine, spending winter in the
egg stage (Macan, 1957}, but the hatching varies from one area to
another. Frost (1942) at Ballysmutton (Eire), reported a few newly
hatched nymphs in February. Sméll nymphs occur in Denmark (Jensen
(1856)), in March in the Afon Hirnant in Wales (Hynes (1961)), and in

late May or early June in the English Lake District (Maccan (1857)).

Egglishaw and Mackay (1867) in the Scottish Highland streams
found small nymphs in June and Langford (1969) in Lincolnshire,

England, has found nymphs of E.ignita in most months of the year.

Sawyer (1853) and Crisp and Gledhill (1867) in Southern England,
found the adults of this species over a long period, suggesting that

this species may have more than one generation per year in the South

of England.

At the Shropshire Union and Llangollen Canals maximum numbers of
nymphs were small and occurred at different months of the sampling
period. These observations correspond that this species may have

more than one generation in both canals.

Baetis mutinus (Pumilus)

This species was far less common and rarely occurred in both

canals in the Dredge and Hand-net samples, Tables 41-55, In the

Shropshire Union Canal (15 nymphs) and in the Llangollen Canal

(5 nymphs) were found in both the Dredge and Hand-net samples

throughout the sampling period.
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6.7 - DIPTERA '

This order is undoubtedly one of the most important in bath -
canals, forming a large part of the fauna at all sites. Larvae -
and pupae of this order were found in dredge as well as in Hand-

net samples at all sites throughout the sampling period.

In the Shropshire Union Canal they formed in 1870-71 69.55%
and in 1971-72 65.5% of the total invertebrates, while in hand-net

samples they formed 44% of the total invertebrates througholt the

sampling period.

In the Llangollen Canal they formed 18.1% in 1971-72 in the
Dredge samples and 18.2% in the Hand-net samples to the total

invertebrates throughout the sampling period.

The following famlilies were found:

(1) * Family Chironomidae (Larvae and pupae)

Sub-families Chironominae

" Orthocladinae

Tanypodinae

(2) Family Ceratopognoidae (Larvae only)

(3) Family Tipulidae Tipula (sp) Larvae and pupae

(4) Family Culicidae Chaoborus sp. larvae only

Monthly quantitative changes and seasonal variations in each
Dipteran group are described. Also, monthly numbers and sizes of
each group taken from both canals at each site have been shown in

Tables 41-55, in the Appendix. ,
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samples where they were very small in size as well (< 5 mm),

65,

Family Chironomidae .

Larvae of three sub-families were represented in both canals,

but unfortunately it 1s impossible at the present time to identify

the great majority of the larvae to species, or to separate sub-

families, so no proportions to each other have been done.

Chironomid larvae were the most abundant single group ambng
all the insects and the total invertebrates found in the Dredge and
Hand-net samples from both canals. This was due to the large
numbers of larvae recorded in each monthly sample in all seasons.
Similarly, Horton (1966) in a Devonshire river, Ali (1869 and 1972)
in the River Lune and Huni (1969 and 1872) in a Tributory of the
River Lune, all found Chironomid larvae in the drift as the most

abundant insect group at all times of the year.

In the Shropshire Union Canal in the Dredge samples, they

~comprised 95.5% in 1870-71 and 86.88% in 1871-72 of the total insects,

and in Hand-net samples 80.5% of the total insects throughout the

sampling period.

Maxima of larvae were taken in November, December, January and

February in Dredge samples in both ysars, and June, July and August

.in the Hand-net samples. These were largely small larvae ( < 5 mm)

possibly newly hatched). Other size groups were also most abundant

at these months of the year, also numbers were lower in the rest of

the months of every year.

The largest numbers were found in site 4 especially in the dredge

forming

93.5% in 1970 71 and 88,8% in 1971-72 of the total insects. The
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reasons for this are by no means certain. This group apparently
prefer the barticular substrate of this site which is different from

any other site (see description of the site No.4).

In thse Llangollen Canal Chiromid larvae were the most abundant
as well in.the Dredge and the Hand-net samples. They formed in
Dredge samples in 1971-72, 88.3% and in Hand-net samples 48.3% of the
total insects throughout the saﬁpling period. They weres fairly well
distributed along the canal sites with maximum numbers in January and
February of both years in Dredge samples and June, July and August in

Hand-net samples. Numbers were less in the other months of the year.

Chiromid pupae were the second most abundant group of Dipteran

in the two canals, and they were present in most of the months of the

year, Tables(28, 20841 55)-

In the Shropshire Union Canal théy were more abundant in Hand-net
samples, where they formed 9.12% of the total Diptera, wﬁile in the
Dredge samples in 1870-71, 0.53%, and 1871-72, 0.2%, of the total
Diptera. .They were fairly distributed along the canal sites, most
pupae faken in summer with maximum numbers in June, July and August of
both years, in particular no pupae were found in November, December

and January of both years, Tables 25 and 26.

In tho Llangollen Canal they were also more abundant in Hand-net
samples than in Dredge samples. In Hand-net samples they formed 13.04%
of the total Diptera, while in the Dredge samples in 1971-72 they formed
ULQ% of the total Diptera. They were fairly well distributed along the
canal with maximum numbers in summer (June, July and August), also no

pbpae were taken in winter, Tables 25 and 26.
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The number of Chironomid sbecies'present in the two canals was
not known (page, 65 ), therefore life history. can not be deduced.
However, small larvae (possibly newly hatched) were present in all
months with maximum numbers being captured in summer and winter.
Pupae wers preéent throuéhout t%e year excépt winter, but most
numercus in summer. Adults were noticea during Spring and Summer

(A1i (1872)).

Family Ceratopognoidae

Larvae of this famiiy were faken>in all mont;é in the Shropshire'
Union Canal and in most months in the Llangollen Canal, Tables 25 and
26. In the Shropshire Union Canal in the Dredge Samples, they formed
0.6% in 1870-71 and 0.5% in 1871-72, while in the Hand-net samples, 3%
of the total Diptera. Most larvae were taken in different months, in

particular large numbers were taken during April and May of both years.

In the Llangoiien Céhal they were taken in almost every month of
the year but they were found in smaller numbers than in the Shropshire
Union tanal. They formed in»thé Dredge samples 2.9% in 1871-72 and in
Hand-net samples 1.4% of the total Diptera with maximum numbers in
April, May end June, 1972 in the Dredge samples. Their occurrence is

shown in Tables 25 and 26.

In the absence o? knowledge of the number and variety of species
present, life-historles can not be determined. The only observation
made by All (1872), that larvae (> 7 mm) were taken from June to
August. - Small larvae were collected from March to September, and

- adults were noticed in May and June.
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Family Tipulidae ' .

Tipula species (larvae and pupae) were rarely found, especially

in the Shropshire Union Canal where only two larvae were found.

Larvae were more abundant in the Llangollen Canal, where they
formed in the Hand-net samples, 0.8% of the total Diptera throughout

the sampling period, but théy were absent in the Dredge samples in

both canals.

Tipulid larvae were also noted as very rare drifters in the
Wella Brook (Elliott (1867a)) and in the River Duddon (Lake District),

they contributed less than 0.05% of the total insects, (Elliott and
Minshall (1868)).

"Work on the life history of the members of this family is scarce.
The only data available by Hynes (1861) from the Afon Hirnant (North
Wales), but unfortunately the monthly numbers taken by him are toco

’small to deduce the life history.

Family Calicidae

Chaoborus species (only larvae) are rarely found in the Shropshire
Union Canal, three larvae were found in the Dredge samples in 1871-72
and one larva in the Hand-net samples at site No.4 throughout the

sampling period. No larvae were found in the Llangollen Canal.
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6.8 HEMIPTERA

Hemiptera (nymphs and adults) were taken in the Hand-net samples

mostly from the Shropshire Union canal in all months except January,

‘and February of 1871 and 1972. They formed 1.05% of the total

invertebrates and 2.11% of the total insects. While in the
Llangollen Canal in the Hand-net samples they made a ﬁegligible
percentage ( <-0.05%) of the total invertebrates and 0.5% of the

total insects.

The largest numbers were found in July, August and September
1971, and July 1972. - In the Dredge samples, they were rarely found

in both Canals.

Nymphs and adults belonging to the following species and
families were recorded in the Hand-net samples throughout the sampling

period.

(1) Family Corixidae Corixa (sp) (Nymphs and adults)

(2) Family Notonectidae Notonecta (sp) (Adults only)

(3) Family Nepidae Nepa cinerea .° . (Adults only)

Monthly quantitative changes and notes on the common species

have been given. Total numbers and sizes of each at every site at

.

both canals are shown ih Tables 41-55, in the Appendix.

Family Corixidae

Members of Corixa (sp) Qymphs and adults were present in the

Shroﬁéﬁiré‘Union Canal and were-Véry fare in the Llangollen Canal.

’ . P - » - . a
N & . . » L
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In the Shropshire Union Canal in the Hand-net samples they were
the most abundant Hemiptera and they formed 86.7% of the total
Hemiptera, mostly from sites 1 and 2, with maximum numbers in July,
August and September of 1971, and June and July, 1972, This might
be a result of its life-cycle (history) features as it has a quick
summer generation and an overwintering one and the hatching period
is mainly from April to September.. This also showed that this

species is directly affected by temperature.

Y

Numbers taken each month from individual sites have been

summarized in Table 29,

In the Llangollen Canal Corixa nymphs and adults were represented

by a very small number in the samples taken during the summer months

and 9 individuals only were found, Table 29.

Family Notonectidae

Notonecta (adults only) were found in infrequent numbers in
samples taken from both the Shropshire Union and thes Llangollen
Canals. In the Hand-net samples, in the Shropshire Union Canal,
they formed 2.8% of the total Hemiptera. They were mainly present

at sites 1, 2 and 5, Tables 41-55,

In the Llangollen Canal, they were rarely found in Hand-net

samples, only 4 adults taken throughodt the sampling period.

Family Nepidae

Nepa cinerea, only 2 adults specimens of this specles were taken
from the Shropshire Union Canal in the Hand-net samples, one in

September, 1871 and the other in April, 1872, Members of this species

have not been found in the Llangollen Canal.
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6.9 ODONATA ‘ .

The total number of Odonata nymphs found in monthly samples

from the Shropshife Union and the Llangollen Canals was very small’

in both Dredge and Hand-net samples.’

In the Shropshire Union Canal in the Dredge samples only tw§

" nymphs were found, but in the Hand-net samples they were more
abundant, forming 0.6% of the total insects throughout the sampling
period.” Most of the nymphs‘were'found in sites 1 and 2, with

maximum numbers in September, October and November of 1871 in hand-

net samples, (Table 31.).

In the Llangollen Canal very few nymphs were found, only one
nymph 1n the dredge samples in two years, and 5 nymphs in hand-net

samples throughout the sampling period. Their occurrence is shown

in Tables -41-55.

In the absence of knowledge of the number of specles present,

and the small numbers which can be found, the life-histories cen not

be determined.

710'



6.10 NEMATODA .

A very small variable number of Nematodes were found in samples
in the Dredge and Hand-net samples taken from both canals throughout
the sampling period. These could not be identified any further
because of the lack of a suitable quick identification technique.
Schuurman Steckhoven (referred to by Crofton (1866)), however, has

estimated that about a thousand Nematode species inhabit freshwater.

Nematodes formed (< 0.05%) of the total invertebrates in both

Dredge and the Hand-net samples of the two.canals and the numbers

found have been given in Tables 41-55,

72.
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Table N 33 Monthly occurrence ©of the more common Gastropoda
taken by the hand-net at each site on the Shropshire
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6,11 MOLLUSCA

Numbers of this group occur at most sites along the Shropshire
Unibn Canal and the Llangollen Canal in the Dredge and the Hand-net

_ sahples throughout the sampling period.

Gastrogoda

Gastropods'weré faund in all Dredge and Hand-net monthly samples
taken from the Shropshire Union Canal throughout the samplihg period.
In the Dredge samples they formed 4.8% in 1970-71 and 4% in 1971-72
of the total invertebrates{ while in the Hand-net samples they formed
15.01% of the total invertebrates throughout the sampling period.

The largest numbers of Gastropods were found in Aﬁril, May and June

of every year in both Hand-net samples and Dredge samples.

In the Llangollen Canal they were also found in the Dredge and
Hand-net samples every month throughout the sampling periocd. They
formed in the Dredge samples 1.1% in 1871-72 and in Hand-net samples

4.45% of the total invertebrates with maximum numbers in June and July,

1971 and 1972 in Hand-net samples.

The following species were recorded in both canals during the

investigation period:

(1) Potamopyrgus jenkinsi (with keel) (Smith)

(2) Potaﬁopyrgus jenkinsi (without keel) (Smith)

(3) Pseudamnicola confusa (Frau)
(4) Valvata macrostoma . (Steenbuch)
(5) Valvata piscinalis (Mu11)
(6) Zonitoides nitidus . (Mu11)

(7) Viviparus viviparus : (Linn)
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(8) Theodoxus fluviatilis (Linn)
(8} Lymnaea glabra (Nﬁll]

- (10) Lymnaea peﬁ%ra (MU11)
(11) Acroloxus lacustris (Linn)
(12) Succinea putris ' (Mul1)
(13) Planorbis corneus ) ‘ (Linn)
(14) Planorbis planorbis " (Linn)
(15) Bithynia tentaculata (Linn)
(16) Bithynia leachi (Sheppard)
fl?] Hydrobia ulvae (Pennant)

Monthly quantitative changes, seasonal variations and notes on

the common species have been given. Total monthly numbers and sizes

of each species at each site on both canals are shown in Tables 41-55,

Appendix.

Potamopyrgus jenkinsi (with and without keel)

_Among the very common Gastropods was (P. jenkinsi) mostly with

keel (some specimens with a keel in the middle of the whorls). It

was present throughout the séhpling period, especially in the Shropshiras

i

?Union Canal where they were abundant in site No.3, with maximum numbers

in May, June and July 1971 and 1872, in the Hand-net samples,

In the Shropshire Union Canal they formed in the Dredge samples

52% in 1970-71 and 51. 8% in 1971-72 of the total Gastropods, and

I

59.8% of the total Gastropods in the Hand-net samples throughout the
sampling period (Tables 32 and 33]
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In the Llangollen Canal the numéer of P.jenkinsi recorded in
monthly samples taken with the Dredge and the Hand-net from all
sites was very much less than that of the Shropshire Union Canal
(Tables 41-55). "Both species found mostly in site No.6 and only
very few in sits No.7, but they were completely absent in samples

taken from site No.8. (Table 32).

Pseudamnicola confusa

This species was also one of the most common Gastropods found
in the Shropshire Union Canal, they were taken in Dredge and Hand-.
net samples every month, mostly from site No.3, with maximum numbers
in aay, ane and July of both years in Hand-net samples (Table 32&33).
They formed in the Dredge samples 30.8% in 1870-71 and 36,6% in
1971-72 of the total Gastropods, also 38.2% of the total Gastropods

in,Hand-net samples throughout the sampling period.

In the Llangollen Canal very few members of this species were
found in the Hand-net and the Dredge samples, throughout the sampling
perioa. Most of this speéies were collected in the Hand-nset samples
with maximum numbers in July and August 1971 and June 1972. They
-were absent from samples taken from site No.8. Their occurrencse is
shown in Tables 32 and 33.

Viviparus viviparus

Members of this specles were present all year round in the
Shropshire Union Canal and throughout most of the year in the

Llangollen Canal.

In the Shropshire Union Canal in the Dredge samples, they formed

]
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2.4% in 1870-71 and 2.8% in 1871~72 of the total Gastropods, while in
Hand-net samples they formed only 0.8% of the total Gastropods
throughout the sampling period. Most of the members of this species

were collected in May, June and July 1971 in the Hand-net samples,

(Tables 32 and 33).

In the Llangollen Canal this species was present in all months in
the Dredge samples and most of the months in Hand-net samples.
V. viviparus represented in the aredge samples in 1971-72, 43.9% and
in the Hand-net samples 8.2% of fhe total Gastropods throughout the

sampling periocd. Theilr occurrence is shown in Tables 32 and 33.

\

The Other Gastropods

These include the following species V. piscinalis, V. macrostoma,

Z. nitidus, T. fluvﬁtilis. L. glabra., L. peregra, A. lacustris,

S. putris, E: corneus, P. planorbis, B. tentaculata, B. leachi and

H. ulvae.

Very small numbers of these species have been taken in different
months'throughout the sampling period from both canals. Total
numbers taken each year and the time of their occurrence have been
summarized in Tables 41-55. Monthly numbers and sizes of each species

at each site on both canals are shown,in Tables 41-55 in the Appendix.
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Lamellibranchia (Bivalves) N

Lamellibranchia [criBiVaIVes] were found in all Dredge and

Hand*net samples collected from both canals throughcut the 'sampling

period.

In the Shropshire Union Canal they comprised in the Dredge
samples in 1870-71, 2,1% and 1871-72, 1.4% %, and in the Hand-net
samples, 7.4% of the total invertebrates throughout the sampling
period. In the Llangollen Canal they comprised in the Dredge samples'
5.9% in 1971-72 and in the Hand-net samples 2.8% of the total
inveffebrates throughout the sampling period. Large numbers of
Bivalves were collected in the Hand-net samples from Shropshire Union

Canal in May, June and July, 1971 and 1872,

 The following species were recorded during the sampling period:

(1) - Pisidium amnicium

(2) Sphaerium corneum

(3) Dreissenia polymorpha

(4) Anodonta cygncea

(5) Unio pictorum

Monthly occurrence and numbers of most common species have been

summarised in Tables 35 and °8. Monthly numbers and sizes of each

species at each site on bath canals are shown in Tables 41-55 in the
Appendix.

[

Pisidium amnicium.© * . i o L el

~

P. amnicium was the most abundant species of Lamellibranchia in

both the Shropshire Union-end the Llangollen Canals. They were present
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in all months in the Dredge and Hana-net samples (Tables 35 and‘SB).
Numbers were low in Winter (December, January and February 1871 and
1972) in both Dredge and Hand-net samples, but in Summer the numbers
increased (June, July 1871 and 1952]. These were largely small

ones. Other sizes were also most abundant in the samples at this

time of the year.

Y

In the Shropshire ﬁnion Canal they made 57.1% in 1970-71 and
54,4% in 1971-72, while in the Hand-net samples they comprised 64%
of the total Bivalves throughout the sampling period. Monthly
nuhbers of occurrence of P. amnicium were high in sites Nos. 1 and

2, especially in Summer.

" In the Llangollen Canal, P. amniciuﬁ were taken in all months
throughout t;e sampling period, comprising 63% in 1971-72 in the
Dredge samples, and 55.1% in the Hand-net samples of the total
Bivalves, (Tables 35 and 38).

Sphaerium corneum

S. corneum was the second most abundant species of Bivalves in
both the Shropshire Union and Llangollen Canals. They were taken

in all months in the Dredge and Hand-net samples, (Tables 35 and 36).

In the Shropshire Union Canal they were more abundant in Summer
and ﬁonthly pedks were obtained in July 1971 and 1872 in the Hand-net
samples (Tables 35 and 36). These were mostly small ones.

S. corneum made in the Dredge samples 22.5% in 1970-71 and 22.5% in
1971-72 of the totai Bivalves, while in the Hand-net samples they

formed 26.6% of the total Bivalves throughout the sampling period.
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S. corneum were taken in smaller numbers from the Llangollen
Canal with maximum numbers in Summer too. They formed in the Dredge
samples 23.9% in 1971-72 and in the Hand-net samples 27.2% throughout

the sampling period.

Dreissenia polymorpha

" D. polymorpha was less common than-P. amnicium and S. corneum.

Small numbers were taken throughout the sampling period from both

canals.

In the Shropshire Unicn Canal they were present in all months
in the Dredge and Hand-net samples, throughout the sampling period.
In the Dredge samples £hey formed 17.5% 1in 1970;71 and 14.06% in
1971-72 and in the Hand-net samples 5.8%, of the total Bivalves.

Their occurrence is shown in Tables 35 and 36.

In the Llangollen Canal D. polymorpha was very rare, only ons

specimen present in the Dredge and one in the Hand-net samples,

throughout all the sampling period and both were found in site No.7.

Anodonta cygnaea

' Very small numbers of this species wers taken in the Dredge and
the Hand-net samples from both canals throughout the sempling period.

Their occurrence 1s shown in Tables 41-55,

In the Shropshire Union Canal they were comprising only 0.3% in
the Hand-net samples and in the Dredge samples (3.4%) 4n 1970-71 and
2.6% 1n 1871-72 of the total Bivalves, all found in sites 4 and 5.

While in the Llangollen Canal small numbers of A.cygnaea were frequently

taken inﬁthe Dredge and in the Hand-net samples forming in 1971-72,



3.4% in the Dredge samples and 4.08% in the Hand-net samples of the

total Bivalves.

Unio pectorum

0dd numbers of this species were taken from the Shropshire
Union and the Llangollen Canals in the Dredge and the Hand-net

samples, throughout the sampling period. Their occurrence is shown

in Tables 41-55.
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TABLE No. 40

Total Number and % of the Crustacea Taken from
Each Site with the DOredge in 1970-71 and 1971-72

to the Total of the Invertebrates.

SIUQCI LloC- *
1 2 3 4 5 TOTAL 6 7 8 TOTAL
1370-71
Crustacea 2 7 35 6 18 63
% (+) (+) 0.07 (+) (+) 0.11
1971-72
Crustacea 7 8 16 9 11 51 21 34 9 54
% (+) (+) (+) (+) (+) Cc.09 0.2 0.34 (+) 0.63 -
Total Number and % of the Crustacea Taken from
Each Site with the Hand-Net in 18 Months to the
Total of the Invertebrates.
S.U.C. L1.C. —
1 2 3 4 5 TOTAL 6 7 8 TOTAL
Crustacea - 737 650 746 146 1328 3,625 2,602 1,157 3,959
: % ' 1.28 1.11 '1.29 0.25 2.30 6.25 25.51 10.03 34.48
(+) = Sign Indicates that an item contributes
less than 0.05%
S.U.C. = Shropshire Union Canal
= Llangollen Canal

L1.C.
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6.12 CRUSTACEA - .

Amphipoda (Gammarus pulex), and Isopoda (Asellus aquaticus) were
found in the DOredge and Hand-net samples in all months of the year.
Numerically, they formed a variable and sometimes.imporﬁant propoftions

of the Dredge and Hand-net samples particularly in Summer.

The majority of Crustacea were Copepoda [Cyclppoid and Calanoid)
and Cladocera’, found 1n all Crustacean zooplankton samples taken from
both canals throughout the sampling period and it is going to be

considered separately under section Crustacean Zooplankton, (page 83).

Amphipoda

Gammarus pulex (Linn) was the only species recorded. It was a

common species in samples taken from the Shropshire Union and the
Llangollen Canals in all months, especially in Hand-net samples where
it was more abundant. It was taken infrequently and in smaller

numbers in the Shropshire Union Canal than the Llangollen Canal.

In the Shropshire Union Canal, G. pulex was found in all samples,
it formed 33.6% in the Hand-net samples, of the total Crustacea taken
throughout the sampling period. Most were taken in July and August

1971 and June and July 1972 énd least occurred in January and February

of 1971 and 1972, (Tables 38 and 39).

In the Llangollen Canal, G. pulex was the most common Crustacean
group (Tables 38 and 38). It formed 85.6% of the total Crustacea in

Hand-net samples throughout the sampling.period. and there were far

less in the Dredge samples. Their monthly numbers were alsg high in

July and August 1871 and in June and July 1872 and the lowest in
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February of both years. .

Isopoda (Asellus aquaticus) (Linn)

A. aquaticus was abundant as well and found in each month in the

Hand-net samples. Like G. pulex more A. aquaticus were taken in

summer.

S

In the Shropshire Union Canal they were more common where they
formed 66.4% in the Hand-net samples of the total Crustacea taken
throughout the sampling period. Maximum numbers were captured in

4

August and September 1971 and June and July 1872 (Tables 38 and 39).

In the Llangollen Canal, A. aquaticus were less common than
G. pulex. They formed only 14.4% of the total Crustacea taken in
Hand-net samples thféughout the sampling period. They were rare in
" the Dredge samples (Table 38). Mohthly maxima wers taken in June

and July 1871 and 1872. They were more numerous in site No.6 in

every month (Tables 38 and 39).
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6.13

CRUSTACEAN ZOOPLANKTON v

Copepoda (Calonoid and Cyclopoid), Cladocera groups and indefinite
numbers,pf Nauplii were the most common Crustacean zooplankton found in

both canals.

‘Cydlqpoids‘were the most common in both canals, they were not

present in all the samples, but they were found each month in some

samples.

17 different species of Cyclopoid were recorded in both canals

and they were mainly found in the samples taken during the Summer.

They were as follows:-

(1) Cyclopina norvegica "~ (Boeck)
* .“ Ay
(2) Halicyclops christianensis (Boeck)
(3) Halicyclops neglectus (Kiefer)
(4) Cyclops fuscus (Jurine)
(5) Cyclops albidus (Jurine)
3 (6) Cyclops agilis (S.Str) (Koch, Sars)
(7) Cyclops agilis speratus (Lillijeborg)
(8) Cyclops fimbriatus (S.Str) (Fischer)
(9) Cyclops fimbriatus poppei (Rehberg)
[10)_ Cyc10ps affinis (Sars)
.7, (11) Cyclops streanuus abyssorum ... (Sars)
r+ . (12) Cyclops scutifer (Sars)
" (13) Cyclops vicinus > =70 (Uljanin)
’T~(i4)’;cyélops é&éaéitS:Sﬁrjy?ﬁ“”’ ‘ (Claus)
Bk P et el e L p s - -
" (15)" 'Cyclops varicans‘(S.Str) -7 * (Sars)
(16) Cyclops varicans rubellus - (Li1ljeborg)
- (17) Cyclops bicolor

(Sars)



-adults (both males and females).in May, June and July 1972,

(Thomas (1858).

84.

Cladocera were the second most .common Crustacea zooplankton
group in both canals, also they were not present in all samples. .
They were taken infrequently in small numbers throughout the sampling
period from both canals; except in summer when they were abundant.
Four species belonging to fhree families, Daphniidae, Bosminidae apd

Chydroidae were taken from both canals. They were

(1) Daphnla pulex (De-Geer)

(2) Bosmina'longirostrie (0.F. Muller)
(3) Alona affinis . (Leydig)

(4) Chydorus piger (Sars)

Montﬁly quantitative changes, seasonal variations and notes on
the common species have been given. Total monthly numbers at each
site on both canals have been shown in Tables 56-62 in the Appendix.

Other, but unidentified Nauplii were found in large numbers especially

in Summer,

Calanoid, Sub-genus Diaptomus

Two species of this sub-genus (D. gracilis and D. castor) were

present throughout the sampling period of 1972 and they were fewer

in the year before in both canals.

In the Shropshire Union Canal, .there was a large population of

During

the whole sampling period the adult population continued to decrease

5

slowly from August each year, apparently due to the death of males

The records available on these two species. shows

that the autumn breeding only takes place in favourable years
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{Thomas (1859)]). Their occurrence*has been shown summarised in

Tables 52-60.:

" Adults (males and females] of D. gracilis and D. castor were
taken in smaller numbers from the Llangollen Canal and in different

months too. Most were taken in July 1872. Their accurrence is

shown in Tables 61 and 62..

Group Cyclopoida Genus Cyclopina

Only one specles of this genus has been found in the Shropshire

Union Canal {(Cyclopina norvegical and only a few adults were taken 1in

May, June and July 1871 and 1872. No C. norvegica were found in the

Llangollen Canal.

Genus Halicyclops

This is a common genus. Adults were taken from both canals in
" all months throughout the sampling period except November, December

1971 and January-and February 1872. Two species were found in both-

canals, H. Christianensis and H. neglectus.

In the Shropshire Union Canal both species were almost equally
.distributed along the canal sites. Summer samples [June. July and

August) of each year contained the maximum numbers of both species.

.,.

also the number decreased eteadily from September until December,
where only very small numbers were found in 1972.

N e PN NI SN - ags oy,
LR AP P A R T ¥ '

The total numbers of adults of H. Christiqnensis and H. neglectus

collected from the Llangollen Canal were less than found in the

E TR S . I - [T b .fv, PR A AN
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Shropshire Union Canal. They were found in sites 6 and 7 only
with maximum numbers collected during the summer. Their occurrence

is shown in Tables 56-62, °

Genus Cxclogs

This éenus was the most gommoﬁ one found in the Shropshiré Union
Canal and the Llangollen Canal. Adults were taken in samples every
month from both canals. The largesf number o% adults Qas found in
Summer (June and July 1871 and 1872), and the lowest number was

taken in Winter (January and February 1871 and 1872).

14 species of this genus have been found (recorded in both canals

(page, 83 ).

(1) C. fuscus

Adults of this species were rare and found only in the Shropshire
. Union Canal. Few adults were taken from sites 1 and 2 in February

and April, 1972 only (Tables 56-62).

(2) C. albidus

In the Shropshire Union Canal adulés of this species were taken

. in all hbnthly samples 1971-72 and most of 1870-71. Maximum numbers
were found in ?une, July and August 1871 and 1872, and the minimum
during the winter. They were found inngll sites and £heir numbers

varied slightly from one site to anpther-(Tables 56-60).

' In the Llangollen Canal, very small numbers of adults were

frequently taken in samples from sites 6 and 7 only, and were mostly

taken in Summer (July 1971 and 1972).
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(3) C. agilis ' .

This species was one of the cmmmn\Cyciops species found in the
Shropshire Union Canal. Adults were taken in every monthly sample
throughout the sampling period.  Their numbers varigd considerably
in different sites (Tables 56-60). Summer samples (June and July)
contained the maxiﬁum numbers in the two years, Their monthly

occurrence is shown in Tables 56-860.

In the Llangollen Canal very few adults were found in sites 6

and 7 during summer only, Tables 61 and 62.

(4) C. agilis speratus

This Specieé was rare (Tables 56 - 62) and recorded only in
the Shropshire Union Canal, with maximum numbers in July 1971 end

1972.

(5) C. fimb r iatus

This sbecies was also one of the common cyclops speciés found

in the Shropshire Unibn and the Llangollen Canals.

In the Shropshire Union Canal, adults were found in every
monthly sample except February 1971. Maximum numbers in the two

years were captured in the summer (June to Augu t] of each year.

£ .
-

In the Llangollen Canal this species was common too, but in

smaller numbers as compared with the Shropshire Union Canal,

Maximum numbers were.captured.in:June and July 1971 and 1872,

[Tab.les 61 and 82] .t A \ix R

AP _ e k. -
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(6) C. fimb“.riatus poppei '

This species was less common than C. fimb riatus, (Tables 56-82).

In the Shropshire Union Canal, small numbers were found through-
out the sampiing period with maximum numbers found in June and July,

1971 and 1972,

In the Llangollen Canal very small numbers were found in sites

6 and 7 only, most were captured in the summer (June ahd July; 1971

and 1972) (Tables 61 and 62).

(7)  C. affinis

This species was very rare and found only in the Shropshire
Union Canal. Very small numbers of adults were found at different

months of the year, mostly in June 1972 (Tables 56-60).

(8) C. strenuus abyssorus

Only very few adults were found in the Shropshire Union Canal

at site 3 in July 1972,

(9)  C. scutifer

Also rare and found in the Shropshire Union Canal only., Small

numbers were found at certain sites in different months, Tables 56-60,

i ~y - v
P Bt P A

Q0 C. vieinus 7T

~

This species 1s less common too, and found in the Shropshire Union

Canal only. ' Small numbers were taken throughout the sampling period

with maximum numbers in July 1971 and 1972,
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(11) C. gigas .

Also rare and found in the Shropshire Union Canal only.
Most numbers were collected in June and July 1971 end 1972,

Tables 56-60.

(12) C. varicanus

This species was also a common Cyélop species found in the
Shropghire Union and the Llangollen Canals. .In the Shropshire
Union Canal adults were taken almost every month throughout the
sampling period, with maximum numbers taken in Summer (June to

August each year). Thelr numbers varied considerably in different

sites, Tables 56-60.

In the Llangollen Canal smaller numbers of adults were taken
from sites 6 and 7 only. Most in June and July 1972, Tables 61
and 62.

(13) €. varicanus rubellus

This specles was less common in both canals. -Adults were
found in most of the monthly samples téken from the Shropshire

Union Canal with maximum numbers captured in June and July 1871 and

1872, Tables 56-60,

In the Llangollen Canal very small numbers were found through-

.out the sampling period.mostly in June and July-1872, Tables 61 and
“62- . ot T oo o N R TR
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t

(14). C. bicolor : .

Adults of this species were very rare too and found in the
Shropshire Union Canal only in different months of the year and

in very small numbers. Thelr occurrence is shown in Tables 56-60.

Cladocera

(1) Alona affinis

This species was the most abundant species of Cladocera found

in both the Shropshire Union and the Llangolleﬁ Canals.

In the Shropshire Union Canal lafga numbers of adults were
taken in the summer time (June to August) each year, (Tables 56-60),
but they wére absent in December, Jaﬁuary and February of 1971, and
1972 from all sites, and in between these months only small numbers
were found. Their monthly distribution was slightly different from

one site to another along the canal.

"In the Llangollen Canal adults of A. affinis were taken in
different months of the two years. They were more plentiful in

summer (June and July 1971 and 1872) and found in sites 6 and 7 only,
(Tables 61 and 62).

Daphnia pulex

~ This species was the second most common one of Cladocera, and
found in the Shropshire Union Canal only. Adults were taken in most
months of the two years and they were more abundant in Sumher (June

and July 1971 and.1972). They were almost equally distributed along
the canal sites (Tables 56-60).
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Bosmina longiéétris )

This species was taken infrequently in verQ small numbers

throughout the sampling period from both canals, (Tables 56-62).

Chydorus piger

This. species was the least common Cladoceran species and
found in the Shropshire Union Canal only. It occurred irregularly

in different months at different sites along the canal, (Tables
56-62).
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6.14 Physical and Chemical Facto;s

Temperaturs

A summary of the water tgmperature recorded monthly at the
sampling sites in both canals is given in Tables 63-70 and Figure 1.
The tableé also show mean values for each month. There is a clear
seasonal variation in water temperature, with the highest temperatures
recorded in August of both years and the lowest in December. Little
significance.can be attached to the progressive trend of increasing
temperature with distanges between sites, since recordings were
invariably taken at different times of day. Sites 1 and 2 on the
Shropshire Union Canal were always sampled in the morning, while

site 8 on the Llangoilen Canal was sampled in late afternocon.

The record of temperatures showed the range of temperatures in

both canals, Tables 63-70 and Figure 1.

pH

The pH of the two canals was recorded at each site throughout
the sampling period. It was found that there was a marked pH
increase in the Llangollen Canal from the intake of the River Dee
water down to Hurlestcn, Tables 6§3-70. This:is in spite of the
subétantialybontents which méy be derived from the limestone used
in the Llangollen Canal’'s construction, Boycott and Oldham (1936)
and Twigg (1958).  On all occasions, it was found that the water of

the Shropshire Union Canal was alkaline (pH > 7), and there were only

small differences in the pH of the water from one site to another,
Tables 63-70 and Figure 1. =

- L ey

ik i ot 4
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orygen i | .‘
" The oxygen concentration recorded at all sites along the two
canals is summarized in Tables B63-70 and Figure 1. As thése
measurements were taken to give a rough indication of the |
. differences between the sites throughout the sampling period, the
difference between the highest and the lowest being toc slight and

it may be of seasonal nature, Tables 63-70, and Figure 1.

The analyses do not give any picture of the effecting influence

on the distribution of the invertebrate fauna, ( pagei123)«

Chemical Analysis of Water Samples

The results of chemical analysis of water samples taken from
each site on both canals are presented in respective tables, Tables
63-70. A summary of these results~is given in Figure 1, which shows
the average values throughout the sampling period for each site.
Here the results are expressed as maxiﬁum and minimum and a mean
valus for each different analysis at each site on both canals. This -
allows the two canals to be compared and any'gradients to be easily

seen.

The total hardness, Calcium and magnesium of the two canals

varies, Tables 63-70 and Figure 1.

In the Shropshire Union Canal the total hardness varies only

slightly from one site to another as shown in Tables 63-70,

In the Llangollen Canal it was found that there was a marked
total hardness, calcium and magnesium upwards gradient from the

intake of the River Dee water at the start of the canal at Llansillo



down to Hurleston, Tables 61 and 62 and Figure 1. This gradient
was also found by Boycott and Oldham, (1936.), This hardness was

péedominantly calcium which may be derived from the limestone used
in the construction of the canal, Boycott and Oldham (1836), Twigg

(1959) and Christian T., (1969).

_The analyses give a clear picture of these findings.

94.
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7., DISCUSSION

7.1 Seasonal Occurrence of the Invertebrate Fauna

- The composition of the constituents of the invertebrate fauna
revealed by the bottom fauna, shore fauna and Crustacean zooplankton
samples taken from the sites on the Shropshire Union Canal and the

Llangollen Canal are shown in Tables 6-62 and Figures 2-8.

The results reflect the known seasonal fluctuations of sﬁecies
pbpulatioh both qualitatively and quantitatively. The seasonai
variations are related not only to change in age, life history and
diversity of aquatic invertebrates, but also to bhysical and chemical
conditions of the water of the two canals. While several species
were found throughout the year, others occurred for only a few months..
The species which seem to be found thréughout the year are

/

bu}rbwing forms, notably, all Oligcchaeta, Diptera (Chironomid larvae),

Gastropoda (P. jenkensi]'and Bivalves (P. amnicium and S. corneum),

Tables 3-55 and Figures 2-8. The presence or absence of any other
: gfbup or species at a particular time might be the result of several

features of its life history, Ephemeroptera (E. ignita nymphs),

.Coleqptera (Dytiscinae larvae), Hemiptera (Corixa nymphs and adults)

and all Crustacean zooplankton species, (page, 117).

~ 7" The nature of the caﬁal bottom also plays a primary role in
lw'determ}niﬂg the distpibut;oprof’the inyg;tebrate fauna qualitatively
hgr9~;han guantitat%yely (pagg,ﬂ5\], while certain chemical and
' physical factors play a seqondgrynrple in’determining the presence of

certain species,(page, 114 ) .
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The discussion of the inveftebfﬁte results interpreted in the
light of ths work of previous authors shch as Macan, Hynes, Elliott
and Brinkhurst. Each group of animals will be considered and
discussed separately.

1

OLIGOCHAETA ) .

The Oligochaetes were the most abundant group of invertebrates
"4in all months and at all sites on both canals, with maximuﬁ numbers
'4n November, December éﬁd January of both years. This great increass
in all sites during the winter months was an effect of detritus and
natural pollution, caused by the accumulation of fallen leaves in the
canal, which act as an attractant by decomposing into black organic'
mud on which these animals depend for their food (Egglishaw (1964) and
Maitland, P.S. (1966])). They were clearly much more abundant in the
Shropshire Union Canal than the Llangollen Canal, because of the more

black organic mud on the Shropshire Union Canal sites.

ﬁéhochaeta‘ncidina

-

_The major part of the Oligochaetes at all sites on both canals
Fbrgughout the sampling period was H. naidina. It occurs at all sites
-énd‘its abundance varies from one site to another, Tables 6, 7 and 8
(@gq;Figures 2-8.,

"In the Shropshire Union Cahal a large number of H. naidina were

" taken from all sites in eJér;'month. with maximum numbers in November,

_December and January. — This apgpqéﬁpg during winter months is possibly
gttributablg_tpithe,largerhgpoynts Q%fp;agk‘organic mud, caused by

f?lleﬂzle?V?s in the cenal.. .Sites. 1, 2.and 5 were found to have more
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black organic mud, so they had'a higher H. naidina population, Tables 6,

7 and 8 and Figures 2-8.

‘In the Llangollen Canal H. naidina was-the most common species .

- too. The cause of its maximum numbers in winter months Qas the same
as in the Shropshire Union Canal and similar observations that sites

7 and o have a larger population than site 6, because of the more black

organic mud at those two sites, Tables 6, 7 and 8 and Figures 2-8.

Pristina (longiseta, menoni and idrensis)

The Pristina of both the Shropshire Union Canal and the Llangollen
Canal was restricted to these three species. Over the sampling period,
they have been collected every month, but the proportions varied greatly
from one site to another and from one canal to another, Tables 6, 7 and

g9-11 and Figures 2-8.

In the Shropshire Union Canal they occurred at all the sites through-
out the sampling perlod, although their abundance varied enormously from
one site to another. Tebles 6, 7 and 8-11 and Figures 2-8 show that
"they nere particularly abundant at sites 1, 2 and 5 and becoming far less
abundant at sites 3 and 4, indicating that these species can not thrive
in the dense clay bottoms in those last two sites (see description'of
sites (pages,14 17). Pristina species are well recognised as a species
attracted to organic mud, stones and gravel (Brinkhurst and Jamieson (1971))
and Brinkhurst, (1965b). Similar observations found that sites 1, 2 and

‘5 have more black organic mud.

~+-In the Llangollen Canal these’'Pristina species were found at all the

sites ‘throughout the sampling:period:and-their abundance differs slightly

from one site to another, Tables 41-55 and Figures 2-8. A relatively

smaller number of these species was collected at site 6, whers thare .
) . . Y-
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organic mud and more sand (page. 14 3.

Tubificidae

Tubificidae was collected in considerable numbers. Over the
sampling period it was collected from every site, but the percentage

was far less than H. naidina and Pristina species, Tables 6, 7 and 12

and Figures 2-8.

In the Shropshire Union Canal, Tubificidae occurred at all sites
sampled, although its abundance varied. Figures 2-8 show that it was
particularly more abundant at sites 1l and 2, thus indicating that
Tubificidae show a relationship to the organic substrate. Brinkhurst
(1966a), Ladle (1971) and J.P. Eyres (19735 reported fhat’Tubificidae

species are more common in organic mud bottoms than any other bottom

condition.

In the Llangollen Canal Tubificidae were found at all sites
‘sampled. Figures 2-8 and Tables 6, 7 and 12 show that it was more

abundant at sites 7 and 8, where the bottom contains more organic mud.

Other Oligochaetes

It has been reported, however, that although'substrate composition

T

plays an important role or part in determining the kind of Oligochaetes
species. (Wachs * (1987] and Della Croce [1955]]. many species can

inhabit a variety of substrates. These Species including S. heringianus
»

.

L. Varigatus and E. tetré%era were found in very small numbers at all

sites.on both canals throughout the sempling period and their relative

scarcity at all sites and.absence from many others make it difficUlt to

4,

v o
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explain, Tables 6, 7 and 12 and Figures 2-8.

The Pleoscolex ferox species has been recorded only at site 8

on the Llangollen Canal in very small numbers.. This result is
largely dus to the low pH, total hardness and caleium concentration,

Hynes (1870).

In general, all the Oligochaetes speéies are regularly reported
to thrive in organic substrates (Brinkhurst (1965b) and (1866al,
Brinkhurst and Kennedy (1865), Ladle (1371) and Aston (1973])) but
- 4t has been pointed out also that many of the species are found in

all types of habitat(Brinkhurst and Jamisson (1971)).

In both canals these species show similar patterns of distribution,

HIRUDINEA Speciles

Figures 2-8 are included to refer to the distribution of the totel
ﬁirudina and Tables 14, 15 and 41-55 present the mean numbers and

numbers of species at every site on both canals.

In general, results from both canals show certain similarities, in
spite of differences in the number of these species, that site 3 on the
Shropshire Union Canal and site 7 on the Llangollen Canal are notably

in greater numbers than at other sites, Tables lﬁ(and 15, It.is possible

ihét the Hirudinegére rather more chafacteristic of stones (Maitland
(1966)), such habitat (patches of fallen stones and higher plant roots)

ere characters of sites 3 and 7,

Very small numbers of all species were taken from both canals at

every site, so0 it was difficult to explain and compare every species

IS PR TN »L.
on its own.

R * . . R Y - L I
et oo R B PR 3 4
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TRICHOPTERA g '

This order was found to be one of the least abundant order of
invertebrates found over the sampling period at both canals, its
occurrence reaching the maximum at site 4 on the SHropshire Union
Canal and site 6 on the Llangollen Canal. This high occurrence agrees
with the general findings on Trichoptera in that they usually predominate

on coarse substrates (Hynes (1861), Sprules (1947) and Percival and
Whitehead (1929)).

Four different species and one family were'collected from both

canals.

Homocentropus picicornis

In the Shropshire Union Canal this species was found to be the
most common one with maximum occurrence in January, February and March

of both years, Tables 17 and 18. 'Most of the H. picicornis was found

" at site 4 where the bottom is heavy clay, silt, little stones and slow
current. This seems to be compatible with observations of Badcock
© (1949) in which she noted that greater densities of Polycentropus larvae

may be partly attributed to clay, silt and to slack water.

In the Llangollen Canal only very small numbers of H. picicornis

were found at different sites throughout the sampling period.

Polycentropus flavomaculatus

The number of P. flavomaculatus collected was very small,

(3 specimens from the Shropshire Union Canal and 10 speciméns from the
Llangollen Canal throughout the sampling period), therefore 1t was

difficult to explain anything. The-life-history and flight period of
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this species have been described by ‘Macan and Mudsley (1968), Elliott

(1968) and Crisp and Gledhill (1870).

e
Limiphilidae

A variety of unknown species of this family were recorded in

both canals in most of the months of the sampling period, Tables 17
and 18.

Only small numbers wers taken from the Shropshire Union Canal
and mostly at sites 3 and 5 with maximum numbers in February and

March of both years.

In the Llangollen Canal Limﬁbhilidae larQae were more cCommon.
The largest numbers were found in February and Marcg of both years.
Most were found at site 6 and very'few at sites 7 aﬁd 8, Tables 17
and 18. The vegetation may be responsible for this abundance at
those sites. A microhabitat of particular interest at these sites,
3 on the Shropshire Union Canal and 6 on the Llangollen Canal (see
descr%ption of sites,(pagen-17 ) are the soil ‘free roots of older
grasses under the towpath bank, where most larvae use the roots and

fallen branches for case-making as well as for attachment, Twigg (1957).

Glossosoma boltoni

Two larvae of G. boltoni species Qere found in ths Shropshire

Union Canal and none in the Llangollen Canal throughout the sampling

period.
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Economus tentellus

No description based on a British material is available. The
newly recorded larvae in England were found in both the Shropshire
Union Canal and the ylang6%lenlCana1 and were between 5-8 mm in length.
The labial lobe is conicél and very slender with the labial palps long
and made of two segments. The pro-, mesé-. and meta-notum entirely

sclerotized, the nota slightly larger in the front than behind, Plate

11.

"Mr.RES. Walley from the British Museum, kir;dly re-identified the
larvae and he asked for specimens for the museum which the author

handed over with pleasurs. )

The larvaes were found in tubes made of secretion and were attached
" to stones in the Shropshire Unibn Canal at site 4 only and sdmatimes
associated with freshwater sponges in the Llangollen Canal at site 7.

- Hickin (1867) referred to the association between E. tentellus and

_sponges.

COLEOPTERA .

Coleoptera (adults and larvae) were also less common invertebrates
_in'bpth canals. Only adults and larvae of two families were recorded

in both canals throughout the sampling perliod with small numbers.

“mlller (1954) reported that the scarcity of Coleoptera is mainly

due to their mode of life as they are usually found only among thick

plant growths in water.
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Dytiscinae . . '

Adults and larvae of this sub-family were rare in both the
Shropshire Union Canal and the Llangollen Canal. However, monthly
total numbers were too small to discuss. The life-history of the

Dytiscinae has recently been investigated by Holland (1872)(page, 60).

~ -

Haliplus ' c>

Laryae and adults of this species were the most abundant Coleoptera

in both the Shropshire Union Canal and the Llangollen Canal.

In the Shropshire Union Canal they were found fhroughout the year.
They were found iq larger numbers at sites 1 and 2 with maxima in the
Summer months. Usually there are thick planf growths along the towpath

at these sites 1 and 2, Table 20, Miller (1954).

Smaller numbers were found in the Llangollen Canal, mainly at site

6, where there are plant growths et this site and they were very scarce

at sites 7 and 8.

ébﬁemeroptera

" [y

... -This order was represented by three different species one of which
(C. horaria) occurred all year round in the Shropshire Union Canal at

site 4, while E. ignita and B. mutinus were only recorded in a very small
. number at both canals, Tables 41-55.

L S ~ :
On an annual basis the highest numbers of Ephemeroptera occurred

'v‘in January, and February of both‘years, Tabies 41-55 and Figures 2-8,
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Caenils horaria

In the Shropshire Union Canal C. hofaria was the most abundant
species of Ephemeroptera and its occurrence was greatly increased in
January and February of both years. Most of the C. horaria was
found at site 4 and only a very few were found at the other sites.
However, site 4 differs from all the other sites in that its substrate

is dominated by heavy clay and small stones.

Percival and Whitehead (1928}, Eastham (1932) and Moon (1933),
reported that Caenis occurs most commonly on the bottoms where the
range particles are very small and this is possibly one of the main

factors which causes the abundance of C. horaria at site 4, page

In the Llangollen Canal only very few nymphs of this species

’

were recorded and most were found at site 6, Tables 22 and 23,

EphemerellJignita

The occurrence of E. ignita along the Shropshire Union Canal
and the Llangollen Canal is difficult to explain as very small numbers
were collected during the sampling period, Tables 22 and 23. Its
1life-history has been described by many people such as Macan, T.T.,

Jensen, C.F. and Hynes H.B.N. (page, 63 ).

«

Baétis mutinus

».. This species rarely occurs, Tables 41-55, and very small numbers

were collected in different months at different sites on both canals
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DIPTERA ) .

The Diptera contributed a great deal towards the co&pos;tion of
the fauna at all sites on bofh canals, Tables 25-27 end Figures 2-8.
The maximum occurrence was at site 4 on the Shropshire Union Canal with
maximum numbers in November and December of both years. The Diptera
have been treated here as being composed of groups, and each has its

own environmental requirements.

Chironcmidae

~

As a result of the difficulty in the identification.of species
within this family, nothing is known about the distribution of
individual species although as a family a great deal is known. ‘The
main ?indings have been the association of Chironomid larvees with
fine sediments in spaces between large stones in riffles (Percival
and Whitehead (1929)) and with sediments with large amounts of organic

detritus present (Egglishaw (1964)).

- In the Shropshire Union Canal'thé results shown in Figures 2-8
and Tables 25-27 show the distribution of Chironomidae to be inversely
pfpportional to the median particle size of the sqbgtrata. The large
gppurrence at site 4 in relation to particle size is true in ﬁost of

-

the months. If the relationship of detritus to the deposition of fine

‘pqpyicles were strictly applicable, then the highest occurrence would

'_'be in November and December. This was found to be true as the highest

occurrence found at site 4, suggesting that the distribution of organic
@qt;9r §nd particle §i;empf\the supstratghare the factors controlling

Chironomid distribution at all sites.



106,

In the Llangollen Canal (Figure-1l and'Tables'25-27] show the
distribhtion of Chironomid larvae tg be 1nverseiy proportional to
the median particles and organic matter. The large numbers found
at site 7 in relation.to parficie size and organic matter proved

this to be true.

The seasonal occurrence of the Chironomid . pupae show a clear
- pattern, as high occurrences were recorded in summer months in both

canals, Tables 25-27, Figures 2-8.

Ceratopognoidae -

Larvae of this family were taken in all months from the

Shropshire Union Canal and most of the months from the Llangollen

Canal, but in very small numbers, Tables 41-55.

In the absence of knowledge of the number and variety of species

present, neither distribution nor life-history could'be determined.

Tipulidae

-

Tipulid .- larvae and pupae were noted to be very rarely found in
both canals throughout the sampling peribd. Their occurrence is

shown. in Tables 41-55.

Culicidas
Larvas of this family belonging to Chaoborus spescies was rarely
. found in the Shropshire Union Canal. Only four larvae throughout

. the sampling period and nons in the Llangollen Canal.
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HEMPITERA ' .

Hemiptera (adults and nymphs) were also less common invertebrates
in both canals, especially in the Llangollen Canal, Figures 2-8.
Three different families with three species were recorded during the
sampling period from both canals. Minckley's (1863) records showed
that the presence of vegetation and current speed affected the presence
of all Hemiptera "they were abundant among thick plants énd slow

waters”.

Corixa

Adults and nymphs of this Corixa were the most abundant Hemiptera

~4n the Shropshire Unlon Canal, and they were scarce in the Llangollen

- Canal.

In the Shropshire Union Canal, they were found in all months
" except January of both years, with maximum numbers in the Summer months.
:;This might be a result of their life-cycle features as it has a quick
summer generation and an overwintering one. They were more abundant
E:at siées 1l and 2 in Summer more than any other site. This was due
to the growth of vegetatlon at these two sites, Table 23, Minckley

. (1963).

In the Llangollen Canal Corixa were represented by a very small

| number throughout the sampling period (9 specimens only were found in

:‘éhe Summer) - Table 29.

- Notonecta
. .,Adults only of this species were not found in sufficient numbers
.throughout the sampling period from both canals, to allow commnent on

~their seasonal abundance or life-cycle Tables 41-55
. . ’ = < L
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ODONATA : - ¥

The nymphs of this order were not recorded in sufficient numbers
throughout the sampling period in both canals, to allow comment on
their seasonal abundance and to trace their life-cycles because of the

absence of knowledge of the number of species present.

MOLLUSCA

Members of this group occurred at most sites along the Shropshire
_Union Canal and the Llangollen Canal, throughout the sampling period.
In many sites they formed an important part of the invertebrate fauna,
" but only very few species were wide-spread. The majority being found
ih lower parts of the Llangollen Canal, sites 6 and 7, and all the

Shropshire Union Canal. This is presumably related to the fact that
_most freshwater Mollusca require a certain amount of calcium in the
water, Boycott (1836) and solid surfaces for it to hold on to,

Geldiay (1856). ‘

Gastropoda ) .

Infhe Shropshire Unlon Canal Gastropods were fecorded in all
monthly samples at every site throughout the sampling period, The
}argest numbers of Gastropods were found in May and June of every year.
17 species wers qecorded but only a very few were common, Tables 32 and

33.

... Potamopyrgus Jenkinsi (with and without kesl) and Pseudamnicola

confusa were the most comnoh;species‘found.' Themaximum numbers ware

recorded in May and June of both'years, mostly taken at site 3 Tables

32 and 33. Geldiay (1956) noted the relationship of the solid surfaces
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of stones and the presence of Gastropods holding onto them. Site 3

has such charactefistics, (page; 12 ). Viviparus viviparus ‘species

was present'all year, but.in very small numbers and at different sites
Tables 32 and 33. The other species of Gastropoda were found in very
small numbers in different months and at different sites throughout

the sampling period, Tables 41-55.

'In the Llangollen Canal,_P. jenkinsi, P. confusa and V. viviparus

were the most common species-found, but in smaller numbers as compargd
" with the Shropshire Union Canal, T;bles 32 and 33. Most were found at
sites 6 and 7, and very few at site 8. The other species of
Gastropoda were found in very small numbers at different sites in

different months throughout the sampling period, Tables 41-55.

The common species were found more in the Shropshire Union Canal
than the Llangollen Canal, because of the greater amount of calcium
in the Shropshire Union Canal water. This observation was reported

(%

by Boycott (1836), Macan (1855) and Shoup (1843),

LAMELLIBRANCHIA (Bivalvgs]

This order was found in all samples collected from all sites every
month throughout the sampling period at both canals with maximum
numbers in the Summer months, Figures 2-8. Four species were found in

both canals.

Pisidium anicium and Sphaerium corneum were the most abundant

~ species in the Shropshire Union Canal. They were found in all months
- with maximum numbers during the Summer months. This might be a result

of their life-cycle features, as it has a quick summer generation and
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very slow one during the Winter. <They were more abundant at sites

1 and 2 than.any other site during the Summer, this was due to the
growing plants in these two sites. This also shows that P. amnicium
and S. corneum are directly affected by temperatura for their

seasonal distribution.

In the Llangollen Canal P. amnicium and S. corneum wers taken

in all months throughout the sampling period, but in smaller numbers
thanlin ﬁhe Shropshire Union Canal and with little difference in

S \ e '
distribution along. the sites, witl maximum numbers during the summer

months, Tableé 41-55,

-

Dreissina polymorpha, Anodonta cyghaea and Unioc pectorum were

far less common than the P. amnicium and S. corneum in the Shropshirs

Union Canal and the Llangollen Canal., Their small number taken every

-,

month at each site (Tables 41-55) was very small to indicate any

seasonal distribution.

CRUSTACEA

The major part. of .the Crustacea collected by the Dredge and the

Hand-net is made. of only two species Gammarus pulex and Asellus

.aguaticus. . These two species were generally taken in higher
frequency at summer months from both canals, Figures 2-8 and Tables
38, 33 and 41-55.

-

Gammarus pulex

In the Llangollen Canal G.. Eulex was the most abundant

4Cruatacea, with maximum numbar during the Summer.

b e e i . P
< wf fPaue

The highest numbers
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s

were collected from site 6. .

In the Shropshire Union Canal smaller numbers of G. pulex were
found with maximum numbers during the summer, and most were collected

from sites 3 and 5, Tables 38 and 39 and Figures 6-8.

Asellus aquaticus

In the Shropshire Union Canal this species was found in every
month at every site, with maximum numbers in the Summer months and
mostly they wers collected from sites 1, 2 end 5, Tables 38 and 39

and Figures 6-8.

Smaller numbers were found in the Llangollen Canal with maximum
numbers during the summer, and mostly they were collected at site 6,

Tables 38 and 33, Figures 6-8.

The vegstation (the growing plants in the water and the roots,
branches of the grasses under the towpath bank) may be responsible
for thils abundance at these sites, (pages, 11-16) A habitat of this
particular interest was found at sites 1, 2 snd 5, on the Shropshire
Union Canal and at site 6 on the Llangollen Canal. The maximum
numbers during the Summer at these sites is due to their life-cycle
. features, affected directly by temperature, Macan (1957) and
Elliott (1867b)(1872).

CRUSTACEAN ZOOPLANKTON

As will be discussed below, many small factors affect the 1ife
of the Crustacean zooplankton. but the main control is undoubtsdly

temperature. Temperaturs influences ths formation of the resting
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eggs in the autumn and their hatching in the spring. It controls
the rate of reproduction both directly by increasing or decreasing
the metabolic rate, and indirectly by affecting the ﬁroduction of

phytoplankton, M. Pugh Thomas (1958).

From Tables 56-62, it can be seen that the temperature is
critical %or all the species of Crustacean zooplankton, therefore,
the species have a breeding period stretching from early spring to
early summer. = All the sﬁecies have their maximum in summer, but
there is a gradual increase of population over the early spring and
the animals making up the spring peak die and their young make up
the summer maximum, M. Pugh Thomas (1959), From the samples taken

from the Shropshire Union Canal and the Llangollen Canal, this seems

to be agreeable.

Therefore, not only 1s the effect of temperature directly on
the animals important, but its effect on the phytoplankton is also

of importance (abundance of phytoplankton means an abundance of the

food that the Crustacean zooplankton live on}.

The distribution of the Crustacean zooplankton along the
Shropshire Union Canal and the Llangollen Canal (Tables 56-60) show

the average number of species caught at each site.

On the Shropshire Union Canal the Crustacean zooplankton were

abundant at all sites with maximum numbers at the summer months.

Group Cyclopoida (Copepoda) were the most common Crustacean
zooplankton, were found at all sites and among the most common species

were H. christianensis, H. neglectus, C. agilis, C, fimbariaéus
L

C.f. poppei, C. varicans and C. v. rubbelus and their abundance varied
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slightly at different sites. Summer samples of each year contained
the maximum numbers of these species. Tables 56-62 show that all
these species are directly affected by temperature for their

seasonal distribution.

On the Llangollen Canal the Crustacean zooplankton were found
at sites 6 and 7 only and the group Cyclopoida (Copepoda) were the
most abundant at these two sites and the most common species recorded

were H. christianensis, H. neglectus, C. fimb.riatus, C.f. poppel,

C. varicans and C.v. rubellus with maximum numbers during the summer

months, this also shows that these species are affected directly by
the temperature, for their seasonal abundance, Tables 61 and 62,

At site 8 no Crustacean zooplankton were recorded throughout the
sampling period, as the canal draws water from the River Dee and

the Crustacean zooplankton can not become established at this site

because of the rapid flow of the canal water at this point.

In.the Shropshire Union Canal Cladocera were found in some
samples, at different sites throughout the sampling period. They

were represented by these species, D. pulex, B. lengirostris,

A. affinis and C. piger. They were all found in small numbers so

their seasonal distribution cannot be followed, Tables 56-62.

In the Llangollen Canal Cladocera wsre very rars and found only
- at sites 6 and 7. Their disappsarance from site 8 may be due to

"the rapid flow at that site.

The Crustacean zooplankton are more abundant in hard waters
(contain more calcium), Slack (1955), Shoup (1843) and Reynoldson
(1961). It is indeed true that Crustacean zooplankton were more
abundant in numbers and more numbers of species wera found in the

- Shropshire Union Canal than the Llangollen Canal, Tables 56-62
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7.2 Factors Controlling Distribution

It is clear from even the earliest limnological research,
(Shellford (1811), Carpentar (1927), Percival and Whitehead (1929),
Sprules (1947)) that certain benthic invertebrates are characteristic

of certain environmental conditions.

Cummins and Lauff (1968) propose that there are four main
environmental factors controlling the distribution of benthic
invertebrates, as summarised in Figure 9. With increased research
into the relationship of organisms to substrate, (Cummins and Lauff
(1969), Moon (18338) and others, (page, 15 ), Current speed (Philpson
(1956), Zahar (1951) and Zimmermann (}961]]. dissolved substances,
(Hynes (1870),(page120) and food (Chapman and Demory (1963),
it is clear that the relative importance of each factor varies greatly
depending on the organism concerned, Whereas temperature range and
dissolved substances control the organisms range of tolerance, it seems

that substrate particle size is the primary factor controlling habitat

selection.

Cummins and Lauff (1969) found that substrate composition was a

primary factor in the habltat selection of Esolus parallelopipedus

Naididae (Oligochasta) and Chironomidae (Diptera), while other species

" showed a wide range of tolerance to particle size. The same can be

said of those species found in this work to be distributed as a |

function of substrate particle size composition, e.g., Caenis horaria

(Ephemeroptera), Naididae species (Oligochaeta) and Chironomid 1larvae

.(Diptera), see(page, 116-117)
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It is difficult to isolate the effects of different factors.
Egglisnaw (1864) found that the microdistribution of most species
of invertebrates had a positive correlation with organic detritus
in the substrate, (page,ﬂG-4TﬂIhe amount of ‘detritus settling out
of the water being dependent on the current speed, making it
difficult to isolate the influence of each single factor. This
research, however, confirms the finding of Cummins and Lauff (1989]
and Lillehammer (1866) that substrate compesition is possibly the

:most important single factor affecting the microdistribution o%

Ainvertebrates in the running waters, ( see pages,116éﬁ7).

.. . . Seasonal variations in the number of the invertebrates found in
. both canals was related to their .life-cycle features. Physical and
chemical factors (temperature. pH and total hardness "calcium and

magnesium concentrations") influence the easonal occurrence.(paéeﬂ7)

The discussion of these factors is interpreted .in the light of

g‘jc‘ne work of previous authors. Each factor will be considered and

.. discussed.

. 7.2.1 . Nature of the Bottom

The nature of the bottom nlays a primary role in determining the
gvdistribution of the invertebrate (mainly bottom fauna and shore fauna)
\M‘/species, Percival and Whitehead (1829, 1330}, Linduska (1942}, Spurles
fg[1947],‘8erg (1948), Jones (1850), Armitage (1958, 1961), Throup (1966)
+ and Cummins and Lauff (1968).

Cummins and Lauff (1968) found in "the influence of substrate

‘particle:size on ‘the.distribution of river benthos” that substrat
- rate

- composition was the primary:factor in the habitat selection of

~
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Oligochaetes (Naididae), Diptera (Chironomidae larvae). The same

thing can be sald of those species found in this work.

The Oligochaeta (Naididae H. naidina, P. longiseta, P. menoni,

and P, idrensis) show an increased occurrence at those sites 1 and

2 on the Shropshire Union Canal, and sife 7 on the Llangollen Canal
where there is more organic mﬁd than at any other sites,(pages, 11&12).
The great increase at those sites during the winter months, Tables4ib5
and Figures 2-8j0was an effect of detritus and natural pollution
 caused by the accumulation of fallen leaves in the canal which act

as an attraction by decomposing to black crganic mud on which these

animals depend for their food (Egglishaw (1864) and Maitlaend (1966))

see(page, 45), and Figures 2-8. *

One expects a high percentage of Chironomid larvas at sitss

- dominated by fine particles (mainly clay and organic mud), Cummins
and Lauff (1889) and Edward (1973). 1In this work the Diptera

(Chironomid . larvae) show a preference type of distribution, with

high percentage at site 4 on the Shropshire Union Canal and site 7
on the Llangollen Canal where the bottom is covered mainly by clay

and organic mud, (pages 12,14)and(Figures 2-8 &10).

The Ephemeroptera (Caenis horaria) also shows an increased

occurrence at site 4 on the Shropshire Union Canal,( Figure,10). This
seems to be related to the fine substrate of this site (mainly clay
and organic mud),(see page, 12 ), Percival and Whitehead (1929) and
‘Moon (1939) reported that Caenis occurs most commonly on the bottoms

‘with very small particles.

Geldiay (1956) noted the relationship of the soligd surfaces and

stones and presence of Gastropoda living on it. 1In this work the
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Gastropods (P. jenkinsi and P. confusa show an obvious abundance at

site 3 on the Shropshire Union Canal (Figure, 10 J. This 1s a response
to the substrate at this site (mainly silt and stones, page, 12 ).

A substrate type particularly followed.by the species.

7.2.2 Seasonal Changes

Seasonal quantitative changes in all species are mainly due to
thelr life cycles. It was observed that the major increase or
decrease in the numbers of most species were related to their life
cycles. Different species ccmplete their development one after

another and appear or disappear from the samples at intervals through-

out the year.

It is well known’that the moét obviocus factor controlling the
life cycles is temperature and it is well-eétablishgd that low
temperatures decrease the growth rafes cf many animals. Life;
histories of Ephemeroptera, Crustacea, Coleoptera, Trichoptera and
Hemiptera change from place to place and throughout the year and
many of these changes are related to temperatufe (Pleskot (1958 and 1861)
| Elliott (1967b) and Macan (1870)). . Also temperature acts indirectly
through its effects on times of egg-hatching and times of emergence
~ (Macan (1957) (1860) and Elliott (1972])'making different species or

groups more available in the samples at different times of the year.

" similarly, observations in the Shropshire Union Canal and the
‘Llangollen Canal indicate that the life-histories of many species or
\ giéups differed in each year, Figureg2.881). This was dus to different

,prevailing temperature regimes, and the recorded monthly temperatures

show the normal seasonal variations, Tables 63-70 and(Figure, 11 )
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Ephemeroptera (Caenis horaria),'( Figure,11 ), this common species

of Ephemeroptera occurred all year round at site 4 on the Shropshire
Union Canal with maximum numbers during summer. Elliott (1967) also
found an increasing abundance of this species with increasing
temperature from spring until summer followed by very low occurrence in

winter.

Hemiptera (Corixa nymphs and aduits] (Figure, 11), were collected in

most monthly samples from sites 1 and 2 on the Shropshire Union Canal.
They show an increased abundance at these two sites in summer time,
‘though this does seem to be related to change in temperature.

Minckley (1963) reported the abundance of Hemiptera during the summer

in slow waters.

. 1
Coleoptera (Dytiscinae and Halipus larvae and adults) varied

greatly with the site involved as shown in Table 20 and(pages58-102)
The orders distribution from May until August (Figure, 11 ), show that
the numbers of Coleoptera increased with temperature increass.
’Rercival and Whitehead (1829) and Egglishaw (1964) state that it is
interssting to note that as summer watér tempefature increased so did
the occurrence of the Coleoptera, similarly as temperéture fell in

T

autumn, so the occurrence decreased.

[N

., . Diptera (Chironomid pupae) (Figure,11 ) seasonal occurrence
showed a clear high abundance during the summer end almost complete
absence during the winter. These high abundances were found to be

at all sites on both canals, inferring that the seasonal temperature

changes are the only factors controlling Chironomid pupae distribution.

) 4
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From the study of the geographical distribution of the Crustacean
zooplankton in both canals, it may be seen that any species of
Crustacean zooplankton may behave differently in different sites, and
that various sites may.have different Crustacean zooplankton. As
discussed on{page1i2)many factors affect the life of any Crustacean
zooplankton organisms, but still the main control is undoubtedly
temperature. Temperature influencés the formation of the resting eggs
in the autumn and their hatching in the spring. It controls the rate
of reproduction both directly by increasing or decreasing the metabolic
rate and indirectly by affecting the production'of phytoplankton on
which Crustacean zooplanktoﬁ live on,(pages, 111&112) Thomas (1958) found
that the resting eggs are produced in the autumn by several species

such as Bosmina longirostris, Daphnia hyalina and many Cyclops speciss,

these eggs sink to the bottom of the water and come to rest on mud.

- Under natural conditions resting eggs remain quiescent until the
spring, and then when the water reaches a certain temperaturs (usually
8-9°C) they begin to hatch, this 1s shown in the Ph.D. thesis of

M.P. Thomas, University of Liverpool.

Thomas (1953) noted also that high temperaturs may be directly
favourable to Crustacean zooplankton life in other ways. The higher
the temperature, the higher the metabolic rate aﬂd the extra activity
of the animal. The decrease in viscosity with the increase in
o temperature would allow the animal greater ease of movement through
the water. It would be difficult to determine the relative importance

of these two phencmena in this work.

In this work the distribufion of Crustacean zooplankton species

along the Shropshire Union Canal and the Llangollen Canal shown in

Tables 56-62 end described on(pages,83-94) Summer samples of each year

at each site on both canals contained the maximum number of opécies
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Tables 56-62 show a very clear seasonal distribution linked to

temperature change.

The flow is another local condition which played an important
part in the absence of the Crustacean zooplankton at site 8 on the
Llangollen Canal. At this site no Crustacean zooplankton were
recorded throughout the sémpling period, as the Llangollen Canal
draws from the River Dee and the Crustacean zooplankton can not
become established at this s{te because of the rapid flow of.the
canal water at’this point and the inability of Crustacean zooplankton
to swim agalnst it. The flow in all other sites of both canals 1s

almost constant (0.5-0.7 feet/sec).

7.2.3 Jotal Hardness

Water hardness appears definitely to be of some importance in
éffecting distribution although it should be stated at the outset
that even this often remains to be proved (Hynes (1954), Illies (1952b)
Maitland (1856b) and Dittmar (1953)). .

k“'i

It is perhaps appropriate, therefore, first to consider how water
 hardness might affect animals. Very few freshwater animals are
completely watertight. so most of them‘havé problems with osmotic
_ppe;gu:e, which they overcome by various combinations of thres
~ptl;;:s‘it’alogical devices (Beadle 51952]).' Thése ars absorption of salts
ﬁfrpﬁ.the water, the production of urine and lowering of the osmotic
p:egéqre of their body fluids and hence a lessening of the tendency of
the water to enter. To live in very soft water, therefors, aemands
very(éf%icient 05h0-reguiation and'aniﬁals which do not produce

_hypotonic urine (e.g., river-crab < "Potamon” would not be expected in -
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soft waters and do not, in fact, occur there (Beadle (1857)). Although

this species was not found here, however, 1t is an example;

On all occasions it was found that the Shropshire Union Canal
sites had a higher total hardness value (Calcium and Magnesium)
than the Llangollen Canal sites, this was consistent with higher pH

recorded too (Tables 63-69 and Figure 1).

In the Shropshire Union Canal the hardness was consistent with
the pH, and it was noted that it differed slightly from site 1 to
- site 5,“ Tables 63-69. While_in the Llangollen Canal it was foend
that there was an increase in the hardness gradienfs as the water
passed down from Llantysilio site 8 to Hurleston junction, site 6,
it became harder, Tables.63-69. This hardness increase vias
predominantly calcium, which may be derived from the lime stone used
in the construction of the canal, (Boycott and 0ldham (1933) and

Twigg (1859)).

Many Crustacea and Mollusca secrete shells of calcium carbonate

- 80 one expects them to be confined'to waters where these are readily

I3

obtained (Clarke and Berg (1959) Reynoldson (1961). Slack (1955) end
‘Edwards [1973)).

L In(Figupgsg4maait can be seen that Asellus aquaticus (Crustacea].

o

. P, jenkinsiand P. confusa [Gastropoda] and P. amnicium and S. corneum
—e_amnicium S._corneum

ara b

, (Bivalves). show an increased abundance at the Shropshire Union Canal

»»»»»

with higher total hardness over the Llangollen Canal with lower

. hardness.’

Tt : - T

-

Calcium not only affects the efficiency of osmo-regulation, but it

x 200

has also been shown for groups as the Oligochaeta and fishes, that bath
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it and magnesium affect the rate of‘respiration. Both ions raise
respirétory rates at low temperatures, [Schlieﬁer et al, (1852)).
It can be expected, thersfore, that the Shropshire Unicn Canal has
more Oligochaetes than the Llangollen Canal and it was true,

Tables, 41-55, and(Figures, 2-8 & 12 ).

Many groups (insecta - Diptera larvae, (Grenier (1948) and Hall
(1960)) Ephemeroptera (Illies (1852)), Trichoptera (Macan (1957, 1S6la))
Coleoptera (Berthelemy (1966)) Amphipoda "Gammarus” (Hynes (1854)) and
Leeches (Macan (1855)), seen to be qdité indifferent to water hardness.
The same applies to the findings.in this 'work, by recording these groups
in sufficient numbers at all sites on the Shropshire Union Canal and the

Llengollen Canal, Tables, 41-55, and(Figures, 2-g)

It is generally a valid assumption that the higher ths concentration

of salt ions (nutrients) dissolved in water, the larger will be the
standing crop of phytoplankton, and as' a result of this the larger the
‘number of the Crustacean zooplankton. (A low concentrationAaf
dissolvéd salts will only allow a small growth of phytoplankton and the
amount of available foqd will be too small to support large numbers of

Crustacean zooplankton (Thomas (1859)).

Tables 56-62 show that the Crustacean zooplankton are more
Ebundant in all the Shropshire Union Canal sites, where it contains more
calcium and magnesium and it is far less in the Llangollen Canal sites

where it has less concentration of these ions.

We can conclude, theréfcre. that water hardness is a controlling
factor in the ecology of at least some canal invertebrates, but that

very often we have little idea as to how it operates and that we need

much more detailed sfudies in the future.
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7.2.4 Oxygen *

Oxygen is rarely a factor in the ecology of invertebrates in
shallow waters, such as canals because it hardly ever drops to a low
level. It falls to very low levels only under one condition
"ocontinuous ice-cover for long periods”. In the two canals this
condition did not happen during the period of the investigation.
This condition appears to be almost unstudied from the viewpoint of

invertebrate ecology, although it is known toc have some influence on

fishes in Northern Siberia (Mosevich (1847} and Mossewitch (1961)).

In polluted waters, on the other hand, lack of oxygen can be of

great importance, but this is outside the scope of this work and the

reader is referred to Hynes (1960) for further information.

The results obtainéd from this section of the project were some-

‘what disappointing, for although the results showed a maximum and

minimum dissolved oxygen concentration, the difference between these

two was slight, Tables 63-70 and Figure 1.

In both the Shropshire Union Canal and the Llangollen Canal, on

the other hand, lack of oxygen can not be of any importance, because

as can be seen from Tables 63-63, it does not dfop to a low level at

any.site.
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8.  CONCLUSION AND' RECOMMENDATION

Applying a rather simple technique for collecting and sorting
.the bottom fauna, shore fauna and Crustacean zooplankton samples,
the invertebrate fauna results of the Shropshire Unidn Canal and
the Llangollen Canal provided a clear picture of the animal

community structures in given sites, (page,43).

The quantitative distribution in the invertebrate fauna and the
|
life cycles of particular species were examined monthly at given
sites, and attempts were made to correlate this disfribution with

chemical and physical composition of the two canals waters (nature of

bottom, temperature, total hardness and oxygen).

The Oligochaeta (Naididae), Diptera (Chironomid larvae),

'Ephemeroptera (Caenis horaria) and Gastropoda (P. jenkinsi and

P. confusa) showed an increased abundance at certain sites on both

canals. This abundance being correlated to the kind of bottom,

(page,115) .

Seasonal fluctuations in the invertebrate fauna are associated
"with changes of physical‘conditions‘iﬁ fhe water of the two canals.
)Variation in the water températuré throuéhout the yeér, however, may
t;cf directly or indirectly, making different ofganisms available at

'éérfain'times of the year. Crustacean zooplankton, Hemiptera,

Coleoptera, Ephemeroptera and Crustacea show a direct linear

Qfelétionship with the changing of temperaturé,(page.1r7),

! ‘
St .

Water chemistry was found to have some effect on the distribution

.-of the invertebrates, such as Bivalves, Gastropoda and Crustacean
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zooplankton,(page, 120).

Lack of oxygen can not be of any importance, because it does not

drop to a very low level at any site on both canals,(page, 123).

Only Crustacean zooplankton showed a direct relationship with
changing current'velocity. where it was absent at site 8 on the

Llangollen Canal and were found in large numbers at other sites on

both canals,(page 120).

The number of species and individuals in the Shropshire Union
Canal were greater than in the Llangollen Canal. This was due partly
to the substrate composition. Other causes were active too, among

these "total hardness calcium and magnesium contents in the water”.

Since the limiting of physical and chemical factors have so
radical an effect on the canal invertebrate fauna, they seem to dessrve
a much greater interest. It is desirable that detailed investigations
of these factors be made and also a clearer picture of the structure of

the animal community be obtained.

©“" - Since quantitative investigations in themselves, owing to

. collection, sorting, counting and identification, require much time-

)

consuming work, and since intensive investigations of the environment
also.demand considerable chemical and physiological knowledge, fu£ufg
research if it is to hold out any prospect of finding new information
of casual nature, must svlidently be carrled out with the co-operation
of several people with different qualifications, i.e., confining

themselves to a single or to a few problems. There is some danger 1in

concentrating attention on single species before a general ecological

picture of the habitat has been obtained, but such study involving
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careful observation and attention tp'detail, can bring to light points

which would be missed in a broader survey.

There ars few areas left which have not been éffectedto some degree
by the activities of man.  The Shropshire Union and the Llengollen
Canals are no exception and man has influenced the ecology of most
habitats in some way. His influence on them, especially in connection

with the use of the water, construction of tunnels and locks, affect

the canal and its biology.

As far as pollution is concerned, the worst dangers in the canal
were the effect of running boéts, especially when the depth is low;
which may have an effect on the animals. Also clearing and repairing
the canal by removal of sediments from the bottom must have an effect
on animals as it takes time to build a new suitable substrate in which
the fauna can recover. So the iﬁcrease of use of the two canals in

the future with increass of cleafing and repairing may have an effect

on the bottom fauna.

It would be possible to detect the effect of these points on the

composition and the density of invertebrate fauna at both canals.,
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and analysed for total hardness, calcium and magnes

127.
9,  SUMMARY

| The introduction deals first with thse purpose for under-
taking this study, and previous work on the subject is mentioned.
The physical and historical background of the Shropshire Union
Caﬁal and the Llangollen Canal are briefly described, with short

comments on the state of repair, flow and nature of the bottom.

Five sites on the Shropshire Union Canal and three sites on
the Llangollen Canal wgfe selected as shown in the map,( pages, 1%-17)
Boﬁtom fauna, shore fauna and Crustacean zooplankton samples
were taken monthly at each site over two years for bottom fauna

and Crustacean zooplankton and 18 months for shore fauna.

- The methods used during the investigation period from the

two canals are discussed in detall in the method section.

Species of animals were identified as far as possible, and
counted from these sites, classified lists ‘and graphs were

completed. Studies of fauna populations were mainly descriptive

in results in detail.

The selected sites are compared and contrasted in terms of

.

their physical and chemical characters and their animal

population.

Monthly water samples were collected at the sampling sites,

sium,
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Temperature, pH and oxygen concentration at each sampling

site wefe recorded in the field.

The/raéults reveal the structure of the whole invertebrate
fauna at each site on the two canals. It is desirable that in
brder to cbnfirm the bdnéistency of this structure sampling, so
an investigation tq the'physical‘and chemical factors be made

and probably made a clearer picture to the structure of the

animal community.

Great quantitative changes were observed in the distribution
of Ephemeroptera, Diptera, Trichoptera, Coleoptera, Hemiptera and
Gastropoda along the two canals. The Oligochaeta and Diptera
(Chironomid larvae) were most abundant at the two canals, this

correlated to the kind of substrate.

The present work or account, therefore, is intended to be

no more than an introduction - and it is hoped a stimulus to

" future work in an area where natural studies are important and

valuable.
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"CORRECTIONS™

OLIGOCHAETA
Stylodrilus variegatus

HIRUDINEA
Glocsiphonia hoteroclits

Glossiphania complanata
Erpobdella octoculata

TRICHOPTERA
Limnephilidaa

EPHEMEROPTERA
Ephemerclla ignita

" Baetis mutinus

COLEORTERA
Haliplus larvae

Haliplus adults

CASTROPODA
Potamopyrgus Jenkinsi
(with kesl)

Potamopyrgus jenkinsi
(without ksel)

LAMILL IBRANCHIA
" plotdium amnicium
Anodonta cygnaea
Unio pictorum



JABLE No 44 The identity, size and

number of

invertebrate fauna {collected by the dredge) from'

site No.1, on the Shropshire Union Canal.

Species or
groups

Size 21 20 a3
in mm Aug Sep Oct

24 21
Nov_ Dec

26 24 25 23
Jan Feb Mar Asr

24 25 27 28 23 24
May Jun Jul Aug Sep Oct

24 20 24 23 U g6 24 24 0
Nov Dec Jan Feb Mar Apr May Jun Jul

OLIGOCHAETA
Homochaeta
neidina
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Erpobdella
octeculats

DIPTERA

Chironamidae
larvae
-
-

Chironomidae

‘< pupas’

TRICHOPTERA

Homocentropus
picicornis

COLEOPTERA

Halipus
larvae

Oytiscinas
larves

BGASTROPOOA

', Potamopyrgus - .

e av
sy P utris

v

Jenkinsl |

", (with heel)

. Potemapyrgus
Jenkensy
{without keel)

P:eudu'miéola
confuse

Valvata
_ macrostoma

Valvata .
* piscinelis

b e e b

b

Zonitoides
nitidus |

Viviparus
.. viviparus

-, Yneodoxus -

Lymnae
glatre .

Acrclexus
lacustris

Suce 1ne$

Planorbis

.. corneus .
" - Planorbis ¥

* planortss

Bithynia ’

tentacLlate

‘ Bithynis
leachy -

.. fluvietilis .

A En cingd ot
b e

3-10
> 10

3-10
> 10

3-10
> 10

85
15

16

15

105
28

2

20

93
12

0

26
1

3-10 34
> 10 8

§S
12

29
13

> 20 3 4 1
> 18 4 ? [

s 4 27 2

20 10
Y 3

2«3 2’
2- 3 1 - =

-8 2.

2.8 - . 3
K

R 50 - .

B f
3

5 . e .

3'5‘A“A"f ‘\. '~'_ -

¢ LAMELLIDRANCHIA G
- Pisidium '

_ emhicum
e -

Spheerium
corneum
-
Orsissens
pelymorpha
- Ce

_NEMATODA

,}"s
p5els .2 2

~e5 8§72,

28 o = -

L€ § = L I 4

. 5=17 2 2" s

820 . e »

389
48

20
14

34
15

366
51

27
14

25
13

308
57

19
8

49
17

2
es

n
4

15
I4

93
25

56
21

~N N

Ww e w o
~

42
18

w e W W

85
40

42
27

14 22

4
27

22
13
43
3

78
56

33
24

69
49

55
48

37
25

€0

a1
126

14

35
14

281
136

26
11

42
21

274 255 137
82 125 34

70

S R T Y
17

4 1 8
22 ?

14

27 ey R 1 .f“’- e
RS -

34
18

27
1

2 -
10 6

48

15
H 3

-l

25 o e e gl

B I U]

13

26
13

35 4
22 4 4

32 4 [ H

17
10

R

~
- w
w

Al w 4*"»-drxl».w.‘w“wm‘,,%

1 15 a

20

70
52

124
80

N ow;

10 ? 4

kL] L]
14 7

13 8 14

10

- W
w

-
IS
-
~

~

12

15

70 100 3143

28

3
3

47

15
13

2s
12
14

23
12

R s,

i
13

26
13

23
22

21
16

18 12
18 ]

14

22 14

12 L ? 8 2 10 3

V(lg
L8
-8 0

o -

i, PN
S R
v T R g % . -
- b i PR S




“"CORRECTIONS"

P Aoty

OLIGOCHAETA
Stylodrilus variegatus

HIRUDTKER
Glossiphonia hetcroclita

Glossiphonia complanata

Erpobdella octoculata

TRICHOPTERA
Limnephilidas

EPHEMEROPTERA
Ephemerells ignita

" Bastis mutinus

COLEOPTERA
Haliplus larvas

Haliplus adults
GASTROPODA ‘

Potamopyrgus Jjenkinsi
(vith keal)

Potamopyrgus jenkinsi -
(without keel)

LAMILLIBRANCHIA

Pisidium amnicium
Anodonta cygnaea

Unio pictorum
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TABLE No 4D The icertity, size end number

of invertetrete founa fcollected by the dredgs) from site No.2, on the Shropshire Lnicn Canel,

Species or .
groups

Size 21 20 23 24
ir sm Aug Sep Oct Nov

21

26

24

25

23

24

25

27

28

223

24

Cec_ Jan Feb Mar Apr May Jur  Jud Aup Sop Oct

L]
hov

20 28 23 20 26 24 24 20
Cec _Jan Feb Mar Apr Mey Jun Ju}
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Ly

L

,

|

7

OLIGOCHAETA
Homochaeta
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.
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longiecta
-
Pristina
menoni
.

Pristine
idrensis

Stylodrilus
haringlonus

Lumbriculus
varigatus

Tubificidae

Eiseniella
tetreedra

CRUSTACEA

Asellus
squaticus
-

HIRUDINEA

Glossophonia
hetrochits

Glossophonia
complanats

Helotdella
stagnalis

DIPTERA

Chironomides
larvae
-

-
Ch ironomidae
pupae

Chaoborus
larves

TRICHOPTERA
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picicornis

CCLEDPTERA
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larvee
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"CORRECTIONSY

OLIGOCHAETA
Stylodrilus variegatus

HIRUDINEA
Glossiphonia heteroclita

CGlossiphonia complanata
Erpobdella cctoculata

TRICHOPTERA
Limnephilidae

EPHEMEROPTERA
tEphemerella ignita

" Bastis mutinus

COLECPTERA
Haliplus larvae

Haliplus adults

GASTROPODA
Potamopyrqus jenkinsi
(with kesl)

Potamopyrqus Jjenkinsi
(vithout keel)

LAMILLIBRANCHIA

Pisidium emnicium
Anodonta cygnaea

Unio pictorum



TABLE ho.g3 The idertity, size and nurber of invertetrate faune (collected by the drecge) from site No.d,

or the Shropechire Union Canal.

Specles or
_groups

Size

21

in mm  Aug

2
5

FE]

Sep Gct
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hov
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FI3
Fet

25
Far

k)

A;{
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larvae
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flavomaculatus

Glossosma
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————
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Viviparus
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-
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fluviatilis
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glotra
Acrolonus
locustris
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»
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"CORRECTIONSH

OLIGOCHACTA
Stylodrilus variegatus

HIRUDINEA
Glossiphonia hetoroclita

Glossiphonia cowmplanata
Erpobdella octoculata

TRICHOPTERA
Lirnephilidas

EPHEMEROPTERA ‘
Ephemorella ignita

Bastis mutinus

COLEOPTERA
Haliplus larvas

Haliplus adults

GASTROPODA
Potamopyrgus Jjenkinsi
(uith kesl)

Potamopyrqus jenkinsi
(uithout kesel!

LAMILLIBRANCHIA

Pisidium amnicium

Ancdonta cygnaea
Unio pictorum



TAELE Ncé4 The identity, size and rumber of invertebrate founa (collected by the drecdge) from site No.4 on the Shropshire Union Canal.

Species or Size
Lroups in mm

21
Aug

20
Sep

FE]
Cct

24
Nov

21
Dec

26
Jon

4
F et

Fi
Mar

FE
Apr

FL]

May

25

Jun

&7

Jul

28
Aug

23
Se

E

F
Oct

24

hev

20

Dec

b

23 W

Fi3

Jan Feb HMar Apr

& 24
Fay Jur

OLIGOCHAETA

Homochaeta
neicira 3-10

X > 10

Prictina
longiseta 3-10

¥, > 10

Fristina
menoni 3-10

= > 1o

Pristina
idrensis 2-10

- > 10

Styloarilus
taringlanus > 20

Tubificidae * 15
CRUSTACEA

Asellus
agquaticus <5

. >5
HIRUCINLEA

Glossophonia
comglaneta 5-10

Piscicola
georetra 5-12

Hemiclepsis
rarginate 5-10

Helobcella
stagralis £-10

Erpoudella
cctaculate §-1%

DIPTERA

Chironomices
larvae LI ]

*: 5-1C
& 10-22

Chirononidas
pupae 3-10

Ceratopognoicee
larvae 5-15

Cractorus
larvae
TRICHOP TERA

Homocentropus
ricicornis 3= 5

Econorus
tantellus

Pelycentropus
flavonaculatus > §

Limnphilicee £-15
EPHEMEROPTERA

[~
'
w

Caeris horaria

Epherora
igrita 16-25

Haetis
muticus 5-1C

COLEOPTERA

Halipus
larvae 5-12

Dytiscinae
larvae 5-15

GASTROPODA
Potamopyrgus
Junkensi
{with keal) 2- 13

_ Potamopyrgus
Jenkensi
(without neel) 2-

Pseudarniceola
ceonfusa =3

=

Valvata
macrostoma 245

Valvata
piscinalis 2= %

Zonitoides

nitidus 3-8

Viviparus

viviparus < 10
» > 10

Theodoxus
fluviatilis 9= %5
Lymrae glabra 3-S5

Acroloxus
lacustris 35

Succinea
putris 37

Plenortiis

correus 5-10
Planortis
plancrods -5
gitnynia

tentaculata 2= 5
Lymnca

poregra L
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leachi 3-8
Hydrobia

ulvee
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Sptaar tun

corneun < §
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W"CORRECTIONS®

OL IGOCHAETA
Stylodrilus varlegatus

HIRUDINEA
Gloseiphonia heteroclita

Glossiphonia complanata
Erpobdalla occtoculata

TRICHOPTERA
Limnephilidae

EPHEMERCPTERA
Ephemsrella ignita

" Baetis mutinus

COLECPTERA
Haliplus larvae

Haliplus adults

GASTROFODA
Patamopyrgus jenkinsi
(with keel)

Potamopyrgus Jenkinsi
(without kosl)

_ LARILLIBRANCHIA

Pisidium amnicium
fnodonta cygnasa

Unioc pictorum



TABLE No.4 5 Tre idertity, size and number of

invertetrate fauna (collected by the drecge) fro- site hc.t, on the

shropsehire Union Coral.

Species or Size 41 L FE] 24 21 26 4 25 23 F& 5 &7 F 23 24 FL Fi] 24 o 2t P po 7
Eroups inmm Aug Sep Oct hov Oec tan Feb Mar Apr PMay Jun Jul Aug Ser Oct tov lec Jen Fet Mar Apr May Jul
OLIGUCHAETA
Homochaeta
naldina 3-10 73 81 78 272 181 27% 249 k) 75 55 12 8 31 18 21 21€ 162 310 182 22 19 22 14 1e
= > 10 10 28 27 W2 56 82 a9 15 45 26 L] - 18 8 & 13§ & 11s 3 13 14 12 E 18 *
Pristine
long isete 3-10 1 = = = = - - - - - - - - - . 3 1 - 1 - - - - -
" > 10 - “ - = = = 2 3 - - - 1 - = - 2 1 - 3 = = o = =
Pristine
menond 3-10 - = 2 E 2 - 2 2 = [} 2 4 1 2 1 € B 10 1 - 1 3 = w
= dedp = = o P o= F OE oA o5 B3 3 O F & F oW @y TpE A Lans
Pristina
iorensis 3-lo - - 2 4 4 7 - 1 - L 1 3 - 1 - 4 4 [ i - = i = 2
» * 1o - - - 3 4 3 1 - < g Zz ¥ = 1 - 2 ¥ & 2 = 3 2 - -
Stylocrilus
hering larus s> 20 = 1 2 J.. 1 1 2 1 = - 1 - - - 1 ) 3 . 2 - - - - -
Lumbr fculus
varigatus > 2C - . - i - - - - - - - - - - . 1 - - - - - - = -
Tutificicee > 15 3 3 [ 7 Z ] 2 - 2 1 1 1 1 1 2 - 3 - 1 - - 3 13 ?
Eisenicila
tetracara > 2% - - % " 1 - - - - - - - - - - . > - - - - - - -
CHRUSTACEA
Asellus
aguaticus « 5 1 - - 2 3 | - - - - - - - - - 1 v 3 - 2 2 - - - e
. > 5 - - - 2 1 3 2 - - - - - - 1 - - - - - - - . - -
Camarus
pules 510 -+ = & @ = e F o oA o o= om om & o ogw By ey @R e =l SR
HIRUDINER
Glosscphonia
retrochita £-10 - : - = = - 2 - - - - - - - - - = L] 1 = — » ~ -
Glossopronia
conplanata §=10 = = = = = = - S T N T TSR R T M R L
Pisciccla
geunetra 5-12 = = = = = i = = = s - - = = “ = - = = o 5 = S 3
Helotcella
stognalls 5-10 1 = L 1 - 2 = = - = » - £ = o = a 1 « - = B -
Erpotcella
octaculate [75 S S T B I L . I . L LTI R S e -
DIPTERA
Ch frononicee -
lervae <5 18 § 30 420 128 175 % g 64 12 10 4 7 7 § 301 140 201 130 e ] ic 1< 7
" £-10 12 C ] 35 34 112 &5 s 32 4 a 2 2 3 3 1 €5 €2 23 10 ] 3 7 3
* 10-32 L] 3 5 10 85 g€ 36 4 75 7 4 3 1 5 - 2 2 20 3 2 5 i F: i
Chircnomicos
pupas K W R = e E e e G R e F = o= wm o w @ B R = L R
Ceratopognoidae
larvae 5-15 2 1 4 22 E 8 4 - 3 S - - - = - 12 4 3 ] = 1 3 - =
TRICHOPTERA
Homocentropus
picicornis 3- § & = = i 1 ? ? - - - - - - - - 1 1 = - - - = = -
Econumus
tantellve > § = = = . = = - = = = = = - s = = = ~ * = - “ = =
Polycertropus
flavomeculotus > § ® ¥ S - = = 1 = = * - - v g ¥ = nd ¥ - - - = s -
Limnphilicae 5-15 - - “ - 1 * % - * = = g - - - e - - - - - - = s
EPHEMEROP TERA
Caanls noraria 3- & 1 = 3 - 2 L] L’ C - 4 1 - - - - [} 3 ] ? 2 - < x .
tpromera '
igrita 10-25 - - - - i 2 2 - 1 - - - 1 1 i = 1 - L4 » " = =
Boutis
mut icus §-10 - - - - - 1 - - - - - - - - - . A - - « 1 = =
COLEDPTERA
Halipus .
larvae 5-12 » > - & = » 2 - L s » - - - - - - - - - _
GASTROPCDA
Potamopyrgus
Jenkensi
(with keel) =3 B W = 2 10 10 8 8 4 16 3 12 8 4 s 5 4 5 2 3 2
Potamopyrgus v
Jenkansi
(without keel]) 2- 3 - 3 2 1 5 & 7 & 6 7 1 8 4 3 3 4 2 3 1 2 =
FPseudarniicola
confusa 23 15 7 - 1 -] ] E L] 4 9 4 T 12 € 1 3 1 L] 2 2 i
Valvate .
Macrostoma 2- 5 1 - - - - - 2 - - - - - - - - - - - - ” é
Valvata
piscinalis 2- 5 - - 10 2 - - - - - - - - - - - - & e - - <.
Zonitoides
nitidus 3-8 - 2 6 3 2 - - - - 1 1 x * . 2 1 - - - - -
Viviparus
viviparus < 10 1 2 1 - 2 - 1 1 - 1 * 1 1 2 - 2 1 1 1 1
B Ty N TR L T F T TR O LSl o R TR U AT N
Theoguxus
fluviatilis 3-5 1 - 3 = e L = - = = = - E ' I = N - = - =
Lymnee glabre 3- 5 - - - 2 - - - - - - - - - - - - - A - = 3
Acroloxus - -
lacustris 3- 5 - 2 - b - - - - - - 1 - - - - - 3 o &
Succinua - - - - - - - -
putris =7 - - 3 - - = - . = s = = €
Plancruis 1 € s i 2 3 s
corneus 5-1C - 2 - - - - - - = - * & - ¥
Planoruis - e o = S = < - AT .
planortis 35 - - - o s T . = B = i
Bitnynia
tentoculate =5 - - . = - - 1 - - - & = = = = = = & 1 1 1
Lymnea
Percgra 3-8 - - = - - - - - - - - - - 1 = = - - - - - - -
Bithynie é
leachi 3-8 - - @ - - - - - - - - - - - - - & o = 1 & b -
LAMELLIERANCHIA
Pisigiurm
anicum <5 a 2 € 4 3 5 4 5 3 2 - 2 2 1 3 2 » 3 2 4 2 1 1
5 5-15 . 1 1 1 1 1 % 1 - 2 1 - - - - - - - 2 - & -, 0=
Spraerium
corneun <5 1 = = 3 = = 3 3 1 1 = » * - 1 1 - 1 - 2 = - »
- > 5 - - - - 1 - - - - - - - - - - - - - - - - - -
Dretssens
polyrorpha «8 = F] 2 - - 5 - - - - - 2 - - = - - - - - - = - &
- s-p - & - - - - - - - - - 1 - - 1 - - 1 - - - - 1 -
Anoconata
cygnaee > 25 3 2 2 2 2 2 2 2 1 2 1 2 2 2 1 1 1 1 1 1 1 1 1
Unio pectroum >20 2 2 2 I T U U S S L TR, (S LR PR R GERAG R ST e
NEFATODA 5-20 - - - - L 3 - - - - - - - - - 1 - - 1 - - - -




“CORRECTIONS"

OLICOCHAETA
Stylodrilus variegatus

HIRUDINEA
Glossiphonia heteroclita

Glossiphonia complanata

Erpobdella octoculate

TRICHOPTERA
l.imnephilidae

EPHEMEROPTERA
Ephemerella ignita

Bastis mutinus

COLEOPTERA
Haliplus larvae

Haliplus adults

GASTROFPDDA
Potamopyrgus jenkinsi
(with keel)

Potamopyrgus jenkinsi
(without koel)

LAMILL IBRANCHIA

Pisidium amnicivm
Anodonts cygnasa

Unio pictorum



TARLE Mo 46

The identity, size and number of invertetrate fauna {collected by the drecge) from site No.E on tre Llargcller Carel.

Species or Slze 24 25 23 24 25 P <8 PE) I 24 W 24 é3 20 b 4 4 <«
group inem Feb  Mar Apr Moy Jun  Jul Aug  Sep Oct Nov Dec  Jen Feb Mar Arr Moy  Jun I}
OLIGOCHAETA
Hamochaeta neidine 3-10 1} 98 §5 126 88 s0 109 101 7 €8 107 114 $6 102 70 61 $9 $1
b . > 10 20 -] 42 88 72 kL] 1 78 (1] 7 6C L] 24 56 25 30 27 &7
Pristina lorgiseta 3-10 - - . 8 2 - 2 2 1 2 1 - 1 - - 3 2 -
. . > 10 1 2 - 4 3 - s 1 - b} 1 2 - - - 3 2 -
Pristina menoni 3-10 3 4 [ 9 4 1 ’ 4 3 (1 s s 2 4 3 1 1 2.
. . 10 2 3 4 4 3 1 & 2 2 1 s 2 2 21 - 2 2 1
Pristina icrensis 3-10 2 3 4 2 2 1 4 3 1 2 ? (] 3 6 4 L] 2 .
. o » 10 3 2 3 L, 3 4 3 b 2 2 2 3 2 2 3 - 1 2 -
Stylodrilus kersrgiarnus > 20 1 . . 2 4 - 3 3 3 3 4 . 2 7 2 1 2
Lumbriculus verigatus >0 - 2 2 2 . - - . 1 - - 1 - 1 2 . . .
Tubificicae > 15 2 3 4 3 3 4 3 L) 2 - 3 4 3 S 2 2 1 3,
Efseniella tetrairs » 25 - - - [ 2 - - - 1 2 - - - 1 3 3 - -
CRUSTACEA )
Assllus squaticus <5 2 - - - - - 1 - - 2 1 1 1 - - - - .
° * >S5 - e - - - - . - - 3l 1 - 1 - 1 - - 7 -
Garmarus pulex . 3-10 - - - - 3 - - - - - 4 - 2 2 1 - - - -
HIRUDINEA
Glossophonia netrechita §-10 - L - - - - - - - - - - - 1 - . -
Glossophonia corplanats . 5-10 - 1 - - 1 - - - - - - . . 1 1 . - -
Piscicola georetra 5-12 1 . - - - - - - . - - - - . - - - -
Helaobdella stegnalis $-10 - - - - ? 1 - l - } 1 - - - 2 - - 1
Erpoboella octaculata st - - - - 2 - - - . - 1 1 1 . . . 1 N
DIPTERA '
Chironomidae larves <S5 25 31 14 26 6 5, 1 3 5 81 79 70 3 40 25 13 [} 3
. . 10 13 ,? 12 ¥V 4 .3 & 2 3 1 & 22X V¥ 17 & 12 3 4
. . 10-22 2 4 3 3 - 4 - - 2 4 . 1 10 ° 2 1 1 3
CNronomidas pupae 3-1C - 2 4 - - - - - - . - - - - 2 . .
Ceratopcgnoidee iarves $-15 2 2 1 2 Lt - - . - - . 3 1 1 3 2 . 2
TRICHOPTERA ot
Homocentropus gicicornis 38 1 - - - N e - - - 3 2 - 1 - - - - .
Econamus tentellius L] - - - - - . 6 - - - ) S 1 - - - - -
Limnphilicee 5-15 2 - - - - - - - - - L. 3 . - - . - -
EPHEMERTP TERA .
fphemera igrite 10-25 1 8 b 1 - - - H 2 3 1 1 . 3 2 . - 1
Bastis muticus $-10 - 4 - - - - - - - - 1 . 1 . . . . .
COLEOPTERA
Dytiscinae a3dults 5-10 - - - - - - - - - - - - 1 - . .. . .
GASTROPCCA
Fotamopyrgus Jenkensi .
(with keel) 2-3 2 k] ¢ 2 - - 2 . . - 1 . 2 - 1 . . .
Potanopyrgus Jerkenst
(witrout heel) 2- 3 1 1 4 1 2 - . 1 - - - - 1 . . - . .
Pseudannicola confuse 2- 3 1 L} 3 .2 . - 1 - - - ‘. - 3 - - . . -
Valveta pisciralis 2- 8 - - - - - 1 - - - - - - - . . . . .
Viviparus viviparus < 10 1 - - 2 1 1 - 1 1 - 1 - 1 1 1 1 2 1
* ‘ b S S T T T N U SPURS SAE SR
Lymnasa glatre 38 . . - . - i - . . - - - . . - . T e
Acrcloxus lecustris -8 . - - . 1 - . - < . . - . - . e « .
Succines putris 37 . - - - - - - 1 - - - - - . . ‘. - -
Plancrtis corneus $-10 1 - . . - - - - - - . - . . e . s, ,‘.
. Plencrtis plarcribls -3 . - . . - - - - 1 - - . . Y Ve o e .
<L — PATE .
. e e
. Bithynia tentaculata 2: sq( - - - - - - . 1 . . . . )
Bithynia lJeachi 3-5 - j- . w . . R . . L. b - - . - . -
. LAMELLLERAICHIA . M . - - . L.t .
Pl ot e eun A T T T R S A e e
: L I T Tt : . N 2 5 s
~ e YR - - - - - . - - -
::amm orens o2 R R TP P 3 1 2 2 . e b
onata c)gnees 25 1 1 .« .2 1 X \ . . ) ‘ - K] - 2' L e
unip pectroum 20 " 2 N . N . l/ 2 - 1 - 1 -
: , 2 T 11 . 2 - . 1. 1
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"CORRECTIONSY

OLIGOCHAETA

Stylodrilus variegatus

HIRUDINER

Glossiphonia heteroclita
Glossiphania complanata
Erpobdella octoculata

IRICHOPTERA

Limnephilidae

EPHEMEROPTERA

Ephemerella ignita
Baetis mutinus

COLEOPTERA

Haliplus larvas
Haliplus adults

CASTROPODA

Potamopyrgus jenkinsi
(with kesl)

Potemopyrqus jenkinsi
(vithout keel)

LAMILLIBRANCHIA

Pisidium amnicium
Anodonta cygnaea
Unio pictorum
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Teblo No,_47 The identity, size and number of invertebrate fauna (collected by the dreage) from site No.7 on the Llargollen Canal.

Specles or Size 24( 25 23 24 25 7 28 23 24 24 <0 24 23 20 26 ) 24 0
g£roups inmm Feb* Mar Apr  May Jun  Jul Acg Sep  Oct Nev  Dec Jan  Feb  FMar  Apr  Mey Jun  Ju}
DLIGOCHAETA )
Homochaeta naidina 3-10 119 102 276 199 62 19 120 48 66 §7 222 122 §6 82 17 75 120 39
- . > 10 34 68 189 92 4 10 e8 29 30 59 10S 60 55 50 60 62 a2 18
Pristina longisets 3-10 1 2 S 5 1 - 2 2 - 2 ? ) - - 3 2 3 2
. . . > 10 2 ? 4 3 ) - 1 H 2 - H 1 2 - ] 1 2 1
Pristina menoni 3-10 4 12 11 12 2 - - 3 4 3 17 2 S S - L] 12 3
. . > 10 4 ? 8 ? 3 1 4 2 1 3 6 ] 3 2 6 2 € 4
- Pristina idrersis 3-10 2 6 12 7 1 2 6 4 4 b 1 4 4 & 10 6 13 4
. d > 10 6 3 H 4 3 3 3 3 2 2 6 4 4 4 7 4 ] L}
Stylodrilus heringianus > 20 3 s 3 4 3 2 2 4 2 1 4 4 2 (B 4 6 4 H
Lumbriculus varigstus > 20 - 2 - - - 2 - - - 2 s 2 - 3 2 1
Tubificidae * 15 10 2 9 1 2 1 3 2 2 3 H ] 4 2 k] 4 3 4
Eisenielle tetradre > 25 1 - - 1 - - - 3 1 2 - 3 - - - 1 .
CRUSTACEA .
Asellus aquaticus < § - - - - - . - - 1 - - 2 - 6 - - - .
. . > s - - - - - - - - - - 1 - 3 - - - -
Garmarus pulex . 3-10 - - . - - - 4 - 3 1 5 - 2 [} - - - -
HIRUDINEA
Glossaophonia hetrochits $-10 - 1 - - - - - - 3 - - 1 - 1 . 1 1 -
Glossophonia complansts 510 1 2~ - = = = . 2 4 R T T T | - . 1)
Piscicola geometra 5-12 - - - - - - - - 1 - - - - - . - - -
Helobdella stagnalis $-10 - 3 3 1 - 2 1 3 3 3 - ] 1 2 ! 2 2 .
Erpobdella octaculate §-15 - - 1 1 - 1 2 s 2 1 1 1 - 2 . ) 1 1,
DIPYERA
Chironomidae larvae <5 €5 118 51 ? 4 2 15 2 10 84 62 80 87 105 32 0 [ K]
. . $-10 16 80 21 L] 2 112 3 . 22 s 0 59 70 23 12 3 2
. . w22 7 5 W™ 5 - 11 - - - 3 - 2 3% 12 3 - 1
Chironomidae pupae 3-10 - 1 10 3 1 - - - - - - - - 4 [ l 3. .
Ceratopognoidae larvas §-15 - - 5 3 - - " - - 1 13 - 3 3 [} L} ? L]
TRICHOPTERA N :
Homocentropus picicornis -5 1 1 . 3 . - 1 1 2 - - . . - - - - *
Economus tentellus > "2 1 - 1 - LI - 18 H 2 3 F 2 U - 1 - -
Limnphilidae 5-15 - 3 - - 1 3 - - 1 - - . - s 2 2 . . i\
EPHEMEROPTERA
Ephemera ignita ©10-25 2 1 - - - - - - 1 ‘l .. 1 2 - 2 ] 2 -
COLECPTERA B
Helipus larves 5-12 - . - . - - - 1 . - - - - . - - o .
Oytiscinae larvae $-15 - 3 - - - - - - - - b - - - d o - -
ODONATA .
Damsel fly (natad) > 10 - - - . . - - - - - - 1 - - - - - -
_ GASTROPIDA '
Potamopyrgus jenkensi .
(with hesl) HE . . = s - - - N - - 1 - . -
Potanopyrgus jenkansd
(without keel} 2-3 - - . . b3 - - 4 - - - . - - - - - -
Valveta macrostomas 2+ 5 - - - - - - 1 - . - - - - - - - . -
Velvata piscinalls 2-S - - - - - - 1 - - - 3 . 1 - - - . .-
Zonitoidss niticus 3-8 2 3 . 1 - 1 . 2 2 - - . - - . . . -
Viviparus vivipsrus <10 b 1 - 1 1 13 - 1 1 1 1 3 2 1 I
T . . 10 2 - 2 - 1 - 1 - . 2 2 3 T 3 . 1 2 .
. Theodoxus fluviatilis 39 - - - - - . . 2 - - - - - - 1 . re -
Lymnae glabra 3-8 - . - . - . - - 1 . - 1 - - . . - . =
-Acrélouul lacustris 5 - - - - - d - . - } - - . - - - - -
. " Suceinea pu'l.rh 3.2 - - . - - - - 1 . _ . . v ' [N
Planorbis corneus 5-10 e . . - . 1 . . .. . PR SN |
Planordbis plancrbis 3-5 - - - R . . . . . . . . - * - v -
, Bithynia tintaculau\ T 2.8 - - 2 2 1 . . . . 2 . : ; - - v.j
Lymnea peregra 3-5 ’.“ - 1 - - . . ' . . . . - - - g - i
Bithynie lescht 3-8 1 2 - . . R . . . . . hd hd -t . -
LAMELL TERANCHIA : o L . .- - . . P
- Pasichum ennioum ,“ I D R e I T T ".7 : : s 10 Ly L
e ; R T T R LS 8 7.0 s 8 a0 w8
\__Sphnrt‘un corneum - <5 2 "2 2 7 .3 :. . ) 2 . (2 <. 2 [ A X
W e e T g e e e e L R A e R SR R
B Drehuﬁe}ol}mrphe 5-17 - . . . . T ? - - - - - . - . . L
- Ancdonata cy;n?ca”‘ Lo ) i, 25 1 1 2 2 . ; ; - . 0 . - . . . . . .
", Unto pectroum 20 - . . . . X 2 2 .3 1 - . 1 R . 1o .



"CORRECTIONS™

OLIGOCHAETA
Styladrilus variegatus

HIRUDINEA
Glossiphonia heteroclita

Glossiphonia complanata
Erpobdella octoculata

TRICHORTERA
Limnephilidas

EPHEMEROPTERA
Ephemorella ignita

" Bastis mutinus

COLEQGPTERA
Haliplus larvas

Haliplus adults

GASTROPODA
Potamopyrgus jenkinsi
(with keoel)

Potamopyrgus jeonkinsi
(without kesl)

LAMILLIBRANCHIA
Pisidium amnicium

Anodonta cygnaoa

Unio pictorum

© Ve v
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TABLE Mo 48

Tre idertity, size end number of invertetrate fauna (collocted by fb’lﬂl’a‘) frum eite No.8 cn the Llargcller Canel.

.

Species or Size 24 25 23 23 25 7 28 ) 28 44 <0 o 23 <G 26 L) ¢4 <L
group {nmn  Fet Mar Apr May Jun  Jul  Aug Sep Oct tov  Dec Jan Feb Map Apr  May  Jum  tul

CLIGCCHAETA

homochaste neidina 3-1c 12 7% 41 3 30 15 64 43 140 167 150 1e€ 110 80 48 €2 63 8

) . . > 10 41 2% 35 10 22 10 B4 as 76 €8 138 5 66 85‘ 30 73 41 12 -

Fristins lorgisets -8 0§ 1 2 1 2z 2z 1 & 8 I 2 3 & & - 2 8 a

. . 18 2 - - 1 1 - - 5 2 1 103 & 2 a2
Fristina meroni 3-10 19 10 6 § 3 1 7 ? 13 10 20 15 ° 26 H 18 3

. hd > 10 ? 5 4 ] 4 1 4 s ? 9 H € 18 b S 4 2
Pristine idrensis 3-10 Fid ? 4 4 2 S ? 6 13 12 14 23 28 a7 13 18 &€ 8

L4 4 > 10 18 4 4 3 1 E] S € 4 12 13 4 7 ' 13 15 7 8 H)
Stylodrilus teringiarus > 20 17 18 28 9 -] € 3 12 12 16 23 20 14 €5 14 17 [} 4
Lumbriculus vorigatus » 26 $ 14 s 3 4 2 - 4 6 7 10 ? [} 12 € ? .5 3
Tutificidae > 15 9 1 2 2 4 2 2 2 3l 15 13 10 10 15 8 ] 13 6
Eisenislla tetrodra » 25 3 1 1 L} 2 3 2 1 3 1 2 H) 1 S 3 3 2 1
Peloscolex ferox > 10 3 1 4 6 10 4 1 3 4 2 5 € 4 3 8 s 4 .3
LRUSTACEA -
Asellus aqusticus <5 - - - - - - - - 1 - - - - - - - - -
Garmarus Pulex 3-10 - - - 2 - - 2 - - - - - - [ - - - -
HIRUCTINEA

_ Glossophonis hetrochita $-10 - 1 - - - - - - - - - - - - - 2 1 1
Glossophonia corplarata 5-10 - .} - - - - - - 1 - - - - 1 - 1 - -
Hemiclepsis rargirate $-10 H - - - - - . - - - - - - - - 1 - L

* .Hejobdsella stegnalis $-10 - - - 1 - - 1 - - - - 1 1 - b 3 1 2 .
frpotoella octaculata $-1% 1, - 1 - - - - - 1 - - 1 - - . 1 x -
CIPTERA . ‘, v
Chironomidae larvee <5 0 41 10 4 23 10 - 10 20 35 15 24 F4 20 ? [] 2,12

» - §-10 17 18 8 4 14 ? ? 5 13 25 15 1 7 33 1 12 16 [
. . 22 6 2 1 - 3 1 1 a 2 ~ 2z 15 3 12 .. 2 .« 3
* Chironomidae pupae 3-10 - - 2 - - - - - - - - - - - - - - -
Ceratopogncidae larves §-318 1 3 1 1 - - 1 - - - - 1 - 2 - 3 1 -
TRICHOPTERA h .

. Momocentropus picicorris 3-5 - 3 - - - - - - - - v 1 2, - - - . -
Polycentropus flavomaculatus >$ - 1 - - - - - - - - - i . - . - - ..

" timnpnilidec 5-15 3 3 3 § 1 - - b 3 - - - .2 18 - 1 § v Y
Glossoma toltond §-10 . - . - -~ - - - b - - - - 5 ' - - . I
EPHEMERCPTERA ) . L £
Caenis lar . 35 - - - 1 - - N - - - - - ‘e - . - . -
Bactis m.ticus $-10 - - 1 F] - - . - - - - . - . . - .. -

 GASTROPCDA . RN .

‘, Potanopyrgus jenkensy . , e . , . ’

. {without heel) 2-3 - - - 1 - b - - - . - - - . - - e, =
Pseuwdannicola confuse 2-3. - - - 1 - - - . - . N . . . - . ;, .

“  Valvata macrostoma 2- 5 - . - 2 - - 2 - - - 2 e . . - S e T

" valveta pisciralis ) 2- 5 - - . . - - - 1 - - . . . - - - - .

. Zordtcides niticus ’ 3-8 - - - - - - . - 2 . 1 . <. . e e s
Viviparus viviparus < 10 - - - b - . . . - - . . - - . - S -
Theodaxus fliviatilis 3-5 - - - - 1 - . - - - - e . . - . .
Succines putris 32 - - - . G e e - - .2 - ' eV . [ . N e

"Planorbis correus 5-10 - - .-, . 1 - - - - 1 2 . - R . e e l[f.

. Plancrtis plcnerbit 3-5 - - - . 2 - - - - .. 3 - - - N ey
£itnynie tentedulata 2= 8§ - - - - - .. - - - - . - . e - - N e By

o Lymnea peregra 3§ - - - - - - - - L 1 - . - - - P ." R .
fithynia lescht 35 - - TS - - - - - 3 ' . L. - LS PR . A
. gﬂyurotu‘ulvqn‘ . 3 s . - - . - - . 1 5,0 . - - . . - o “ L
Coe o S oy M e e el ‘r'a_
LAMELLIFRATCHIA . ) ) . ' " e
: Ptl}tdxw{ ennicum <% 1 20 1 " - R . , I,SA .- . . . T ;
. LI . ©ge18 R 2. ;- . 3 3 ¢ ’ 7 8 L2 ; 14 ,l? 14 k} ! 24 !
Spheerum cornewn <5 s o1 m T : A L U 7 3 3 4 € 157 e
A L. . i > 8 ‘_ . _\ - S 3 7 ,s' 2 “ ? “‘9 ll,;']g _(}
A , . ot .. - 1 . « . . - «!l . e e T



"CORRECTIONS®

OLIGOCHAETA

Stylodrilus variegatus

HIRUDINEA

Glossiphonia heteroclita
Glossiphonia complanata
Erpobdella octoculata

TRICHOPTERA

Limnephilidas

EPHEMEROPTERA

Ephemerslla ignita
Bastis mutinus

COLEOPTERA

Haliplus larvae
Haliplus adults

GASTROPODA

Potamopyrgqus jenkinsi
(with keel)

Potamopyrgus jenkinsi
(without kesl)

LAMILLIBRANCHIA

Pisidium amnicium
Ancdonta cygnaoa

Unio pictorum



TABLE Nc.4g The identity, size and number of invertstrote faune (collected by Mr\h'notl. from site No.l on the Shropsnire Lnion Canal

1971 1972
‘Species or Size 24 25 23 24 25 Fi L) PX] FUENRL] 20 24 23 <G «b H3 FO “
group inmm Feb Mar Apr  May Jun  Jul Aup  Sep Oct Mov Cec  Jan Feb Mar Arr  Fey Jur  Jul
OLIGOCHAE TA )
Homocheeta naidina 3-10 320 82 84 64 3l 29 24 23 110 65 138 3125 1C6 g8 83 45 32 [}
* . » 10 65 4 a . 18 16 26 60 47 25 24 42 €C 64’ 23 21 13 a4
?rlltln; longiseta 3-10 e 4 4 & 13 n 16 L] 15 17 65 20 ol <l 14 14 10 15
. hd *» 10 7 7 3 3 4 3 8 13 15 15 31 32 1 [} 10 6 S 12
Pristina menoni 3-10 25 16 12 14 23 23 28 15 22 58 70 €8 24 21 24 ool 2} 38
T . ‘ > 10 12 L] ? 10 12 24 18 20 16 a n 47 23 18 12 14 22 22
Pristina jcransis 3-10 4 21 11 H) 23 20 23 24 22 s2 107 130 36 ac 16 16 27 rig
b . > 10 15 10 4 6 18 13 25 a1 23 2 &0 o7 kH 20 11 $ 2 14
Stylodrilus heringianus > 20 - 1 - 1 - - - - - . - . - - - - - -
tumbricuius varigatus » 20 - - - - - - - - - 2 - - - - - - .- .
Tubificidae >15 ° 4 3 1 1 4 4 & & 4 6§ 12 W@ ? s 4 3 ‘& g
*  Eseniella tetradre L T S - ...
CRUSTACEA :
Assllus aguaticus <5 10 ] 10 7 11 12 k4 1} 94 43 27 20 20 20 16 10 18 L)
4 . > 8 7 4 H 3 ] [ 14 20 26 12 12 7 14 8 10 $ 1 2
Gammarus pulex 3-10 - - 4 - 3 14 11 € 2 3 . 1 - . 3 - 4 ’ 1¢
HIRUDINEA )
Glossophonia corplansta $-10 2 - - - - - - - - - 1 - 1 1 - - - -
Helotcella stagnalis $-10 - 1 - - - - - - - - - - - - - - - -
DIPTERA - .
Chironomidae larvee PR ] 14 25 59 105 415 3ss 338 155_ (%) as 20 10 13 25 L €0 410 4.6
. . ’ $-10 6 10 20 43 8 170 ) 55 €2 38 22 24 12 18 23 45 2480 1%
- . . ° 10-22 . 3 - - 4 10 4 20 53 18 16 a7 8 10 4 L) $ 14 25
Chironomidae pupas ) 3-10 - (] 12 26 41 89 84 10 6 1 - - - 4 15 24 2 L
Ceratopognoidas larvae §-1% - - 1 - - - - - - - - - - - - - - -
TR!CHCPT?’_A.
Hamocentropus picicornis 3-8 24 15 12 2 - - - - 1 H 3 4 12 10 3 2 . -
EPHEMEROPTERA
Casnis horeris 3-8 1 - - - - - - - . - - - 1 - - - - :
Baetis muticus S-10 - . 1 - - - - - - 1 3 - - . - - - -
COLEOPTERA
Halipus larvae %1203 s s 3 2. 03 13 82 320 v & 2 3 & 4 2 a4 -
Walipus adults 4- 5 N - . 3 32 3% ‘ 2 . . . . . 2 8 7 &
Dytiscinee lervae “ 515 . - - . - - 3 1 - . . - - 1 - - 2 [
Dytiscinee adults 5-10 - - 2 3 2 - 2 2 1 - ] . 1 - 2 2 4
HEMIPTERA . '
Corixa adults 12 - - 4 10 WO 1B 20 I ® 13 1 - - 1 « g s
Corixe nymprs s 7 - - 2 3 B S 12 16§ e . e e e e §ow ow
Notonecta adults f 10-13 . - - - 2 - . e . - . - - . . . . :
OCOMATA . . .
Damsel fly [netad) 10 -« - -3 . w2 o 1 1 . 2« e 2T e
. GASTROPOOA . .
Potenopyrgus Jenkenss
_ Iwath heel) -3 - - . - 3 S . - . . . . . . . - «
Potanopyrgus Jenkensg . .- . * :
(without heel) 2= - - - - - - . - - . . - 1 - J. . -
. Valvate macrostore 4 -5 - - -, - . = 1 - - . - 1.’ 2. 2 . 1 ., -
Valvata piscinalis -8 . 1 . - . . - - . - .. : .. . . .
. Zonitoidus nitidus - 3-8 ) 1 1l . R 1 3 1 N )} 1 « e 2 2 L g “ ..
. Theodoxus fluviatills 2308 e . . - 1 . - . . . . W . - .A T . .
© Lynnacs gletrs . .3 1 - - . . 2 1 1 . . . - - - - . . -
Acroloxus lacustris 3 S - - R} - 1 - . . . - e -’ ‘- . ' - . -
- 5“-“"_0“ ?“%rf' LT > ‘7“ et - ;«- . :» C e “ 3: y 3 * ! * =0 ° * ¥
‘ . - A R TN ) ] L - - 'lt‘x,‘:’:,; - ‘: . - l' R
o " Plancrots corneus $-10° . . - et . 1 '3 L. ’ . . . B T
,Plamrt:h'planercil - 3-8 . - - - . 3 s 4 X . 2 . ST . . . 2
8ithynia tentaculete YL 2e8 < - . - TS e e 1 ' "l . : - et 1 i
Lynes peregra ‘ 85 - . - - T - - - . P - - - ) : .. = - 1
Hydrotia ulvee ’ 3-s o ' . - ‘- ) - -. - - - e " . ) L N . 7 - - * ¢
LAMELLTORAICKIA R -l . DA AR I B
E i T Oy T _S;J 760 16 60 74 76 107 to e ey ;‘s“~"~'m‘;‘;
. . L L A T A S e e MRS
Sphaerium corneun S 11 1 12 23 36 T 8s 26 39 3% w0 23 1 a4 w g 33 k. se -
Dreissera polyrorpha s . 4 3 4 3 30 3. 2 2 ¢ 3 3 3.3 a2 ? ¢ 3
\ R sy 6 6 6 2 -2 ¢ 3.2 3 3 2 2 . 2 3.1 ’
1 ‘ : . ‘ v S ‘ R B " 2
‘ \ - > , ‘ 4' . ,:;-s.;,,’;'
N ' . ¢ - . b A " “’

b A S B a0 o A" Mt



"CORRECTIONS"

0L IGOCHAETA
Stylodrilus variegatus

HIRUDINEA
Glossiphonia heteroclita

Glossiphonia complanata
Erpobdella octoculata

TRICHORTERA
Limnephilidae

EPHEMEROBTERA
Ephemerella ignita

Baetis mutinus

COLEORTERA
Haliplus larvae

Haliplus adults

GASTROPODA
Potamopyrgus jenkinsi
(with keel)

Potamopyrgus jenkinsi
(without koel)

LAMILLIBRANCHIA
Pisidiun amnicium

Anodonta cygnaea
Unio pictorum
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N o
I4 TAELE ho. 50 The 1dentity, size and number of irvertetrate faune collected ty the hanc-net "m'-ua No.2 ©n the Srropshire Lnden (’:anal . tt
’ 1521 : . 1872 =
Species or Size 24 25 23 P <5 <7 8 PE) < k2] 0 <4 €3 o] 3 - o e}
group {nrm  Fet  Mar  Arr  May  Jun  Jul  Ap  Sep Cct  hov  Cee  Jar  Fet  Far  Arr  Mey Jon  Jul
OLIGOCHAETA :
riomochaeta naidins 3-10 110 65 78 £ 35 a2 0 M 142 76 182 LS 112 1C6 0% 45 Fe] )
. * ° » 10 54 29 41 33 20 34 40 34 » 52 1.} k1] 8l 86 4 9 a7 it
Pristins longiseta 3-10 8 € 4 S ] 12 13 13 12 3 45 26 22 20 18 14 i 1
. : . » 10 4 4 2 3 7 6 [} 17 8 14 7 45 16 15 16 S 13 14
' Pristine menoni 3-1C 17 1C 12 12 27 29 28 25 24 72 74 €? 20 a2 24 pat) 4]
. ¢ . > 10 11 13 [} 1c 13 18 17 0 20 32 €S 51 17 12 14 i ok i .
Pristina icrensis 3-10 26 9 11 ? 28 20 15 28 22 86 130 126 35 k1) 22 10 4 r L
- * > 10 12 12 '5 ? 20 14 26 23 1 s 87 78 15 12 10 L} a3 14
Stylocrilus rerirgianus > 20 - - - - - 1 - e 2 3 - . - - - - - -
Tutificidae > 18 3 3 2 3 3 3 8 [ H 4 15 9 € 4 € 4 6 ?
CRUSTACEA
Asellus equaticus > 5 12. ? 12 € 13 13 2 70 161 37 26 15 1€ 1% 12 13 1 45
. . >»5 4 3 &4 4 & % 12 v 15 &8 € 1 8 5 1 1 1t "1e
Gammarus pulex 3-10 - - 2 - 2 9 8 ? - 3 2 - - - b - 2 €
- HIRUDINEA
Gloseophonia retrecnyta 5-10 1 - - - - - - - - - - - - - - - . -
Piscicola geometra §-12 - - - - - - - - . - 1 . . . . - .« ce
holotoella stagnalis ’ $-10 - - - - - - 2 - - - 1 - . - - - - - -
Erpobdella ectaculata 5-15 - 1 - - - - - - - - - . . . . - - 1
Chironanidae larvae s 13 2 e s 8§ 350 %9 WO 75 45 3@ 1S € 20 31 83 0 248
w0 T . $-10 ? 8 4 % € €1 02 3% 23 12 23 2 1 13 5 k2 XS!"; we
B . . 16-22 - - - s 12 € 13 2 5 15 18 18 1e & 12 3k 8 \§
N Chironomidas pupae 3-1C - -3 19 30 56 108 EL] 12 8 2 - . 1- [ 0 . 2% il [}
. Ceratopegroidae larves 5-15 - . 1. - - - - - - - - - - . 1 - . -t
- Tipulidae larvee §« 7 - - - . - - - - B - 2 - . - . « e L
TRICHOPTERA - “
Homocentropus picicernis 3-8 H] 7 8 1 - 2 . 1 2 [ ] [ 18 13 4 S S
EPHEMERCPTERA i R AN
_ Caents horeria A T T S S T SRR PR
 Ephemera 1grits L T P U T
" Beetis muticus S-10 | - - . - - . - - . 2 2 - - .. - . AR TR
COLECPYERA _ R - B o ' - . B
nalipus larvae 22 2 2 s 2 4 1 16 % 2 22 16 3 .2 3. 3 - &) . .
Malipus adults -5 | - - - 2 7 % 24 10 [ - - . - el 6 e s
Ortizcinee larves T T S S P PR P
Dytiscinee sauits L I T T S S S S
-4 HEMIPTERA o o . s ' ‘
Corixa adults | 8-12 - - s .8 €. 10 3& S0 43" 1 1 . 2 i 06 e -
Corixs nympts A O et e TSt TS R (R
- - Notonecte edults ) 16-13 | - - - . 1- - - « & veote s .. .. T
- COChATA . ) . . - ] ) Lo .[ S R s V,“ g . K N (:/.“4
., - Domsel f1y tnetes) . I R T S ’ - SR AL
- oastacpoen ) / ‘ ) 1 ’ :. ‘3 N 1, ) »x o ’ - ‘ - ‘ ‘ g ‘4 'l t\ o
' Potamopyrgus Jerrensy ’ }, L o J ’ . T . ' . Lo e
{with heell - 23 . . . - - - - e ‘_‘]R_', . . T e . . L er e e, "
Potancpyrgus jerkerst . o : ) T e - PEREEE AN
o (witrout heel) , 23 . . . - . - - 1 - e S o e e ie e .
- Psswlernicols corfusa 2= - . - - - - . - . - . '-" N . S . .‘ '
. - o : h, > - LTore Ll e e e e ~,-~,-wr.,»‘A.-, e “h{ o « P ... 4
. - . o . . . . . R AL o v oK el . ~ FRPaET
.- Velvata macrostoma 2- 8 - . . . . . . . . T R N
' Valvets piscinalis . ~~ . 2. - e e e .- - o - * 2 "f L L R U
S Zonitoides nitidus ' 3-8 1 ) 1 . - N ‘ ; : ; c . K i- -
< ! Theodoxus fluvietilts '~ 3-8 o . . g . .. AL
Lymnae glatra ! T o83-8 . . . . C o - <. - . -
! Succines putris ) ’ - . . : . : ; LRI I .- et
. x " Planorbis carneus N . . - . . o
. Planorbis planorbis . e - e
: ’ Bithynia tentaculate C - . - e ue N ; 1
*,C Lymnee peregrs ... . L e R R S n
Bithynia leachi .. - .1 - . . e e e e L oo
LAMELLIERANCHIA . S o - S T
, ;ngium _emn:cun S %5 2 s o 87 en 164 58 90 78 90 3 20 . 25 3 o 2 1 s 5
‘ ) ’ L N L L R N T T P e g
b Sphn:rium co:'nm e : & 23 1 0, 3% 2 2 3 33 4418 1 W e ] a ko g
. v - > 8" - - - - - - - - - e | - o . . . .
; Dreissens polymorpha T <8 it BRI 3 6 3 1 2 2 4 3 1 2 s 1 5 3 j
: R b I B I I T 2L T S SR S ST R S
. NEMATODA . . . §-20 - . 1 - - - . - - - - s - “ e e . - g
¥

{
f
3
N
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“"CORRECTIONS"

0L IGOCHAETA
Stylodrilus varicgatus

HIRUDINEA
Glossiphonia heteroclita

Glossiphonia complanata
Erpobdella octoculata

TRICHOPTERA
Limnephilidas

EPHEMEROPTERA
Ephemerslla ignita

" Bastis mutinus

COLECPTERA
Haliplus larvas

Haliplus adults

GASTROPODA
Potamopyrqus Jjenkinsi
(uith keel)

Potamopyrgus joenkinsi
(uithout keel)

LAMILLIBRANCHIA
Pisidiunm emnicium

Anodonta cygnaea

Unio pictorum



TABLE_ No. 59

1871

The jdentity, size and nunber of invertebrate faune {collected by the hond-net) from site Ko.3 on the Srropshire Unicn Cerel

Species or S{ze 24 23 23 g FE) 27 <8 <3 24 FO) 20 28 23 20 1256”2 4 29 )

£roup inmm  Fet  ¥Yar  Apr M2y  Jun  Jul Aug  Sep Oct Nov Dec Jan Feb FMar Apr  PMay  Jun  Jul
OLIGOCHETA ]

Homochacta naidina 3-10 20 23 21 26 L] 13 10 12 14 ‘19 20 25 N 24 17 ? ool

- . > 10 21 17 23 22 14 20 1 ' 13 18 23 15 20 23 10 12 8 18
Pristina longisets 3-10 1 - - - - - - - 1 - 2 - - 1 - - - -

. o 10 - - - 31 2 = < 2 + 2 1 - + 31 - 1 - 2

" Pristina menoni -0 4 - 1 1 1 1 1 - 2 1 3 & 3} 1 1 S T

LI > 10 2 2 1 1 2 1 - 3 . 1 1 1 3 1 . 1 1 1
Pristina idrensis 3-10 1 - - - - - b3 k] 2 1 2 2 - 2 - 1 - -

" hd > 10 3 - 1 2 1 - 2 1 1 4 2 4 - -, 2 2 1 2
Stylodrilus heringlarus > 20 2 3 - - 1 - - - - - 2 - 1 1 1. - - -
Tubificidae > 15 3 2 1 2 - - 1 2 2 2 1 3 S 1 1 1 -
CRUSTACEA
Asellus aquaticus < § 10 4 1 H) 10 10 16 12 17 29 21 18 12 [ [ s [ 12

4 b > § H 3 - 3 4 5 ] ] [ 14 S 8 H 4 2 3 L} L}
Gammarus pulex 3-10 16 12 15 18 8 32 54 4s 30 25 12 17 16 14 17 24 ag 43
HIRUDINEA
Glossophonia hetrockita §-10 < - - - - - 1 1 1 - - - . 1 b 1 - -
Glossophonia complanata 5-10 1 1 - - - - - - 3 - 2 - 1 - - - - 1
Piscicola geometra 5-12 - - - - - - - - - - - 1 . - - . - .
Hemiclepsis merginata s-1C 1 1 - - - - - - - - - - - - - - - -
Helobdella stegnalis §-10 - - - - - - 3 - - - 1 - - - - . 1
Erpotdella octeculata 545 2 - . = = = 3 & 2 3 .. + 1 e e e e .
DIPTERA N
Chironomidae larvee «s € 113 112 110 284 231 361 148 78 47 30 40 82 120 110 140 8 e

. . $-10 40 7 29 67 201 100 207 82 54 k)3 25 35 15 (74 75 60 85 1

c . - 0-22 - 2 14 4 18 2 10 24 15 15 4 13 & @ 1 s 5 12

‘l‘ e pupae 3-10 - 3 6, 18 3 45 34 25 10 - - - - 2 21 as 32 »
Ceratopognoidas larvae §-15 - - - - . - - - . 1 - - - - - - . .
Cheoborus larves - - - . - - : - - - - - . . - - 1 *
TRICHOPTERA
Homocentropus picicornis 3-5 13 3 - 1 H 2 - - 3 H 4 4 2 1 2 - . 1
Polycentropus flevomeculetus » § s - - - - - 1 - . c 0 ‘0 - - - - - -
Limnphilicee 5-1% 10 10 9 3 - - - - - 1 3 6 ? ? L 2 1 -
EPHEMEROPTERA
Coenis horaria 3-5 4 - - . - - - - - 1 - - - - 4 - - -
Ephemera ignite 10-25 - - - - 1 - - - - L - - - - - . 4
Bastis muticus 5-10 . - - - i 1 1 1 ) 1 H - - - - - 1 2
COLECPTERA
Helipus larvas §-12 2 l 2 - [ ] 2 [ ] 10 ) ] ? 1 2 3 by 1 3 F 4
Halipus adults -5 - - - - 3 6 4 3 2 2 . - . . . 1 1
Oytiscinae larves $-15 - - - - - 1 3 [ ] 8 [} H - 2 1 - - - .
Dytiscinse adults $-10 . 1 - - - - } 1 3 1 } - - - - - 1 -
HEMIPTERA
Corixa adults 8-12 . . - - - - - - - - - - - . - - 1 -
Corixa nymphs §-7 . . . - - . - - . . ] . - . . . . 1
GASTRCPOOA
Potanopyrgus Jenkensi

(with keel) 2-3 216 188 222 213 326 209 217 129 158 76 S5 38 173 265 253 @55 360 1a2
Potamopyrgus jenkensi . - .

(without keel) 2-3 112 §8 109 45 128 €3 46 41 s 8 14 12 %€ 102 88 135 170 n
Pseutannicola confusa 2-3 163 1S3 128 257 336 164 523 131 162 95 45 40 114 197 260 280 270 182
Valvata macrostoma 2- 8 - - 1 4 - - - . 1 - 2 2 - - .-, - - - .

o A N N - L o . .
. . ) ) & T 7
‘Valvats pilctna!}l 2-8 - 2 - - - - 1 - N . . ! C . \.f R . o p

Zonitoides nitidus 3-8 10 27 12 2 ? 2 4 4 e 2. 2 et . R . R : ; g
Viviparus viviparus <10 . - 1 - - - - - . " . . " . - . IR

. L > 10 - 1 - - ‘- e - - - PR BN \,. . '- . .x .\,
. :::::"::B:::"“““' ::: : | 25 lf l: 6 7, x: 2ol 41 s 2a w0 .
. ) ' . - 0 4 8 = - - 2,7 . 2 < .

- Acroloxus lacustris 3- 5 - - 1 - - - - - - ’l . - . -‘ .. “ . . '

+ *Succinga putris 3.7 - - - .- . 2 1 - s 2 o ', — 2 . 2 e .
Plsnorbis corneus 5-10 - . - 3 - - - - - . ; Cin o , .
_,Plen‘orbu planarbis L3-8 e e e ¥ " N . . STy : . : N e L R BT

* pathynia tentaculata 2.5 1 - . - . . . . 1 . 6. LR 3 - 2

Lymnea peregre 3-8 - s - - - - - 2 A ! & ‘ 3 ? 3 2
Bithynia lécghi -5 - - . . . R . - - H 2 15 [ - . . 2
Hydrobis ulves 3-8 - 2 . . . R - * - M 1 3 1 1 - 1 .

© LAMELLIDRANCHIA o B - - ‘ ot . 1 8 2 -

Pisidium emnicum < : ' .o ¢ \ e ‘.
IR b S S S SR S S R
Sphaerdum corneum ‘e 8 1 - - L - S es . - . e -

. ;. . T 28 e - 1 - i : : : o2 - \2 ‘e, 2 A 3 - e .. .i -’
Drefssena polymorpha T <5 1 .1 1 . v - S ; ; : - e U k
. - A L e R T T S IS UL SR ALTE I
Anodonata cygneea >25 « - oo - - . " . 2 - . i K - ‘ - 1 A 2 s
NETATOOA T AT -
v ) . PR e [ 1. = -

g iy oty e

=

T




"CORRECTIONS!

ety yry

OLIGOCHAETA
Stylodrilus variegatus

HIRUDINER :
Glosciphonia heteroclita

Glossiphonia complanata
Erpobdella octoculata

JIRICHOPTERA
Limnephilidas

EPHEMEROPTERA
Ephemerella ignita

" Bastis mutinus

COLEOQPTERA
Haliplus larvas

Haliplus adults

GASTROPODA
Potamopyrqus Jenkinsi
(with keel)

Potamopyrgus Jenkinsi
(uithout keel)

LAMILL IBRANCHIA
Pisidium amnicium

Anodonta cygnaga

Unio pictorum



TABLE Na.52 The identity, size and number of invertebrate fauna {collected by the hand-net) from site No.4 on the Shropshire Union Canal

N

1871 . ' 1972
Species Size 24 25 23 FL) 5 27 8 43 “ 24 20 24 3 20 26 24 24 <0
or groups inmm Feb Mar Apr May - Jun Jul Aug Sep Oct Nov Dec  Jan Feb Mar Apr  May Jun Jul
OLIGOCHAETA
Homochaeta naidina 3-10 40 18 8 S IG 12 17 52 a8 65 80 115 €2 S0 €2 S0 21 14
- d > 10 20 12 6 4 1 4 10 7 38 7 €0 35 20 a3 ac 25 17 14
Pristins longisete 3-10 <. - - - - - .- - 1 - - - - - - . -
. - ' 210 2 . = e e e e e e e 1 e 1 e . e e
Pristina menong 3-10 1 - 1 1 3 - - - - 1 - 1 - i - - 1 -
. . 10 1 - - -+ 2 = = = s« 2 3 1 3 - - = 2 1
Pristinoe idrensis 3-10 b - 1 - - - - - - - 1 - - - - - - -
. . 20 - - 1 e+ s = e . e - . - 1 - = - A
Stylodrilus heringianus > 20 - - - - - - - - - - 1 - - - - - - -
Tubificidee > 15 1 1 - 1 1 - 2 - - - 3 4 1 2 2 2 2 ]
CRUSTACEA
Asellus aquaticus < 4 € 3 3 8 12 12 7 4 2 - 2 3 8 4 4 ?

. . >s 2 2 1 4 4 3 & 3 2 - - - 1 4 2 3 8
Gomarus pulex 3-10 - - - - - 1 1 - - - - - 1 - o *
HIRUDINEA ]

G1ossophania complansta §-10 - - - .« - - - b - - - 1 - - - -, - "
Piscicola georetra 5-12 - - - - d - 1 - d h - - - e 1 - h d
Hemiclepsis margineta 5-10 - - - - - - - - L | - - - - - “ - -
Helobdella stagnalis 5-10 - - - 1 - 1 - 1 - < - - - - - - . -
Erpotdella octaculats 5-15 - 1 - e . - 1 - - - - - - . - - - -
DIPTERA
Chironomidae larvae <5 IUAI . B85 196 540 434 SC7 266 387 120 120 164 259 105 240 S3e 43S W ¢
. . 5-10 64 60 110 42 120 239 135 )62 23 €0 1] 30 LI k11 4% 72 180 120
. . 10-22 24 43 58 ¥4 k] 67 21 20 37 16 32 17 12 ko) 15 10 [ 11 60
' Chironomidae pupse 3-10 - 4 ] 0 58 64 46 12 8 - - - . - 17 28 4 Y]
Ceratopogncidas larvae - 5-15 3 9 ] s . 2 - 2 3 1 2 4 4 2 € 4 3 2 1
TRICFOPTERA .
Homocentropus picicornis 3-8 27 33 19 12 7 18 14 25 40 a5 29 29 e 13 q 8 3 3
Economus tentellus > 5 - - - - - - < 10 13 1 118 10 H $ 3 4 [
EPHEMEROP TERA
Coenis horaria 3-5 22 18 12 - €2 8 4 18 24 ac 52 R 23 F1) 19 0 45 1¢
Ephemera ignita 10-25 - . . - - 1 . - - - - . - - - . R .
Baetis muticus $-10 - - s - hd 1 - - . - - - - - - . . -
' COLEOPTERA : T Co.
Halipus larvae 5-12 - . - 2 . 1 - 3 - 1 - - - . . . . R
Helipus adults T .- T

. Dytiscinae larvae 5-1% - - - - - - 1 3 2 1 1 - - - . 2 1 2
Oytiscinae aaults . 510 . - - - - 2 - 3 1 . 3 - - . 1 . 1 .
HEMIPTERA .

. Nepa cinerca 10-1% - . - - - - - - - . «' o - - - -

Corixe adults - 8-12 - .. - - 1 - ‘e - 1 - - - - . . . : :
OOONATA
Dameel fly ‘(naud) > 10 . . - - - - 12 10 . . . . . ¢ . . . .
GASTROPODA ¢ . ! .

' Potamopyrgus jenkensi .

~futth heel) 2-3 - 2 3 2 2 . 2 - 3 2 2 L | (] 4 2 2 s’

_Potamopyrgus Jenkensi *
(without ‘kul) ) . 2.3 - 1 1 1 2 1 2 2 L 1 N . 3 s . . 2
Pssudannicola confuse ?- 3 1 1 2 1 1 . 1 1, 1 2 " 12 . . 2 .

Zonuoldo? nitidus . 3-8 - . - - sl . 1 . . . . . . ,

T I s e e e bl s e IR :
vzvipéruilfiviparul. <10 . . x o s ‘ s ., 2 v - o N ) o
A » i " ) R x>-l‘° . 1 2. 1 \ 2 - - ‘L - - 1 ¢+ e - 1 o 3
" Lymnea glatrs - B - . _ . IR | 1 - e . 2 . . . . 2
: Succinea putris * 3.y : .. - e - - sl e o . . . L.
Plancrbis cornsus §-10 © ., A } N ! . ) - . - . E. - . 3
.o Plererble plenarble T lecigeg oLt T et ey L e o 0 et
- * Bithynie tar-leclileta 2-5 l‘””“":‘“w' .wm ‘M'ww‘:,‘j.m@!oa..w,-gw*‘.;wm:.m) ;e b . bt o ;x'éh..mu:.._.l,',,—w“ir L
v Lymnea peregra . 3. g . . - - - - . . o . . ) . .

. LAMELLIDPAICKIA - - - 2 - - . ) )
Ptlidlm:mntm s, . . R
. ) ssas . L2 1 2 o 2
Sphaerium corneum - s - e - . R . 2 2 4 3 - . 2 5
Dresgsens polyrorpa T T o Dt 1 . g s bt e e ey

! f B . §-17 . .t et .- - - .' I 1 - , 2. 1 - 2 1 . 3 ’
Anodanata tygraea >28 . - - . . .- 2 . - - . . . . e e
1. Unio pectroum > 20 . S - ... 1 Tt e e e T - . .
HEWTODA D S S T R
v ) - ol 1 1 . 1 1 - L. . o
. , - . . s . . ] -, .
. ool 8 a2 s g gt . ’

e it BN D b A

L i 8 M L e

-

R
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"CORRECTIONS"

OLIGOCHAETA

Stylodrilus variegatus

HIRUDINEA

Glossiphonia hsteroclita
Glossiphonia complanata
Erpobdella occtoculata

TRICHOPTERA

Limnophilidaso

EPHEMEROPTERA

Ephesmerella ignita
" Bastis mutinus

COLEGPTERA

Haliplus larvae
Haliplus adults

¢

GASTROPODA

Potamopyrgus Jenkinsi
(with kesl)

Potamopyrgus jenkinsi

(without keel)

LAMILL IBRANCHIA

Pisidium emnicium
Anodonta cygnaea

Unio pictorum
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TABLE No. 53 The identity, size and number of the invertebrate fauna (collected by the hand-net) from site No.S on the Strceshire Undcn Caral

1971 18722
Species or Size 24 25 23 24 25 27 P 23 24 24 20 24 23 20 F3 FL) FO) P
group inmm Feb Mar Apr May Jun Jul Aug  Sep Oct Nov  Dec Jan Feb Mar Apr  May  Jun  Jul
OLIGOCHAETA
Homochasta naidina 3-10 106 63 47 20 3 2 12 21 16 41 48 27 82 ¥ A0 3 13 13
o . . > 10 25 3 13 37 8 4 8 18 15 26 28 19 58 o 47 20 18 ¢
Pristina lorgiseta 3-10 - - - - . - - - - - - - 1 - - - - -

B ., » > 10 - - - . . . - - - 2 - - 2 - . . . B

Pristina menont 3-10 - 4 - . - - - 2 - 1 2 2 - - - - - N
. . > 10 1 1 - - - - - - - 2 1. 2 - 2 - - -
Pristins idrensis 3-10 1 3 2 1 - - 2 2 - 2 2 2 - - - . 1 -
. . >0 1 - 1 - o+ - 1 2 2 1 - «~ 1 1 « < 1 -
Stylodrilus herirglenus > 20 1 1 - - - - 1 H 1 1 2 - 1 - b . - .
Lumbriculus varigatus *» 20 H4 . - - - - 1 - - - - 2 . - - . - .
Tubificidae > 15 - . - 1 1 1 - - - 2 3 - 1 2 1 1 2 H
Eiseniella tetrodra > 25 - - - - - - - 2 - - - - - - - - - .
CRUSTACEA :
Asellus equaticus <5 8 10 10 20 33 29 £9 61 41 34 a1 15 17 17 14 pis} 32 21
- - >S5 ? [ 3 15 21 17 1% 12 24 1 8 10 7 8 8 3 12 1}
Garrarus pulex 3-10 ] 12 14 19 35 95 84 49 55 2 28 4 27 18 45 26 L ¥4 ¥
HIRUDINEA . L '
Glossophonias hetrochita 5-10 - .- - L= - ) - 2 1 - - - 1 - - - 2 -
Glossophonia complanata §-10 - - - 1 - - 2 - - - . . . . - - 1 .
Piscicola geametra §-12 2 - - - - - 1 1 - - b - - 1 - - - -

" Hemiclepsis margineta §-10 - - - - - - - - 2 - - - - - - - -
Helobdella etagnalis 5-10 - 1 - 1 2 1 - - - - . 1 - . 1 . 1 1
Erpobdells ccteculata 5-15 - 3 2 - ] - 2 1 1 1 1 1 - 1 H i . .
CIPTERA )

Chironomicas larvas <5 41 34 42 140 335 205 225 47 62 35 43 28 12 15 128 182 19 1w
" - 5-10 a0 56 75 90 145 155 118 39 26 1$ 15 12 19 F13 86 0 1ie 4
» . 10-22 10 125 83 33 9 18 r2g 45 0 6 5 10 15 i2 € ¢ €4 1
Chironomidae pupae 3-10 - 10 18 75 50 a7 24 10 4 - - - - - 128 120 (1] L1
Ceratopcgnoidee larvee 5-15 1 3 1 2 . - -t - - 1 - 2 1 2 - 4 1 -
TRICHOPTERA | :
Mamacentropus picicornis 3- 5 8 3 8 3 1 3 1 - 3 4 3 4 4 1 H . 1 2
Econorus tentellus > - . ., " . - =t - - 3 2 s 3 - - - -
“Polycentropus flavamaculatus > § - - - - - - - 1 - - - - - - . . . .
Limnphilscas 5-15 - - - - 1 - - - - 2 1 € 2 9 ¢ 1 - -
EPHEMEROP TERA .
Caenis horeria 35 [ 1 S 40 16 3 - 3 4 10 12 [ 9 4 4 16 ;A 4
,  Epbamers ignita 10-25 3 ? 1 1 . 1 - . H - - . - . - . . -
“Bostis muticus 5-30 - . - . . - . . 3 - 2 - . - . 1 - .
COLEDPTERA -

" “Helipus larvee §-12 2 1 - - - 10 3 . 1 . 1 1 H . . k] H
Ralipus adults 4 5 1 -~ - - - 3 1 8 ¢ - . . - 1 4 [} H .
Oytiscinae larvas 5-15 - 2 - - 4 . - b - - . - - - 1 ]l H

Cytiscines sdults 0 - - 3 § 1 3 3 4 - 2~ 2 - 3 % a4
HEMIPTERA N !
” Nepa cinerca 10-15 . - . . - - - 1 . se - - - - 1 - - B
" Corixa acults 8-12 - - - 1 - - 1 - . - . . 1 - - 1 - .
. ’ Corixa nyfphs S« 7 .- 0. - - - - . - - - - - . - - - - 1
+ Notonscta adults 10-13 - . . -t . - 1 - 1 - - . - 1 - 3 . .-
~ DOONATA . - - . o
" Dansal fly (natad) >0 -+ - 312 1 11 110 . = 1 3 - .3 =+ 2
. . B ‘ ) ) s o ) .. ‘ ' , . E . ~ ; '1
.. cASTROPOOA o ’ - ' o
) 1 Potamopyrgus 'Jer,k,nnu C ‘. R - i o, A ! . : B

‘ ";phmmn s R L TSt N A

P otemopyrgus jenkensy . : R Lo : . 3. e ¢ - 4.8 s .10 ? 8
s - (without keel) , = ¢ 2-3 -2 27 3 -5 9. 4 2 . e " o o .

o lea'\nicnla. confusa 23 . 4« a ‘;2 - s t ) ; - 1 3 .2 . 1. -2 3 - "5
e czsofg DRTL TN G s
"o . w“‘ R kA ARGEER R S R .'\T:"".( e w T L RIRP AN *’w,b’«‘:, = -,._;.,i s ® sl - -
v ; . - - .
) fvtlfmrus vatfaru i0 - - 2 . 7 . . ) ) - = . 2
- B 10 1 - 3 2 2 2 . - - 1 - 2 2 1
. Theadoxus fluwviatilfe . 3-5 - . . b 1 . . - - 1 “ ;
.7V Lymnee glabre . 3-8 ‘2. . . ° - - 6 - - .. . . . . 3 3 .
" Succinea putets - 37 - . . - - - . - - 1 . . - - . -

‘* Planorbis corheus 5-10 . .. N LR T . LT h -

... Planorbis planorbis 3-8 . - . : : ° T r . T - 3 LT 2 oo

© - Bithynis tenteculate -- - 2-% 2 ) i S - 10 e . . .. ‘ ) b -: '1 e
. Lymnes peregra < o 3-8 . L .. ) -4 - ’1 * - 2 - 2 <‘» lh . ; ., ceti e N .

7 ithynts lescht T T I TS B AR R

, Hydrotie ulves 3_5' - i 12 2 .- 4 . 3 2 R s S e T
LAIELLIEPAICHIA - . T T e e e T 3, T ,

e sl s e

o R S LR e . . S - ‘- - oy
Seertncoren U Ses 'y g g g .y 4 g i e e Ll MR,

. L . $-17 . - B .. - . : U - ‘e 3 104 . s
AAnodoneta I:ygnuaﬁ, » 25" - ‘1. 117 2 ,”"V . . 2 .~".- e - -’ - W e . ot °

. Unio pectroum . ‘>0 . 2 - 2 "}2 N = X ) 1 - ‘e . . . .
.7 NEMATOCA 5-20, = . . 2 e e e : ‘2\‘ - Sl . .

"

P
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"CORRECTIONS"

0L IGOCHAETA

Stylodrilus variegatus

HIRUDINER

Glossiphonia hetoroclita

Glossiphonia complanata

Erpobdella octoculata

TRICHOPTERA
Limnephilides

EPHEMEROPTERA
Ephemerslla ignita

" Bastis mutinus

COLEQPTERA
Haliplus larvas

Haliplus adults

GASTROPODA

Potamopyrgus Jenkinsi
(with keel)

Potamopyrgus Jenkinsi
(uithout keol)

LAMILLIBRANCHIA
Pisidium emnicium

Anodonta cygnaea

Unio pictorunm
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TJAELE No. Tha identity, size and rurber of invertebrate fauna (collected by the hand-net) from eite No.6 on the Llargollen Canal
,. 1971 1672
Spaciss or Size 24 25 23 24 s a7 <8 23 - i4 24 P 24 23 20 26 4 P ol
jroups inmm  Feb  Mar  Apr May Jun  Jul Aup  Sep Oct Nov  Dec  lan  Feb  Fer Apr  PMay Jum i}
Hamochaeta naiding 3-10 8 10 6 L] 3 1 2 2 10 10 14 12 12 ? ] 3 2 L
. o > 10 ? 4 4 4 4 2 2 2 H 8 4 [ s0 H 7 2 H 2
Pristine Jongiseta 3-10 2 - - - 2 - 3 2 1 1 2 2 2 2 - 2 - 1
. . > 10 1 2 1 4 2 1 2 1 1 1 H 2 2 ] 2 2 3 1
Pristina menoni 3-10 2 1 4 H 1 2 6 4 3 ) L} 2 1. F) 1 2 2 2
. . > 10 2 2 2 5 3 1 6 3 2 3 6 5 1 2 2 s H 2
Pristina icrensis 30 3 - 3 - 2. 3 2 3 2 2 4 3 3 4 s 1" 2 2
* . > 10 3 4 1 2 2 - 2 2 1 2 2 2 2 2 2 1 2 1
Styloorilus heringlanus > 20 3 - 2 1 2 1 2 3 - - - 2 2 1 - 3 - 2
Lumbriculus varigatus > 20 - - - - - - - - . - - 1 - - 1 - - -
Tubificidae » 15 - 1 1 1 - 2 2 2 2 1 2 - 2 2 | 2 2 2
Eiseniella tetradra > 25 - 2 - 1 - - - - - - - 2 - - - 1 - -
CRUSTACEA
Asellus aquaticus <S5 10 14 10 19 25 27 439 24 27 20 10 10 10 12 ? i 12 18 20
. . ) s 3 8 7 10 13 15 14 4 ? 8 3 s 4 6 H 9 1
Gemmarus pulex 3-10 46. 64 74 74 )10 389 3 195 172 €4 a1 35 - 54 78 8? 64 150 248
HIRUDIKLEA
Glossophonia hetrochits 5-10 - - - - - - - - 1 - - b} - - - - - -
Glcssaphonis complansta 5-10 1 - - - - . 1 1 - - - - - < 3 - 2 3
Piscicola geometra 5-12 - - - - - 2 - - - - - - - - - - - '
Hemiclepsis marginata 5-10 - - - - - - - - . . - 1 - - - - . -
Helobdella stagnalis s-10 © - 1 - - - - ] 1 1 - - - - - 1 1 - o~
Erpobdslla octaculata 15 1 - 2 2 1 2 3 1 - 1 1 - 1 - e . 3
DIPTERA . .
Chironomidae larvae €S 6 ? 10 8 30 sS4 20 20 13 16 " S0 10 4 7 12 18 9 4c
d 4 5-10 2 3 ? i0 1 35 38 18 14 13 25 L] 4 4 3 ) 24 20
. . 10-22 - - - - e =~ .4 1 - - . - - - e « - 1
Chironomidae pupse "a-10 - 1 4 8- 6 10 5 & 2 « e e e 3 3 18 6 12
Ceratopognoicae larvae 5-15 - - 1 1 - - - - - - - - - - 1 - 2 -
Tipulidae larvae 5- 2 - 2 - - - - - = 2 - 3 - 2 - . - <\
TRICHOPTERA ‘
Homocentropus picicornis 3-8 - - - [] 15 1 1 - 4 2 - - . - - - - -
Economus tentellus ' L T T T - - - - - . . . - 2
Polycentropus flavomeculatus >5 - . - - e - - - - - . - ‘. - . . - ]
Limnphilidae 5-15 163 1286 3s 15 3 14 2 3 - $1 145 150 182 132 4“ kM 9 ' )
EPHEMEROPTERA ) ' ’
Caenis horerie 3§ ... - 4 1 - - . - . - - - - - 2 ) -
€Ephemera 1gnita 10-28 - - - - 3 1 - ‘2 1 1 1 - - - - - 1 1
Baetis muticus $-10 - - - - - 2 1 . - 2 1 1 - - 1 - - -
COLEOPTERA '
Helipus larvee $-12 - . e . - 3 4 . - - - 1 . - . 1 . .
Halipus adults 45 . H . - . 8 [} k] s - - - - 1 N 4 3 -
Oytiscinas larvas . 5-15 - - - 1 - 2 2 2 3 - 1 - - . . - - .
Oytiscinee adults . $-10 . - 4 H 8 3 4 8 2 - - b 1 »- - - ) s
HEMIPTERA
"Corixa adults e S T T T
. Corixa nympts -7 - - - /- - - 2 - - - - - - - . . .
.. Notonecta edults 10-13 - - - - - 1 - 1 - - - - . . . . . :
COONATA . *
Dansel f1ly (raiad) > 10 - - - - - 2 2 1 . . N R R . . . .
CASTROPODA , *
Potamopyrgus Jenkensi .
. '3,(.:“.:,:‘:“« R 3:‘;&«. o o { y z% L3 ’ J. - s X - 2 - - ¢ . . e
. ) . . . i A A R - MY - .. s
| Potamopyrgus Jenkenss . ) - , : - : ; . o
' ’P::::::::c:;:z:t;n'uu - "‘:-‘3 3 3 c 4 3. 4 7 a4 3 Ce H 2 2 2 . -
. e 3 - =3 2.2 - @ ] 2 3 - ey ‘ T
Vslvets Macrostoma . 2-5. 1 . . . e . A hel : - 1 - ? .
+ Valveta piscinalia PRI 23 ] B 1 o . . . ' '.‘ S 1 * 'ﬁ T . i - - . - e .
~Zonitoides nitidus ~ - ¢ 3-8 - . . . [ . - . . o . P
Viviperus viviperus T e 10 2 . " ! LI N D T e . . . " N ' 2
P e 1. - 1 .2, 8 . O L I
. 2 > 10 - - 1 . . - St - = 1 1
] T‘hegdoxus flovietilis . 3. g - e . LT - - s Y1 . - ie e .- g
‘,,.>'l¥'2'\°0’31°°r°-*%‘“"’"‘*“ 3. g | e ° = * - - 7 ., . - 2 gl . o
“Acroloxus lacustris 35 . . . : i - -1 - - - - - 1 . . R
; Suc(flnul putris ) 37 N . (] 10 - . . . . ' . . . . i . .
.Plancrbis corneus | 5-10 3 - ° - LS [+ 9 3 R . . 2 .
Planorbis plancrbis 35 -y 3 - - - 12 . . ) . . - - 1 2
Bithynia tentaculsts - -5 . ° 1 1 2 . . R ) 2 } 2 3 2 . . .
Lymnea peregra r - ) - - . - i 4y ) 2 $ 5 - ». - 1, e
_ Bithynias leschy - - ©aeg - ., A 4‘ - . . . 2 .. - 2 1 oo - 4 :";- ; b4 NE I
Hydrotia ulvae ., - . - - . 2 1' .- * A 3 4 3 - P S ;{
LAMELLIERAKCHIA . 1 - . . . " R 1 . L
! ) Pisidium amnicum . . . ’ . . : ‘ 1 .- L "l -, .2 e T ’ 1 - L" -L\
. . 8.1 : -2 a2 - ; . - S : Lol
Sphaerium corneum e ; . . - e . : AR S TR N CRUREE S | s
; Anodonots eygress | TS T S e T e N T
. Unio pectroum T " a2p R SR - . . N *’ B LI SR B - - 5
NEMATOCA | - 2 1 o . ' - : e d L N ER
] o, 5:20 - - llt . A : - 3 1 . ‘- - LI T T . -

g
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OL IGOCHAETA

Stylodrilus variegatus

HIRUDINEA

Glocsiphonia heteroclita
Gloseiphonia complenata

Erpobdella octoculata

TRICHOPTERA

Limnephilidae

EPHEMEROPTERA

Ephemerella ignita

" Bastis mutinus

COLEOPTERA

Haliplus larvae
Haliplus adults

GASTROPODA

Potamopyrgus jenkinsi
(with keel)

Potamopyrgus jenkinsi
(without keel)

LAMILLIBRANCHIA

Pisidium amnicium
Anodonta cygnaea
Unio pictorum
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TABLE No. 5 The identity, size end number of invertebrate fauns (collected by the hand-net] from site Na.7 on the Llargollen Canal

v

N

1971 1822

Species or Size 24 25 23 24 25 27 28 a3 4 24 20 24 23 20 26 24 24 0

group ine;m  Fet Mor Apr May Jun Jul Aug Sep Oct Nov  Dec  Jon Feb Mer Apr  Pay Jun  J.1

CLIGOCHAETA .

Homochaets neidina 3-10 sC as 48 26 45 16 54 44 0 80 82 $1 S 73 3 “sg 50 a7
° ., b > 10 43 48 15 20 20 kX 34 46 34 52 k1) €S <7 47 kL) a7 2 22
Pristine lorgisets -1 2z 3 s w5 2 & 2 2 3 4 4 3 2 s 1 1 s
. . > 10 2 2 4 7 3 - 2 4 F 1 [ 2 3 3 . 2 S 3 2
Pristira menony’ 3-10 ) 4 4 14 15 11 ? 1 1 4 6 12 3 8 4 1 17 2t 14 =
. - » 10 4 € 5 1 1l 7 12 4 3 k] 10 H € 6 H 12 16 ?
Pristina icrensis 3-310 6 H] 4 10 ] 6 3 ? 7 8 17 ) LN} S 13 18 131 s
- . » 10 2 2 2 L} s 2 ? S 2 1] 10 1 5 3 ? 11 1d 5
Stylodrilus herirgianus > 20 2 2 2 ¢« -4 3 3 2 . 2 2 2 2 3 2 $ b ] 1
Lumbriculus verigstus » 20 - - - . . . 1 - - 1 - 4 - H - 1 - 3
Tutificidae >»1s 3 27 2 2 2, - & 2 - 2 & - 1 1 s Y & 3
Eiseniella tetracre > 25 . 1 - 1 1 3 - - - - - - - - 1 1 . i
CRUSTACEA
Asellus aquaticus <5 3 1 1 3 2 3. L 8 3- 3 3 2 2 k) 3 6 €
- - >S5 - 2 1l - - 1. 2 - 1 - - T2 1 3 2 < [}
Garmmarus pulex 3-10 34 34 k1] 8 70 110 128 82 80 40 23 32 L a7 39 61 7% §2
HIRUDINEA , ’ \“
Glossophonia hetrochita £-10 - 1 - . - - 1 1 1 1 - . - - M - 1 )
Glosscphonia comglanata £+10 . . - - . 1 1 - 2 . 1 1 . - 1 1 . 2
Piscicola georetre §-12 - - - - - - - 1 - . - - - - - - hd -
Helobdells stegralils 5-310 1 2 1 - 3 3 2 2 2 1 H ] 2 2 | H 1
Erpoboella crtaculata 5-15 - - 1 2 1 i 4 1 1 - - - 1 - - .
DIPTERA
Chironamidae larvae <$ 28 35 kY S0 15 23 24 10 14 24 20 439 26 45 45 w 45 i
. - . $-10 14 31 30 32 14 12 1 18 10 25 10 25 23 a2 #7 Rl ot L3
' . 1022 4 § 2 8§ 13 - 2} = « 1 -~ - & 10 9 - K
Chironomidas pupoe 3-10 - < LIS L) 21 R 18 ] 3 - - - . 19 15 i 3!
Ceratcpognéidae lervas $-1%5 - 2 "2 3 - - 2 - - . 4 4 - - 2 - 3 ‘
Tipulicae larves S 7 . - . . - 4 - . - B - - - - - - . -
Tipulicae pupae ‘g.12 - - . . .. 2 - - - - - - - - - . - .
TRICHCPTERA .
Homocentropus picicornis -5 - - ? 4 - - - - - - - - . - . - . -
€conamus tentellus > 8 7 4 - - 2 1 by 3 2 ? 'Y 3 [ [y 3 1 3 -
Polycentropus flavormaculatus 3 . - - - - - - - - - . - . . . . . .
tinnphilices 15 % 1© 2 - + s+ = - = 2 5 & 10 12 10 1 - -
Glossama boltoni 5-10 - - - . - - - - - - - . - . . - - !

- EPHEMEROPTEFA
Ceents norarta 3-8 . - . 1 - - - 1 - 1 - - . 2 . - -
Epramera’igrits 10-25 - B - 2 2 - - . 2 2 2 - - - - ) 1
Boctis muticus $-10 . . - ¢ . - - - 1 - . 1 - . . 1 3 - %
COLECPTERA
Halipus larves §-12 - - - 1 - - - - - - - - 1 - 1 - 1 1
Halipus adults 4 8 1 . 2 - - - - - . . - - 1 - 3 2 . .
Dytiscinee larvee $-15 - 1 - - - - . s . - 1 .. 1 . . - .
Oytiscines aguits $-10 - - 1 2 2 2 3 . 1 - 1 1 . 1 1 . 5 2
REMIPTERA . o N
Corixa adults 6-12 - . - - 3 - - - . . - - . - - 1 - - .

- Notonecta aduits .- ... presnel 103 & B R - e e ... - . - . e = . N . . ..

—— e el N TR R e e Tt s s e SR ekt L

'DOONATA - c . S L. '

o el ® e - LR - T e
::;;;;gxﬂi':ew}i N ,xom . \ ) . SO N IPR SRS S Tt b c i T ® it s o,
Potamopyrgus jenkensi . .

* . (with keel) 2-3 - - 1 - - - - . - . . 1 “ . .

Potamopyrgus Jenkensi 2.3 i - - .
(without kesl} ‘ - «. 0 . " ) 2 . R . . .

Pseudamnicola confusa L T T P . -2 - . - .

. vslveta macrostora 25 - - - o . .. . . - . - - - - - . . N !

" Valveta piscinalis s LI - . . . .. . ° -‘ <t R S | 2,
Zonitoides nitidus 3-8 - - 4 “ 1 ‘ N 2 2 * . - . - < e -7 3
Viviparus viviparus «io - 2 - 1 ‘l - . . 2 * . - 1 - .- 2. .
Viviparus viviperus e T S PR R T S S A
Theodoxus flavietilis 3-8 - - . - - . . L 3 . R LI S - vy . .
Lymnae glabra 3-8 - - - . . .o ; - . - -, e . ey
Acroloxus lecustris - -3 - - - . . . 2 o - - . . . e L o
Succinea putris 7 2 17 . . A " . . C 1 - . - . . . . ;
Planartis corneus [ $-10 - e o . . . . R * .. - - ‘v - . . L o
Planorbis plancrbis 3-8 3 Y - - . . . : - - .- .2 2 L1 a4
‘Buhyniu tentaculate 2- 8 - - - . . . . -' - - ‘. ;» 2 .1 g s N

- Lymneas peregrs 3-8 e . - - - - . . ' - ° ,. 1 > et g - 1 o
Bithynta Jeachs MO T T P AL SR RPN
Hydrobla ulvas 35 . - - . . . . . . ) : - - - - . .  ~,‘«3
LAMELLIBRANCHIA - - , . . . . T 2
Pisidium amnicum ' €5 . L U s ,/,’--“ 7 e .,' Y ‘ s - , 3
. i L T A - * 1 "2 g 1

. Sphaerfum corneum «$ . 1 . s . 2 . 2 : s 1. - 2. - 4, !

" Anodonate cygnasa »25 2 1 ) - . 2 .y 2 . 1 LR | LI ¢ g

° : R . 1 2 2 2 1 . 1 - 1. . ’;

Unio pectroum 20 - - H . 1 . 2 - 3. 1 . e ' ‘ * bt

NEMATOCA v, 5-20 . - - - - . . . . v . . c. - Xi

‘ : ' ' ' NP O
N o Eoackia,
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© TABLE ho. 56 Relative Abundance of the trusiacun

Zooplankton Tahen from Site No.l on the Shropshire Unice Larel,

1970 157) 2828
) 21 40 23 24 21 26 &4 25 i3 48 45 &1 6 23 28 a4 ed 48 23 0 it 24 & a0
© Aug _Sep Oct Nov Ccc Jan Feb Mar Apr Moy Jun Jul Aug Sep COct hov Cec Jan Fet Mar Apr Mey Jur J.1
Group CALANGICA
Sub-gomus Diaptormwus - - - - - - - - - - -
; ' * Diaptomus castor - - - - - - - - - - - - - - - ® - - . - . . N
. - gracilis - - - - - - - - - - - - - - - . - - - - . - . -
, Group CYCLOFOINA
Genua Holicycleps S - -
H.Cnristisnensis .. - - - - - - - % et e s v s e . . . . . . e s oo
.
] h.Neglectus AL A A A AR S-S S-S A - L S S N SR L S S AR
Genus Cyclope
Sub-genus Macrocyclops -
C. fucus o o - - . - - - - - - - - . .- - - - . . . . . . -
"/ C. elbidus . - - LI - - - . 8¢ ¢ e Jeus . - - - - - . o e ve »
Sub-genus Eucyclops :
€. it T R PR LR
. C.e.speratus to- - - . d . - - - . L - - - - - - - - - . .
Sub-ganus Peracyclops .
,“ . fimburiat.s L) - . - - - - - L[] c.l : : ® o "o » . L] L] - - - * * - .8 o0
. ~® .
.
C.f. popped . - = T - . - - * . . * e e - - - - PO ] s, v s .
- C. affinis O T
: S\.b-;onug Cyclops
N €. scutifer . - - - - - - - - - . . - . . - . . . N
C. vicinus M - - - . - - - - - . . . - - - . -
. - - . - -
L BEREE
Sub-genus Microcyclops . . 3
€. varicans ve e o o e - L L N B N R e R A R T S N A
[P - .
. N ,C.av.rubtllul . - - - - - - - . . . e s ase o - - - - - - - ® e0
Group CLADOCERA '
Fanily CAPHIZIZ
‘ FEPAd
‘:anhf‘i! p“:.’ - - - - - - - - - - - - - &0 - LI - - . - . - L] -
Farily ECSTINIDR : - . e '1
. ———=— B
L R ,Bcllﬂlﬂl :orglronris - - - - - - - - - - - - - . - - - - - - - - - -
! Fam{ly CHYLOPIO: ) ‘ .
Alora affinls . - - - - - - - - - - . LR B e b o - “ ., . . L. - .. . ,
XL, ows LR ~ .
chyaoru. p'b‘er L4 - - - - - t - - - - . - - - - - - - - - - - - -
ﬂ';“ R f‘.»f‘? b 1 .
‘ v e . e
b paviy p il . nT N -
T ' Kuy to order of sburcance: PR . R "
‘ . LR T SN N 1 ** + 11-2C S = 22-100 $,¢ » ICl cor rore
. ¢ t o ) PR B IR
. (* :
s X 2 . s -
- ’ W 4 -
- B Y1 "
¥ . . .
N ot . i >
7 ' N
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JABLE No.5e Relative Atundance of the Crustacean Zooplankton Taken from Site No.3 oo the Stropshire Union Canal

. 18/0 822

192) 1
2 20 23 24 21 26 24 25 23 24 25 27 28 23 48 <4 0 €8 43 & K
Aug Sep Oct Nov Dec Jan Feb Mer Apr May

e¢ 2y 20
Jur _Jul Az Sep Oct hov Cec Joan Fel, Mar Arr Pay Jun il

Group CALANOIOA
Sub-genus Disptomus

Diaptanus castor . - . - - - - - - - - . - - - - . - - - . . . -
- ‘rlcilll - - - - - - - - - - - - - - - - LI - - - . - -
Group CYCLOPOIDA
Sarus Cyclopine
C. norvegica o - - - - - - - - . . . e o - - - - - - - . . .
Georus Halicyclops )
H. Christiancnsis %t - - - - - . - ¢ 8 e sk s o - - * s o o ¢ s s e
". "“‘.ctu. : : - - - - - - - L] . :.. LN ] LK ] ... - . LN ) LN ] L] L] L] : : : : LN
Gerws Cyclops
Sub-gerus Macroeyclops )
C. albidus . - - - - - - - - . . . . . . - ®e @ - - . . ¢ s.e
Sub-gerus Eucyclops
C. agilis R A SR R S A PO E A A A AL I A L 3
C. a.speratus . - - - - - - - - L3 . . . - - - - . - - . - . .
Sub-genus Parscyclops '
“+
C. fimb-riatus ¢ . . - . . - . ® ** s e e e 0o o e e o oY ® 00 e e
L]
C.f. poppes . - - - - - - - . o e e e . ) . . . . . - . o0 (Y
« Co affinis - - - - - . - - - . . - .
- . - - . . . - - - we
Sub-ganus Cyclops )
Ce8e abysacrum - - - - - - - - - . - - - - - - -
- - - - : - - -
C. scutifer - .. - - - - 7. - - - - e e . - . - . .
- - - - .
C. vicinus - - - . - - - - - . 4 . - . - - - - !
Sub-gerus Ac;ntnoqélogs K
" Cepigas” T’ o - - - - - - - - - * s - - - - ¢ oo . - - « e
Sub-genus Mizrocyclops . .
:q”V{U'{COQ!‘, * 0 00 0 . 3 - - - - “ ®s st e 08 . 00 e ." - . 00 e
y . - Yt
‘C.‘v.‘ r.utfcl}?i o o - . . - - - - - . s ese . - N I A - N e o
C. otcolor” ., D T 2K A SR,
Group CLADCCERA . .
* Fently DAPWILIOR ; =
Daphn:ia pulex . ¢ . e .« - - - - - - s e - - - . - . . . <oee .
Femily BCSMINIDRE ° " R
Boemins lon;ire'stru -, * . - - - e« *e - . - . . . - - - - - . .‘ ’ - ’.
Fanily CHYCORICA . ot e
. ‘Alono affinta '.: R "; VIR - . - -« e ., * e . es o - - - ' . . .) . :
*Chydorus piger e el e d d 4 . e . y o
‘ . LS « R . 3 .o - - Lt P - . - - =« e e
. . Key to order of sbundances . . PR Ce
. t . : . . . ~ . : n ) .
= : . 3-8 ® s -0 0t e 11-20 . 2% e -0 %°* * 10} or more
3 ‘ .o oo .
R - - I‘ .
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JABLE No.59 Relative lbtl:gt;gncv of the Crustacean Zooplankton Taken fror Site Ko.4 on tre Shropshire Unior Canel
—eatt 18 : 1972
21 Q0 23 24 21 26 24 25 23 24 25 27 8 23 24 ¢4 20 24 3 KL 2 24 28 20
Aug Sep Oct WNov Cec Jan Feb Mar Apr Msy Jur Jul Ag Sep Oct Nov Cec Jan Fen Mar pPer Fay Jub Jul
Group CALANCIDA
Sub-genus Diaptomwus
Diagtonus castor - - - - - - - - - - - . . - - - ) . . - e 8,0 ts s
. gracilis 4 - - - - - - - - - - - . - - - - - - - - we » .
Group CYCLOPOIDA
Gerus Cyclopina °
€. norvegica . - - - - - - - - . - - - - - - - - . - - - - .
Genus Halicyclops . .
H. Christianensis *’ - - - - - - d . ¢ ®e e s e o . . . v se s ee s e
¥, neglectus oy o - - - - - - L S 28 % sy e . . ) ¢ o8 s ee 0 .
L]
Gsnus Cyclops s
Sub-genus Macrocyclops .
C. albidus ¢ - - - - - . - - e hd . . . ] - . - . 3 . « o8 @
Sub-genus Eucyclops R .
C. agilis e . ] - n.- . . - - - - - L] o'. - - - . . ., - - - o
C.e. sparatus e - . . & e e e e e e e e % ¢ 4 e e e e e e m e
Sub-ganus Peracyclops '
C. fimb.riatus se oo . ¢ s o - - 88 . et s e se v . . . o T e 0 ed e
e " e o,
C.f. poppei . - - . - - . - - . . . » . . . . - - . . « ve ow
C. aftinss . - - - - . - - . - - - - - . . . - - - . . . e a e
Sub-ganus Cyclinps * ; N
Ce scutifer . - - - - - - - - - - . - - - - - .. - - - - - .
C. vicirus €t . o 8 8 a4 e e e e e e e % e e e e e e e e . e
5ub-znmn Acanthocyclops ‘ - )
C. gigas sy . - - - - - - - - - - - - - - - - - - - .. - .’ ’ .
Sub-genus Micrecyclops . . . . : '
C. varicens L T R R R R D AN
~ et to '
C. v. rubellus ’ . - - . - ‘e - - - . . . s e o - - « e e . . « e
Lo . - - - "o o
€. bicolar s . ... e T T
R ) .. . . . , . . \. T
Group CLADOCERA . ¢ N » AT - B
Fanily CAPMNIION T . e O S
' Daphnis pulex e 4 et e e e e e e e e 8t e e e e e e atleia . .,‘(, -
“Fenily BOSMINIDA . . ‘ N :
£ S , L
] Bosnina longirostris e o ¢ s . - - . - - - . - . - . e .« e e Ce . .o
Fanily CHYDORIOX S . ‘ . . o LY
. N “ ® B “ + - * .‘
Alona affinis’ L T e Y D P
, :’:y,do::‘? P}{l’f;’ - * - - - - - - - - - . - . ‘e - L] - - . - - . ) “-i
N Flewe e D Key to ordur of aturdance: . .. . . ' PR
LTS TN . o 1. . ; o R
i . ) LI L Y ¢ e §-10 % - 11-2G €S = 214106 * *,*  .)01 or mere e . o
. PRI U S Y » . . ') s Yy
} . A v * = « - * ..
. rey reos, T e e . ’ . : “ :
' LR N ~ NN N L, » T,
, Ll ’.' LI S TN s 4 PRI s, - ;M
4 i ' . 4
! R ' . - . 2
P y - D * N - \\
‘ ) i P te ! N
LR - ! h -




TABLE No.GO Relative Abundance of the Crustacean Zooplarkton Token from Site No.S on the Shropshire Union Cansl

1979 1671 1672
¢l 20 23 24 21 26 24 25 23 24 25 W 28 I3 24 23 2 4 23 W it 2¢ 24 20

Aug Sep Oct Nov Dez Jan Fet Mar Apr May Jur Jul Augp Ser Oct hov Cec Jan Fet Mer Arr Fay Jun J.3
* Group CALANOICA
Sub-genus Diaptorus
Disptomus cestor . - - - - - - - - - - A - - - . - - - - - . . L)
. grocilis - - - - - - - - - - - . . - - - . - - - . « o0
Group CYCLOPOTOA _
Genus Cyclopina .
c. norvegice . - - - - - - - - - - - - - - - - - - - - - L4 L4
Genus Halicyclops
He Christiancnsis t.‘- - .. - - - - - . . n.o -.o s e o0 - . . . . * 0 . s e s e 3w
H. nﬁllxtu. . e - - - - - - - L ] L) : : : : e LN - . L) . L] o ® L ] LN : : LR 2
Genus Cyclops
Sub.-ganus Macrccyclops
C. fucus . - - - - - - - - - - - - - - - - - - - - . - .
C. albicus o . - - - - - - - - . . . . . - . - - . . we oo oo
Sub-genus Eucyslops
C. agilis * - - « 0 o . - . - - . e e - - " e oo e s a s .
C.a. spcratus [ - - - - . - - - - - - . - - - - . - . . . . .
Sub-gerus Paracyclops
C. fimbrriatus *0 0 o - e o - - ® o8 o s ss s e o - . . « o0 o0 o0 o 8 a
. LA 4
)
C.¥. poppel 4 - - - ° - " - - . - . . . . - - . - . . e v e
C. effinis . - - - - - - - - - - - . . . . . . . .
Sub-genus Cyclops ' )
C. scutifer T S
C. \vlflnul ) LI . - . - - - - . - - - - - - - seo » . . . « s
L]
Sub-genus Acanthocyclers ' . '
C. l}aan_ - . - - - - - - . - - - - . - - . - - . - . o - e .
Sub-genus Microcyclops
C. va:'ICfnl‘ ! s o . . . - . . . .- o . . e . . . ta . . - .« r e e
C.v. rubeilus . . o e - e e - e e v . . e e . o . : .. : e
C. ticolor . - R N . .- . . - - <’ @ . . . . . e .. .‘ S
Group CLADOCERA Lo L
Fanily DAPHAIIOAE ‘ . ¥ AR e
Caphnia pulex - - - - - - - - - -
- - - - - - - . - - - . L] .
Family BULSMINIDAE . . | 5
Bosnina lorgiroctris . . - . - . - - . - . . . co T
- - - - - - - - - - »? . ..
Femily CHYOOFICA . 4
S . ¢ .
Alona effinis - . - ] - - - - . N
- - - - . . - - - . - . - o
Chydorus piger . - . . . - e o . . e
- . . - - - - . - - - - = LN
Key to order of stuncance: : ' te N
* s 3. . . *
1-5 « 6-10 % s 11-20 T2 ¢ Q1410 ** » IClcrrore
- . v e
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1ABLE No. 61

Relative Abundance of tre Crustacean Zooplankton Tekan from Site ho.€ on the Llargciler Ceral

1971 1970
i ) Feb  Mar Apr Moy Jun  Ju) Aug  Sop  Oct  Nov  Dec  Jam  Fet  Fap  Arr Moy Jut I}
Group CALANGICA
S Sub-genus Dleptorus
Diaptomus castor - - - - - - - - - - - - - - . ve
- ‘r‘cill. - - - - - - - - - - : - - - - L]
Group CYCLOPCIOA :
Genus Halicyelops
H, Christianentis * - . T . . - - . . . .» . - - . -
H. neglectus - - - - o oo - - . . . . - . . -
Genus Cyclops.
Sub-ganus facrocyclops
C. fucus - - - - - - - - . - * o - - - . ’.
C. eltidus . - - - - - - . - - - . - . - .
Sub-genus Eucyclops
C. ogills - . - - - - . - - - - - - - ve e
C.a. speratus - - - - - - - - - - - - - N - -
Sub-genus Paracyclops . B B 1.
C. fimb-ristus - . L AL . LI - - s - - - - teo o
) . N . o
C.f. poppol - . . . - - - - - - - - - - « ¢« .
C. affints - .- S - - . .
'
\
Sub-genus Cyclers ' s
C. vielnus - . - . . - . . .
5.3 - - - . - E) . PR ——
+
Sub-genus Micrecyclops .
C. varicans . . . - - . - - - - ) :
) ., . e - . . . L4 LI
C.v. ruballus . - .. - - . - - - - - - . .
Group CLADICESA
Fanily BCSMINICE ' ‘ g
Bosmina longirostris . - - . - - - - - .
, PR . . . d . .. » - -
Fanily CHYSCPIDAE . : W ‘
Alors affinis - - . - - - - - ) LT
- . . . - ~ - - ' »
Lhydorus piger S 1=, - - - - L
N L N
Koy to order of aturcarce: . * S b A AP PR
* - - 3 L e M
* -5 LA I T3 V) % 11-20 2 . ?X'ICP % o1l or more Lt
\ L] - . -
. T 7 N
AN C
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. N 3
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o , { N HRN
P L T Lo
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TABLE Ke . §2

Reletive Abundance of the Crustacesn Zooplankton Taken fram §ite No.7 on the Llergoller Caral

1871 1972
Feb tar Apr  May Jun  Jul Aup  Sep Oct Nov  Cec  Jan  Feb  Mar  Apr  May  Jun  Jul
Group CALANOICA
Sub-genus Dieptorws
Oiaptorus castor - - - - - - . - - . - - . - - - . .
d grecilis b - - - - - - - . - - - . - - - - .
Group CYCLOPOICA . )
Genus Halicyclops
He Christianensis - . . . L4 - . . - - [ . . . . - * .
H. neglectus . - . . .o . . L) - - . . . . . . ] )
Genus Cyclops
Sub-gerus Macrocycleps
C., fucus . - - - - - - . - - - . - - - . - .
C. olbidus - hd - - - - - - . - - - . . - . . .
Sub-genus Eucyclops
C. agilis - . - - - - - . . - - - - - - - - .
[ speratus - - - - - - - - - - - - - - - - - .
Sub-genus Paracyclops
C. fimb-riatus - ¢ oo - oo e . . - . . - - . . - . o
C.f. popped - - . - . . . . - . . - - [ - - - .
Sub-gerus Cycleps
C.s. abyssorum . - - - - - - - - - - - - - - . - -
Sub-genus Microcyclops
C. varicars - L . L - - - - . . - - . - . . e s
Cov. tubellus . . - - - - - . . - - - - . - . . o
Group CLADOCERA | M :
Fanily DAPHANIIOAE
Daphnia pulex . - - - - - - - . . - - . Ve ° . . 4. T
Family CHYDRCIDAE B
Alona effinis - - - - - - - - . - - - e Y . . e ‘e
Chydorus piger” . - - . - - - . . . . .o A. -t
- - - - B
T Key to order ¢f etundence: . - . ( R
s 1-5 ** + 5-10 . 11-20 T * 21°UC ** o 101 of more ’
. ® e !

T

ak ipEa



TABLE No.63 Summary of Chemical ard Physical Analysis of
Water Samples Taken at Site No.l on the

Shropshire Union Canal.

Months T.ﬁ. ca’’ Mg++ szpm ' femp.oc _P.H.
- February . . 262 160 82 8.81 6.65 7.35
March 232 180 52 8.92 8.33 7.50
April 240 - 160 - 80 - 8.8l 11.05 7.80
May 313 220 93 10.31 13.10 7.40
_}; June 243 150 03 10.45 15.1 7.15
L July 287 130 87 11.10 15.0 7 .60
- hugust 282 167 85 8.12 16.1 7.5
" Septenber 280 186 84 7.40 15.5 7.60
October 273 180 83 6.20 8.95 7.30
November 279 162 97 7.52 4.20 7.51
- December 287 197 90 8.95 . 3.70 7.50
 3anuary 281 1899 82 -8.90 4,860 .0 -+17.30
,Fébruary 310 229 81. ‘8.74 .. .- 7.85 117425
< harch 320 210 110 8.97 ©+-10.45 *,7.36
8 ApTil 288 182 106 . B8.85 17.11.85 1%17.50
1 n;y}\ ' 1286 183 103. 116,30 Y 13.45 ;;,7,507
o T T e e mes L e e
uy T As e . s L 7.

-
<
n

‘Total Hardness as mg'per;LitrefCa803

o
o
n

-Calcium. Hardness ‘as mg periLitre’Ca: .

=
9
u

Tﬂagnesium Herdness as mg per Litre Mg

j]
LV
he)
hea BN
-3
]

Oxygen Concentration Parts Per Million o

. L Y

y
@

- 3
«
»
o]
@]
[

Temperature in °C



TABLE No.64 Summary of Chemicel and Physical Analysis of
Water Samples Taken at Site No.2 on the

Shropshire Union Canal.

Mont hs T.H. ca'’ mg'* 0,pem Temp.°C P.H.
1871 ‘ . .
February 270 1986 74 8.865 B,?D 7.35
March 250 164 66 . 7.1 . 0.31 7.70
April 250 175 75 8.58 11.57 . 7.15
May 316 244 72 9.58 14.34 7.4
June 261 163 93 10.54 15.2 7.15
July 284 183 95 11.15 15.9 7.75
‘Aygust 280 " 188 92 7.80 16.10 7 .40
| September 270 190 88 7.27 15.6 7.55
October 288 187 81 6.14 8.75 7.35
" November 274 176 o8 7.70 4.20 7.58
* December 264 194 90 7.80 3.75 740
1872, | ,
‘January | 282 203 79 8.60 475  7.30
,'%?Qquqry 313 223 84 8.65 . 7.80 7.25
l’ﬂqighw ‘\ 318 213 105 7.60 © 10.42  7.50,
'iApr;;z 302 190 112 8.50 11.89 . 7.5,
/May. 285 201 34 8.89 . 13,46 .. 7.45
June 262 167 95, 10.50 15.28, < - (7;éb°l‘:
' quy“,' 3308, 218, 92 Y 11.32 ‘;s.op‘;ﬁ ”,55,255
| Til. = Total Hardness as mg per Litre CaCO, . ° \éfllf; .
- ) ”Q§++ . yféﬁéihhﬁﬂaféhg;b mg per Litro Ca e

o P Cy !
. . [ . ),,.k;' veoow . . R ¥

t+ C
ﬁ; ., = Magnesium Hardﬂsss as mg per Litre Mg

-

Oxygcn Conﬂentration Porta Per Milllon

o
]

;U o
o 3
]

—
&
=]
ke

(yp]
]

. Temperature in Pc” - . . .



TABLE No. g5 Summary of Chemical and Physical Analysis of

: e . ;
e 3 v, P, B - '
L A D b

Water Samples Taken at Site No.3 on the
Shropshire Union Canai.
Months T.H. ca't mg' o ppm Temp.°C P.H.
1971
February 260 187 73 10.42 5.80 7.45
March 284 212 72 12.50 7.67 8.1
April 270 189 71 13.52 10.59 7 .85
May 293 224 69 11.65 13.2 8.80
June 286 196 90 12.16 15.5 8.00
July 303 208 92 12.50 16.01 7.90
August 260 173 87 11.45 17.4 7.50
éeptember 300 211 89 11.52 15.85 8.50
‘October 252 187 65 10.20 8.80 7.50
November 230 170 60 11.70 4.30 7.55
' Desenber 250 165 65 12.65 4.00 7.70
1e72 o
. January 261 169 72 12.20 4,90 $7.55
‘February 264 201 63 10.95 a0 7.0
H;;éh | 260 181 78 12.20 o.85 A’7.§0v7
 April 271 162 89 13,41 1,76 '8,85:*11
May 281 198 83 11.54 13,68 - é.gdjt ‘
Jufe 255 350 75 12.06 a8 s o
My . a8 . i 8 1218 1696 7.55
o . i b ; Sh e
e JeMe v Total Hardness as ng per Litre Coty
/ Ca”’ -=¢:Calcium Hardness és,mg per,Litre‘Qq | 2 ,
- 1™ = Magnesium Hardness as mg per Litre Mg~ )
_ ‘szami = é%?gég,géké%ﬁiFég?bhnﬁérté1&éfﬁﬁiilion” " A
‘:\ Temhf?QQ“:=.‘Tgﬂgapqtur?,in’9C, ,)“,Ll_yiiﬁjﬁi«f D {



TABLE No.66 Summary of Chemical and Physical Analysis of
Water Samples Taken at Site No.4 on the

Shropshire Unicn Canal.

Months T.H. ca*’ Mgt O,ppm - Temp.'C  P.H.
1971 N

February 245 180 65 11,51 7.10 7.40
March 266 200 66 11.58 7.98 8.60
April 278 210 68 12.83 11,58 7.95
May 265 181 84 14.21 15.18 8.00
‘June 272 189 83 14.95 18.30 8.90
July 269 193 76 15.23 17.2 8.45
August 245 178 69 12,95 17.6 8.65
Seﬁtember 290 213 77 13.00 16.1G 9.10
,Dctober 285 201 84 11.58 £.85 8.40
' November 244 177, 67 13.23 4,30 .70
,(Dpéember 249 1789 70 113,37 ‘4:10 a. 20

. igiz ‘
:Jénﬁéry 251 171 80 12.45 qé.lq 7,55
e February 218 161 57 12.15 ‘fé;oo 7.35
"mérch égs 167 79 11 55 Nléhbo | 7.ébi
;AiAPgi} : 259 176 92 12 75 113 50 8.20
= mé?{ | 274 184 50 14 20 ‘15,05 ?,1,fed}§
 'June ’ zgé_ 1§p 89 14 71 ! 15 75 880
;rbeuly s 10 e 1523 17 04 7.5

T.Hi = Total Hardness as mg per Litre CaCDS‘"
. O . . S
' = Calcium-Hardness as mg per Litre Ca - ’

[
o
§

4 L e
’v‘Mg = Magnesium Hardness as mg per Litre Ng o T

7“ !

K ‘ ' ‘ ;{‘ 2ppm(é Oxygen Concentration Partv Per Nillion R

T

Temp.“' Tamperature in C

1A Ak by R



TABLE No.67 Summary of Chemical and Physical Analysis of
' Water Samples Taken at Site No.5 on the
Shropshire Union Canal.,

Months  T.H. ca'’ Mg 0,ppm Temp.C . P.H.

1871
February 237 161 56 11.63 7.15 7.35
March 240 184 56 12.21 8.45 8.10
April 282 202 80 . 13.85 11.73 7.85
May 231 163 66 14.37 15,25 9.10
June 260 182 78 15.03 18.25 8.70
July - 236 160 76 15.02 18.30 8.25
August 202 146 56 11.62 18,65 8.30
September 240 175 65 12.03 16.00 9,10
October 232" 161 71 11.04 8.69 8.30
November 231 162 69 12.16 4.50 8.70
Dacenber 238 175 63 12.50 4.30 7.50

1872
33%&$ry 235 150 56 12.30 5.15 7.50
February 210 153 57 12.10 &.00 7210
March 250 183 67 12.01 12,00 7.65
April géé 183 69 iéﬂéi 13 45‘ 8.20
| " ay 252 174 78 12 30 15 06 8.50
June 234 168 66 1. as “ 18 86 | / ;;Bé
Juy 245 176 69 15.08 ) 0 790

TiH.. =- Total;Hardness as mg per Litre CaCny o

X Calqiun,Hardness\és mg per-Litre Ca.

()
v
1

S » Magnesium Hardness as mg per. Litre Mg

O
™~
ke
;B
]

- Oxygen Concentration Parts Per. Nillion‘

A\

-
g
'U
('J
f

11Temperature 1n C

m
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TABLE No.gge Summary of Chemical and Physical Analysis of
Water Samples Taken at Site No.6 on the
Llangollen Canal.

e eee

Months T.H. ca’" mg't 0,ppm femp.°c P.H.
1971
February 67 59 28 : 11.25 7.18 7.20
March 87 58 29 11.69 8.45 8.10
April : 73 51 22 12.38 12.30 7.80
May 71 53 18 . 12.15 14.83 7.90
June g0 65 25 12.70 18.21 7.30
July 55 40 15 13.15 16.2 7.20
August 87 50 17 10.30 18.40 | 7.25
September 56 40 16 9.78 16.25 7.70
October 58 39 17 8.78 8.50 7.10
November 73 53 20 10.27 . 4.50 7.30
Degenber 64 45 19 11.08 4.60 7.20
1972
Jahuary 120 82 38 11.00 5.00 7.50
Fcbruary 107 73 34 11.68 'e:ﬁo 7;66
Mgrch 108 77 31 12.31 12,22 | igéo
pril 87’ 64 23 12.30 1§:éaf‘ 7.60
tay 66 47 21 12,19 15,60 7.50
'; June 73 53 20 12.56 1{256" s
July 55 38 17 12.84 17.05< é;éni'

T.H. = Total Hardness as mg per Litre CaCO3

. Calulum Hardness as mg pbr Litre da ,
N ‘ Nagne ium Hardncaa a5 mg per Litre Nb

) qusn‘ = Aﬂxygen Loncentration Purts Pcr Million
“Temp. C = Tcmpera~ure in %



TABLE No. 8o Summary of Chemical end Physical Analysis of
Water Semples Taken at Site No.7 on the

Lilangoilen Canal,

Montﬁs T.H. Ca++ Ng++ Ozppm Temp.cC P.H,
1971
February 71 52 18 11.25 7.25 6.20
March 70 52 18 13.20 8,70 7.69
April | 50 36 24 . 14.03 10.62 . 7.20
May 58 42 16 12.35 12.63 7.40
June 81 41 20 12.58 10.30 6.85
- July 41 31 10 12.64 10,30 - 5.90
‘August 50 35 15 11.78 18.10 6.95
September | 44 28 18 10.68 16.20 7.20
70c;pbér 43 31 1z 9.43 6.2 6.95
. November 70 51 19 10.94 5.05 7.25
December 43 34 15 11.24 4.50 7.0
1972
January 84 60 24 11.20 5.20 . 6.80
February 80 60 20 10.74 550 B.75
March 70 52 18 13.02 . iz;zb . 7.40
April 57 40 17 1401 Caags 7
NMay 48 as 13 1é.§o e 7.40
+ June 50 36 SR azas o 1e08 - 7uls
f’jﬁiy 46 32'  1§_‘ ‘ ~ié.sb y1a,2g': ‘ 7;15
T.H. = Total Herdnest as ng bé&ﬁLilngéacgéiff 'f“?ff, s
Ce"™ = Caleium Hardness as e per'Litée«Ca?l (; : V' ; ,
Mg++ = Magnesium Hordness as mg ﬁsr‘\iifé‘Mg N J**f,’ﬂl ;,
O,prta = Oxygen Coscentraticn Parts Pef"ﬂ;liion IR ;Ln¥fl‘f,
f‘\Te@p.QQ = Terporeture in °c ‘ :;; I b

’



- TABLE No.70 Summary of Chemical and Physical Analysis of
Water Semples Taken at Site No.8 on the
Llangollen Canal.

Manths T.H. lIIa*;+ ' Mg++ szmn Temp.DC P.H.
1871
February 28 17 11 10.76 7 .61 .85
March 24 16 8 11.58 7.98 7.00
April 25 17 8 12.52 11.68 7.10
May 32 23 9 12.17 13.44 7.20
June 26 15 11 13.45 18.00 6.90
July vy 15 12 13.76 18.10 6.80
August 20 12 8 16.31 17.80 8.75
September 26 15 11 10.02 15.65 7.20
Dctober 27 16 11 9.61 8.25 '6.65
November 33 18 14 10.61 5.08 5.85
December 27 16 11 10.79 4.00 8.80
g2 |
January <0 17 13 10.50 5.10 6,55
February 35 19 16 10.28 . 8.64 6.20
March 30 18 12 11.44 10.90 6.75
April 31 18 12 12.50 14.20 7.00
May - 28 18 11 12,05 17.30 7.20
-~ June 28 17 11 13.15 18.60 6.60
ﬁJqu 27 15 1z 13.65 18.15 - ©.90
T.H. = Total Hardness as mg per Litre Cacb3
Ca™ = Ccalcium Hardness as‘hg per Litre Céi‘. o
MgH = Magnesium Hardnoss as mg per Litre Mg ;;Y ﬁ*:}i
Osppm = Oxygen Concentration Parts Per M;iiioﬁ -

PR o ; ' ;. O
g~ Temp. C = Temperature in G

+
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