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ABSTRACT

Sawley Dene, a small secluded lake in North Yorkshire,
supports large populations of diatoms in spring'and
blue—green algae in late summer. Characteristics of

the drainage area give this shallow lake calcareous water
"and a long retention time; although persistent summer
stratificarion does not occur, the summer’algal populations
resemble those in the epilimnion of a stratified eutr0phlc
lake. 32 principal phytoplankton spe01es from seven
‘algal classes are illustrated by light micrographs and
their periodicity recorded over two annual cycles;

a statistical method is employed to produce graphical

" summaries of the patterns of species replacement.

Absolute levels of algal abundance are correlated with
concentrations of chlorophyll a and with varying Secchi
disc visibility. Scale-bearing planktonic organisms

from Sawley Dene were studied as whole mounts in the
electron microscope and 30 taxa are dlstlngulshed

including 17 species of flagellate Chrysophyceae (Mallomonas

; and related genera) Comparative studies on samples
from nearby lakes and pools show that a number of rare
species occur in the Sawley area but are absent from
Sawley Dene; . it is,suggested.that Sawley Dene is tdo
large and too calcareous to support a very diverse _
chrysophycean microflora. . A systematic accountvdf all.
the scale—bearing species found in the study area is. '

. presented and five new taxa,of‘Chrysophyceae are distinguished,
including two from Sawley Dene; these are given provisional
names but will be formally described elsewhere. . Mixed

| phytoplankton samples were embedded for electron microscopy
and noteworthy features of four species were studied in
detail: these include scale formation and new cytological

detail in Paraphysomonas vestita, colony structure and

scale formation in Synura petersenii, serial sectioning

and 3-dimensional representation of the transverse flagellum

of Peridinium cinctum and a study of the surface morphology

of the scale-bearing Heliozoan Raphidocystis tubifera.
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' GENERAL INTRODUCTION AND LITERATURE REVIEW

Planktonic algae have attracted the attention of
esearch workers of varied interests over a long period.

,?heir basic diversity of cell structure and morphology,

S SRR T e
) . ,

‘which all investigations involving algal systematics
}ecology ultlmately rest, has been established principally
m‘a result of llghtfmlcroscope studles on wild populatlons,

ny of which were carried out during the last decade of

e nineteenth century and the first 30 or 40 years of
.‘present century. With the advent of electron microscopy
ﬁhd the early 1950s, the emphasis for cytological
"etigation changed from species encountered casually

the wild to those which could be cultured successfully
»easonably large numbers. in the laboratory. To date,
ajority of ultrastructural investigations are still

ed out on the relatively small numbers of strains
ilable from spe01allsed sources of algal cultures.

.+ A feature of phytoplankton growth in the w1ld is the
pacity for a single species to form dense populations
suitable habitats at certain times of the year, only
disappear shortly afterwards to be replaced'by'enother,
emporarily dominant, species. It seemed feasible that
wledge of the mature and trmlng of such maxima in any

te might enable ultrastructural 1nvestlgatlons to be -

de on a variety of species, fixed and embedded for
ectron microscopy direct from the w1ld,.and that
bservatlons on material of this nature would provide data
hich could be compared with results for cultured organisms;
addition, rare or unusual species might be encountered
hich may not previously have been studied in the electron
icroscope. In order to.implement this approach it was
e01ded to adopt as a field site a lake Wthh had not
,hltherto received any scientific study, ‘so that the
.ecological observations necessary as a foundation for any
ltrastructural work might be of interest in their own right.
A prov151onal outline for the project was drawn up;

it was envisaged that, after the initial selection of a

T

field site, approximateiy equal amounts of time would be




fﬁspent on description of the phytoplankton periodicity

and on laboratory cytological studies. As the project
pzoceeded, it appeared that certain aspects of the
iﬂ%éstigation would benefit from greater emphasis than
dﬁhers,accordingtto the time and resources available;
ﬁot example, detailed ultrastructural studies were restricted

to . four species in order to allocate sufficient time to
ch, and a preliminary EM examination of mixed plankton
iples from the study site as whole mounts was expanded
',provide comparative ecological and taxonomic data'from
neighbouring_sites. Nevertheless, the present thesis
4ins the broad division into "ecological" and
trastructural” parts. The former incorporates a

cription of the study site in its overall context, an
‘ount  of the phytoplankton populations'it supports and a
ussion of the trophic status of the lake, a brief
ription of the periodicity of each species and a

nomlc and ecologlcal 1nvest1gat10n into the scale-v

rlng planktonic organisms revealed by electron mlcroscopy.
ultrastructural part 1ncludes studies on the cytology of
.species.for which new features of cell structure are
'rlbed and their. 51gn1f1cance discussed.

lSawley Dene, near Fountalns Abbey in North Yorkshlre,

a lake which offers a number of advantages as a.potentlal
dy,site. It is relatively small (ca. 10 ha) and
cluded so that it is largely.unknown and undisturbed by
1blic recreational use, yet it is probably of-sufficient-
lhe_to support planktonic algal populations such as may be
chatacteristic of very much larger lakes. It has been known
;JdeVelop summer blooms of blue-green algae for many
years and would therefore be termed eutrophic;'lthe '
periodicity of lakes similar to Sawley Dene in this

respect has been the subject of investigations elsewhere
and these suggest that relatively dense stocks of algae of

- Other types may be anticipated to occur at various times of
the year. Finally, the geographical location of Sawley Dene,
in an area east of the Penninee not noted for investigations
“0of freshwater algae since the time of West & West (1901),

- offers scope for augmenting distribution records for some
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of the species which may be encountered and for contributing

to knoWiedge of the freshwaters of the region.

It was therefore decided to adopt Sawley Dené as

a study site and to investigate the seasonal succession

of its phytoplankton, firstly to give insight into the

character of the lake, secondly to describe the periodicity

of the principal species and to document the occurrence

‘of rarer forms, and thirdly to collect wild material for

further studylin light- and electron- microscopes. The

application of electron microscopy would also be valuable
for the identification of certain nanoplankton organisms

“based on the structure of their scales, a task which is

-largely impossible from light'microscopy alone.

Concurrent with this study, a second project was

lso to be cafried out at the same site wherein the

seasonal development of blue-green algae was to be

: nvestigated in detail at an ultrastructural level by

nother worker. ‘The thological studies reported here

‘were therefore to be confined to organisms outside this

‘group. _ '

| A discussion and review'of-liﬁerature relevant to

"this study now follows in which the main areés of

nvestigation will'be'kept"Separate,.as they have to

_some extent been developed independently through previous

ras of limnological research. Thé topics to be reviewed

;are as follows: _

i) -~ the nature of"phytoplanktdn communities and

. strategies for effective sampling;

ii) the extent of investigations of phytoplanktoh'
succession elsewhere in Britain, with particular
emphasis on attempts to describe the variability
possible on a regional basis; '

iii) prbgress in understanding the factors controlling

' the seasonal fluctuations of algal populations in
natural conditions;

iv) the current level of taxonomic and other
knowledge of the smallest algae that may;be
recognised with the electron microscope

from their possession of surface scales;



V) the amount of detail with which algae of
different classes have been investigated at ah
ultrastructural Ievel, together with the extent
to which'such information has already been

summarised. in the literature.

i) Sampling of phytoplankton communities

) Phytoplankton assemblages display many characteristics
-that make‘it difficult for effective sampling te be '
fstraightforward The organisms show considerable
;quantltatlve and qualltatlve variation through time not

nly seasonally but also from week to week or even on a
iurnal basis. At any one time they may also be

‘rregularly‘distributed in space, both horizontally'and

ertically. An individual species may increase in
bundance over five or more orders of magnitude above
-he threshold of detection: and'discrepancies in the size
;f individuals of different species ﬁay be of some four
‘rders‘of magnitude. Each of these variables can 1nfluence~
he effectiveness of a, glven method of sampllng for
hytoplankton..

Because of the magnltude of seasonal varlatlon 1t

‘s desirable to carry out sampling over as much of the . .
‘year as possible if a complete picture is to be bui;trup;
ndeed, it is preferable for this to be supported by
bservations over a longer period in ordet‘that the eéteht
f annual reproducibility may be aseessed. If ohly one

r a few visits may be made to a'partieular site, it

is important that the most suitablé times of year are

hosen for sampling in the light of what may be known about
ithe general seasonal prevalence of the algae of interest,
;in the particular habitat involved. Diurnal variation may
'be investigated per se, or its effects minimised by
ssampling only at a certain time of the day. It is
difficult to allow for horizontal variation in phytoplankton
populations but careful siting of a sampling point,
preferably with duplication elsewhere in the water body,

is clearly important. Non-uniform vertical distribution

of phytoplankton may be overcome by sampling a column of
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watef with a vertical tube (Lund, 1949); alternatively,
its nature may be investigated by trapping limited volumes
of water at selected depths. '

Spécific methods of sample collection have been
reviewed by Lund & Tallihg (1957) and Vollenweider (1974).
Plankton-net samples are gquick and convenient to take; they
may be the most feésible if sampling has to take place
from the shore. ‘They possess. advantages in terms of the
.large quantity of matérial which can be collected and

. this may be a pre-requisite for further laboratory

studies. They are also of use where the plankton is

very thin or where it is desirable to detect rare species.
" However, they are of limited applicability for quantitative
work as the actﬁal‘quantity 6f Water filtered by the net
is difficult to determine and estimation of algal numbers
in a known volume of water is frequently required.
Colleéction of a volumetric sample is usually followed
by concentration of the organisms within it until suff1c1ent
'den51ty is reached for them to be counted; centrlfugatlon,
‘filtration or sedimentation, or a combination of these,
are normally empléyed. Abﬁndaﬁce»may be asééssea by

~the method of Utermohl (Lund, Kiplihg'& LeCren, 1958)
.using an inverted microscope and. a sedimentatidn chamber,
or in a haemocytometer'of cell of éimilar type. Absolute
.values_foi abundahcé at.variQus times'ailow the growth |
and decline of individual species to be followed but,
.because of the large discrepancy in size between specieé,
‘it is desirable to éompehsate for this before ecologically
wuseful-comparisons bétween species can be made and any
values summated. ‘Species may be'chpared on the basis

of cell volume, wet or dry weight, carbon or chlorophyll‘
content; of these, carbon and dry weight are perhaps the
most stable measures but have only infrequently beeh' |
determined for natural (unlike laboratory) populations.

It is likewise difficult to determine average chlorophyll
content per cell in the wild unless populations are
particularly pure, although the chlorophyll a content of

a whole population is a widely used measure of standing
crop. - Cell volume is often used to compensate for the

size difference between species; examples of measurements

»

rmﬁm@M$”m%%mm%Wm
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! - are given by Findenegg (in Vollenweider, 1974), Bellinger
(1974) and Willén (1976) . Records of overall standing
crop given in the literature may be gquoted as total numbers

of cells (of real value only when populations are

. virtually unialgal), total cell volume or dry weight, or .
chlorophyll a concentration. The effect of algal density
..on the turbidity of the water may also be assessed, as
lvwhen transparency is estimated with the Secchi disc, which

is discussed in a later section (p. 37).

ii) Descr;ption of phytoplankton patterns elsewhere

, In Britain, phytoplankton succession has been described
for a number of water bodies. and a few early workers such

as Griffiths (1923) examined small lakes or pools in

partlcular. Larger lakes have been well- ~studied in

some instances and,where efforts have been made to_correlate
the phytoplankton'of wholeareas, these results are of ﬂ
particular interest for comparative purposes. The majorﬂ
lakes of the English Lake District have all received awl
degree of study (see Macan, 1970; Gorham et al.,l974),

as have a number of the Shropshlre/Cheshlre meres
(Reynolds, 1976a); floristic surveys have been carried out
among some Irish loughs (Round & Brook, 1959) and 1n

a wide range of lochs in Scotland (Brook, 1964).

ndividual or small groups of sites have béen investigated
n other areas including lakes of funddmsntally eutrophic
type in southern England (Benson-Evans gﬁjgl.,l9é7;

Moss & Abdel Karim, 1969; Ridley, 1970; Wilson et al.,
1975), eastern England (Phillips, 1977; Moss, 1977),
.central England (Irish, 1977), Wales (Jones & Benson-
”Evans,'1974; Pentecost & Happey-Wood, 1978), and Scotland
(Bailey-Watts, 1974; Stewart et al., 1977). North-east
-England, however, is relatively little studied. in this.
‘respecty ILund (1961) has described the phytoplankton |
of Malham Tarn but elsewherebin’Yorkshire only an
.isolated species—list'from Gormire, near Thirsk (Soott,
1948),appears to have been published since W. and G.S. West's
"Alga-Flora of Yorkshire" (1901).



Comparisons with lakes outside Britain are also

possible; some examples have been given in Hutchinson
.11967), Round (1971) and Fogg (1975), and others continue
to appear in the current periodical literature. In
general, however, it is hoped to confine discussion to

regional basis as far as is practicable.

‘iii) Factors controlling algal growth in natural conditions

In attempting to understand the waxing and waning

f phytoplankton populations, ideas have been graduaily
flaborated from early concepts of direct physical or chemical
'£imulation of‘growth to incorporate, in additioh,
momplexities of species biology and behaviour; for

l‘émple, such factors as relative growth rateé; patterns
(f;vertical movement and strategies for exploitation

f nutrients in sub-optimal conditions may be of comparable
importance to correlations with apparent temperature,

H and nutrient optima. Nevertheless, overall seasonal
hanges in the growth of phytoplankton are ultimately .
;eiated to annual cycles of'physical and chemical variables,
Jnd generalisations about the principal-seaSonal'characterF
stics are possible (Lund, 1964; Hutchinson, 1967;

"gg, 1975) which in summary ‘suggest that, for temﬁeféfexﬁ
utrophic lakes in the northern hemlsphere, nutrients'

n particular nltrate,.phosphate and 51llcate) are highest
“winter and lowest in late summer; 1llum1natlon is

't its highest in mid-summer, while maximum temperatures

n surface waters may occur up to one or two months after
id-summer. The interplay of.these key factors gives

ise to distinct seasonal phases; thus,winter is typified

y chemical richness, but with_algal‘growth.limited by
thsical conditions; in sprihg, illumination'increases

ore rapidly than temperature and algal depletion of
‘nutrients becomes significant; summer is a period of
‘increased temperatures and low nutrient levels; while in
;autumn, first illuminétion and then temperature declines

‘ nd there may be some replenishment or increased availability
of nutrients before physical conditions once again become
“limiting. In deeper or relatively sheltered lakes,
thermal stratification may be set up over the whole summer

period during which time nutrients in a poorly-illuminated

‘L__( E



" hypolimnion may be unavailable to most algae growing in
_the upper part of the water column.

sy

The algae respond to these changes by producing a
succession of communities, usually dominated by one or
a few spec1es, which are best adapted to exploit the
prevailing ecological conditions. The shifts in
dominance which result frequently conform to a generalised’
pattern: diatoms in the spring, often closely followed
by a maximum of chrysophytes;l green algae in early
ummer, followed by blue-green algae and/or dinoflagellates.
in mid- to late summer; and then a secondary diatom peak
in autumn, declining over mid-winter before increasing
nce ‘more in spring. Examples of lakes showing a
succession of this type will be dlscussed in Sectlon 2.
Modifications of this pattern can sometlmes be related to -~
epec1al conditions of lake morphometry, nutrient input

or climatic influence.

The possible interpretation of such a pattern

epends to a large extent on knowledge of the biology

f the actual algae or algal groups concerned.

Information relevant to individual species w1ll ‘be con51dered
1n Section 3. but certain group characterlstlcs are

1lso of 1mportance. The requirement of dissolved’

‘111ca for diatoms is well known (Lund, 1949 and later

orks) and they are also affected by changes in turbulence
since they have no 1ndependent means of staying in suspension
(e g. Reynolds, 1973c). Flagellate_algae, in contrast,

_can swim towards the surface in still water, or may take'

np position at particular points in the water column

(e.g. Heaney, 1976). Blue~green algae can regulate

‘their own buoyancy by the internal prodnction of gas

acuoles (see Reynolds & Walsby, 1975) and in many cases
Can also utilise atmospheric nitrogen directly (see Fogg

et al., 1973). It has also been suggested (Moss, l973-
‘Shaplro, 1973) that blue- green algae may be less dependent

on dlssolved coO

5 in the water than, in particular,

green algae.
Other proceSSes implicated in determining periodicity

‘are also important and may be less consistent among the
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'*ﬂ,members of a particular algal group. An example is the
problem of pefennation, or how algae maintain a (potential)
presénce in a body of water in periods when they may be
undetectable in the plankton. Lund (1949, 1954) concluded

that while the diatom Melosira italica subsp. subarctica

perennates on the bottom mud in Lake District lakes,

Asterijionella formosa and other diatoms probably do not.

Chrysophytes and most dinoflagellates encyst- but many
green algae rarely do so. Some, but not all blue-green
Ilgae produce spores or akinetes but, in a recent study
Rother & Fay, 1977), there was little evidence to

uggest that these wefe Strictly devices for over-wintering.
g Difficulties in”exﬁrapolating the results of laboratory
tudies to field situations have led to the experimental
zanipulation of natural or artificial water-~bodies in>an
ttempt to investigate particular factors underlying some
:pects of phytoplahkton periodicity. A promising

pproach is that of isolating areas of a lake in experimental
nclosures, using the rest of the lake as a 'control'

ystem (Lund, 1975, 1978). = However, such experiments
nvolve a large allocation of time and facilities for
omprehensive mbnitoring_if the results are to be |
leaningful and their operation is beyond the Scope Qf

11 but a few specialised_institutions.

V) Electron-microscope studies of'scale—bearing'algae

The development of electron microscopy as a means of
dentifying scale-bearing organismé may be traced baék
“to 1955, in which year Fott, Asmund, and Manton all
ublished micrographs of algal scales; soon after,
‘Petersen & Hansen (1956), Harris & Bradley (1957) and
"Takahashi (1959) made their first contributions in this

field. These authors were to dominate the gradual
'elucidation.of the taxonomy of these organisms, based
n sub—light—microscopic scale characters, over the
‘succeeding decade; Asmund and Takahashi continue to
publish results from freshwaters, while more recently
Peterfi (1966 onwards), Kristiansen (1969 onWards) and

Wujek et al., (1972 onwards) have all carried out freshwater
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investigations. Other workers (e.g. Leadbeater, 1974;
Thomsen, 1975; Manton, 1977) have worked mainly on marine
collections. From an initial emphasis on the study of
a few species or on collections from a small area,
sufficient information has gradually been accumulated

to allow comprehensive treatments of whole genera to
be.made: for freshWaters, the significant introductions
:Qr revisions concern Synura (Petersen & Hansen} 1956,
~1958; Balonov & Kuz'min,-l974); Mallomonas (Harris &
.Bradley, 1960; Peterfi & Momeu, 1976, 1977);
Mallomonopsis (Harris, 1966); Chrysosphaerella (Asmund,
1973); Spiniferomonas (Takahashi, 1973); and

:Paraphysomonas in Norway (Thomsen, 1975) and in Japan

"(Takahashi, 1976). The’precéding genera are all
representatives of the class Chrysophyceae; scale-
‘bearing members of the classes Prasinophyceae and ‘
“Prymnesiophyceae (Haptophyceae) are predominantly marine
and do not figure in the present study.

’ Investigations have to date been carried out in
_SQme 12 countries (sée-Takahashi, 1978, for a recent
fSummary)w but within Britain published records are
largely confined to the work of K. Harris and D.E. Bradley,
together and independently, over the period 1957 - 1970.
‘Most of this work was based on collections from the
Reading area, although Bradley also collected near
‘Edinburgh (Bradley, 1966). A limited amount of other
work has been carried out in Britain, concentrating on
one or a few species at one time: Abdel Karim (1965)

~illustrated certain Mallomonas and Synura species from

Abbot’s Pond and Priddy Pool, near Bristol; Manton
(1967) illustrated Mallomonas caudata from the Lake

' District; Belcher (1969) worked on two species of
Mallomonas from Lancashire; "'and Hibberd (1973, 1978,

.1979) has investigated the cytology of certain species:

of Synura and. Paraphysomonas- in collections of wild origin

from a number of localities. A few species of

Mallomonas and Ch:ySosphaerella may be reliably determined.

- with the light microscope and so older records .or those

from non-electron microscope studies are available in
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" but, for the majority of species, electron-
There is thus

.®1these cases
;microscopic determination is essential.
still a considerable lack of knowledge of the distribution

'of these "nanoplankton" organisms in Britain, particularly

in relation to the results of more traditional phytoplankton

nvestigations as mentioned earlier. In addition, certain

rspecies have been found so few times throughout the world

hat more information concerning their morphology and range

f variation is needed.

Cytological features of different classes of algae

Electron—microscope cytology is now recognised as. a
and modern taxonomists

v)

asic tool in algal systematics
tress various degrees of cytological uniformity for the
elimitation of algal classes and higher taxa (e.g. Dodge,

i1973, Leedale, 1974a). The cell organisation in each

“lass should therefore. to a large extent display a charac-
eristic comblnatlon of features which differs from those-

f all other classes and, depending on the number of

‘ytologlcal investigations yet carried out upon members

f that class, these features may be well or little

vunderstood, while others may still await discovery.
‘eview of the fine structure of algal cells should indicate
jow far studies of algae of particular types‘have”progressed.
r a study which would be based on available cultural '
a specific problem could then be selected and

A X
'

laterial,
he relevant organisms obtained from standard sources;

‘with a study to be based on wild material, such as the

electron-microscope preparations of
a wide range of organisms might reveal features which

ould not have been anticipated and which may themselves
Such an approach can only be successful

with the current level

‘present investigation,

tprompt further study.
if the investigator is familiar
of knowledge of algal ultrastructure and can identify

features revealed by the electron mlcroscope Wthh deserve

further 1nvestlgatlon.
Access to the research literature is available

through general texts such as those of Round (1973),

Sleigh (1973) and Van den Hoek (1978), together with the range
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of bibliographies in Roéowski & Parker (1971)}'through
reviews of the whole field of algal ultrastructure, such
as Dodge (1973, 1974) and Leedale (1974b, 1976, 1978);
and through introductions to the ultrastructure of
.individual algal groups, viz. Duke & Reimann (1977)
on diatoms, Hibberd (1976) on chrysophytes and prymnesiophytes,
Pickett-Heaps (1975) on green algae,-Dodge (1971) and
. Sarjeant (1974) on dinoflagellates and Leedale (l967)
on euglenocids. There is no compfehensive_review of
ﬁltrastructure of the cryptomonads;  entry to the literature
. is possible from the papers of Santore & Greenwood (1977),
Oakley & Dodge (1976), Faust (1974) and Lucas (1970)."
The ultrastructure of blue-green algae is outside the
scope of the present study; a separate project based on
.- Sawley Dene will deal with the cytology_of these organisms
(H.A. Cmiech, thesis in preparation).

Section 5 of this thesis éontains detailed observations
on aspects of the ultrastructure of four species; the
iite:ature'relevant to each will be reviewed at the

appropriate point in that section.




13

/SECTION 1 DESCRIPTION OF THE STUDY SITE

ra) Location and Historical Background

) Sawley Dene, Nat. Grid'Ref. SE 263667, lies at an
‘altitude of 113 m (370 £t) and is situated 7 km south-west
‘of the city of Ripon and 1.5 km south-east of the village

xof Sawley in North Yorkshire, England, on the approximate
;boundary between the Yorkshire Dales and the Vale of York.

f the surrounding area in Fig. 3. Sawley Dene lies a
hort distance from the ruined Fountains Abbey (A.D. 1132 -
539) and the original lake on the site was constructéd'

As a -monastic fishpond associated with the Abbey, in a
arshy valley on part of the Abbey estate known as
'ountains Park. This name, and the course of the monastic
'allf'may still be traced on current maps. A sixteenth-
entury description of part of the Abbey lands, produéed

or Henry VIII following‘the suppression of the Abbey,

‘hés been transcribed by Walbran (1863: p. 307 et seq. )

nd -includes the following item:

"One greate poole or fishinge pond callyd Great deane,
cont. by estimacion xvj acrez ... inclosed within the
parke callyd Fontaunce park, nere unto the -said late
-~ Monasterie of Fontaunce." : ' '

" The sﬁbsequent fate of the monastic'lake is obscure;
fﬁhe estate changed hands several times during succeeding
centuries and eventually the lake was drained, for the.
fist edition Ordnance Survey maps (surveyéd 1848/9) show
‘the outline of the old lake still visible but its bed
occupied by three fields and drained by a small stream.
‘The estate next passed to the future First Marquess of
Ripon (d. 1909) and, on the evidence of contemporary
‘maps, the present lake appears to have been constructed
between 1896 and 1907/8. The original lake outline seems
" ‘to have been followed closely, with the addition of certain
features such as the causeway and foot-bridge across the
north end of the lake and the small island in the north-
west corner (see Fig. 4). A recent aerial photograph
(Fig. 5) confirms that the features shown on the 0.S.

6—inch map (1910) ére‘essentially unchanged.

g | _. |
?

+Its general location is shown in Figs 1 ahd 2 and the topography



Figs 1, 2.
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b) Drainage and Topography

The region in which Sawley Dene is situated is crossed
by-a number of east-flowing rivers (Figs 2, 3) which rise
in the hills above the Yorkshire Dales and eventually join
the south-east flowing River Ouse in the Vale of York.
Sawley Dene, however, is by-passed both by the River Skell.
to the north and the River Nidd to the south, receiving
drainage from only a small area in its immediate vicinity.
In fact, the valley of The Dene would naturally support
a small stream only and mlght even dry .out completely
during summer (see p. 18) were it not for the construction

aof the lake. Nevertheless,.The Dene is a natural vailey
- of considerable proportions and its lack of a notable “
stream or river Eequires explanation. | |
Examination of the valley contours (Fig. 4) reveals
' a second part of the valley above the head of the lake which
vslopes downwards towards the north, i.e. in the opposite
pdirection to the part occupied by Sawley Dene. Together,
:the two parts constitute a single channel which, in effect,
changes its direction of slope in mid-course." This
' channel 1s in such a p051t10n as to link the present
‘valleys of the Rlver Skell and Picking Glll/Marklngton Beck
~at a high level and it was suggested by Kendall & Wroot o
”(1924) that The Dene and sunllar, largely dry,:channels
~immediately to the north and south formed a route for ’
pconveylng the waters from the River Ure southwards around
‘the edge of a stationary ice-sheet in a period of the last
‘glaciation when the lower reaches of the Skell and other
river valleys were blocked by ice. In a more recent.study
Johnson (1969) puts forward an alternative view that the
north-south route of which The Dene would be a part was
followed by subglaoial water during a period of.general ice
cover, beforevthe formation of the present-day valleys
which now contain the Rivefs Laver, Skell, etc., east of
-.this point. There is evidence-that, in a pre-glacial perlod,
each of the main rivers followed a substantially straighter
course than it doces today (Johnson, 1974).

Tt would therefore appeaf that The Dene was hollowed
| T out by a large volume of water flowing southwards during
f#v tf the last glacial period and that this and other high-

level channels were-progressively abandoned as the main




Princi_pal features of Sawley Dene and catchment area.
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rivers in the area assumed their present-day courses.
Since the River Skell, a little to the north of The Dene,
is now ca. 27 m (90 f£t) below the mid-point of the valley
floor, this diverts almost all of the natural drainage
away from Sadwley Dene and leaves the valley largely dry.
The water which Sawley Dene receives is thus derived
from a purely local catchment and it flows into the lake
from drainage channels through the marshy area above the
head of the lake and from three springs in the valley
sides (Fig. 7). Water leaves the lake via an overflow
channel in the dam, although during the summer months the
lake level may be teo low for any outflow to occur.
The exit stream passes into Markington Beck (Fig. 3)

"which ultimately joins the River Ure south of Ripon.

c) ~Geology and Tonic Composition of the Water

The geology of the area is shown in the northern parts
of sheets 61 and 62 of the l-inch Geological Survey.
Several important geological boundaries traverse the region
in a general NNW-SSE direction, among which that between
the Millstone Grit (to the west) and.the Magnesian Limestone
(to the east) passes 2 - 3 km east of Sawley Dene and
s exposed in the valley of the River Skell at Fountains ,
Abbey. In respect of the solid geology, the Sawley Dene
catchment area overlies Millstone Grit and associated
shales and might therefore be expected tb display an
acidic character; however, the water is moderately
“alkaline (see below) and this is preeumed to be influenced
primarily by the glacial drift which extends into the area
from the east rather than by the bedrock. This drift
has a significant limestone content (Edwards, 1938)
and, although previously mapped as not extending as far
west as Sawley Dene (Edwards, loc. cit.; Palmer, 1966),
it probably continues several km further (J. Palmer, pers.
comm.; see also p. 60). The relevant drift sheet of the
l1-inch Geologlcal Survey (sheet 61, drift) has not been
published. . S

' This glacial drift is known as the "newer drift"
(Raistrick, 1933) and is believed to date from the last
glacial re-advance in the area. Further west, remnants of

an "older drift" occur which are thought to date from a
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'previous glacial period; these are severely dissected and
decalcified (Penny, 1974) and would be expected to yield
ion-poor waters similar to those of the Millstone Grit
bedrock. Measurements of the pH of the Sawley Dene water
give values in the range 7.6 - 8.2 (Table 6) and these
contrast with values obtained from water-bodies beyond the
apparent western limit of the newer drift (see p. 60).

Chemical analyses of two surface water samples from
Sawley Dene have been performed by Mr. J. Heron (Freshwater
Biological Association, Ambleside) and the results are
given in Table 1. Also included in this Table for
comparative purposes are data from the literature for .some..
* alkaline lakes elsewhere (Brook, 1964; Reynolds, 1971).

' The data from Brook (loc. cit.) refer  to his most alkaline
- category which ranges from lakes of similar alkaiinity to
‘Sawley Dene to those very much more alkaline and with high
'ionic concentrations. From this comparison it can be
seen that none of the ionic concentrations deviate unduly
.from "normal" values except that sulphate, not recorded by
Brook, is somewhat high and rivals bicarbonate as the
predominant anion;.reaching~a value similar to that
recorded by Reynolds (1971). in Crose Mere which has a
generally richer ionic concentration than Sawley Dene.

The reason fot the high sﬁlphate value is uhdiscovered;
according to Gorham (1958) the majority of sulphate in
surface waters is added through rain and is of industrial
origin ‘but this would seem unlikely to apply in the presenﬁ
case. '

Moss (1973) compares values of alkalinity and pH
reported in the literature and shows that alkalinity values
of 1.46 - 1.50 (as meg. 1 T
" with pH 7.9 approx. Brook (1964) found a relationship
which would suggest a slightly higher value (pH 8.2).

HCO, ) are normally associated

The equilibria involving pH are discussed more fully in
Hutchinson (1957).

d) Lake Morphometry and Bathymetry

Morphometric data for Sawley Dene are given in
Table 2. The measurements of length and area are based on
the 1:2500 0.S. map (1908/9 survey) and the data on depth derive -

from a bathymetric survey conducted by the author and



Table 1. Concentrations of major ions in Sawley Dene and other waters.

Tons 1 Sawley Dene, surface Range from 14 Crose Mere, surface
(meq. 1 3004.76 4.11.76 Scottish Lochs, pH- May 1967
- >8,0 (Brook, 1964) (Reynolds, 1971)

CATIONS

ca’" 1.950  1.935 2,00 — 6,49 3.650.
Mg 2" 0,831  0.722 - 0.66 - To32 0.773
Na© 0.643 0,652 0,13 - 1.61 0,522
K 0,060 0,069 0,01 - 0,12 0.123
Total 3,484  3.378 5,068
AWTIONS

HCO5 1.498 1.460 : 1.20 - 2,70 3,280
80427 1,282  1.222 ~ no data 1,207
c1” , 0.765 0.753 - 0.92 = 1,67 - 0,590

" Note: data from Brook (1964)‘converted from p.p.m. t0 meq. 1_1°

Table 2. Morphometric data for Sawley Deneo

Whole lake Large basin only
Overall length ' : 650 m y .525 m
(inflow - outflow) '
e Maximum width - - . .. . . . 195um
Surface area . 9.48 ha | 8.46 ha
Lake volume ' 19.3 x 107 18.5 x 10% o’
Mean depth ' 2.2 m
Maximum depth ‘ 4,6 m
Length of perimeter 1.91 km ' 1.47 km
Catchment ares (including 0.784 km2

water surface) (= 78.4 ha)
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Fig. 5 Rerial view of Sawley Dene, looking north.
Arrow indicates position of outflow.
Fig. 6 View of main basin, looking south from
the island towards the dam and ocutflow
i (arrow). :
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Miss H.A. Cmiech in January - March 1976, . determining
depths by leadline along seven transect iines; the depth
contours established are shown in Fig. 7. The approximate
volume of water within each 0.5 m layer was calculated by
multiplying the layer thickness by the mean area enclosed
by the limiting upper and lower contours, and the values for
all the layers were summated to give a figure for the
volume of water in the large bésin. The mean depth
Was calculated as the ratio of volume : surface area. ' The
extent of the catchment area (including the lake surface)
was estimated after plotting the positions of watersheds
onto the 1:25,000 0.S. map. ' , '

The lake floor slopes gently from the shallow upper
pool (largely 1 m in depth) to the maximum depth of
4.6 m found close to the dam. Over half of the main
lake area ( 65%) is less than 2.5 ﬁ deep. In cross—
section the lake floor appears very flat, increasing in.
slope only at the edges; it is therefore likely that a
sigﬁificant amount of silting has taken place.

Fig. 6 shows a general view of the main basin,
looking south-west from the island towardslthe dam and
outflow (arrow). .The shallow area colonised by

Polygonum amphibium (foreground, centre) represents one end

of the small channel separating the island from the north-west

corner of the basin.

e) Climate and Hydrology

The following data (largely unpublished) are‘givén
courtesy of the Meteorological Officé, Harrogate.

The climate of the region around Sawley Dene is generally"
moist and not prone to extremes of temperature. - Annual
precipitation at Sawley Dene is estimated to.be ca. 825 mm
(based onll94l - 1970 averages), which may be compared with
values exceeding 1100 mm over higher ground to the west
and values below 675 mm in the Vale of York. At the
altitude of Sawley Deﬁe, daily mean air temperature may
be estimated to average 4.OOC,in'January and 16.8°C in
July (based on 1931 - 1960 average).

Monthly rainfall is typically below the annual mean
value from February to June, sunshine exceeds the annual

mean from April to September and mean daily air temperature




Fig. 7. Sawley Dene: depth contours and
distribution of emergent macrophyte
vegetation in main basin,

Juncus. effusus L.

Polygonum amphibium L.

Schoenoplectus
tabernaemontani
(C.C. Gmelin) Palla
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* = position of spring | A, B: sampling stations
( approximate)
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is above its annual mean from May to October. The lowest
rainfall and highest sunshine are typically recorded for
June, while the months with'highest average daily maximum
air temperatures are July (21.4°%) and August (20.8%C) .

No single direction of prevailing wind is apparent,
although W and SW winds are the most frequent.iﬁ summer
(data from 1932 - 1938 and 1951 - 1958) NE and E winds
are the rarest in annual totals. _ |

The availability of precipitation for a direct contrib-
ution to. lake inflows depends on seasonal leVeis of
evapotranspiration and their cumulative effect on the
soil water content. - Potential evapotranspiration is
estimated from Penman equations involving evaporation
rates, radiation, relative humidity,lwind speed and air
temperature but it appears to be relétively conservative
over a wide area (Lockwood, 1967) although its interaction
with rainfall will produce varying local patterns of
soil moisture. Smith .(1965: Fig. 11) compares Penman
data with monthly rainfall at Harlow Hill, Harrogate
(annual precipitation 803 mm) and it is apparent that‘
potential evapotranspiration equals or exceeds rainfall
during May/June/July and that the soil moisture remains
below field capacity until early September.. Significant
run—off, and thus inflow to a lake such as Sawley Dene,
must therefore be confined to the months September - April
in an average year. ,

The theoretical annual throﬁghput of water for
Sawley Dene may be estimated from the precipitation on
its catchment area and consideration of the quantities

" returning to the atmosphere without contributing to lake
outflow. The theoretical retention time, i.e. the mean
residence time of water in the lake, may then be calculated
by comparing the lake volume to the mean (calculated) ‘
rate of outflow. |

Values for annual precipitation, catchment area,
surface area and voluﬁe of Sawley Dene have been given
above (p.16 and Table 2). At sites in the Harrogate area,
the annual potentiél evapotranspiration over turf (estimated

from meteorological data by the Penman method). has been

calculated as 412 mm as a long-term mean (16.22 ins: Smith,

1964) and as 371 mm: 390 mm and 410 mm for specific recént
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years (Lockwood & Vehkatasawmy, 1975). However, where
runoff and rainfall have been measured directly over large
and émall catchments in the area, a differénce close ﬁo
356 mm (14.0 ins) between the two annual figures is
characteristically observed (Penman, 1950; Smith, 1966;
Lockwood & Venkatasawmy, 1975) which is due principally
to the effect of evapotranspiration.. In the present
calculation, therefore, the value of 356 mm will be used
instead of that derived by the Penman method to represent
annual evapotranspiration over that part of the catchment
area not occupied by open water.

Evaporation from the water surface may also be
calculated by the Penman method (Smith, 1964) but, again,
observed values are slightly lower and the figure of
487 mm' (19.16 ins: Smith, 1964) will be used in the
calculation below. The ratio of observed values for
evapotranspiration over turf : evaporation from open water
is 356:487 or 0.73, which is still close to the value of
0.75 given by Penman (1948) with hisAoriginal description
of the method for deriving these values by calculation.
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Area of catchment 78.4. ha (m2 X 104) (1)

Mean annual precipitation .825 mm (2)
Annual volume of water = 64.7 x lO4 m3 (a) = (1) x (2)
falling in catchment :

Area of catchment 68.9 ha (3)

under vegetation )

Estimated annual amount’ 356 mm | (4)

of evapotranspiration

Annual water loss = 24.5 x 10* n® (by = (3) x (4)
through evapotranspiration

Area of open water 9.5 ha : (5)
Estimated annual amount - 487 mm ' (6)

of evaporation

Annual water loss ‘= 4.6 x 10* n® (c) = (5) x (6)
through evaporation :
from open water .

Theoretical rate of - 35.6 x 104 m?’y—l (d)

outflow from lake ‘ - :

(= inflow less = (a) - (b) - (c), per year
direct evaporation)

Volume of lake ©19.3 x 108 n® (e)
' Theoretical Retention - = 0.542 y = (e)/(4)

C Time

f=‘6}5'm6nth54§pprox;

It is probable that marked deviations from this theoreticél
value will occur in practice with only a small variation
~in annual rainfall. Test calculations suggest that a |
20% increase in annual rainfall, with no change in '
evapotranspiration rates, would result in a 25% decrease

in retention time, while a 20% décrease'ih annual rainfall
would cause the retention time to increase by 55%.

The theoretical retention time of 6.5 months calculated
for Sawley Dene is unusually long for a small lake; for
comparison, Blelham Tarn (area 10.2 ha) has a retention time
of 1% months while Windermere, England's largest lake,
has a retention time of ca. 9 months (Lund, 1969). . Some
of the Shropshire Meres, however, have very long retention

times (1 - 6 years: Reynolds, 1976a).

* (Talling, 1971)
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£) Natural History and Management

Biological aspects of the lake apart from the planktonic
algae have not been systematically investigated; the
following information is included as a preliminary .account
based on casual observations by the author and supplemented
by information from Mr. T.S. Crosby on flowering plants
and Mr. E.E. Binns on fishing and lake management.

The most freguent zooplankton organisms seen were the

Cladoceran Daphnia sp. with the Rotifers Keratella coch