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SUMMARY

1. The meres lie aggregated in discrete groups across the
Shropshire/Cheshire/Staffordshire plain and constitute one of the
few lake districts in England. Compared with other such districts as
those in Cumbria and the Norfolk Broadland their limnology is not
well known. They have been considered to be a naturally eutrophic
set of lakes with records of blue-green algal blooms extending
back into the nineteenth century.

2. Surface water blooms, however, are not necessarily diagnostic
of hi?hly fertile conditions and early existence of them does not
grec ude intense anthropogenic eutrophication in recent decades.

his survey investigated the state of twenty-three discrete sites,
each accorded SSSI status from among the more than 60 water
bodies conventionally included in the meres group. The sites
included are Beming‘ton Pool, Betley Mere, Betton Pool, Bomere,
Chapel Mere, Cole Mere, Comber Mere, Cop Mere, Crose Mere,
Fenemere, Hatch Mere, Little Mere, Oss Mere, Petty Pool,
Quoisley Big and Little Meres, Rostheme Mere, Tabley Mere,
Tabley Moat, White Mere, Mere Mere, and Oakmere.

3. Water from the lakes themselves and from available inflows and
outflows was analysed for conductivity, alkalinity,pH, chloride,
soluble reactive and total phosphorus, ammonium, nitrate, silicate, -
chlorophyil a, phytoplankton and zooplankton communities on a
three-weekly basis during 1991/92. Aquatic plant communities

were recorded in late summer 1991. Streams were gauged where

possible.

4. Original data are given in tabular form and the sites are
considered individually and collectively. For individual meres an
assessment of their current status is given with recommendations
for management where appropriate. The meres are then
considered as a group and the approach of regression modelling is
taken to draw conclusions about what controls phytoplankton
development in them and what general lessons this may give for
their conservation.

5. Land use data drawn from 1931 and 1987 suggest that there is
likely to have been some increase in nutrient loading on all of the
meres since before the Second World War. The common pattern
of change in the catchments has been an increase in cattle
keeping and in the overall potential load of nutrients from stock
keeping, and adrift from pastureland to arable. Beyond this some
meres have suffered further increased loads due to pollution of the



streams entering them,usually by farm wastes. In only two
instances (the Little Mere/Rostheme Mere system and Chapel
Mere) are human effluents likely to have been important.

6. The following are considered to be in a reasonable state and for
which any nutrient control would be unneccessary or impracticable
in the present state of legislation: Berrington Pool, Betton Pool,
Bomere, Cole Mere, Crose Mere, Hatch Mere, Oss Mere, Tatton
Mere, White Mere, Mere Mere, and Oakmere.

7. There is an urgent need for nutrient control (which should
include nitrogen control) at Betley Mere, Chapel Mere, Comber
Mere, Cop Mere, Petty Pool, Tabley Mere and Tabley Moat. Such
control is in progress already at Little Mere and Rostheme Mere.
Additionally, because zooplankton grazing is an important control
of algal crops in some of the meres, reduction of the existing fish
stock to discourage zooplanktivorous fish may be necessary at
Betley Mere, Cop Mere, and Petty Pool. Carp should be removed
from Fenemere and fish stocking should be avoided at Chapel
Mere, Comber Mere, and the Quoisiey Meres.

8. Synoptic plots of key variables reveal no simple systematic
pattern among the meres and regression models using the entire
group suggest only a weak influence of grazing as a control on the
algal crops. Chemical factors including nutrients explained none of
the variance in chlorophyll a. However when the meres were
considered in two groups based on maximum depth, very strong
_pattems emerged. Shallow meres were those with depth <3m and
deep meres with depth>3m. The criterion was ultimatel linked with
actual or potential dominance by aquatic plants in the shallow
group and dominance by plankton in the deep group.

9. Shallow meres were significantly smaller,had higher
conductivities and alkalinities, higher nitrogen concentrations and
greater zooplankton grazing potential than deep meres. There
were no differences in chlorophyll a, soluble reactive or total
phosphorus concentrations between the groups. Overall
phosphorus concentrations were very high and nitrogen
concentrations rather low. The former is ascribed to naturally
occuring phosphorus minerals dissolving in the largely
groundwater supply to the deep meres and farm effluents polluting
the streams feeding the shallow meres which are largely surface-
water supplied. Low nitrogen concentrations are attributed to
denitrification in the wet meadows and wetlands which fringe many
of the sites, for surface water nitrate concentrations are not
especially low and reflect the agricultural nature of the area.

10. Control of algal crops was largely independent of water
chemistry in the shallow group but greatly dependent on



zooplankton grazing. Large populations of grazers are fostered by
the refuges, provided by the structure of the aquatic weed beds,
against fish predation.

11. Control of algal crops in the deep group was largely
independent of grazing but very strongly linked with nitrogen
loading as refiected in the winter available nitrogen concentrations.
Phosphorus exerted little control.

12. For conservation of aquatic plant communities and relatively
clear water , emphasis thus needs to be given to maintenance of
the zooplankton grazer populations in the shallow meres. This
means attention to factors, extraneous to nutrients, which can
decimate these communities or their refuges( e.g. fish, pesticides,
water level changes, herbicides, exotic grazing birds). A paper is
given in the Appendix which explains current theory conceming
fosses of aquatic plants from eutrophicated lakes and the
mechanisms by which this may occur. There is an urgent need for
data on fish stocks in these shallow meres.

13. For similar conservation of the deep meres, there must be strict
control on nitrogen inputs. This may be difficult as nitrogen sources
are often diffuse. Phosphorus is generally so abundant that
conventional control measures would in most cases be insufficient
to make it limiting and hence reduce the size of the algal
populations. Only very severe control could do this and may be
impossible -as there is evidence that much of the phosphorus may
be naturally derived. .






Introduction

1. Great Britain has some 81000 bodies of water greater than
about 1 hectare in area. Most are scattered over the landscape,
not randomly but reflecting the complex interplay of geology,
eomorphology and past human aspiration that characterises the

ritish landscape. There are, however, a few distinctive lake
districts where particular groups of lakes occur. Best known are the
Cumbrian Lakes, the Snowdonian Lakes and the Scottish Lochs in
the upland regions. Large amounts of intensive work have been
carried out on the Cumbrian lakes during a period of over half a
century and a reasonable scientific base exists for at least a few of
the Welsh and Scottish lakes. In the lowlands the man-made
shallow broads in the Norfolk Broadland have come under
intensive Iimnoloiical scrutiny in the last twenty-five years and
some isolated lakes such as Slarton Ley, the Loo Pool, and
Rutland Water, have been intensively investigated.

2 There is one distinctive lake district, however, that has not
received anything like the attention that it might have considering
its particularly interesting combination of features. These lakes are
the West Midland meres and the infilled hydrosere basins that
began their ecological life as lakes after the iast glaciation but are
now wetlands (Sinker 1962). The meres lie in a great plain which
was left from washout of glacial drift and uncovered from the ice a
little more than thirteen thousand years ago and which is now
contained in the counties of Cheshire, Shropshire and
Staffordshire. Left on the plain were moraines and buried in the
drift were icebergs often several kilometres in length. In Triassic
times the northern part of the plain had itself been a region of
intemally drained or endorheic lakes, which had left deposits of
salt. Progressive dissolution of these deposits led to sinking of the
land surface. Through the backing up of melt water by the
moraines, the melting in situ of the icebergs and the collection of
water in the sunken depressions, and possibly through other
means, the antecedents of the present- day meres were bom.

3 The meres are not randomly scattered over the plain; they occur
in distinctive groups which may sometimes be linked with moraine
areas, though not always. Some are relatively deep, others very
shallow. Nor are they at all uniform in water chemistry. A few, setin
sandy basins, have very low concentrations of major ions, whilst
the remnant basins of nearly comcg)tleted hydroseres are both ion-
poor and heavily humic-stained. hers have ionic levels that are
probably the "highest in Britain with total phosphorus
concentrations from apparently natural sources that would
elsewhere indicate gross contamination with sewage effluent. The
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meres have been claimed to be Britain's naturally eutrophic lakes
with anecdotal evidence of blue-green algal blooms dating to at
least the last century.

4. What most of the meres do share, is a relative obscurity in the
public perception. The upland lakes are large and highly visible; the
Broads have a profile generated by generations of holidaymakers.
But the meres are small, usually hidden on private estates in a
lowland in which they are little apparent from the public roads.
Their wetland edges make them generally inaccessible to all but
the professionally concemed and their often ground- rather than
surface- water supply isolates them from otherwise accessible
river comridors with their ancient public pathways.

5. The meres lie deep in agricultural land of high enough quality
not to have avoided some of the intensification that has been a
feature of post-war farming and which has contributed to the
problems of eutrophication that beset many British lakes. Their
ecology was last reviewed by Reynolds in 1979 and Reynolds &
Sinker (1976) . There have been some surveys of the submerged
plant populations (Wigginton & Palmer 1987) since then and a
series of papers on the corixids has been published by
Savage(1990) and savage & Pratt (1976). The phyto?lankton of
Rostheme mere has been monitored over a long pen (Reynolds
& Bellinger 1992) and there have been a few intensive
palaeolimnological studies (T wigger & Haslam 1991). There has,
however, been no recent systematic attempt to assess the state of
even a subset of the more than 60 meres. It was possible that, if
naturally eutrophic, they had changed little. It was also possible
that with changes in stocking rates, those fed by surface water
might be showing eutrophication from cattle yard wastes or that
those fed by ground water might be showing enhanced nitrate
concentrations from nearby or even more distant intensive

arablisation.

6. The present survey,carried out largely between July 1991 and
June 1992, set out with two objectives. The first was to characterise
the water chemistry, phytoplankton, zooplankton and plant
populations of a series of twenty-three meres, chosen by English
Nature because they are Sites of Special Scientific Interest. Often
these are the only intensive limnological data available for the sites
and interpretation has had to be based on judgement and
experience for lack of comparative data. The second was to see
what general model might emerge to explain the major features
controlling phytoplankton crop size in the meres. The ultimate
intentions of this were both fundamental understanding in a
s¥‘stem which might be unusual among lakes in not being
phosphorus-limited or even nutrient-limited at all and of



recommending workable restoration strategies should resroration
be found to be necessary.

7.The report is thus organised into two main sections. The first
takes each site in tum and presents the available information in a
gommon format. The second attempts an overview of the whole
ata set.

Methods

8. The meres included in this survey were:

Berrington Pool; Betley Mere; Betton Pool; Bomere; Chapel Mere;
Cole Mere; Comber Mere; Cop Mere; Crose Mere; Fenemere;
Hatch Mere; Little Mere; Mere Mere; Oakmere; Oss Mere; Petty
Pool; Quoisel_'\: Little Mere; Quoisely Big Mere; Rostherne Mere;
Tabley Mere; Tabley Moat; Tatton Mere; White Mere.

9.Each site was visited about once every three weeks over an
entire year and sampled at the surface from the middie where this
was logistically possible. Where it was not, samples were taken
from the ends of jetties or from fishing platforms protruding into the
lake. Samples were also taken of major surface inflows and
outflows so that nutrient budgets could be approximated for these
sites. Such flows were gauged with a current meter. The exact
location and sample code for each sampling site is given with the
data on each lake. All water samples were analysed for:
conductivity (uS per cm); phenolphthalein and total alkalinity
(mequivalents per |, using titration with standard hydrochloric acid
to pH 8.4 and 4.5 respectively using phenolphthalein and BDH 4.5
indicators); chloride(mg per |, using thr Mohr titration with silver
nitrate); pH; soluble reactive-,total soluble-, particulate-, and total-
phosphorus(ug per I, using the molybdenum blue reaction
following digestion with acid persulphate where necessary);
nitrate-nitrogen (mg per |, using reduction on spongy cadmium
followed by azo dye formation and spectrophotometric
measurement); ammonium-nitrogen (ug per |, using the Chaney-
Morbach phenol-hypochlorite reaction); and silicate( mg per |,
using reaction with acid molybdate).

10.For inflows, the N:P ratios have been calculated from the ratios
of nitrate-N + ammonium-N to total P. The calculations are thus
underestimates of the true N:P ratio as organic forms of nitrogen
are not included.

11.Chlorophyll a and carotenoid concentrations were measured in
the lake samples and phytoplankton in whole water samples was
counted using an inverted microscope. Zooplankters were
sampled using a 67 um mesh net drawn up the water column at the
sampling site and counted in preserved subsamples using a stereo
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microscope. Aquatic plants were sampled on a single occasion in
summer and scored using the DAFOR system used in previous
surveys of the meres by Wigginton and Palmer (). Maps are
provided of the plant distributions. A common key to symbols is
given at the eend of the introduction.

12.For comparison, full tables of chemical and phytoplankton data
are provided together with means and standard deviations
calculated for the whole year, for the winter (Nov-Feb inclusive)
and for the main phytoplankton growth season (March-October).
Data are given in the Tables for the numbers of Daphnia, the
main zooplankton grazer genus in almost all of the meres. For
Oakmere, where Daphnia is replaced in some years by the
companion genus Diaphanosoma, numbers of both are given.

13.Some data are given conceming stocking and land usage in
the parishes which contain the catchments of the lakes. These
data have been taken from the Agricultural Census retums, held at
the Public Records Office at Kew. Data are given for 1931, a year
which predates the major changes that have taken place in British
agriculture since world War Il and for 1987. For stock headage, an
index of potential relative nutrient supply from excreta has been
derived from the annual average amounts of nitrogen and
ghosphorus excreted per head. The amounts excreted of N and of
have been summed and normalised relative to a value of 1 for
humans. The index has then been multiplied by the headage to
give an indication of change in nutrient load for each catchment.
Values are relative and can be compared only between years and
" not between catchments as the areas of these vary. Values used in
calculating the index were(in kg per year): cattle,N 70.2, P 7.7,
pigs,N 18.8, P 5.6;sheep,N 7, P 1.5; poultry,N 0.3, P 0.2; humans,N
4, P 1.16. These values give overall ratios for P+N of cattle 12.1:
pigs 4.8: sheep 1.5:poultry 0.14;humans 1.0. Human populations
have been assumed to have remained constant though in fact
there is likely to have been a slight decline between 1931 and 1987
in most of these rural areas.

14.The data given in the Agricultural censuses for cereal, root
crop, field vegetable and oilseed rape hectarages have been
combined here under the single heading of arable.

15.Reference is made in the text to different phases of change in
shallow lakes. A manuscript reviewing recent thinking in this area
and describing the phases is given as an Appendix at the end of
the Report.



Key to Vegetation Maps
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Elodea canadensis
Lemna trisulca
Callitriche hermaphroditica
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Nuphar lutea
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Polygonum amphibium
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Cladophora spp
Nitella spp

Chara vulgaris
Eleocharis palustris
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SECTION 1 THE MERE SITES
(a) BERRINGTON POOL
(i) Morphometry and water budget

Berrington Pool is a small lake situated south of Shrewsbury, with
an area of 2.5 ha and a maximum depth of about 12m. It lies in cup
shaped basin and there is evidence of past major changes in water
level(Farr et al 1990). Its water supply appears to be largely of
ground water though there will be some surface run off after heavy
rain.

(ii) Land use changes
The catchment of the lake includes parts of the parishes of

Berrington and Atcham. Agricultural changes in these have been
as follows:

. 1931 1987
Cattle(head) 1819 1733
nutrient units 22000 20963
Pigs(head) 872 21
nutrient units 4190 - 101
Sheep(head) 3661 2337
nutrient units 5492 3510
Poultry(head) ‘ 8759 237
nutrient units 1226 33
Total nutrient units 32908 24607
Permanent grazing(ha) 1599 796
Temporary grazing(ha) 237 158
Arable(ha) 586 1685
Woodland(ha) 4 20
Rough grazing(ha) 2 21
Total hectarage 2428 2680



There has been an overall decrease in the biomass of stock kept
and therefore a likely decrease in the supplies of nutrients from
these sources, particularly from pigs and poultry. Losses of grazing
land to arable have been considerable and since cattle numbers
have fallen only marginally there may be more intensive feeding
with consequent production of more liquid yard waste. The
inc;;eaf?(d arablization may have meant an increased nitrate load
to the lake.

(iii)Major ion water chemistry and nutrient loads

Berrington Pool has a relatively low conductivity for the meres, a
modest alkalinity and a high chloride concentration. Its total and
soluble phosphorus concentrations are moderate for the meres,
high relative to other lakes and, because they are higher in winter
than in summer likely to be determined by external sources than
internal sediment-derived loading. Nitrate and ammonium
concentrations are low for an agricultural area

iiv)Phytoplankton and zooplankton.

Phytoplankton crops are moderately high, in the conventional
eutrophic range, and have strong representations of blue green
algae in them. Green algae are numerically most abundant overall
but diatoms dominate in winter. Cladocera are scarce in the
zooplankton and grazing impact is likely to be minimal.

(v)Aquatic plants

The pool is relatively deep and steep sided. The potentiality for
submerged plant colonisation is therefore low. However no
completely submerged species were found. Patches of Nuphar
lutea and Polygonum amphiblum which have some
submerged leaves were present with Nymphaea alba also. One
submerged species was found by NCC in 1979 but not in 1987.
The trophic score for aquatic plants has changed little between

1979 (8.3) and 1991 (8.1).
(vi)Overall assessment

Berrington Pool is clearly eutrophic and fed mostly by ground
water. It is likely that its trophic state has increased over the past
sixty years because of agricultural changes (mostly through
arable increases leading to increased nitrogen loading) but these
have been less important than in other meres. Nitrogen is probably
limiting algal growth for phosphorus is abundant and probably from
mostly natural sources. The algal crops probably lie at the potential
set by the nitrogen supply and there is little grazing by zooplankton.

10



Other than modifications in arable faming in the catchment, the
best way of reducing the algal crops would be reduction in fish
stock to allow increase in the Daphnia but in such a steep sided
basin it is unlikely that large enough littoral plant beds could
develop to provide enough refuges to make this a stable state. Fish
removal would thus have to be annual and overall there is little to
be gained by such measures.

11
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(b) BETLEY MERE
(i) Morphometry and water budget

Betley Mere is 9.3 ha in area, and very shallow (max 1.8m). It has
several small surface inflows and a distinct outflow. The two main
inflows carried a total of 1.14 million cubic metres of water per year,
which was much greater than the gauged outflow (0.02 million
metre cubed). This suggests that much of the water may have
been lost by seepage (or undetected surface outflows) to the
wetland areas to the west of the mere, that the average retention
time was at most 0.07 yr and that the mere is flushed about 13.6
times per year. There may also be some ground water sources
which would tend to increase further the flushing rate. Most of the
flow is in winter and the retention time is thus much longer in
summer (about 0.97 yr) with a flushing rate equivalent to 1.03 per
yr. The picture is thus one of rapid winter flush-out followed by
summer stagnation.

(ii) Land use changes
Betley Mere's catchment lies entirely in Betley Parish, whose land
usage since 1931 has changed in the following way:

1931 1987
Cattle(head) 473 1036
nutrient units 5723 12540
Pigs(head) 149 169
nutrient units 715 811
Sheep(head) 515 904
nutrient units 773 1356
Poultry(head) 4720 164
nutrient units 661 23
Total nutrient units 7872 14730
Permanent grass(ha) 383 329
Temporary grass(ha) 51 84
Arable(ha) 90 105
Woodland(ha) 1 12
Rough grazing | 4 4
Total hectarage 529 534
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This pattern is one of little change in field crops but a major
increase in stocking of cattle with some increase also in sheep and
a switch of some land from permanent to temporary, and thus
more heavily fertilised, grazing.

(iii) Major ion water chemistry and nutrient loads

The two inflows (BLIE and BLIF) differ with the former having a
consistently lower conductivity and major ion content compared
with the former. The mere itself has a conductivity between the two
but a higher total alkalinity and a lower chloride concentration.
Because the former is largely soil derived and the latter rain
derived this suggests a small but significant source of ground
water to the mere. Values overall are relatively high. Both inflows
carry large concentrations of soluble and total phosphorus which
are larger in summer than in winter. This suggests an effect of
reduced dilution of a point source or sources in the lesser flows of
summer. Moderately high concentrations of ammonium suggest
that these sources may lie in a local farm as the former sewage
treatment works to the south of the mere appears to be no longer
functional. Nitrate concentrations in the inflows are also high and
highest in the farm inflow (BLIF). High nitrate values usually come
from arable sources or fertilised grazing; in this instance there may
be a substantial element of well oxidised farm effiluent. The N:P
ratios in the inflows (BLIF, 21 by weight,47.4 by atoms; BLIE, 5.6 by
weight,12.6 by atoms) suggest that despite the high phosphorus
values nitrogen is still in excess relative to algal growth needs.

The mere itself also shows high phosphorus concentrations,
which can be explained by the inflows, so that major internal
sediment release is unlikely. Nitrogen concentrations are lower in
the mere and available nitrogen is scarce in summer falling
sometimes to negligible concentrations. This suggests a loss of
nitrogen through processes like denitrification as the inflows enter
the mere and pass through the reedswamp as well as algal uptake.
But the high N:P ratios in the inflow waters relative to algal need
su?gest that the latter is not the: dominant process. The high
chiorophyll a values in the mere coupled with the degree of
sediment resuspension that is inevitable in such a shallow water
body, suggest that the phytoplankton may not be strongly limited
by nutrient supply and that light availability may be most important
in summer.

(iv) Phytoplankton and zooplankton
Chlorophyll a concentrations were high even in January. However
blue green algae were only relatively minor components of the

community. Green algae and diatoms dominated it in both winter
and summer. Such a community has frequently been described
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from heavily eutrophicated lakes, particularly where org‘a)nicinputs
accompany the nutrients. The organic matter provides both energy
sources to many of the small green algae that can use them as well
as creating relatively high carbon dioxide concentrations through
bacterial decomposition. Consistent with this are the relatively low
(for the meres) values of pH and phenolphthalein alkalinity in
Betley Mere.

Zooplankton was scarce for such a fertile lake and very few large
cladoceran grazers were found. The picture is one of probably
intense fish predation.

(v) Aquatic Plants

Rather surprisingly on account of the high nutrient loading, Betley
Mere is in no way devoid of submerged plants and has well
developed marginal reedbeds. The dominant species are the more
tolerant ones (Potamogeton pectinatus, Ceratophyllum
demersum) but it has a reasonable diversity. Undoubtedly this is
partly due to its shallowness which allows light penetration to the
bottom despite the sometimes large algal crops.

(vi) Overall assessment

Betley Mere is in a threatened state. It is clearly heavily
eutrophicated b¥. stock wastes and the situation has undoubtedly
deteriorated in the last sixty years. Phytoplankton crops are high,
submerged plants are still vigorous but , on the basis of experience
elsewhere could precipitously disappear. The mere is in a Phase 2
state where normally algz‘al crops are kept low by zooplankton
grazing.The situation is t reatened here by probably heavy fish
predation on the zooplankton. Elsewhere Phase 2 states have
been moved into completely algal dominated Phase 3 states by
mechanisms such as changes in the fish community, changes in
water level or bird grazing of the plants. Protective measures
would need to include fairly severe control of the farm effluents.
The flushing rate in summer is low but the winter flush would help a
speedy restoration. Desirable follow up measures would include
biomanipulation of the fish community to restore grazing by
zooplankters for the lake would almost certainly remain fertile even
after practicable nutrient control measures had been established.
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(c) BETTON POOL
(i) Morphometry and water budget

Betton Pool is a fairly deep lake (10.9m) of modest area (6.4ha). It
appears to be fed entirely by ground water apart from a little
surface run-off after rain and it is not possible to make any sensible
estimate of retention time of water in it. It stratifies in summer and
the hypolimnion becomes deoxygenated to a severe extent.

(ii) Land use changes

Betton Pool has a probable catchment in Berrington Parish whose
land usage since 1931 has changed as follows:

1931 1987
Cattle(head) 956 1181
nutrient units 11568 14290
Pigs(head) 473 .21
nutrient units 2270 101
Sheep(head) 2250 773
nutrient units 3375 1160
Poultry(head) 2951 237
nutrient units 413 33
Total nutrient units 17626 15584
Permanent grass(ha) 942 409
Temporary grass(ha) 184 120
Arable(ha 370 757
Woodland(ha) 2 20
Rough grazing(ha) 1 7
Total hectarage 1499 1313

There has thus been some decline in stock-keepin? overall
despite an increase in cattle which has been a common feature in
the region, and much conversion of grassland to arable and to
other (non-agricultural) uses.

(iii) Major ion chemistry and nutrient loads
Conductivities and alkalinities are modest for the area and

chloride relatively high. Total and soluble phosphorus are relatively
high but modest in the mere's context, whilst nitrate and
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ammonium concentrations are low even in winter. when the main
supplies arrive. Nitrate is frequently undetectable in summer.

(iv) Phytoplankton and zooplankton

Chlorophyll a concentration reaches modest peaks in mid summer
but is, on average not very high. The alfgal crops are probably
controlled larg';_ely by nitrogen availability for zooplankton grazers
are scarce. The phytoplankton is dominated by diatoms and
flagellates in winter whilst flagellates, green algae and to a rather
lesser extent. blue-green algae become more abundant in

summer.
(v) Aquatic plants

‘The pool has a relatively well developed aquatic plant community
in the narrow littoral zone where the morphometry would permit
growth. The trophic score has remained steady since 1979 (8.3)
and the small drop to 8.1 in 1991 is probably not significant. There
has been a reduction in DAFOR score for the submerged plants
from 13.5 in 1979 to 9.5 in 1987 and 10 in 1991. This may be as
much due to different observer perceptions as real change.

(vi) Overall assessment

Betton Pool does not appear to be suffering from eutrophication
problems that are any greater than the probable regional change
that has occurred in the post-war period as a result of the
intensification of agriculture. There are no restoration measures
that are immediately practicable.
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(d) BOMERE

(i) Morphometry and water budget

Bomere is an elongate lake, of 10.3ha, and with a maximum depth
of 15.2 m that lies, with Betton Pool and Berrington Pool in the

group of meres to the south e
summer and appears to be lar
no permanent surface water in

made at present of its retention time.

(ii) Land use changes

ast of Shrewsbu
ely ground-water ted, for there are
lows. No sensible estimate can be

. It stratifies in

Bomere has a catchment that is probably contained in the
parishes of Berrington (Bayston Hill) and Condover. The land use
of these parishes has been as follows:

Cattle(head)

nutrient units

Pigs

nutrient units

Sheep(head)
nutrient units

Poultry(head)
nutrient units

Total nutrient units

Permanent grass(ha)
Temporary grass(ha)
Arable(ha)
Woodland(ha)
Rough grazing(ha)

Total hectarage

1931

2668
32283
1931
9269
6699
10049
14978
2097

53698

2605
495
964
4

51

4119

1987

4731
57245
236
1133
8336
12504
389
55

70937

1467

There has thus been a small increase of stock-keeping with cattle
and sheep replacing pigs and poultry and a change from
permanent grazing to temporary grazing and arable. There have
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been some parish boundary changes and so the: stock increase in
the catchment itself may have been on a lesser scale.

(iii) Major ion water chemistry and nutrient loads

Bomere has a very low conductivity for the meres, coupled with a
low alkalinity and chloride concentration. In these respects it is
most comparable with Oakmere, both being considerably less ion-
rich than the other meres examined. Similarly, Bomere has low
soluble and total phosphorus concentrations though these are
slightly higher (as is its alkalinity) than those of Oakmere. The
soluble phosphorus rises to a mean of 81 ug/l in winter which is not
inconsiderable but may fall to zero in summer. The total
ghosphorus also falls in summer to half the winter value. This may

e due to uptake and delivery to the sediment in summer rather
than to any great seasonality in water delivery or washout. Nitrate
concentrations and ammonium concentrations are both low, even
in winter and concentrations of total inorganic nitrogen are
sometimes zero in summer. The data suggest a lake that is fairly
severely nutrient limited in the growth season.

(iv) Phytoplankton and zooplankton

Phytoplankton crops are modest with relatively low representation
of diatoms. Green algae dominate with flagellates next most
abundant. Blue-green algae are present but only occasionally
have much numerical significance. Although there is a late spring
population of Daphnia, it rapidly declines and grazing is probably
a minor feature of the plankton in summer.

(v) Aquatic plants

The aquatic plant community is reasonably diverse and includes
Elatine hexandra among species that are more widely
distributed both in this lake and elsewhere. The trophic score has
remained steady at 7.6-7.8 since 1979 and, if anything, the DAFOR
score for submerged plants seems to indicate an increase in

biomass.
(vi) Overall assessment

Bomere seems to have few real problems. The boating activity on
it may locally disturb the plant beds but they are nonetheless
thriving and the water quality is ?ood despite post-war changes in
agriculture and the proximity of Bomere Farm to the immediate
north of the lake. Among the meres, Bomere may be notable in
having fairly marked nutrient limitation in summer.
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(e) CHAPEL MERE
(i) Morphometry and water budget

Chapel Mere is small (6.5ha) and shallow (2.4m). It has two
prominent surface inflows, one draining the buildings area of
Cholmondiey castle(CHD) and the other the land to the west of the
lake (CHI). It also has a distinct outflow (CHO). The gauged inflows
(0.44 million cubic metres per year) match, within the errors of
gauging small muddy streams of low discharge at infrequent
intervals, the outflow (0.50) and this suggests that surface flows
dominate the hydrology. Based on the outflow, the retention time of
the lake in winter is about six weeks (flushing rate 8.1 per year) and
in the growth season only a little longer, about nine weeks, with a
flushing rate of 5.8 per year. On an annual basis the retention time
averages eight weeks with a flushing rate of 6.5 per year. There is
a small inflow that was too small to 8auge, near the lakeside
boathouse (CHBI) and a local stream (CHSt) that does not deliver
water to the lake but by passes it. This stream was analysed for the
information that it might give on local water quality.

(i) Land use changes

Several parishes potentially contribute to the water supply of
Chapel Mere and there have been several amalgamations since
1931. Cholmondley, Egerton, Bickerton and Bulkeley are
considered to contribute to the catchment.

1931 1987
Cattle(head) 4149 6406
nutrient units 50618 78153
Pigs(head) 2257 204
nutrient units 10834 979
Sheep(head) 2702 230
nutrient units 4053 345
Poultry(head) 22355 26465
nutrient units 3130 3705
Total nutrient units 68635 83182
Permanent grazing(ha) 2988 2007
Temporary grazing 188 716
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Arable 144 ‘ 56?

Woodland 4
Rough grazing 23 14
Total hectarage 3347 3300

The common pattern of increasing numbers of cattle, declines in
pigs and movement of land from permanent grazing to trmporary
grazing and arable is shown. Overall this means some potential
increase in nutrient loads. An additional change in this catchment
has been the development of tourism to the castle. The effluent
from the treatment unit which copes with the castle sewage
appears to drain into CHD.

(iii) Major ion water chemistry and nutrient loads.

The water chemistry around Chapel Mere is fascinating in several
respects. It has a very high conductivity linked to a high alkalinity
and this must reflect very soluble minerals in the surface soils of
the catchment. CHSt may give some idea of the local water
chemistry unaffected by the Castle, which determines the
chemistr{'of one inflow (CHD) and the farm which may determine
that of CHI. Chapel Mere Stream carries a very hitghh conductivity
(1207 uS per cm) which is nearly twice as great as the castle drain
and about a third higher than the main inflow (CHI). This may mean .
a localised set of soils rich in ions to the north of the mere. The
stream's alkalinity, however is a little lower than that of CHI and its
chloride content is unremarkable. We cannot say what the high
conductivity is caused by but a likely contender may be sulphate.
The stream carries only moderate (for this area) concentrations of
soluble reactive and total phosphorus though on a national scale
they are quite high (SRP 42 ug/; Total P 131 ug/). It has low nitrate
and ammonium concentrations at all times.

Chapel Mere inflow (CHI) carries the bulk of the water entering the
lake (378000 cubic metres per year, 86% of the total inflow). It has
notably high phosphorus and nitrate concentrations, both much
higher than CHSt. These may be derived from stock at the local
farm but it is then surprising that the ammonium concentrations
are not also high. The nitrate concentrations exceeded 11 mg/l on
two occasions and the total annual load of nitrogen passing down
the inflow was estimated as 2.18 tonnes per year. The phosphorus
load was 88 kg.

Chapel mere drain (CHD) gave even higher phosphorus and
ammonium concentrations and comparable values for nitrate. It
had lower conductivity and alkalinity suggesting that the water itself
was derived partly from extra-local sources through the domestic
water supply to the castle area. At around 1mg/ phosphorus and
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with the high nitrate value also, it is clear that the nutrient load is
derived from waste water but in absolute terms the drain
contributes a much lesser total load of nitrogen (308 kgN per year)
than the main inflow, though only a slightly smaller phosphorus
load (57 kg P per year). '

The boathouse inflow is insignificant in its contributions of either
water or nutrients to the mere but is of interest in that its major ion
chemistry is consistent with other local waters (high conductivity
and alkalinity) but that its phosphorus concentrations are very low
as are its nitrate and ammonium concentrations. It drains a small
area of permanent pasture and reedswamp close to the lake and
may indicate the nature of the local water quality when unaffected
by point nutrient sources of excretal origin.

The water chemistry of Chapel Mere itself is clearly determined by
the combined influence of the drain and the inflow with year-
around high phosphorus concentrations. The denitrifying
properties of the surrounding reedswamp are clearly shown,
however in the markedly low nitrate and ammonium
concentrations that are found even in winter in the lake. With two
exceptions in spring, nitrate concentrations were always lower
than 1mgA N and in summer were barely detectable. There was a
clear pattern of higher winter and spring values compared with
those of summer so that algal and plant uptake in the growth
season is superimposed on the denitrification that must take place
year around in the wetland and its soils.

(iv) Phytoplankton and zooplankton -

Considering the huge annual Ioadin% of nitrogen (38 g per metre
squared per P/ear) and phosphorus (2.2 g per metre s uared per
year) on the lake and the relatively long retention time for a small
water body, the phytoplankton crops are negligible with a growth
season mean of only 13 ug A chlorophyil a. On only one occasion in
spring did al?‘al crops rise to what would be considered high values
in shallow lakes and this may have been due to accumulation ofa
blue green alga towards the surface giving an inflated value for the
water column. The reason for the low algal crops is probably to be
found in the large concentrations of Daphnia that the lake
supports. These averaged over 100 animals per litre in the growth
season, could reach over 550 per litre and included the large

bodied Daphnia magna.
(v) Aquatic Plants

Because of the effects of zooplankton grazing and the
consequential low algal populations and clear water, Chapel Mere

has an aquatic plant community of large biomass if of low diversity.
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It is dominated by Elodea and Lemna trisulca, both tolerant of
high nutrient loadings and the trophic score, at 8.6, is
consequentially high.

(vi) Overall Assessment

Were it not for the zooplankton grazing, Chapel Mere would
contain a rich algal soup. Its nutrient loading rates and retention
time could support phytoplankton populations regularly exceeding
100 ugA chlorophyil a in highly turbid water devoid of much if any
submerged plant growth. The existence of the large grazer
populations, including Daphnia magna, which is essentially
intolerant of much predation, must depend on a negligible fish
stock in the mere. This may have arisen from a past fish kill
coupled with the relative isolation of the mere from the main river
system, which delays subsequent recolonisation. To maintain the
mere in its present state there should be no stocking of fish and
removal of any still present that might build up future
zooplanktivorous populations. Lakes artificially lacking fish,
however, are not desirable from several viewpoints. The
alternative is to attempt a restoration of the lake by control of the
nutrient loading initially at low fish stock levels but with a view to
future reintroduction of fish. The loads from both the drain and the
main inflow would need to be reduced in phosphorus or diverted
around the mere. Diversion would increase the retention time and
hence the effectiveness of the reduced load in supporting algal
crops but it might be possible to divert the higher quality, presently
by-passing, stream throu%l'; the lake to compensate for this. A
more detailed study would be required to investigate the feasibility
of these potential measures.
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(f) COLE MERE
(i) Morphometry and water budget

Colemere is a deep (11.5m), relatively large mere (27.6 ha). It
appears to have no permanent surface inflows other than an
overspill from the Shropshire Union Canal which delivers water
over a weir. Thre is an outflow, which was gauged, but which has
passed through an area of grassland before it reaches the access

int where it could be gauged. In some respects, €.g. a small

increase in nitrate, the outflow stream differs in water chemistry
from the mere suggestin?\ that it acquires extra water between its
exit from the mere and the gauging point. Estimates of retention
tine are thus underestimates and of flushing rate, overestimates.
For the year overall, growth season an winter season, the
flushing rates were calculated to be 0.8, 0.79, and 0.91per year
respectively and the retention times 1.25, 1.26 and 1.1 years
respectively. The mere thus has a relatively Ion%getention time that
varies little seasonally. This might be expected because it is fed by
a canal which itself is supplied from an upland region with copious
water supplies. The amount of water supplied by the canal,
however cannot easily be determined but is unlikely to be
negligible because Cole Mere has a conductivity (239 uS) that is
intermediate between that of the canal (140, and those of the
waters in the nearby Crosemere(474), and Whitemere (309). Data
in Reynolds (1979) give values of 121 for the nearby Blake Mere
which may aiso be influenced by the canal, and for Kettle Mere,
White Mere, Ellesmere Mere, & Crose Mere, which are not, of 158
239, 272, and 373.

The water supply that Cole Mere receives from other sources
must be of ground origin and a simple mixing equation based on
condctivity suggests thst this water must constitute between 61%
and 82% of the total. For this calculation ground water conductivity
was calculated from the average conductivity values for the nearby
meres in Reynolds (1979) which gives the hi?‘her value and from
the current estimates from Crosemere and Whitemere which give
the lower. There is evidence that local conductivity values have
risen since 1979 as a result of weather changes and so the higher
value is probably an overestimate. The lower value, however, may
'be t:iased by the use of data from only the two most conductive
ocal meres.

(ii) Changes in land use
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Cole Mere has a groundwater catchment which is probably
contained within the parishes of Ellesmere Rural, Cockshutt and
Lyneal and Welshampton for which the land use changes have
been as follows:

1931 1987
Cattle(head) 11502 15842
nutrient units 139174 187332
Pigs(head) 5931 8945
nutrient units 28469 42936
Sheep(head) 12314 13557
nutrient units 18471 20336
Poultry(head) 54738 3351
nutrient units 7663 469
Total nutrient units 193777 251073
Permanent grass(ha) 8135 4410
Temporary grass(ha) 686 1725
Arable(ha 820 2617
Woodland(ha) 17 152
Rough grazing 28 147

Total hectarage 9675 9051

There has thus been the fairly common patten of increase in
cattle keeping with a movement also into arable crops though in
this case also an increase in pigs and sheep and the loss of a lot of
land to non-agricultural uses.

(iii) Major ion water chemistry and nutrient loads

Cole Mere has a moderately high conductivity and alkalinity
though neither is large compared with some of the more northern
meres. Its soluble reactive and total phosphorus concentrations
are nonetheless very high and little of this phosphorus can come
from the canal overspill which is exceptionally low in this nutrient.
Both canal and mere have low inorganic nitrogen concentrations,
even in winter. Moderately high ammonium values in winter in the
mere may suggest a local excretory source of nutrients and
indicate the possibility that some of the very high phosphorus
concentrations may be explained by such a source.

(iv) Phytoplankton and zooplankton
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Chlorophyil a concentrations in Cole Mere are relatively high in
the growth season though they exceeded 50 ug/l on only one
occasion. The Mere is beset by surface algal blooms which may
bias the estimate for the mere as a whole. This is consistent with
the relatively large abundance of Daphnia and the likelihood of
substantial grazing pressure. Blue-green algae are generally
grazer resistant and constituted nearly half (by numbers) of the
total algal crop in the growth season and probably a greater
proportion of the biomass. The sutrface bloom formers,
Anabaena circinalls and Aphanizomenon flos-aquae were
particularly prominent. Other, smaller, grazeable algae, by
contrast, were relatively scarce. The Daphnia species were the
smaller bodied ones suggesting a modest fish predation but not an
absence of predation altogether.

(v) Aquatic plants

Cole Mere does not have extensive development of submerged
vegetation though relatively dense beds of Elodea canadensis
and Ranunculus circinatus occur in the western shallows. The
sparseness is probably a result of the morphometry and the
exposure <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>