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The early part of this work, including the establishment of
sites, was carried out by Miss M, Watson during 1968, In 1969
recording was continued by J. Muggleton and Dr. M. E. Bradshaw.
The study reported here includes the data collected during this

period, Autumn 1968 to Autumn 1969.
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ABSTRACT

The study was essentially a demogrsphic one. Few studies of
this kind have been carried out on rare plant populations.

Permanent quadrats (selected subjectively for the presence of
some Teesdale plants, including Gentiana verna and Polvcala emarells)
were established on Widdybank and Cronkley Fells in the Northern
Pennines, The quadrats were all established on the grazed or eroding
areas of sugar limestone grassland. TFor each quadrat the grid posi-
tions of all the individuals of the species being recorded were
plotted on a chart, The fate of the initially recorded mixed-age
population and that of all subsequent additions was noted at each
visit.

Larger permanently marked sample sites, usually adjacent to a
permanent quadrat, were recorded once a year for the number of
flowering and non-flowering individuals., Individuals wvhich flowered
were then recorded for the number of flowsrs, fruits and seeds they
produced.

From these data the population flux, mortality, survival and
age~distribution of the individuals in the quadrats were obtained,
The relative importance of sexual reproduction was ascertained by
closely following the appearance of seedlings and vegetative shoots

in each of the quadrats where a species produced both.
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CHAPTER ONE

TRODUCTTON

PLANT POPULATION STUDIES

Population dynamice has long been the prerogative of zoologists
and studiee on plant populations have been relatively few. The study
of animal populations was stimulsted by the need to explain the
evoluticnary mechanism controlling the rate at which, theoretically
at least, a population could expand. Darwin (1859), stated, !Every
being which during its natural lifetime produces several eggs or seeds,
must suffer destruction during some periocd of its life ., . ., otherwise,
on the principle of geometrical increase, its numbers would quickly
become so inordinately great that no country could support the product!.
In addition, end perhaps of greater significance, was the need to under-~
stand the often large scale fluctuations in many pest species,
Andrevartha (1961). In this context the innate capacity for increase
was a concept of considerable importance, Andrewartha and Birch (1954).
This 18 an estimate of the potential for population growth given that
there are no envirommental constraints such as climate, growth medium,
interspecific or intraspecific competition.

In plant populations this concept has been applied relatively
infrequently, although the reproductive ability of some annual species,

capable of producing very large mumbers of seeds, might have stimulated
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more work, similar to that carried out by zoologists. Selman (1970),
showed that the estimation of annual weed populetions and their repro-
ductive potential, in terms of the number of spikelets which were
produced, can provide sufficient information on how plant numbers
change from year to year.

There are perhaps two properties of plants which have to some
extent hindered the study of plent population dynamics, plasticity
and vegetative reproduction. Clearly when clones of vegetative shoots
are produced vhich may be centuries old, Harberd (1962) and (1963), the
definitiocn of the individual becomes & problem. However, populaticn
studies can be made if the daughter shoots, ‘ramets! of Kay and Harper
(1974), are treated ss individuals in a population.

The majority of studies on plant populations have been carried
out on perennial herbaceous plants, mostly occurring in grassland
communities. In these habitats many of the species reproduce wholly
or partielly by means of the production of vegetative shoots. The
results obtained indicate that studies of this kind can be very
revealing.

In one of the best known attempts to record changes in naturally
occurring populations, Tamm (1948) and (1956}, followed the behaviour
of a number of plant species in permanent quadrats situated under a
spruce canopy and in a meadow, For the species studied, including
Centeurea jacea, Fllipenduls vulgaris end Anemope hepatica, individual
plants were chaerted within permanently marked sample plots. The fate
of the individuals, whether they flowered or died, was followed and new
individuals noted., Tamm (1956) in discussing the results for the 13
years between 1943 and 1956 remarked on the stability of the populetions



and corresponding low rate of mortality and recruitment. More recently,
Tamn (1972a), reported the results for a longer period of between 14 and
30 years for several species of orchid, and from 1943 to 1971 for

Pramula veras, Tamm (1972b). These last two studies give important infor-
mation on the changes in plant populations over e-relatively long-period
of time. For example i1n the case of 4 of the orchid species it was clear
that their numbers decreased over the study period. This appeared to be
due to the fact that although propagation by seedlings did occur, the
recruitment rate of new individuals to the populations was very slow in
the closed plant communities in which the plants occurred.

Tamm's early date was recalculated by Harper (1967) and presented
as the logarithmic change in plant numbers with time. He remarked on
the linear nature of the relationship, showing loss of individuals from
the population as a slow, steady process which could be characterised,
like the decay of a radioisotope, by a 'half-life!., This parameter
used as an indication of the rate of turnover of individuals gives an
important insight into the dynamic nature of plant populations. The
values given for Centaurea jacea, Filipendula vulgaris and Sanicula
eguropaes of c. 1.9, c. 18.4 and 50 years respectively in the paper
indicate how much variation there can be in the rate of change in the
populations of different plant species.

The half-life values can be particularly revealing for perennial
species, although problems can arise when species reproduce by the
production of secd which has a high risk of mortality during the early
stages of establishment following seed germination., In these cases,
elther the groups of indivaduals with the hagher risk of mortelity

should be omitted from the figures used in the calculation of thalf-life!



or a modified equation should be used. The values quoted in the
literature have been calculated using the decay of a mixed-age popula-
tion. These populations usually do not include seedlings and the
evidence presented below indicates that their rate of decay is constant
and a funetion of the mumber of individuels only., -In thess-circum-
stances the formula for the decay of a radio-active isotope gives a
falrly accurate assessment of the half-life of the plant populations.

Antonovics (1972) calculated half-life values for mixed popula-
tions of Anthoxanthum odorstum which included individuals starting in
one year with those established in previous years. A valus of 2,05
years was obteined for this group of plants, whilst half-life values
for the new arrivals (seedlings) in each year varied from 2.17 for the
population recruited during 1966, to 0.95 for the population recruited
in 1968, These figures give an indication of the very rapid rate of
turnover in this population, both of mature plants and seedlings. (Both
the mixed-age populations and the populations of seedlings indicated
that the rate of deeay remained more or less constent with time).

By contrast, the half-1ife values calculated from Tamm's data,
Harper (1967), for Eilipenduls vulgaris and 3anicula europags quoted
above indicate a very slow rate of turnover. For these species this is
assoclated with high individual longevity, and a correspondingly slow
rate of replacement by the production of new vegetative shoots and
occasional seedlings. Under these circumstances the population at any
one time consists of a high proportion of mature individuals and very

few new recruits.



These studies illustrate two strikingly different life-~history
strategies, repeating producers and the 'big bang! producers of
Gedgill and Bossert (1970). The first of these strategies is restric-
ted to perennial plants whilst the second is employed by annuels and
biennials and may also be used either instead of, or in conjunction
with, vegetative reproduction in perennials. Apart from the records
of the changes in the numbers of some annual weed populations of
agronomic interest such as Avens fatua, Selman (1970), other data on
population regulation of both annuals and biennials are almost non=-
existent. The most complete plant investigations have been cerried out
on perennial species which are components of grassland communities.

Since the early studies of Tamm these species have been shown to
have a variety of life strategles, scmetimes with marked differences
between closely related species, For example, Sagar (1959), studied
Plantago lanceolata, Plantago malor and Plantego medis using panto-
grephic techniques, in permanent grassland under three management
regimes. He found the most stable population was Plgntago lanceolata
growing in poor grassland which was lightly-grased during part of the
year with a mid-Summer hay cut. Under a second management regime there
was an overall decline in the populations of Flantego lanceglats and
Plantago medig in an area grazed in 3 out of 4 years with hay cut in
the fourth year. This decline was attributed to the lack of seedling
establishment., In the third site the grassland, which wes part of a
large garden, suffered periodic flooding and was cut with a scythe,
Under these conditions Plantago major was common with occasional
Plantago lanceolata. However, when cutting was stopped and the herbage
grew freely the former species was eliminated from the sward. A



subsequent flooding produced large numbers of Plantago major seedlings
after desolation in the areas and thers was a total loss of Plantago
lanceolata from the area. Clearly each of these species was affected
in a different way by different envirommental factors and their survival
required particular conditions which alloued the germination and esctab=
lishment of seedlings.

This type of study can lead to an understanding of the way
environmental factors operate by controlling the rate of establishment
of new individuals, and so determine the spatial distribution of the
species. Perhaps the most revealing study of this kind is that of
Sarukhan and Harper (1973), who examined three species of buttercup,
Ranunculug repens, Ranunculus bulbosug and Ranunculus acrig. They
considered the species to be ideal for comparative demographic study
because they are (1) closely related, (2) common, (3) live in the seme
ares within an extensive and steble ecosystem, and (4) represent
different life-strategles.

The three species were examined in an area of former ridge and
furrow grasslands established on arable lands, Harper and Sager (1953).
They found that the species were ecologicelly restricted and one factor
probably responsible for the zonation was the different requirement for
seed germination and establishment. Ranunculus repeps occupled the
bottom of the furrow which was poorly drained and often water-logged,
but seedlings of this species were able to establish very successfully
under these conditions. Ranunculug bulbogug grew along the drier ridges
and it was in this situation that seedling establishment for the species
was most effective. Ranunculug gerls, which occupied an intermediate



position between the two other species, also had intermediate require-
ments for successful seedling establishment.

As well as recording the changes in the numbers of individuals,
that is, population flux, survivorship and mortality, Sarukhan (1974)
related the contribution of seed production and the dynamics of the
buried seed to the replenishment of the population. Ranunculug repeng
with a dependable vegotative reproduction, had wesk flowering and
therefore low seed production. However, this was compensated for by
the fact that the seed survived for a long time in the soil. This
'reproductive strategy' contrasted strikingly with the other two species
which had little or no vegetative reproduction, high seed output, rapid
germination and short life of buried seed.

Putwain (1970) and Putwain and Harper (1970) studied populations
of Rumex acetogq and Rumex acetosella in grasslands in North Wales and
an attempt was made to determine the mechanism of population regulation
at different stages in thelr life cycles. They found that most popula-
tions of Rumex acetogella were controlled by a plastic reduction in the
ability of the species to reproduce vegetatively at high densities,

ex_ac » on the other hand, is regulated at the germination and
establishment phase of its 1life cycle. For both species seedling estab-
lishment is very difficult in closed grassland communities and new
individuals arising from the mode of reproduction require local distur=
bances of the sward to allow germination and establishment. Once
established, however, both can reproduce vegetatively and thus are able
to survive in a closed sward, although Rumex acetosella is often more
typically found in disturbed habitats such as burat areas of moorland.



Environmental factors not only operate through the control of
the different stages of the life-cycle, as outlined above, but may
also determine the form of the life-cycle itself. This was clearly
1llustrated for Trifolium pratense, hy Rabotnov (1960) quoted in
Harper and White (1970), who examined its growth in both floodplain
meadows and sub-alpine meadows. In the first of these situations
the number of clover plants fluctuated a great deal; the plants
usually flowered once within two years of seedling establishment and
then died. A new population was formed by seedling establishment and
there was a rapid turnover of the population as a result of the 'big
bang! method of reproduction.

By contrast, red clover in the subealpine meadows became poly-
carpic, Plants did not flower until they were 5 to 10 years old;
thereafter they flowered either every year or once every 2 or 3 years,
some individuals reaching 20 years of age. The rate of population
turnover in this second situation was much slower. This was reflected
by the low seed yield and slow rate of replacement of individuals.

The above studies wers largely concerned with the way in which
plant populations were regulated. In the words of Darwin (1859),
'Look at a plant in the midst of its range, why does it not doublse or
quadruple its number.' However, the reverse of this must also be

%

considered, 'Why does a species survive Clearly, this has a direct

bearing on rare plant populations, in particular, where the main
question to be answered is, how does the population ensure there are

sufficient new plants to maintain its numbers?



Perennial herbs, which make up approximately 90% of grasslands
in temperate regions, often have the ability to reproduce both by
means of the production of vegetative propagules and seed. Under
grazed conditions and in a closed sward the second mode of reproduc=
tion is often curtailed and survival of the species is facilitated in
the short term by the ability of the plants to produce vegetative
shoots. Clearly sexual reproduction may be important to the long term
survival of the population, allowing adaptation to changing environmental
conditions.

Bliss (1962) discussed the adaptations of arctic and alpine plants
to adverse envirommental conditions and many of these are applicable to
specles growing in Upper Teesdale., For example self-pollination is
often more important than wind and insects, although bumble bees seem to
be of some importance. In Teesdale, Viola rupegtriE:féiglg;g;!;ggggg
(Chapters four and five) both have cleistogamous flowers which produce
relatively large numbers of seed and Draba incana, (Chapter eight) and
Polvzala amarells (Chapter seven) are predominantly inbreeding species,
Fearn (1971). Many plants of the tundra are reduced in size so that
the aerial parts are in the more favourable lower part of the miero-
environment where higher temperatures prevail.

Bliss also indicated that many species produce viable seed whilst
others do not and suggested that in some years large numbers of seed

germinate and become established, In Upper Teesdale a large proportion

of the species can produce seed but many, for example, Primula farinosa,
Iofleldis pugille and Gentiang verna do so infrequently because the

flowers are eaten by sheep, Other species produce litile or no seed



-10 -

because few flowers are produced., For example during the four years
of this study only one flower of Potentills crantzii was observed on
Widdybank Fell.

Another adaptation to adverse eavironmental conditions is poly-
ploidy with about twice as many species in temperate regions having
two or more sets of chromosomes. Bliss (1962) considered that this
was because: (1) there aga a high percentage of perennial herbs,

(2) a relatively large number of grasses and sedges where polyploidy
is high, (3) polyploids have wider tolerance limits. Elkington (1962)
found that the number of chromosomes in plants of Draba incana from
Upper Teesdale was similar to that recorded in more northern environ=-
ments including South West Greenland and Iceland. The Flora Buropaea
indicates that this species is a robust biennial, although sometimes
perennial. In Teesdale the plant is relatively long-lived but mono-
carpic. Thus it is clear that the envirommental factors in Upper
Teesdale affect the species in a very similar way to the climatic con-
ditions in Arctic and Alpine regions of Birope, and indeed as we will
see in the next chapter, climatic conditions in Upper Tecesdale are
similar to those of South West Greenland.

Grazing is an important factor in maintaining diversity in grass-
lands particularly the species rich grasslands of the chalk and limestone
areas of Britain, which often support rare plants. In these situations a
very delicate balance has to be achieved between the level of grazing
required to maintain a sward in which the more sensitive herbs are able
to survive, and that which causes destruction of the turf or alteration

of species composition. The change in the composition of the vegetation



brought about by changes in management have been studied on a number
of occasions.

Exclusion of rabbits from a poor, acid grassland resulted, after
11 to 13 years, in the dominance of Feghtuca oving and the complete
elimination of the sccompanying species, Watt (1960). Study on the
same plot was continued until 1969 giving 33 years of results which
showsd that from 1936 to 1954 the percentage cover of Featucg oving
rose to a maximum of approximately 50%4. This was followed by a
fluctuating fall to a little over 20¢ in 1969. In the early stages
following cegsation of grazing the fescue flowered vigorously and no
doubt the increase in this species was due to the successful esteb~-
lishment of seedlings. In the later stages as the plants became
older they flowered leas and the presence of increased litter pro-
vided an enviromment hostile to the establisihment of seedlings, Watt
(19719).

Wattts study showed overall changes in floristic composition
without reference to actual mmbers of individuals. However, Williams
(1970), using a pantograph, presented date on the survival of individuals
of two speclies, growing in semi-arid desert grassland in Australia under
grazed end ungrazed conditions. He found that under grazed conditions
the sole representative of the original climax vegetation Chloris
acleularig, had a very much reduced half-life value when compared with
the plant under ungrazed conditions. Thus the absence of grazing tends
to favour this species allowing larger and longer-lived crops. On the
other hand Danthonis caegpitosa, the disclimax dominant, which had a

large population turnover was little affected by the presence or absence
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of grazing and there was a tendency for grazing to favour survival.
Chloris gcicularis was rapidly eliminated under grazed conditions and
it would appear that this was due to an increased risk of mortality
in the early stages of establishment.

An understanding of the stage in the life cycle of plants
(particularly rare species) which is the most susceptible to changes
in envirommental conditions, is important in any management programme
directed towards the conservation of the species concerned. Despite
this there are very few studies which have attempted to record changes
in the numbers of rare plant species under field conditions. The
study of Tanm (1972) on a number of orchid species, Watt (1971 in the
Beckland and Wells (1967) on §piranthes spiralis, are of importance.
Wells (1967) in particular illustrated the difficulty of identifying
the many factors which together or separately may influence whether a
plant flowers or remains in a vegetative state.

The overall effects of management on plant communities, especially
those of significance for wildlife conservation, have received some
attention. Harper (1971) reviewed some of the experiments including
the Park Grass experiments at Rothamsted, which were started in 1856
to determine the effects of fertilizer treatments on the yield of a
meadow grassland which had been in existence for several hundred years.
There have been marked floristic changes in the plots which have now
stabllised such that each plot has a unique species composition markedly
different from the control.

Vegetational differences were observed between grazed and mown
sections of a former hay meadow and the differences in species composi=-

tion was attributed to the different treatments, Tamm (19569).
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The effects of sheep grazing as against mechanical cutting was
considered by Wells (1971) in relation to the survival of chalk grass-
land communities.

The addition of fertilizer on a sward in Upper Teesdale dominated
by Kobresis simpliciuscula was found to almost completely eliminate
Kobresia from the turf and this was considered to be the result of
stimulating the growth of competing grasses species by imcreasing the
amount of available nutrients, Jeffrey (1971).

Other factors such as trampling and etttropAication, Streeter
(1971) and walking and skiing, Bayfield (1971) have been considered
in their effects on the species composition of chalk grassland at
Box Hill and the vegetation of the Calrngorms respectively, At

Box Hill species such as Thymus drucei and Asperuls cynanchia were
progressively eliminated from the turf subject to the highest visitor

pressure., In the Cairngorms Irichophorum cespitosum and artificially
sown S50 Timothy appeared to be less seriously affected by trampling
than Sphagnum, lichens and Calluna wvulgaris.

Interference between species and between individuals of the
same specles and the implications for the survival of plants in a
certain vegetation type are discussed in Harper (1964) and Harper
(1967). 1In the first of these papers Harper stresses the importance
of the ability of a population to intercept the incident light with
most plant species tending to develop until most of the light is
trapped. In mixed stands the difference in growth habits of two
species may determine the way in which the light resources are shared
and lead to one species becoming dominant over the other. Perhaps

eventually all the incident light may be trapped by the dominant
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species and this ability to put a canopy higher than that of the
next plant may be an extremely important factor in bringing about
vegetational succession.

Clearly this is not the full story since plant communities
occur which have relatively stable mixtures of specles; particularly
so for climax communities. Experiments by Harper and McNaughton
(1962) suggested that each species in a mixture of Pgpgver spp. was
affected more by intraspecific competition than by interspecific
competition (perhaps not surprising since sach has similar growth
form). For the species studied the risk of mortality of individuals
increased with density., Thus there was an upper limit on the size of
the population of each species regardless of sowing density. They
argued that this intraspecific control ie a necessary prerequisite
1f stable mixtures of species are to exist. If some control of this
kind did not operate then the most aggressive species would become
dominant to the exclusion of sll other species.

The vegetation of any area results from a combination of many
environmental factors acting in various ways, of which climate and
soil are probably the most important, and affecting the ability of
plant species to become established and maintain their populsticns.
Over much of Britain the natural climax vegetation is deciduous woode
land. However, there are very few areas of this vegetation type which
are truly natural. Most of the 'natural! habitats including deciduous
woodland have been affected to a greater or lesser extent by man and
often the actual nature of the vegetation depends on the managemont
regime imposed by man,as is the case with the chalk and limestone
grassland of Grest Britain.
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Clearly the type of vegetation and its survival depends on the
ability of the indiviadual species to replenish their populations. 1In
this context a knowledge of the life cycles of individual species and
the stages which are most susceptible to mortelity is important. This
is partaicularly sc wherc rare spocies are ccncerned as it may not
always be enough simply to maintain the traditional management regime
to ensure their continued existence. For exemple small changes in
the intensity of grazing and fertilizer treatment may be enough to
eliminate the more sensitive herbs from the vegetation.,

In Upper Teesdale particularly in the grasslands associated with
the oMteérops of sugar limestone there are a large number of plants
which are rare in the British Isles. An attempt has becn mede in this
study to examine the wey in which some of the plant populations behave
under the present grazing regime., It 1s hoped that an understanding
of the life strategies of some of the species will help to explain the
long~term survival of the Teesdale 'rarities'. In particular a know-
ledge of the way in whach individual species maintain their populations
under the present management regime should aid their future conservation
by allowing suitable long~-term management of the vegetation to be

recommended.
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CHAPTER TWO

UPPER TEESDALE AND THE ‘RARITIES!

Since 1843 when James Backhouse first published 'An Account
of a visit to Teesdale in the Summer of 1843', and later wrote
' « « we set out for Widdybank Fell, Caularon Snout and Falcon Clints;
which comprehend a district probably the richest in Teesdale for
botanists!, (Backhouse Jun. 1844), botanists have been aware of its
rich and varied flora. Baker and Tate (1868) listed 32 rarities from
'an area something like four square miles'. More recently Pigott (1956)
listed about 140 rare or local plants from an area now almost wholly
within the Upper Teesdale National Nature Reserve.

The flora of Upper Teesdale has been interpreted as a relict of
a flora widespread in the late-glaciel times, Godwin (1956). The
existence of this and other refugie, largely depends on two environ-
mentel features affecting species survival through the posteglacial
forest maximum; these were, no closed tree canopy and a relatively
high calciunm status of the soil, Pigott and Walters (1954). Pigott
(1956) discusses a number of ecological factors which may have been
importent in maintaining the open conditions, particularly during the
forest meximum., Some of these, including climate, geology and grazing,
are discussed later. In addition to these, Clerk, in Valentine (1965),

suggests that moles may also have had some influence in maintaining
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open conditions, by breaking the vegetation cover and exposing the
soil. He indicated that this may have been particularly important
during the forest maximum when open hablitats were at a premium and
the survival of many of the Teesdale 'rarities' at greatest risk.

A detailed deseription of the history of the vegetation and
flora of Widdybank Fell and the Cow Green reservoir basin in Upper
Teesdale is given in Turner et al. (1973). The data presented
indicates that even during the forest maximum the herb frequency in
most of the pollen diagrams averaged 30% to 404. This compares with
a lowland diagram from Cranberry moss, Co. Durham, Turner (1970),
where the herbaceous pollen grains represent only 5% of the total
pollen. The conclusion drawn from these results was that the upland
woods did not have a completely closed canopy like those of the
lowlands and the relicts of the late~glacial flora survived in open-
ings under the canopy.

Of 75 rare specles of flowering plant described by Pigott (1956),
16 have pollen which can be identified to or very near the species
level. Turner ot al. (1973) reports that 11 of these 16 have been
found in the post-glacial pollen record and concludes: 'The records
of%&w.wmmw,
Saxifraga gtellaris, Helianthemum canum and Thalictrum alpinum from
gone 0, the period of the forest maximum, confirm beyond any reasonable
doubt that these rare species have indeed been in the area from the
late~glacial to the present day. . . .°

Survival of so many rare plants in Upper Teesdale, particularly
on Widdybank and Cronkley Fells, where the present study was carried

out, was dus to envirommental factors allowing their survival through
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the forest maximum., Some of these, together with other factors
including man, are still very important today.

The unigue bedrock which outcrops on the two fells is
undoubtedly one of the most important features of the area. Here
the Melmerby Scar limestone has been mecrystalised by the intrusion
of molten magna,which cooled to form the Great Whin Sil1l, to a
saccharoidal marble. Where the metamorphosed limestone outerops and
is not covered by glacial drift, freely draining, unstable soils have
developed. Formation of the calcite sand, the 'sugar limestone!, is
largely the result of sub-surface weathering of the marble beneath
the layer of drift or soil, Johnson et al. (1971). Johnson suggests
that sub-surface weathering followed by erogion of the unstable cal-
cite sand, have provided a succession of open habitats in which the
rare plants have survived.

The key to the ecological factors important to the survival of
the rare plants, after clearance of the forest, would appear to be
the reduction of the competitive ability of some of the more vigorous
species invading the area., Climate is perhaps one of the factors
which in the past restricted the growth of trees and today may be
important in restricting the growth of competitors.

Manley (1936) considered the climate at Moor House (now within
the National Nature Reserve) abt 561 metres above sea level (the
Widdybank Fell station is at 500 metres), to be at the upper limit of
cultivation in England. He describes a bleak climate, which is windy
and damp where climatic data correspond well with records at sea level
in Southern Iceland. Comparison of the yearly figures for the mean air
temperature and rainfall for the two stations, at Moor House and
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Widdybank Fell (see Table &) indicates that the climate was slightly
more extreme at Moor House.

The air temperature was slightly higher on Widdybank Fell than
at Moor House. There was very little variation between years except
- in 1971 wvhen the temperature was much higher at both stations than in
the other years. The rainfall at Moor House was higher in all years
than that recorded on Widdybank Fell., The difference varied from nearly
152 millimetres in 1968 to only 18 millimetres in 1969. Although the
varietion between years was quite large, the most unusual year was 1971
when the rainfall was exceptionally low.

Date are presented in Figure 1 and show the monthly figures for
mean daily air temperature 4{max. + min.) and monthly rainfall over
the period of study on Widdybank Fell. In 1970 following a late Spring
the temperature rose sharply in May and June. During these months not
only were the mean temperatures higher than in the same months in any
of the other years, but also they were the driest. The mean temperatures
in 1970 remained high until September and it would appear that the
climate was particularly favourable to plant growth and development.
Date are presented in the chapters on the individual species which show
that vegetative reprcduction for some of the species was noticesbly
higher in that year than in the other three.

Another factor, bility of phosphate, was found by
Jeffrey (1971) to be important in reducing the competition of two
potentially fast-growing grass species, in a Kobregiae~rich sward. He
also considered climate, grazing and trampling and heavy metal toxicaty
to be other likely factors of importance.



SUMMARY OF MEAN DAILY AIR TEMPERATURES

Table

a

4(MAX, + MIN.) AND RAINFALL ON

WIDDYBANK FELL AND AT MOOR HOUSE

1968 | 1969 | 1970 | 1971 | 1972

Mean deily air tempera~
'bure, oc.

Widdybank Fell 5.4 5.4 5.5 6.4 505

Moor House 4.9 4,7 4.9 5.6 4.8
Rainfell in millimetres

Widdybank Fell 1,572 | 1,654 | 1,849 | 1,25 | 1,671

Moor House 1,976 | 1,671 | 2,141 | 1,346 | 1,788




Bellemy et al. (1969) found that communities containing arctic
alpine species (the relicts from the late~glacial flora) had an
annual dry welght shoot production of less than 150 glmz. They went
on to compare figures for shoot production for a range of true alpine
tundra ecosystems given by Bliss (1966), vith those obtained in
Teesdale. They concluded mt, tTeesdale ecosystems ssem to have
much in common wath true m; tundra ecosystems'. Thus, it would
appear that the Teesdale 'rarities' survive in communities which
correspond closely to Sﬁbﬁ communities and that this is probably due
to the cold and wet climate and low nutrient availability.

Grazing is a factor which today plays an extremely important part
in the maintenance of these open ecosystems. It is clear from the
appearance of grassland which has been fenced that the absence of
grazing leads to a much more vigorous growth of the vegetation. It
seems probable that in time, some of the species less tolerant of
competition would be eliminated from the sward if grazing were preven-
ted entirely., Casual observation inside the Meteorological Station
enclosure indicates that Gentiang verng is able to survive in the
ungrazed closed Sesleria caerulea turf but Gentianas verng plants, in
turf transplanted from below top water line to the University of Durham,
were lost from the turf within 18 monbhs. During this period, Sesleria
caerulea grew qulte vigorously as did several of the other species in
the sward,including Primula farinosg. The effects of grazing animals
may also have been importent in helping to prevent complete closure of
the tree canopy by trampling and prevention of regensration, particularly
around springs.



Clearly a variety of factors have been important in the long
term survival of plant communities in which the rare species occur.
However, throughout this period up to the present day survival of
individual species will have depended entirely on their ability to

[

produce new indavacduals tc make up the losscoc brought about by
mortelity. This ability would also need to be flexible enough to
overcome different environmmental conditions, ranging from very cold
open tundra, through open forest to the present day where the vege~
tation of the 'sugar limestone! turf is held at an artificial stage
of succession by grazing.

Grazing, as hag slready been indicated, is important in
reducing the competition from species likely to eliminate some, if
not all, of the Teesdale 'rarities'. Grazing by sheep on Widdybank
Fell, and shesp and rabbits on Cronkley Fell also has an effect on some
of the rare plants themselves by restricting their ability to reproduce
sexually. As will be seen later, (in Chapters four to nine), this is
of considerable importance for some species where almost 21l the
flowers are removed by grazing, before they are able to produce seed.
This means that some species must be able to reproduce vegetatively at
a rate which wall allou for the replecement of the population.

The species chosen for study were selected from 18 for whiach
quadrats were initially established. The 6 dealt with in detail show
a variety of life strategies.

These species are included in a number of different geographical
elemonts which come together in Upper Teesdale. A detailed description
of the geogrephical elements of the !'Teesdale assemblege! of plants is

given by Bradshaw (1970). Most of the species have an arctic-alpine or



northern distribution although Helianthemum canum and Hippocrepis
gomose, which both occur only on Cronkley Fell, are continental

southern species, and in their most northern and highest station in
Britain.

The geographical elements of the species included in this study,
Bradshaw (1970), are as follows:-

Carex ericetorum g
Polygale smarells Continental Northern
& egtri
Dr ne ) Arctic-glpine
Gen ve ) Alpine
Linum catharticum and Viela riviniens are much more widely dis-

tributed end Viola rupestris x rivinians is not known from any other

station in Western Europs.

Distribution of some of the individual species in Britain is very
restrictede In the case of the hybrid viclet, as far as can be ascer-
telned, Widdybank Fell is the only station in Britaip or Furope. (Carex
ericetorum is rather more widespread, occurring on calcareous soils from
Suffolk tc Westmorland (Clapham, Tutin and Warburg). Polyeala smarella
ia restricted to a very few areas in Western Yorkshire and Durham. Yiole
Tupestras occurs at only three sites in Britain, all in the North of
England, where the populations are fairly small., Draba incana is rather
more widespread occurring from sea=level to up to 3,550 feet on Ben
Lavers and northwards from Caenarvon, Stafford and Derby to Orkney and
Shetland (Clepham, Tutin and Warburg, 1962). Gentisna verna occurs in



only two areas, Upper Teesdale and the Burren in Western Ireland,
and in both areas the species is quite widespread although by no
means common. Linum catharticum and Viole rivinisna occur commonly
throughout Britain.

The eommunities in vhich these species, and many of the cther
Teesdale ‘rarities!, occur are described in Pigott (1956). More
recently Shimwell (1969) described the status of the Class Elyno-
Sesleriatea Br.-Bl. 1948 in the British Isles. This Class comprises
most of the calcareous grass~heaths of the arctic-alpine regions and
in Briteain, communities in which Segleria caerulep is dominant or
co=dominant occur in a marked zone across Northern England, forming a

grasslands) and Elyno-Seslerietea. These grasslands are refersble to

- e o T e = W e e

the Sub-alliance Seslererio-Mesobromion Oberd. 1957 of the Class
Festuco-Brometea Br.-Bl. and R.Tx. 1943. A detailed study has been
carried out by A. V. Jones (1973) of the phytosociological groups on
Widdybank Fell. Vegetaetion maps of the whole Fell have been produced
at a scale of 1:10,000 and of those areas of particular phytogeographic

interest, including the areas of 'sugar limestone! grassland at a scale

of 1:2,500.



Figure 1

WIDDYBANK FELL

(a) Rainfall (millimetres)

(b) Mean Air Temperature ©C.
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CHAPTER THREE

In July 1968 work was started by a Research Assistant,

Mise Maureen E, Watson, into the selection of the best sites, each
containing several species and where possible a reasonable number of
plants. Initielly, a totel of 18 species were chosen for study, but
some of these were discounted together with their quadrats, in order
that & more intensive study could be made on a smaller number of
gpecies. In this context, additional quadrats were established after
1968 so that some species of plants could be studied in different situa-
tions and grester numbers of individuels could be identified. (Records
were kept on other species which were not studied as intensively and
not included in the main body of the thesis).

The sites were situated on closely grazed sugar limestone turf
and in areaa of eroding sugar limestone mostly on Widdybank Fell but
also on Cronkley Pell. Initially, these were chosen so that records
could be kept for each species at three different distances from the
eventual top water level of the reservoir; within 100 metres, approxi-~
mately 200 to 250 metres and over 500 metres. In fact, over the study
period reported here there is no indication from the results of differences
in the performance of the species et the varying distances from the
reservoir, Reference to this, therefore, has been ignored, although the



study of these species, which is being continued, may provide some
informetion 1f there are any long term effects brought about by the
clcse proximity of a large water body.

The gselection of the 'begt' areas for establishing quadrets
and sample sites was faciliteted by maps showing the deteiled distri-
bution of & number of characteristic species of the Teesdale flors,
produced by voluntary uvorkers under the guldance of Dr. M. E. Bradshaw.
Due to the very restricted nature of some of the populations in Teesdale,
the number of possible areas which could have been sampled varied a
great desl between species. Details of the sites, their permanent
quadrats and sample sites, are given in Section 3.

S8ites 1, 2 and 3 in Section 3, Table a, were situated close to the
top water-lire of the reservoir. Site 1, which contained only one per-
manent quadrat and sample site, was situated in sugar limestone turf
near to Slepestone Syke. Site 2 was also on sugar limestone turf, in
this case pericdically disturbed by moles. Three years after the study
ended, this area was covered by the wind blown suger limestone sand.

This sand was formed by the erosion of the sugar limestone turf, exposing
the underlying soil and rock by wave action, where the outcropping mete-
morphosed limestone forms the reservoir shore. Site 3 was situated on
cloged heavily grazed sugar limestone turf.

Sites 4, 5, 6 and 7 were situated at approximately 200 to 250 metres
from the top water-line of the reservoir. Site 4, a small ares of
apparently heavily grazed suger limestone turf, was close to a spring
often frequented by sheep., Site 5 had a single long quadrat running
along & very open eroding edge of sugar limestone, where the vegetation



cover was very sparse. Sites 6 and 7 were situated on closed sugar
limestone turf with Kobregia simpliciuscula. One of the quadrats and
its assoclated sample site also had Cglluna wulgaris.

Sites 8, 8B and 9 were more than 500 metres from top water-line
of the reservoir., Sites 8 and 9 contained both closed and eroding
limestono turf, the former with Cglluna vulgaris in one quadrat.
Site 8B was situated on grazed limestone turf with Calluna wulgaris
and Bmpetrum nigrum present.

Site 10 was also situated on sugar limestone turf on Cronkley Fell,
with one quadrat inside a rabbit and sheep-proof exclosure., The other

quadrat and essoclated semple site area were heavily grazed by rabbits
and sheep and contained Calluns vulgarig and Enpetrum nigrum.

ON 23 VIDU. IUD

The study of plant population dynamics has been hindered by
problems relating to the definition of 'the individual'. Harper (1967),
considered that this was due to the effect of two interlinked properties
of higher plants - plasticity and vegetative reproduction. More recently,
Sarukhan and Harper (1973), stated thaet 'mortelity date from natural
populations have rarely been recorded, perhaps partly because it is more
difficult to define “the individual™ in plants than it is in animals’,
Plasticity can to some extent be measured by counting the number of seeds
produced by a reproductive unit, but the definition of that 'unit!®
remains a problem.

The successful establishment of a single seedling may result in the
production of large numbers of offspring identical to the original parent
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and vhich may or may not remain a part of the parent. Clearly, in
this situation an arbitrary decision has to be made if the plant
population is to be subject to numericel analysis, Harper (1967).

Observations on the clone size of Festuce rubre, Fegtuce ovina
and Irifolium repens, Harberd (1961), (1962) and (1963) respectively,
indicated that the age of the clones must be measured in hundreds of
years. Under thess circumstanceg in plant populations, there are two
levels of populaticn behaviour, Herper and White (1974); the mumber of
colonies (clones derived from one seedling) and the number of members
of that colony (shoots). Where plant species do not reproduce vegeta-
tively, the second level of population organisation may be considered
to be related to the birth and death of parts of a plant (such as a
leaf or root).

It is epplicable in this study to consider the two levels of
population behaviour as they relate to the production of a new plant
from seed (genet), or by vegetative reproduction resulting in discrete
functional units (remets), Kay and Harper (1974). Clearly, where an
individuel appears as a result of seed germination and the establishment
of the seedling, the unit is easily defined. However, if this unit pro-
duces shoots or lateral branches, care must be tsken in deciding which
is the functional unit to be considered.

Of the 18 species which were originally chogen for the study,

6 were recorded in deteil and the results are given in Chapters four to
nine inclusive., Date from another 2 species are included in Chapter ten.
The 8 species represent a variety of life strategies and in each case
the 'unit' has been described in the appropriate chapter. One of the



ceriteria for its definition is that i1t should be an identifisble
entity cepable of reproduction. The term 'unit of reproduction! has
been used to describe the individuals in the populations.

Three of the species reproduce entirely by seed production and
the estaeblishment of seedlings. Jimym cathartjcum is 2 bienniel and
both the first and second year plante are easily identifiable. Draba
incana is a mono-carpic peremnial and Polygale smarella a poly=-carpiec
perenniel. In each of these 3 species a 'unit of reprcductiont is
equivalent to the 'genet! of Kay and Harper (1974) and is any plant
which arises from one seed. In each case, although the mature plant
on flowering produces branches, they are clearly attached to the main
stem of the original plant, which developed from a seedling.

Yiola rupestrig and Yipola xrivinigns are perennials which reproduce
both by means of the production of seed and vegetative shoots. In these
species plants vhich develop from seed are clearly ‘units of reproduction'
forming a rosette of leaves from which flowering branches (attached to
the main stem) are produced. These plants (genets) also produce vege~
tative shoots (ramets) which in the former species are less easy to
define,

New vegetative roseties are sometimes produced by ¥Yiolas rupestrie
on the underground stem. Although these do not seem to develop a
separate root system they are, in appesrance, discrete plants and able
to produce flowers and set seed. Usually, it was not possible to deter-
mine the connections between the mother plant and these rosettes and,
therefore, they have also been considered as individuals for the purpose
of this study.
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In Viola riviniana, the new vegetative rosettes arise from root
shoots and become established as independent plants which are able to
flower and set seed. These individuals are equivalent to the ‘remet!
of Kay and Harper (1974). Once the vegetative shoots of both Yiola
_rupestiris and Viola riviniasns become estaeblished, it is impossible,-in -
both species, to distinguish between plants which have developed from
goed or vegetative shoots. Because of this each rosette has been
treated as being of equal importance.

Qentiana verns and Carex ericetorum reproduce by means of the
production of vegetative shoots. Both species are able to produce seed
although no seedlings were recorded during the study period. All of
the units in these specles are equivalent tc the 'ramets'! of Kay and
Harper (1974) and both have distinct rosettes which are able to produce
flowers and ripe fruits. The connections between the rosettes are
impossible to determine without uprooting the plante and these are con-
sidered, therefore, to be the funits of reproduction'. Yiola rupestris x
rivinlena is exceptional in that the rosettes are not capable of pro-
ducing seed, as the flowers are sterile. However, each of the shoots
are similar to those of Violg rupestris and are, therefore, also con-
sidered to be the 'units of reproduction' (the individuals of this study).

Once the sites had been selected for study, permenent quadrats and
sample sites were established. At each site the permanent quadrats were
chosen so that detailed monitoring of the individual plants of the species
being studied could be carried out.



A1l the permenent quadrats were 30 centimetres wide, but varied
in length from 0.5 to 5 metres, depending on the density of the species
being studied. These quadrats were permanently marked with plastic
coated, metal corner pegs sunk to ground level, the pegs being located
by use of a compass bearing and known distance from an easily-found
landmark. Since the main purpose of this study was to monitor the
behaviour of plant populations under natural conditions, it wss impor-
tant thet any system for marking the quadrats should have a minimum
influence on the vegetation and be inconspicuous so that it did not
attract visitors.

Larger permanently-marked sample sites were required to supplement
the size of the sample of flowering and fruiting plants and their seed
production. Where possible these were situated close to a permanent
quadret and in a similar vegetation type. A complete list of permanent
quadrats and semple sites 13 given in Table a, together with the species
studied in each, and the quadrat size. More detailed descriptions of
vegetation in the permanent quadrats are given in Chapters four to nine,
Section 2, where 6 of the species, Viola rupestris, Viola riviniang,
Yilola rupestris x riviniana, Polyzgla emarella, Drgba incang and Gentiana
yerna are described in detail, Information on the other species studied

in less detail, Linum catharticum and Carex ericetorum are included in
Chapter ten.

The vegetation in some of the permanent quadrats was mapped and
where plans of these are available they are included under the appropriate
species heading. A symbol represents the specles which covers more than
50% of each centimetre square; where 2 species cover a square equally,
both symbols are given; where several species contribute to the cover the

square is represented by a cross.
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Table a
ENT QU 40 5
SITE Qﬁ:g‘;:’éeg‘;. s’“"é:.s’i“ | flze in Species Studied
1 1.1 i 0e3 X 25 | Gentiana verna
1ssl 0.8 x 3.0 | Gentiana verna
2 21 l 0e3 x 2.5 | Linum catharticum
Draba incana
2881 20 x 4,5 | Linum catharticum
Draba incana
2.2 0.3 x 4.0 | Viola rupestris
2882 20 x 6,0 | Viola rupestris
23 0.3x 1.0 | Viola rupestris
3 3.1 0.3 x 3.0 | Viola riviniana
3.2 0e3 x 2,0 | Viola rupestris
33 0e3 x 1.0 | Viola rupestris
riviniana
3.4 0.3x 2,0 | Viola rupestris
3.5 | 0.3 x 1.0 | Viola rivinlana
i 3ssl le2x 2,0 | Viola rupestris
3882 0.7 x 1.7 | Viola rupestris
i riviniang
| 3833 0.3 x 1.0 | Viola riviniana
4 4,1 0.3 x 3.0 | Gontiana verna
) 4sal l.5x 1.5 | Gentiana verna
5 5.1 0.3 x 5.0 | Draba incana
Linum catharticum
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Permanent Sample Site Sige in
SIIE Quadrat No. No. Metres Species Studied
6 6.1 0.3 x 4.0 | Polygala amarella
Viola riviniana
6.2 0.3 x 5,0 | Viola rupestris
688l | 1.0 x 1.0 | Viola riviniana
6gs2 4,0 x 5.0 | Viola rupestris
7 7.1 0o3x 20| Polygala amarella
7:2 0.3 x 3.0 | Polygala amarslla
Gentiana verna
Tssl 3.0 x 3.5 | Gentiana verna
Polygala amarella
7882 1.5 x 3.0 | Polygala amarella
7.3 0.3 x 2.0 Draba incana
Polygala amarella
8 8.1 0.3x 25| Draba incana
Carex ericetorum
8aal 1.0 x 2,5 | Draba incana
8.2 0.3 x 2,0 | Carex ericetorum
8.3 0.3 x 1.5_ Gentiana verna
8ss3 20 x 2.2 | Gentiana verna
8B 8B.1 0.3 x 1.0 | Gentiana verna
8Bssl 1.0 x 2,0 | Gentiana verna
8B. 2 0.3 x 2,0 | Viola riviniana
8Bss2 0.7 x 1.2 | Viola riviniana
9 9.1 0.3 x 0.5 | Viola rupestris x
riviniana
9ssl 0.5 X 0,8 | Viola rupestris x
riviniana




Permanent Sample Site Size in
SITE Quadrat No. No. Metres Species Studied
9 9.2 0.3 x 2,0 | Viola rupestris
9882 1.0x 1.5 | Viola rupestris
9.3 0.3 x 1.0 Viola mpestria
) 9833 1.0 x 2,5 | Viola rupestris
10 10.1 0.3 x 2,0 | Gentiana verna
10.2 0.3 x 3.0 | Polygala amarella
10382 1.0 x 3.0 | Polygala amarella
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Once the permanent quadrat had been located on the ground, a
metal frame 30 centimetres by 100 centimetres with a movable cross-
piece, both marked in half centimetres, was placed over this marked
area. By placing the frame in exactly the same place on successive
visits, individual plants could be identified and their fate recorded.
This is similar to the method used by Watt (1960) and Tamm (1948, 1956a
and 1972 and b).

Detailed monitoring of individual plants, including very emall
geedlings, at about 1,600 feet above sea level, in an area characterised
by 60 to 70 inches of rain per year and almost constantly windy condi-
tions presented some problem in recording. However, the method adopted,
which is described below, allowed for accurate recording of all the
individuals within each permanent quadrat.

Each plant (of the species being recorded) was originslly identi-
fied by the co-ordinates of the frame. These were plotted on graph
paper (scale 10:1) which was then placed in a thin plastic bag and sealed
with P.V.C. adhesive tape, (the tape and adhesive is waterproof). A
semi-matt overlay (!Permatrace' drafting film) was attached to the plastic
bag with the matt surface uppermost, and the corners of each metre were
marked on this overlay. Records of the plants at each visit were marked
on the overlay using Staedtler-Mars !'lumochrom' leads which are waterproof.
Sagar (1959) describes the use of a pantograph for recording Plantago
danceolata, but for much smaller plants on the uneven ground and in the
windy and wet conditions this method would not have been suitable.
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All plants, which were present at the end of a growing season,
were marked on a new chart, Reference was made to these charts
throughout the following year when the fate of the individual, that is
whether it flowered, when it died, etc., was recorded on the overlay.
All additions, both seadlings and new wegetative shoots; ware alao
recorded. A different coloured lead was used for each visit and the
date and all the changes were recorded in the colour of the visit. In
this way, within any one permanent quadrat, the number of individuals,
their fate and reproduction, (in terms of new vegetative shoots or
seedlings), was followed.

At the end of each growing season the charts, together with their
overlay, were carefully checked. Individual plants were identified by
their co~ordinates in each metre length of the permanent quadrats, and
in this way not only was the fate of new individuals recorded, but also
that of plants surviving from previous years.

The larger permaneatly-marked sample sites were recorded each year,
when the total number of individuals was counted and the number of these
which flowsred noted. At each site attempts were made to count the
number of buds, flowers and fruits per flowering plant and the number of
seeds per capsule from a sample of 30 flowering plants and 30 capsules
(one from each of 30 plants). In some areas, for some species, a sample
of this size could not be collected and data for the number of seeds per
capsule were often only obtained by collecting from the whole of the Fell.
Removal of the inflorescences by grazing also preventsed complete records
from being obtained for the number of flowers and fruits produced for some

gpecies.



SECTION 5: DATA PRESENTATION

The tolal number of individuals in each permanent quadrat, the
fotal population or guadrat population, includes all the surviving
individuals, gll new vegetative shools as they appear and seedlings
which have survived to their second year. These records were made at
least three times in any one year; although, in 1969, due to changes in
personnel, some of the mid-season records were not made. Three main
periods of recording were recognised in the months of May and June
(Spring), July and Angust (Summer) and September and October (Autumn).
These data are plotted ox‘f;; ocycle log-normal graph with the date of
recording visible along the horizontal axis. For each of the 6 species
reported in Chapters four to nine the total populations are shown
separately for each permanent quadrat.

The number of individuals recorded in each quadrat when it was
first established, (the original gquadrat population), consists of indi-
vidual plants of varying ages. The survival of these mixed-age popula-
tions are shown by survivorship curves plotted on log-normal graph paper
for each species. Half~life values, based on the decay of these groups
of individuals from the time the quadrat was established to Autumn 1972,
have been worked out using the formula characterising the decay of a

radioisotopes
A = log No
W/
Half-life (= log g2 /X

>\ is a constant; No the total mmber of individuals
initially recorded in each quadrat; Nt is the
number of these surviving after time t.



This formula assumes that the risk of mortality is independent
of the age of the individual. This is true for almost all age groups
of plants except seedlings of Draba incana, where the risk of mortality
1s mueh increased in the early stages of seedling establishment. Plants
eppearing first as seedlings have not been included in the total popula-
tions or the original populations until their second year. Thus, since
the mortality curves of all other age~groups of individuals are linear,
indicating a constant risk of mortality, it is considered that the
above formula can be used.

Seasonal suryival over six-monthly periods (corresponding roughly
to the Summer and Winter months) have been given together wath the
standard error. The rate of survival (q) is expressed as the proportion
of the individuals at risk (No) which survive to the end of the time
period (Nt).

Thus q = Nt/No

Standard error = /\/
PXq
/N

Where p is the rate of mortality
q is the rate of survival

N is the total number of individuals 'at risk!?

Seedlings less than one year old are not included in the mmber of
plants considered to be 'at risk!, in an attempt to exclude any dispropor=-
tionate effects which might result from increased mortality of seedlings

during the initial stages of establishment.



Recruitment, of both new vegetative shoots and seedlings appearing
in each of the permanent quadrats is expressed as an annual rate per
individual present in the total population. In some cases recruitment
is a contimuous process with seedlings and vegetative shoots appearing
throughout the growing season. Here recruitment 1s expressed as 2 rate
per individual present at the time of the Summer recording. In some
species, recruitment of seedlings occurs over a relatively short period;
this is particularly so for Draba Incana, Vlola rupestris and Viols
riviniens where germination takes place in the Spring. In these species
annual seedling recruitment is expressed as a rate per individual present
in the Spring of each year.

Survival of groups of individuals of known age is shown graphi-
cally, plotted on log-normal paper. For each species, all individuals
"born! at the same time within each of the permanent quadrats are summed
for each year. Seedlings and vegetative shoots are treated separately,
the term 'born'! indicating the asppearance of a new vegetative shoot or
seedling between successive visits.

The behaviour of the individuals in each quadrat is shown by
diagrams similar to those of Tamm (1948, 195G and 19724,b}eome reproduced
in Harper (1967). Individual plants are represented by a single vertical
line taken in sequence from one end of the permanent quadrat to the
other. Time is represented on the vertical axis and lines starting at
the base represent individuals in the initially recorded, mixed-age popu-
lation, Lines starting further up the time scale represent additional
individuals, both vegetative shools and seedlings. Where vegetative

reproduction has been observed additions are shown as continuous lines
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(see Gentiane verns). Additional seedlings are represented by a broken
line for their first year only, and thereafter by a continuous line.
(Note that in the case of Drgba incang many seedlings appear in the
Spring and have a high rate of mortality during their first few months.
Surviving individuals are not, therefore, included in the diasgram until
the Autumn).

Reproductive performance for species where seed is produced under
grazed conditions, Viola rupestris, Ylola riviniena, Polygzala smarells
and Draba incans, is expressed as the number of seeds produced per 100
plants in both permanent quadrats and sample sites. Where applicable,
this figure is given for the values summed betwsen sites and between
years. These figures give an indication of the actual mumber of poten=
tial new individuals (seeds) which are produced. Where possible these
figures are based entirely on the data collected at each site. However,
as already indicated, complete data are not always available and for
some of the species overall values for some parameters (particularly
seeds/capsule) have been used in estimating seed production.
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CHAPTER FOUR

vio RUPLSTRL

SECTION 1: INTRODUCTION

Viola rupestras i1s a small rosulate plant, wiln a short, central
shoot, a basal rosette of leaves and axillary flowering stems (IFlora
Europaea). Lateral branches, often underground, give rise to rosetbes and
so form a type of vegetative reproduction. As far as cen be ascertained
these branches do not develop a separate root system and should not be
regarded as true vegetative reproduction. Howevey, 1t 1s usually impossible
to determine the connections without disturbing and destroying the plant,
therefore, the individual or 'unit of reproduction' has been defined as any
rosette which arises from a seed or underground stem.

Individual plants are perennial and relatively long-lived dying down
during the winter period, although in Teesdale sometimes one or two small
leaves are visible which often develop a purple colouration. Some exposed
stems of plants growing on bare eroding sugar limestone, show scars of
previous years' leaves below the current year's leafy rosette, The number
of scars indicate that a few plants may be quite old and the quadrat
populations have a high proportion of mature individuals.

In open habitats flowerang i1s prolifie. This 1s in sharp contrast
to the areas where plants are growaing in closed turf and only limited numbers
of flowers are produced. Flowers are of two kinds; chasogamous (open) and

cleistogamous (closed)., The latter inbreeding mechanism produces most seed;
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open flowers are usually lost before ripe seed can be produced as their
peduncles are long enough to raise the flowers above the leaves, making
them more conspicuous and resulting, perhaps, in thoir being eaten by
sheep.

Replacement of the population is slouw and dependent both on vege-
tative and sexual reproduction. The relative importance of these two
modes of reproduction depends to some extent on the habatabs in which
the plants are growing. Establigsmment of seedlings i1s more important in
the open habitats uvhere relatively large numbers of ripe seeds are set.
In the closed sward vhere individuals sre widely spaced, a small number
of flowers produce much smaller numbers of seed than in the more open
areas and seedlings are rolatively few, The very cpen site at 9 was an
exception to this gensral rule in that although flowering and seed-set
was quite prolific only one seedling had been recorded in the permanent

quadrat during the study period.

SECTION 2: PrRMAN.NT QUADRATS

Four sites were selected on the sugar limestone soils of Widdybank
Fell for the study of Viola rupestris. They fall conveniently into two
broad types; one where the vegetation was open, flowering relatively pro-
lific and the plants closoly grouped, the other where the vegetation was
closed, flowers few and the individuals widely spaced. Tne open communi-
ties occurred at site 2 near the reservoir's edge and site 9 vwhich was
furthest from the reservoir on Viddybank Fell., Quadrats selected 1in closed
communities were situated at sites 3 and 6, the former on a south west
facing slope just above the reservoir, the latter some X0C metres further

awvay.



Details of the vegetation in each of the seven permanent quadrats
are given below. Sample metres have beon mapped for quadrat 3.4 which
had an almost complelely closed turf and quadrat 9.3 which had a very
open vegetation and was situsted on eroding sugar limestone (Figures 2
and 3).

Quadrat 2.2 (disturbed) had s vegetation cover which was rela-
tively open being periocdically dislurbed by moles. Festuca ovapa was
the domirant species with Sesleria caerulea, Minuarta verns, Koeleria
gracilis, Thymus drueel, Helianthemum chamaecaighus, Briza medis end
Carex flacca also present.

Quadrat 23 (I open) was situated in an ares of open eroding sugar
limeslone a few yards from 2,2, which had approxamately 13% of the quadrat
without vegetation cover. gSesleria caerulea and Fegtuca ovina vere
dominant, waith Thymus drucei, Helienthemum chamaecigtus, Koelerais
gracalis, Draba incana and Minuartia verna among the other species
present,

Quadrat 3.2 (closed) had an almost complete cover dominated by

Festuca ovanu and Segslerie caerules with Kobresia simplicaugeuls quite
common in the sward. Other species present included: Helianthemum

chamaecastus, Antennaria dioica, Plantago maritima, Lotue corniculatug,
Carex capallarig, Selaganells selaginoides, Gentiana verna, Potentilla

erecta, Gentianells amarella and Thymus drucea.
Quadrat 3.4 (t closed) had a vegetation similar to that for

quadrat 3.2 although a little more open and a plan of a sample one metre in
length 1s shown in Figure 2, The turf was dominated by Sesleris caerules
and Festuca ovina with Plantago maritima, Fieracium palosella, Kobresis
simpliciuscule, Thymug drucei, Helianthemum chamaecistus and Sclaginellas
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selsginoideg. Il can be seen thal the vegetation was relatively open
uith a few Viola rupestrig plants which were widely spaced.

Quadrat 5.2 (closed) was situated in another area where the sward
was almost completely closed wath Sesleria caerulea and Fegluca ovins
dominant. As i1n quadrats 3.2 and 3.4 plants of Viols rupestris were
widely spaced and few in number. Kobresis simpliciuscula was also
present in the quadrat togethor with Polygonum vivigepum, Linun
cathartaicum, Primula farinosa, Thymus drucei, Braza media and
Helianthemum chamsecaistug.

uadrets 9.2 (¥ cpen) snd 9.3 (open) were both relatively open

and situated on very dry eroding sugar limestone. Plants of Viols
rupestris were present in relatively large numbers, grouped closely
logetner. Sesleria caerulea and Festuce ovina were dominant with
Ihymus drucei and Helianthemum chamaecistug ameng the other species
present, Quadrat 9.3, the vegetation of which 1s shown in Faigure 3,
was very open with 45% of the area bare ground or covered by a low
cushion of moss/lichen with Tortella bortuogs the dominant moss.
Quadrat 9.2 had a much more derse vegetation with only 17% of the area
bare ground or covered with moss/lichen. In this quadrat the vegetation
was rather taller than that in quadrat 9.3 although not as dense as the
quadrets at sites 3 and 6,

One sample site for the recording of reproductive performance was
situated at each of the sites 2 and 3 and quadrats 6.2, 9.2 and 9.3 each

had a sample site essociated with them, Details are given in Chapter three.



Figure 2

MAP OF VEGETATION IN QUADRAT 9.3

Viola rupestris
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Figure 3

MAP OF VEGETATION IN QUADRAT 3.4

Yiola rupestris
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SECTION 3: POPULATION FLUX

Over the period of recording, the totel number of indivaduals in
each quadrat remoined at or above that of the originully recorded mixed-
age populalion (Figure 4). Increases in the number of individuals
ranged from 559 for quadrat 2.3 to 10¢ for quadrat 3.4. Only quadrat 9.2
did not show any overall incresse, in fact an increase in 1972 was pre-
ceded by a decreass in 1971 such that the quadrat population in the
Autumn of 1972 was the same size as the original population,

Change in the quadrat populations from season to season was
irregular with incresses in the number of individuals occurring both
during the Summer months and between the Autumn and Spring records, Where
there vas an overall loss of individuals from the quadrats, this usually
occurred during the Summer months.

Survavorship curves for the originally recorded mixed-age population
in each quadrat are shown in Figure 5. The curves are remarkably linear
indicating that over the period of recording the rate of loss of indivi-
duals remained congtant, i.e. the risk of mortality was independent of
their age. Only quadrat 6.2 showed any sudden decline in numbers and
this was due to the loss of a group of indaviduals in 1969, which may
have beer uprooted by sheep. Superimposed on these curves therc is a
seagonal oscillation which indicates that there was a greater risk of
mortality during the growing season. This is particularly marked in the
curve for the original population in quadrat 9.3 where in both 1970 and
1971 the gradient dips quite steeply over the summer months.

Linear survavorship curves showlng similar seasonel oscillations
were also obteincd for Plantago lanceolats, Sagar (1959) and mature
populetions of three species of buttercup Sarukhan (1971). In the first
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of these studies ithe slope of the curves was steeper between Apral and
June and in the second during Spring and early Summer. Sarukhan and
Harper (1973) suggest that the demands for limited resources may be
responsible for regulating mortality in the three species of bultercup
and that rigours of climate play only a minor rele, a conclusion which
might seem also to epply to Viola rupestrag.

The survivorship curves for Viola rupestris are relatively shallow
in addition to being linear, indicating that the rate of turnover of
individuals 1s slow. Half-life values based on the decay in the number
of individuals in the original population over the period of recording
(see Table a) indicate that the time taken for complete replacement of
andivaduals may take as long as 32 years.

The half-life values show a two-fold difference between quadrats,
with the higher values being obtained for the indivaduals in the
quadrats 2.3 and 9.2 which were fairly open., The lowest value was
obteined for the individuals in quadrat 6.2 where the sward was quite
vigorous and included Kobresis simpliciuscula. The half-life velues for
the individuals in the other quadrats are in between but with quadrats
3.2 and 3.4 having quite lov values. This may, as with quadrat 6.2,
have been associated with greater interspecific competition increasing
the risk of mortaelity in the closed grass sward. Results for quadrats
2,2 and 9,2 are lower lhan might be expected 1f indeed interspecific
competition was important in increasing the risk of mortality. However,
quadrat 2,2 was sibtuated in an area periodically disturbed by moles and
quadrat 9.3 extremely open, both factors may have helped incresse the
risk of mortality of individual plants which 1s suggested by the lower
half-life values.
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Table a

HALF-LIFE VALUES

Viola rupestris

Quadrat Half-life (years) No.
(dlSé&ibed) ; 9 62
(+ 30 14 »
(c1os2) 10 -
34 . 20

(% closed)

6.2

(closed) 8 23
9.2

(% open) 16 89
9.2

(open) 11 55

No. - Number of individuals in the originally
recorded mixed-age quadrat population




SECTION 4: SEASONAT, SURVIVAL AND ANNUAL RECRUITMENT

Seasonal survaval over approximately six-monthly periods,
(corresponding roughly with the Summer and Wanter seasons) varied quite
considerably both between quadrat and between season (Table b). The
individual values represent the proportion of plants surviving over
each period expressed as a rate per individuel present at the beginning
of each time interval. For this species the number 'ab risk! includes
all surviving vegetative shoots regardless of their age, together with
seedlings which survived one winter period. Further details of the
presentation of these figures are given in Chapter three, (Figures are
not available for some quadrats in some seasons because the permanent
quadrats had nol at the time been eslablished).

The lowest single rate of survival occurred during the Summer
season of 1970 for the individuals in quadrat 2.3; four of the quadrsts
by comparison hed survival rates of 1.CO in at least one season. Although
the rates varied a great deal, the lower seasonal values for each quadrat
tended to occur in the same season., When comparisons are made between the
overall values for each of the seasons, Summer 1969 and 1970 had rates
which are statistically, significantly lower at the 5% level of proba-
bility than the other rates, with the exception of that for the Winter
period 1968/69., However, this last value 1s also significantly different
at the 5% level from the other values.

By comparison, differences in the overall survival rates shou no
statistically significent differences at this level of probability between
the quadrats. These results suggest that the risk of mortality is
increased by seasonal fsctors operating mainly during the growing season.

These probaebly included interspecific competation, discussed in Section 3
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and perhaps other factors such as grazaing and the effects of
physiological stress on individual plsnts, brought about by growth
and reproduction.

The fact that the seasonal values throughout the period from
Vinter 1968/69 to Summer 1970 were lower than for the follouing four
seasons, might be related to the lower temperalures experienced in
the Winters of 1968/69 and 1969/70 (see Figure 1). These more extreme
environmental conditions could well have imposed greater stresses on
individuals resulting not only in an increased risk of mortality during
these Winter periods but also during the following growing seasons.

By comparison, the Summers of 1971 and 1972 were preceded by
Winters in which mean monthly btemperaturcs did not fall below freezing-—
point and thus stresses imposed on the plants may have been less inlense.

Recruitment 1n Viola rupestras is by the production of underground
branches vhich often give rise to rosettes and by the production of seed,
1ts germination and subsequent establishmeni of the seedlings. New vege~
tative shoots appear throughout the growing season and their recruitment
to the quadrat populstions i1s expressed cs a rate per individual present
1n the quadrats at the time of the mid-season recording, June to July.
Seedlings appear in the Sprang and in this case recruitment 1s expressed
as a rate per indivicdual present in the quadrat at that time of year.

The rate of recruitment of new vegetative rosettes into the quadrats
varied a great deal (Table c). In two of the quadrats, 3.4 and 9.2, in
1970 and 1969 respectavely no new individuals were recorded, whilst
quadrat 3.2 had the highest aindividual value of 0.67 in 1970. Despite
this large variation in the indavidual figures the very high recruitment

rate recorded in quadrats 2.2, 2.3, 3.2 and 6,2 1n 1970 are a significant
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feature of the resulls shown in Tsble c. The overall figure for that
year 18 twice as large as for any of the other years, and pcrhaps reflects
the more favourable climatic conditions experienced in 1970 (see Chapter
three).

Differences betwoen the overall recrultment rates for the individuals
in each quadrat are less marked and appear to be unrelated to the exteni
of vegetation cover in the quadrsts. Thus quadrat 9.2, which was fairly
open, had the lowest overall recruitment of indivaiduals waith quadrats 3.4
and 9.3 intermediate values and the other gquadrats higher values. These
other qiadrats include quadrat 6.2 which had a very closed vegebation and
quadrat 2,3 which was relatively open.

Seedling recruitment also varied a great deal; however in this case
differences were more marked between gquadrat than betwsen year. The
highest overall recruitment figures occurred in quadret 2.2 and were, over
the four year periosd, greater than for any other quadrat. The lower overall
values occurred in quadrats 3.4, 6.2 and 9,3 with quadrats 2.3, 3,2 and
9.2 having values in between (see Table d).

The higher annual rates of recruitment of seedlings observed for
quadrat 2,2 may vell be related to the fact that the vegetation was
periodically disturbed by moles. Disruption of the turf may have created
optamum conditions for seed germination and establishment in the patches
of exposed sorl. Recruitment rates for quadrats 2.3 and 9.2 which were
both relatively open, although the soil was too shallow for moles Lo be
active, were also quite high.

Very low recruitment figures for the aindividuals in quadrals 3.4
and 6.2 may have been related to the very closed vegetation which could

have restricted seed germinastion, However, in these areas seed production
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was very small and the effect of a closed sward on the ability of plants
to flower and set seed may have playod a more important rols in deter~
mining these low recruitmeant figures., As we will see in Section 6,
quadrats situated in areas vhere flowvering was prolific were also the
quadrats where the seedling recruitment was high.

Quadrat 9.3, however, provides an exception to this conclusion
in thal although sibuated in an area where the number of seed set was
high 1t had the lowest overall seedling recruitment. In fact, over the
study period only one seedling wes recorded in the quadrat. The habitat
was very exposed with a patchy cushion<like vegetabion and the low germi-
nation may have been related to the extreme conditions which might be
expecled to be experienced at ground level.

Quibte large differences are also apparent when comparisons are
made between ycars for the results shown in Table d. Germanation in 1969
was much greater than in the other three years and this may well be linked
to the much lower mean temperatures experienced in the preceding Winter
of 1968/69, Although the seedling recruitment rate for 1970 was not as
high nevertheless i1t was greater than 1971 and 1972, Again the mean air
temperature in the preceding Winter 1969/70 was low,dropping below freezing=
point in several months in sharp contrast to ihe Winter periods 1970/71 and
1971/72 when the mean monihly air temperature remained above the freezing=-
poant throughoul (see Figure 1). Viola rupestris seed requires chilling
before germination can occur and the low rates of seedling recruitment an
1971 and 1972 could be related to the relatively high temperatures in the
preceding \linters.

Recruitment to the quadrat populations, both by means of the production

of new rosetles and by seed germination and seedling establishment,
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resulted during the study period in the total number of individuals in
each quadrat being maintained, at least at the level of the originally
recorded mixed-age population. Overall,vegetative reproduction was of
greater significance to the maintenance of the population,vith annually
16 neir vegetataive shoots being produced per 100 andividuals in the

quadrat populalions compared with 13 seedlings.

SICTION 5: AGE-SPRCIFIC SURVIVAL AND AGE-DISTRIBUTION

Survival of i1ndividuals of known age was independent of the age
of the individual. This 1s indicated by the curves shown in Figure 6
which, with the exception of that for the seedlings which appeared in
1969, all correspond to Deevey (1947) type 2. The linear nature of these
curves when plotied on 4 logarithmic scale implies that for individuals
'born'* at the seme time there 1s a constant risk of mortality through-
out the life of the individual. Ourves are presented for both seedlings
summed for all quadrats in each year (continuous line) and for additional
vegetative shoots also summed for all quadrats in each year (broken line).
During the study period the majority of seedlings appeared in the Spraing
and therefore the survavorship curves for each age-cohort start at that
time. On the other hand new vegetative shoots were recorded throughout
the growing season and in order to simplify the graphs all new rosettes

appearing in each year are shown as a Summer total.

* 'Born! 1s used in this context to indicabe that a nev individual had
been recorded in the quadrat either as a new vegetative rosette
or seedling.
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The fact that all the curves but one are linear 1s perhaps sur-
prising, since 1t might have been expected that seedling mortality
would be greater during the initial stsges of establishment. However,
only seedlings recruited in 1969 showed this pattern of mortality; the
survivorship curves for the other secdling groups show-that even during
the period immedialely following germination the rate of mortality is
low. Annual weedy species in particular show very high seedling mor~
tality; however this i1s associated with the production of large numbers
of often very light seed. 1In these species dispersal is all amportant,
enabling exploitation of disturbed areas wnere interspecafic competition
is almost non-exastent.

Vaola rupestris on the other hand has a relatively slow rate of
turnover, and a correspondingly low requirement for the recruitment of
neuv indaividuals. In this species, i1n addaition to the steady replacement
by new vegetative shoots, in open areas the production of small amounts
of large seed, provades a source of new plants. The survival rate of the
relabively large seedlings is high and this 1s due, in part at least,to the
seed size.

The relatively low rate of mortality in this species 1s emphasised
by the large proportion of older individuals present in each quadrat at
the end of the study period (Table e). In all but quadrat 2.2, which was
sibuated on the most unstable substrate, approximately half of the
andividuals present at the end of the study period (Autumn 1972) were
survaving members of the original quadrat populatlion.

The table gives a clear indication of the relative importance of
the two modes of reproduction to the maintenance of the quadrat popula-

tions. Only in quadrat 9.2 was the germination and establishmeni of
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seedlings more important than vegetative reproduction in providing
replacemenl individusls and in lhis quadrat two thirds of the survivang
new plants originated from seed. In quadrat Z.2 there was almost equal
emphasis on both forms of reproduction whilst in quadrabs 2.3 and 3.2,
although seedling recruitment was importsnt, a larger proportion of
replacement individuals were from vegetative shoots. Maintenance of
the populations in quadrats 3.4, 6.2 and 9.3 vas almost entirely depen-
denb on the appearance of new shoots.

In all but quadrat 9.2 the importanee of the establishmeat of
seedlings to the survival of Viola rupestris appears to be related to
the extenl of the vegetation cover. The smaller number of individuals
originating as seedlings i1n quadrats with a closed vegetation may be a
direct result of the reduction in the abilily of plants bto flower and

set seed 1n this type of habitat (see Section 6).

SECTION 6: REPRODUCTIVE P:rRFORIIANCE

The abality of individual plants of Viole rupestrais to flower,

fruit and set seed 1s directly related to the density of the vegstation
an which they were growvaing. The rate of production of seeds (potential
new plants) for the four different sitos selected for this species on
W1iddybank Fell i1s shown in Table f.

The highest rate of seed production per 100 plants was observed at
site 9 (open), where data were collected from quadrat 9.3 and sample
site 9ss3. At this site the plants, which were growing in an extremely
open situation, flowered freely. Over the four years for which data are

available 33% of the individuals flowered an each year. Many of the
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plants which flowered went on to produce fruits, mostly from closed
flowers.

Of the fairly large number of plants recorded at site 9 (% open)
2% flowered and although in absolute terms the aumber of floweraing
plants was higher, in fact fewer fruitc were formed. Overall.thas
resulted 1a a much smaller number of seeds being produced in relation
to bthe botal number of planus recorded in this area wvhere the vegetation
was more vigorous than al site 9 (open). The resultvs for this site
include dsta from quadrat 9.2 and sample site 9ss2.

At site 2 where the plents were situated in an arca vherc the
vegetation was quilbe vaigorous but open, the rate of production of seed
was relatively high. As at site 9 (% open) a large number of planbs
produced a large number of flowering individuels., In this case the
number of fruits was also high although when the amount of seed produced
18 related to the total number of plants recorded 1t can be seen that
the rate of production 1s approximately the same as for site 9 (% open).
The results for site 2 include data from quadrats 2.2 and 2.3 in addation
to one sample site 2ssZ.

At all three of these sites the density of individuals of Viola
rupestras vas high and 1t was possible to sample a fairly large number
of plants. Open flowers were quite abundant in thesc areas although
only a relatively small number produced ripe capsules. It 1s possible
that the flover wuith 1ts relasbtively long peduncle, which elongates slightly
as the fruit dcvelops, may have been eaten by sheep. Closed flowers pro-
duced throughoub the growing season on Widdybank Fell were recorded in
fairly high numbers at these three sites and a large proportion produced

ripe fruits. In this case the peduncle was short and not conspicuous



8 pue J SaTqQB] UT JI9U18809 paIspTSUOD
ulsaq 9J0FeLsU] sABY pue sourqiodut Tenbe Jo ege Asyn
mwreq qI0ys ayq ut uorgeTndod syq o9 squasmsorTdsa TeTqusqod
SuTsq §® JI3J €2 ‘SUOTYTPUOD TBIUSUUOITAUS UL Sedu=yd 019
adepe oq uotgerndod ayq Jo £4TITTQER 9yl UO 3093F3 WIsg SuoT
Lisa e oary fLem siomoTI usdo woxy peonpold spses ysnoygty °*d°N

0 0°0 0 ¢T xe 9
0 0°0 0 hre 29 €
' _ - — A -
o . ¢
o 8 8 &ZT AY4 et [4
'
98 L9 162 SHTT uado 7 ¢
_——— e o —— . —— 4 Nﬂm - ——
€21 8L 08T 239 uedo 6
squetd Q0T 1LY /Sposs sqTnIy SuTIomMOTT squeTd 9IS
L /Spaas *oN *ON u®Baj] *oN TB20] *of *oN T®30L -

STIjSednd €LOLA
SAIIS NETMITT SINYId 00T Wd MOIIDNAOHd MAS qAIVWILSH

J eTqEL




- 6] -

uvntil the fruit became erect when ripe, and i1n this wvay was probably
overlooked by the sheep.

No fruits were recorded from sitcs 3 or 6 where the vegetation
was almost completely closed duriny the sbudy psriod. At both these
sites only a very small proportion of the vlants flowered, 3% and 5%
for the sites 3 and 6 respectively. The results include dala from
quadrats 3.2, 3.4 and sample site 3ssl for site 3 and quadral 6.2 and
sample site 6ss2 for site 6.

In contrast to sites 9 (open), 9 (% open) and 2 the density of
aindividual plants of Viola rupestris at sites 3 and 6 was low. Very
few closed flowers and almost no open flowers wero produced. Although
no ripe fruits were observed at lLhese sites, seedlings were recorded.
This suggests that at some time seed may have been set and remained in
a viable state 1n the so1l, or that seed was transported into the area
by animal agents such as sheep or man.

Overall, these resulls show that seed production in Viola rupestras
was adversely affected by the proximity of other vegetation. The very
lou reproduccive performance of the plants growing in the closed habitats,
where population density was low, suggests that the species may be near
the limit of 1bts tolerance in these conditions. This result would seem to
confirm the statement made by Valentine and Harvey (1963) that Viola
rupestris 'ls generally a species of open habitats, and 1t does not occur
i1n dense shade or where the community 1s complebely closed!.

Differences in the abilibty of planls Lo flower and set seed are
much less marked vhen the results are presented so that yearly values
can be compared (Table g). By far the greatest number of seeds were pro-

duced 1n 1970 and 1971, and 1a the first of these years the higher value
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may hsve been related to bthe more favourable climabic conditions 1n

that year (see Chapter three, Figure 1).

SZCTION 7: SPECIES BIOLOGY

Viola rupestris i1s a perennial sﬁéc1es with a relatively huigh
1adivadual longevity. There were no obwious signs of grazing or
pulling out by sheep and longevity does not sppear Lo have been affecltod
by the plant flowering. Although a few individuals died after flowering
this was the excoption rather than the rule and & number of individuals
flowered in all four years of the study (Figures 7, 8 and 9). These
shou the behaviour of the populations in quadrats 3.2, 3.4, 9.2 and
9.3 and clearly 1llustrate that individuals may flower (broken and
dotted linc) in more than one year. (After Tamm 1948).

Planls can flouer vhen they are only one year old, although thas
has only been recorded for plants grown from seed in pots in Durham City,
Valentine and Harvey (1963). Under natural conditions in Teesdale up to
the end of the sbtudy period, at least, only one plant established in the
quadrats from a seedling had flowered but this was not until 1t was four
years old., 1In the same quadrat (2.2) a few vegetative additions had also
flowered, one in 1ls second yoar. The more extremc clamatic conditions
prevalent in Upper Teesdale appear to restrict the rate of development
of indaviduals, such that the age at which a plant developed from a seed-
ling and possibly a vegetatave shoot reaches maturily and flowers, is
delayed.

Seed was set in all four years of vhe study, mainly from fruits

developed from closed flowers. Details of the mean number of
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flowsrs and {ruits from plants producing both open and closed flowers

are gaven in Table h. The mean number of seeds per capsule is also

given for capsules produced from closed flowcrs. Data have been collected
for each of the thrce sites mainly from the permanent quadrats and sample
sites as specifisd an Section 6, although capsules had to be collscted
from a wider area. (As ripe capsules were relatively infrequent only a
small amounv of seed was removed from the Fell). Data are not available
for sites 3 and 6 as very few plants flowered and none produced capsules.

The mean number of open flowers and fruits from open flowers per
flowering plant was much smaller in all seasons and at all sites than the
mean number of closed flowers and fruits from closed flowers. Over the
four years, only in 1969 was there any appreciable number of open flowers,
or fruits from open flewers produced.

When comparisons are made betueen years, 1969 appears to have been
the best year for the production of fruits from both open and closed
flowers. The only dascernible differences for the results when compari-
sons are made betueen quadrats are for the aumber of open flowers, where
the largest number have been produced in all four years at site 2.

Chasmogamous (open) flouers appeared 1n the latter part of April at
Arnside, Valentine aand Harvey (1961) and in »lay at the other two higher
sites 1n Bratain, including Upper Teesdale. This flowering was limited
to only three or four weeks. Cleistogamous (closed) flowers started to
appear in May and continued through the season to September i1a 1969,

1971 and 1972 on Widdybank Fell and even inbto Oclober in 1970. On one or
two plants, ripe but undehisced fruit from open flouers was present at the
same tume as young fruits from closcd flowers. Fruits from closed flowers

were produced from mid-July to mad-Augusi, by which time most had been
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formed. These fruits can be distinguished from fruits from open flowers
by their short peduncle and the absence of a styls.

On Widdybank Fell seed germination has been recorded in April and
May although most seedlings appeared in iay.

Open flowers have been vagaited by diplerous insects on Vaddybank
Fell, (personal communication J. Muggleton, 1969), and by Bombus spp.
(personal commumication ii. E. Bradshaw, 1970). The spur was found with
bites which were similar to those made in the calyx tube of Gentiana

verns by Bombus lucorum. A detailed analysis of the floral biology of

Viola ravaniana, Viola harta and Viola reichesbachiana i1s gaiven in
Beattie (1969).

A hybrad between Viola rupestrias sand Viola ravinigha which occurs
on \Jladdybank Fell was not discovered at the other Pennine site where the
two species occur together, (personal communication M. E. Bradshau, 1971)
and has not been reporied in the literature from any other locality in
Europe. The hybrid flowers prolifically, but is sterile, clones of
several square metres develop from the soholes (root shoots) a character
inherited from the Teesdale Viola ravaniana parent. More details of the
biology of this species are given in Chapter six.

Dispersal of the secds of Viola rupestras, which are quibe large,
would appear to depend on animals., Seeds of Viola spp. have an oily
appendage, the elaisome, also found i1n Polvgala spp. which attracts
ants that carry the seed away, Ridley (1930). Ants are known to be
common on Widdybank Fell and may, as in the case of quadrat 9.3, be
responsible for the removal of seeds from the quadrat, thus preventing

germination in that quadrat.
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Germination has taken place in the Spring both on Widdybank Fell
and in Durham. In Durham seed sown in the Autumn germinated the
following Sprang and it is likely that a long chilling period is neces=
sary. In Viols raviniang seed six weeks' chilling did not produce any
germination, Harvey (1962). TFor successful germination Viols rupestris
should be sown outside before November. The cotyledons on the Fell were
large, but growth of the seedlings was slow with cotyledons persisting

throughout the first growing sesson.

SECTION 8: IIFE STRATEGY

Viola rupestris is a long~lived perennial species. The present
study reveals, when half-life values are calculated from the decsy in
the number of indivaiduals in the mixed~-age populations when each perma-
nent quadral was set up, that some plants may live for 32 years or longer.
Other workers Williams (1970) for Chloris acicularig in ungrazed meadows,
Blake (1935) for a number of prairie plants and Robotnov (1960) for
Irifolium pratense in sub-alpine meadows have reported life spans for
individval plants of some 48, 10-20 and 20 years respectively. By compari-
son Antonovics (1972) for Anthoxanthum odoratum growing on a zinc mane,
found that only a few individuels lived for more than 5 years. Thus
individuals of Viola rupestrig have a relatively long life when compared
with these other perennial species. Even where individuals were growing
in very closed turf, which appears to reduce longevity, half-life values
indicate that some plants may live for as long as 16 yesrs.

Mortality 1s a continuang risk throughout the life of the plant and

18 not affecled either by the age of the indavidual or whether it flowers.
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Loss of individuals may be by naturael senescence or through uprooting
by sheep or humans. Damage caused by sheep and perhaps other animals
could lead to mortality although so far this has not been tound i1n the

few plants which were observed to be partially eaten. During the

of these factors but there was little direct evadence of loss of
individuals by uprooting.

The relatively low annual rate of mortality of Viola rupestras
which 15 associated with high longevity, requires a fairly low rate of

recruitment bto ensure maintenance of the population. Recruitment i1s by

the production of relatively small numbers of vegetalive shoots and by

seed germination, both of which occur over a long period of time. New
vegetative shoots were produced at an annual rate of 16 per 100 plants
prcsent 1n the population during the Summer. Seedlings appeared at an
annual rabte of 13 per 100 plants present in the population during the
Spring.

It would appesr that this species i1s a repeating producer. Plants
do not usually flower until they are more than 4 years old in the case
of i1ndividuals estsblished from seedlings, and 2 years for new vegetative
shoots except under favourable climatic conditions, such as in lowland
Durham. So far the study has not revealed the age at which most recruits
first flower; relatively few new plants whether established from seedlings
or vegetative shoots had flowered by the end of the four-year siudy
period. However, i1t 1s clear that once mature, the plants are able to
flower in successive ycears and presumably produce new vegetative shools

also (Figures 7, 8 and 9). The low seedling recruitmeat rate 1s



assoclated ir this species with a fairly lov annual seed yield (73 per
100 plants), end relatively low risk of mortality during the early
stages of seed germination and establishment.

Robotnov (1960) found a very similar life strategy for Trafolium

pratense groving in sub-alpine meadows. Here plants did not flower
vntil they were 5 to 10 years old, after which they flowered either in
successive years or every 2 or 3 years until some individuals were 20
years old., Here individual longevity was combined with low seed yield
and slow replacement, although unlike Viola rupestris there was no form
of vegetative reproductzon. Polygals smarella (Chapter seven) also has
a life strategy similar to that for Vieola rupestras and Trifolium
ratenge, although 1n this species population turnover is more rapid
and seed yield slightly greater.

Differences in the behaviour of the populations in the permanent
quadrats gives some insight into the facbors controlling the population
of Viola rupestirag on iaddybank Fell, Clearly the nature of tne surround-
1ng vegetalion is extremely important to this species which, throughout i1ts
range, grovs 1in open habitats on light base-rich soils. As has already
been stressed the reproductive ability of the plants i1s adversely affected
when they are present in s closed grass sward. In this habatat plants are
widely spaced and few in number. As a result the number of individuals
recorded in the quadrats was also quite small, see Figure 8, where the
behaviour of the individuals in quadrats 3.2 and 3.4 i1s shown. From this
Figure 1t can clearly be seen that only a small number of plants flower
and that there are few seedlings and relatively few new vegetative shoots.

The behaviour of the i1ndividuals in quadrats 2.2 and 9.2 by contrast

(Figures 7 and 9 respectively) 1s entirely different. Here there are a
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large number of aindividuals many of vhich flower, and in both quadrats
seedling recruitment is high. It 1s 1n these relatively open areas
that Vaiola rupestris appears to be growing under optimum or near
optimum conditions. Survival of the plant in the closed sward is
precarious and may well in the long term rely on seed being brought
into the areas from habitats where seed 1s set or the occasional plant
which flowers and sets seeé in these closed habitats.

The overall effect of the close proximity of other species in a
closed grass sward appears to be a reduction in the density of indivi-
duals. Sagar and Harper (1961) for Plantago spp. 1n grassland and
Putwain and Harper (1970) for Rumex spp. found that grasses played an
important part in restricting the population size of plants. Removal
of grass species in both cases resulbed in an increase in populstion
size. It appears that in Viola rupestris inlerspecific competition
restricts population size by preventing seed production., Without this
mode of reproduction the population i1s unable to expand by exploiting
open habitats.

Clearly the survival of this species 1s closely relabted to the
prescnce of eroding sugar limeslone or areas of turf which are periodi-
cally dasturbed. For the species to have survived through the forest
maximunl to bhe present day open habitats must have existed throughout.
Plants can survive in grazed grassland and Turner et al., (1973) suggest
that grassland communities were present during the forest maximum. It is

possible therefore that Viola rupestras has survived since the late

glacial period in habitats similer to those that exist today.
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Figure 5

SURVIVORSHIP CURVES OF MIXED—AGE POPULATION

Viola rupestris
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Figure 6

SURVIVORSHIP CURVES OF SEEDLINGS AND
VEGETATIVE SHOOTS 'BORN' AT THE SAME TIME

Yiola rupestris
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Figure 7

BEEAVIOUR OF INDIVIDUALS IN QUADRAT 2, 2

1a estri
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Figure 8

BEHAVIOUR OF INDIVIDUALS IN QUADRATS 3.2 AND 3.4

Yiola rupestris
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Figure 9

BEHAVIOUR OF INDIVIDUALS IN QUADRAT 9,2

Viola rupestrig
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CHAPTER FIVE

VIO RIVINT

SECTION 1: INTRODUCTION

The small rosulate plant, which developc from a seed i1n Teesdale
produces ney vegetative shoots from adventiticus shoots on the roots
(soboles), Valentine (1949). As with Viola rupegtris inter—connections
of these cannot be ascertained without much damage to the individuals,
therefore, ithe 'unit of reproduction' has been defined as any rosette
arising from a seed or underground shoot.

The mature plant, whether it has arisen from a seedling or vege~
tative shoot, has a short central shoot, a basal rosette of leaves and
axillary flowering stems. It is very variable in size (Flora Europaea).
It does not seem bto produce the short underground braanches temanating in
rosettes which are found in Viola rupestras.

Iongevaty 1s high and replacement of individuals, both by the pro-
duction of vegetalive shoots and by Lhe establishment of seedlings, is
correspondingly low. Seed has been sel in all four years of the study
and the establishment of seedlings plays a significant role in the
replenishment of the population, although there are some differences in

1ts relalive importance between different sites.
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ECTION 2: P ENT QJUADRAT

Three sites were selected for this species on Widdybank Fell.
Site 3 was situated close to the reservoir's edge and here two
permanent quadrats were established, one in 1968 and the other in 1970.
Sites 6 and 8B were further from the reservoir, the former 200 to 250
metres, the latler over 500 metres from top wabter-line. Viola riviniana
was abundant on the sugar limestone soils on Widdybank Fell where Vaiola
rupestrig was infrequeat, pariicularly in moister areas where there was
possibly a thin layer of glacial drift below the soil. Viola raviniana
1tself was only very occasional where Vaola rupestris was abundant and
entirely absent from the open areas of eroding limeslone where Viola
rupestras was dense and flowered prolifically-

Quadrat 3.1 contained a relatively dense cover of Sesleria caerulea
with Festuca ovana and Kobresia simpliciuscula and there was little or no
bare or moss~-covered ground. The vegetation included, in addition,
Helianthemum chamaecistus, Aantennaria dioaca, Brize media, Carex capillsras,

Gentiana verna, IThymus drucei, Flantago marabima and Plantago lanceolata.
Quadrat 3.5 also had a dense vegetabioa cover dominated by Fegtuce

oving and Sesleria caerulea. In this case Qalluna vulgaris was also

present although only sparsely, with Braiza media, Botrychium lunarium,

Plantago lanceolata, Thymus drucei, Helianthemum chamaecaistus, Potentalla

lula
erecta, Koeleria gracilisg, Viola brieeter and a little Kobresig

sampliciuscula.
Quadrat 6.1 was dominated by Segleria caerulea and Fegtuca ovina
but with some moss/laichen cover. Helianthemum chamaecistus, Thymus drucea,

2elaginells selacinoides, Briza media, Kobresia simpliciuscula, Campanula
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rotundifolia were present together with Potentailla crantzii and
Antennaria dicica. Polygala smarella was also recorded in this quadrat
(see Chapter seven).

Calluna vulgaris and Empetrum niprum were preseat in quadrat 8B, 2

vhich obherviss  contained—a—closed sward of Seplerig caerulea anc

Festuca ovina. Gentigns verna, Thymus drucei, Briza media, Selsginella

selaginoides, with occasional Polysgonum viviparum, Anemone nemorosa and
Linum catharticum were also present. Unusually Viola rupestris was also

found heres, although only 1n very small numbers.

SECTION 33 POPULATION FLUX

The total number of indavicdusls in each nuadrat increesed over the
period of recording (Figure 10). 1In tne case of quadrat 8B, 2 the
incresse in the originally recorded mixed-age population in Autumn 1968
over the study period was almost 100%. Increases of 209, 24% and 40%
vere recorded for the original populations in quadrats 3.1, 2.5 end 6.1
respeclively,

This rise 1n the total populetion was more pronouaced during 1969
and 1970 for quadrats 6.1 and 3.1 and was followed by a levelling-off
during 1971 and 1972, The populetion in quadrat 3.5, which was not
established until Spring 1970, remained relatively stable throughout,
although there was o slight incresse 1a 1970. In the case of quadrat
8B. 2 which shoved the greatest incresse in numbers the change was gradual
and occurred throughout the period from Autumn 1969 Lo Autumn 1972.
Unlike the other quadrat populstions theres was no indication of stabili-

zation 1n 1972.
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These curves clearly illustrate the stable nature of the popula~
tion of Viola riviniana on Widdybank Fell, with recruitment being able
to make up for the loss of individuals., The upward trend in numbers
may be related to the relalaively mild climatic conditions which were
expericnced dd&lng a large part of the study period.

The rate of survival of the individuals within each quadrat was
high and 1s 1ndicated by the very shallow nature of the survival curves
for the originally recorded quadrat populations shown in Figure 1l.
Half-l1fe values based on the decay of this original quadrat population
indicate that complete replacement of the population may occur every
22 to 66 years (Table a). However, the highest half-life value of 33
Years was obtained for the individuals in quadrat 3.5, which was only
observed over a 2f year period when mortality was qui‘e low for all
quadrats and is therefore probably exceptional. A more realistic esti-
mate of the time taken for complete replacement of the population is
approximalely 25 years.

The survival curves of the originally recorded mixed-age popula-
tion are not only very shallow but also linear. The shallov nabure of
these curves has already been discussed in berms of half-life values.
However, in addition to the fact that the rate of morfalltv was rela-
tively low, 1t would also appear that i1b was constant, at least over the
period of recording. The linear nature of the curves, which are similar
to Viola rupestris and Viola rupestris x raviniana, conform to Deevey
(1947) type 2. These curves with numbers plotted on a logarithmic
scale indicate that mortality is a continuing risk throughout the
plant's life, that i1s, mortality i1s independent of the age of the
1ndavidual.
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Table a

HAL®-LIFE VALUES

Yiola yaivinisna

Quadiat Helf-life (years) No.
3.1 11 40
3.5 33 76
6.1 11 35

83.2 14 93

No. ~ liumber ain the oi1i1ginally recorded

mixed~age population
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SECTION 4: SFASONAL SURVIVAIL, AND UAL RECRUITMEN

Sessonal survival over approximstely six-monthly periods was in
general lower in the first year and a half of recording (Table b).

Large differences can be seen between the values similar to those found
for Viole rupestris, ranging from 0.80 over the period Sprirg 1969 to
Aulumn 1969 in quadrat 6.2 to 1.00 (that 1s, no mortality) over the
period Spraing 1970 to Autumn 1970 in the same quadrat. In this species
the number of individuals 'at risk! at the beginning of each time anterval
18 considered to be all individuals in each quadrat excluding first year
seedlings.

The lowest survival rates were recorded during the Summer of 1969,
and the overall fagure is stabtistically significantly different at the
5% level of probability when compared wiith the figures obtained for the
seasons from Summer 1970 to Summer 1972. The other low values, for the
Winter period 1968/69 and Winter 1969/70 are not statistically sigmifi-
cantly different at this level of probability from the Summer 1969
figure. However the Winter 1968/69 value is significently lover than
all but the Winter 1971/72, and the Winter 1969/70 value 1s significantly
lover than Summer 1970, Winter 1970/71 and Summer 1972,

It 1s clear from these figures that mortality wuas greater during
the period from Autumn 1968 to the Wainter 1969/70. The lower survival
figures during this period may be related to the more severe weather
conditions experienced in the Winters of 1968/69 and 1969/70, when the
mean deily air tempersture iros much lower than in the two following
Winter periods., These figures are very similar to those obtained for
Viola rupestris except for the Summer season 1970 when the survival rate
was greater for individuals of Viole rivinisna.
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Recruitment in Vaiola riviniana was both by means of new vegeta-
tive shoots arising from root shoots and by the establishmeat of
seedlings. Neu vegetative shoots appeared throughout the growing season
and thus their recruitment 1s expressed as a rate per individual present
in the quadrat at the time of the mid-season recording (Table c). 4s
with Vaola rupestris seedlings appeared in the Spring and in this case
recruituent 1s expressed as a rate per individual present in the quadrat
in the Sprang (Table d).

Variation in the rate of recruitment of new vegetataive shoots was
large, ranging from 0.02 i1n 1972 to 0.40 in 1969 for the individuals ih
quadrat 6.1. Unlike the results for Viola rupestras, where the rate of
recruitment of vegetative shoots was particularly high in 1970 and louw in
the other years, in this species recruitment was high in both 1969 and
1970. In quadrat 8B.2 recruitment was high in all years although for the
other quadrats 1t was low in 1971 and 1972. It 1s clear from Table e that
differences in recruitment rates were greater between years than between
the quadrats suggesting that climate may be important in determining shoot
production,

Seedling recrurtment also varies a great deal with rates ranging
from 0,00 to 0.27. Overall the figures show that seedlings appeared in
greatest numbers in 1969 and 1970 whilst 1n 1971 and 1972 recruitment was
very low, particularly in 1972 vhen only 3 seedlings were recorded, (Table d).

Differences between quadrats are markced with relatively high rates
of recruitment recorded for the individuals in quadrat 8B.2 and low
values for quadrats 3.1, 3.5 and 6.1. Data are not available for quadrat
3.5 1n 1969 and no seedlings were recorded in 1970 when recruitmeat in
the other quadrats was high, and as a result the overall figure for that

quadrat population was very low. There was little difference betueen the
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Table ¢

ANNTUAL RECRUITHENT OF N2W VEGETATIVE SHOOLS

GUADRAT
YEAR 3.1 3.5 6.1 8B. 2
1969 0,237 - 0.40 0.11 0, 22t
1970 0,31 0.0 0.28 0. 22 0. 25+
1971 0.06 0.11 0.06 0. 20 0.12%
1972 0.04 0.10 0.02 0, 2 0.14¢4
0.17% 0,12% 0,183 0. 0%

# Figures shown with an asterisk represent
the annual recruitment rates for the
summed totals of each quadral aand year
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Table 4

ANNUAL RECRUITMENT OF SEEDLINGS

Viola rrviniang
QUADRAT

YDAR 3.1 3.5 6.1 8B. 2
1969 0.12 - 0.03 0.16 0,12
1970 0.14 0.00 0.10 0. 27 0.15%
1971 0.00 0.01 0.02 0.14 0.07>
1972 0.00 0.01 0.00 0.01 0.01w

0.06# 0.01%* 0.04* 0.13*

* Fagures shown with an asterisk represent

the annual recruitment rates for the

summed totals of each quadrat and year
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vegetation cover in these quadrsts and 1t 1s dafficult to link seedling
recruitment with interspecific competition es 1t was possible to do for

Viola rupegtrag.

SECTION 5: AGE-SPECIFIC SURVIVAT AND AGE DISTRTBUTION

Survivel of vegetative shoots of known age appears tc be irdepen—
dent of the age of the indivaidual. As with the survivorship curves for
the originally recorded mixed-age populations (Figure 11) these curves,
shoun by a dotted line in Figure 12, are also linear. This again indi-
cates that there was a constant rate of decay and that the risk of
mortality was independent of the age of the indavidual shoots. As there
were relatively feuw new vegetabtive shoots produced in any one season
those that wore recorded in the quedrats have been summed and expressed
as a single figure for each yesr. Since thc majority of shoots appeared
in the Summer, the figure appears as a Summer total on the graph.

The very shallow nature of the curves also shows that mortaelity of
individual new shoots was low. In addition there was little difference
ain the rates of mortality between groups of individuals 'born'# at the
same time, the curves having approximately similar slopes.

Survival of plants developing from seedlings 1s also independent

of the age of the individual. The linear nature of the curves, which

* 1Born' 1s used 1n the same context as for Yaola rupestrig, that uis,
1t refers to the appearance of new individuals in the quadrats
whether vegetelive shoots or seedlings
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shou the decay in the number of plants first appearing as seedlings
(continuous line in Figure 12) in the Spring of each year, indicates
that there 1s a constant risk of mortality throughout the early atages
of the plant's life,

The curve for the seedlings farst eprearing in 1971 is the only
onc which shows any departure from a straight line. Although all the
other curves approach Deevey (1947) type 2, the curve for the 1971
seedlings, on the other hand, spproaches Deevey (1947) type 1. Curves
of this kind indicate that mortality i1s not independent of the age of
the individual, bul thal there 13 a greater risk of an individual dying
in the early stages of its life. In the case of plants developing from
seedlings, the stage wnen this risk 1s greatest is during the initial
phases of seedling eslablishment, The fact that only onc group of
seedlings shorred this increased mortality suggests that the result may
be exceptional. The relatively large secd size of Viola riviniana as
with Viola rupeptris probably helped reduce the risk of mortality during
this critical phase of the plant's life.

A very large proportion of the individuals in the quadrasts were
mature plants, that is, those survaiving from the originally recorded
mixed-age population (see Table e, where Lhe distribution of age classes
in the Aulumn of 1972 1s shown for each qusdrat). This fact reflects
the relatively high longevity of irndaividuals as indiceted by the shallou
nature of all the survivorship curves (Figures 11 and 1) and by the high
half~life values (Table a).

Quadrst 8B.2 was exceptional in that approximately thrce quarters
of the population present in the Autumn of 1972 wass made up of plants

Yborn' during the study period. Quite a high proportion of the new
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plants arose as a result of secd germination and establishment. 1In
the othcr quadrats no more than half the quadrst populations in Autumn
1972 were made up of new individuals and of these new plants only a

small proportion sppeared as seedlings.

by seedlings in quadrat 8B.2 may well be related to the slightly morc
sheltered nature of the quadrat,which was situated in an area vhich
had a high proportinn of heather., 1In the next section 1t will be seen
thal 1t was here that secd production was high and clearly this could
be related to the less extreme conditions,which would in bturn provide
more favourable conditions for seed germination and establishment.

One interesting feature of the results is the very small contri-
bution made by plants developing from sezdlings {5 the maintenance of
the populations in the two quadrais ab site 3. It was at this site
that Vaicla rupestris produccd feu flowers and very feu seedlings.
However, unlikxe Viola rupestris, the density of Viola ravanianc vas
high and thus the effect of interspecific competilion at this site may
be solely bo restrict rthe sbility of plants to flouver and seb seed

(Section 6).

SILCTION 6: REPRODUCIIVZ PiRFORMANGE

Reproductive performance 1s discussed in this section in terms
of the number of potential ncw plantsy(seeds, produced per 100 plants

in the populations. Although Viola rivainiana reproduces vegetatively as

well es sexually, it was not possible to record the number of root-shootus,
potentiil new vegetsiive plants, withoul destroying the plants in the

quadrats.


http://P-ns.de
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The differences in seed production betueen the sites werézﬁgrked
(Table £f). The table shous the total number of plants present at each
site, the number flovering, tae number of fruits and the mean number of
seeds ver capsule. From bthese data an estimate of Lhe actual number of
seeds produced per 100 plants in the bhree areas had beea made.

At site 3 data were collected from gquadrats 3.1 and 3.5 and from
sample site 3ss3; al site 6 from quadrat 6.1 and sample site 6ssl; and
at site 8B from quadrat 8B.2 and sample site 8Bss2., These data have
been re-calculated to show differences i1n reproductive performance
between years (Table g).

Clearly the greatest differences in seed production occurred
between sites with the individuals at site 8B producing annually almost
one seed for every plant present in the populatwion. Seed production at
the other two sites was much lower with one seed being produced for
approximately every 5 plants in the population., Thais much higher rate
of seed production at site 8B suggests that the plants vere growing under
more favourable conditions than al the other sites. Here the quadrat and
sample site were situabted 1n an area with a high proportion of Calluna
vulgaris which may have helped create a favourable microclimate in which

Viola raviniana can flower and set seed more easily. The presence of

Kobresia simpliciuscula in a heavily grazed closed turf at the other tuo
S1tes may have had the opposite effecl by causing increased interspecific
competition.

Differences in seed production for each of the years (Table g)
were less marked, sugsesting that climatic/seasonal variation, at least
over the four years of the study, was less important i1n determining the
ability of plants Lo flower and set seed than the habitat in which the

plants were growing. Whether the higher values observed in 1970 and
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1972 were related to temperature, rainfall, or differences in the
stockang rate of sheep on \laddybank Fell is impossible to determine.
Both open and closed flowers were produced by plants of Viola
rivaniana on Widdybank Fell and fruits from both types of flower uere
recorded. Howvever, it 1s apparent from Tsbles f and g thalt fou fruats
were formed from open flowers. Although the production of fruits from
this btype of flower may be extremely important to the long term survival
of the species under changing envirommental conditions, in the short
term seeds from fruits of open and closed flowers were equally important
in providing potential replacement individuals. For this reason the
estimate of tho numper of seeds per 100 plants includes fruits from both

open and closed flowers.

IION 7: SPECIES BIOLOGY

The results of this study reveal that Viola rivinmiana i1s a rela-
tively long-lived plant in Upper Teesdale with age-independent mortality.
Reproduction which 1s both by means of the production of new vegetative
shoots and by the establishment of seedlings, 1s correspondingly low.
Longevity does not appear to be affected by a plant floweraing (Figures
13 and 14), In these figures, where the behaviour of the populations in
quadrats 8B.2, 3.1 and 3.5 are shown, each line represents a single plant.
A few plonts died immediately after flowering (broken and dotted line) but
over the study period this involved only 6 individuals. More usually
plants survived and often flowered again; one plant {lowered in all four
years of the study and 8 plants flowered in three of the four years.

A few new i1ndaviduals flowered in Lheir third year and this was

true for plants arising both as a result of vegetative reproduction and



by the germination of seed snd 1ts establishment. However, this only
bhappened i1n quadrat 8B.2; in the other quadrats no additional neu plants
flowered. This again suggests that 1t was in this area (site 83) that
conditions were favourable to plant growth.

Seed was set in all four years of the sbtudy both from open and
closed flowers.

Chasmogamous (open) flowers appeared on UWiddybank Fell in the
latter part of May and the first week of June i1n both 1969 and 1970.
In 1971 and 1972 flowers appeared by the second wesk in May. Open
flowers were normally produced over a period of approximately 3 wecks
and durang this time buds which developed into closed flowers uere
observed,

Plants transplanted from Upper Teesdale to the University of
Durham and grown in tubs flowered 2 to 3 weeks earlier than Teesdale
plants grouving 'in situ'. The plants also flower for a longer period
producing ripe fruits from closed flowers up to the end of September.
In the middle of tne season flowers were observed which never beceme
fully open. These semi~cleistogamous flowers were produced after the
fully open flower and had only very small petals,

Seed germinztion oeccurred in the Spring of each year on Viddybank
Fell; at Lhe end of llay to tne beginning of June in 1970 and in the
second and third week in May an 1971 and 1972.

A hybrad of this species with Viols rupestris i1s present on
Widdybank Fell (Chapter six).

The production of flowers, fruirts per flowering plant and the
number of seeds per capsule varies considerably (Table h). The pro-

duction of open flowers in all but one case was much lower than closed
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flowers per flowering plant although there is no indication that any
one year was more favourable than any other. By contrast a much
greater number of closed flowers vere produced at all sites in 1971,
with lower values in 1970 and 1972, Differences in the values betueen
sibes are also apparznt zh Iable h with the mean number of open flowers
per flowering plant slightly greater at site 3 than at the other two
sites.

The production of fruits from open flowers was very low with only
17 capsules being recorded in the permanent quadrats and sample sites
throughout the study period. The mean number of fruits from closed
flowers was very much higher in all years and at all sites, with the
greatest number per flovering plant being produced at site 8B in all
three years for which full data are available. Unlike the results for
the production of closed flowers there is no indication that any season
was more favourable than another., This suggests that climatic factors,
vhere they affected reproduclive ability, did so only by affecting the
production of closed flowers.

The data for the mean number of seeds per capsule were collected
from fruits from closed flowers and show that the production of seeds
wasgreaber at site 8B. The fact that a greater number of fruits per
flowering plant and seeds per capsule were produced at this site is
reflected by the figure for reproductive performance at ithis site given
in Section 6, Table f.

Dispersal of the seed was restricted as far as could be ascertained,
to the distance from the plant that the explosive mechaanism was able to
throw the seed. The relatively hecavy seed does have an oily appendage

which 1s said to attract ants as in Vaola rupestris and Polygala amarella,
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Ridley (1930) and dispersal may be affected over greater dis-
tances,

The seedling, on germination, had large cotyledons, grouth
was slow and only 2 to 4 leaves were produced during the first
growing season. The cotyledons remained visible throughout_the
period, eventually dying toward the end of the Autumn.

Effective reproduction was bolh by Lhe production of vegetative
shoots and by the establishment of seedlings. The former contributed
more to the maintenance of bthe quadrat populations at sites 3 and 6,
whilst both were equally important at site 8B. This distiaction is
clearly illustrated by Figures 13 and 14 which show the behaviour of

the quadrat populations at sites 3 and 8B.

SECTION 8: LIFE STRATEGY

Viola ruviniana 1s a long-lived perennial species., The present
study reveals that indavidual plants may live for as long as 22 years
or more (Section 3). This value 1s of the same order as that obtained
an this study for Viola rupestras and Viola rupestris x pivinisna but
1s lower than that indicated by half-life values caleulated by Harper
(1967) for Falipendula vulgaras and Sanicula europaea irom data given
by Tamm (195&). For these species 1t appears that individual plants
may live for as long as 36 years and even up to 100 years respectively.

Mortality was a continuing rask throughout the life of the indi-
vidual and was not affected eirther by i1ts age or whether it flowered.
Some 1ndividuals were affected by animals but there was no direct evi-
dence of any having been lost directly as a result of damage or

uprooting by grazing.
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The relatively high longevity of individual plants within the
permanent quadrats requires only a correspondingly slow rate of
recrultment to ensure survival of the population. Thus an annual
mortality of 13 plants per 100 in the population was made up by
rocruitment of vegetative shoots and geedlings at rates of 16 snd 8
plants per 100 respectively. Those figures clearly show that the
number of individuals recruited to the population was greater than the
number that were lost. This fact combined with the low rates of mor-
tality for the nev indaviduals led, over the study period, to an
increase in the total population within each of the quadratbs.

Twice as many new plants appeared as a result of vegetative
reproduction than by seed germinalion aand establishment of seedlings.
Thus the population could probably be maintained entirely by vegeta-
tive reproduction, although the species would be unable to adjust
genetically to changos in envirommental conditions. However, even
the sexual reproductive mechanism is almost tobally inbrezding with
ripe seed being produced mainly from closed flowers., A very few ripe
capsules were produced from open flowers and i1t must be from this out-
breedaing mechanism that new genetic combinations arise and allow the
population to adjust to envirommental change, Thus, although the pro-
duction of vegetative shoots and of seed in fruits from closed flowers
was 1mportant to the short term survival of the species, the long term
survival will depend on the ability of tne population to produce ripe
fruits from open flowers,

The production of potential new plants (seeds) was relatively
hagh, almosi attaining an annual rate of one seed per plant in the

population. This compares uith the actual recruitment of seedlings
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which, over the study period, ran at a rate of 8 per 100 plents in the
total population., Thus, annually, only approximately 8% of the poten=
tial new plants (seeds) actually germinated and entered the population
as seedlings. The remaining 925 of the secd either lay dormant 1n the
soil, wes destroyed or may have beea carried out-of the quadrats to
germinate elsevhere. It 1s known that the rate of gemination in

Viola rupestris i1s very low and 1t i1s likely that this 1s also true for

Viola riviniana.

As with Vaiola rupestris, this species is a repesting producer.
Plants waill flower in their third year and once meture sre capable of
producing flowers and fruits in successive years. Recruitment of both
vegetative shoots and seedlings 1s low and the risk of mortality of
these individuals 1s on the whole no greater than for mature plants.
The longevity of individuals of this species 1s associated with rela-
tively low sced yield, producing approximately one seed per iadividual

i1n the population per annum, and slow replacement.



Figure 10

TOTAL POPULATICNS

Wiola riviniana
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TOTAL POPULATION- Viola riviniana
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Figure 11

SURVIVORSHIP CURVES OF MIXED-AGE POPULATION

Viola riviniana



No of plants

100

FIGURE iI

SURVIVORSHIP curves of mixed-age populations-Viola riviniana
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Figure 12

SURVIVORSHIP CURVES OF SEEDLINGS AND VEGETATIVE
SHOOTS 'BORN' AT THE SAME TIME
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SURVIVORSHIP curves of seedlings and vegetative shoots born at

the same time-\Viola riviniana
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Figure 13

BEHAVIOUR OF INDIVIDUALS IN QUADRAT 8B.2

Viola riviniana
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Figure 14

BEHAVIOUR OF INDIVIDUALS IN
QUADRATS 3.1 AND 3.5

Yiola riviniang
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CHAPTER SIX

VIOLA RUPESTRIS X R IANA

SECTION 1: INTRODUCTION

This hybrad of Viola rupestras and Viola riviniana 1s a small
rosvlate plant samilar in form to the Violg rupegtris parent. The
hybrid flowers prolifically but the flowers are sterile and reproduction
1s by means of new rosettes produced from sobolos (root shoots), a
character inherited from the Teesdale Yaola rivaniang parent, For the
purpose of this study the individual or 'unit of reproduction', i1s con-
sidered to be any :roselle arising from a root shoot.

Over the study period no seedlings, which had arisen from the
germination of seed set following cross pollination between the two
parents, were observed. On Widdybank Fell the hybrad is very restricted
in its daistrabution indicating that cross pollinetion and seed set only
occurs very infrequently. In view of the small aumber of ripe fruats
which were recorded from open flowers of beth parents (Chapters four
and five) this ais perhaps not surprising. As far as i1s known, no simi=-
lar hybrids have been found at the other two Braitish stations where the
parents occur together, and there are no reports in the literature of
1ts occurrence anywhere else in Evrope

The large size of the clones, some several metres across, indi-

cates that once a plant has become established its vegetative mode of
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reproduction enables very dense populations of plants to be built up.
Single plants and small groups of two or three indivadual plants were
observed on the Fell but 1t 1s not known whether they lack the abilaty
to produce soboles or were very recently established individuals.
Within the clones where permanent quadrats had been establighed
individual rosettes were long~lived and population turnover and
recruitment rotes were low, Thus ithe life strategy of this species
was very similer to the two parents, although there was no recruitment

from seedlangs.

SECTION 2: P:RMANFNT QUADRATS

Two sites (3 and 9) were selected for this hybrid on Widdybank
Fell, both in heavily grezed sugar limestone turf. In each of the
quadrats established at these tuo sites the individual roscttes were
growing very close together and it 1s possible that the plants in each
of the quadrats were part of clones.

Quadrat 3.3 wes situated on a south west facing slope just above
the reservoir's top-water line. The completely closed vegetation uss
dominated by Festuca ovana and Sesleria caerulea with Helianthemum
chamaecistus, inymus drucea, Briza media, Plantago maritima, Iotug
corniculatus and Carex flacca also present.

Quadrat 9.1 wes situated in the same area where Viola rupestris

wasg recorded, at more than 500 metres from the reservoir. Here the
vegetation was more open with some bare ground and moss cover. The
vegetation was dominated by Seslerap cserulea and Fegtuca ovina with
VYaiola rupestras x riviniana very frequent. Carex flacca, Pobtentilla

|
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erecta, Viola tracolour, Polygonum vaviparum, Selaginella selaginoides,

Koeleraia gracilis and Thymus drucei were also present in the quadrat.
Bach of the permanent quadrats had a sample site associated with

1t.

SECTION 3; POPUILATION FLUX

4 gradual increase in the number of individvals in the two
quadrsts was observed over the period of recording (Figure 15). These
increases, expressed as a percentage of the originally recorded mixed-
age population for the quadrats 3.2 and 9.1, were 38 and 20 respectively.
The change in the total population was very gradual with no seasonal
influences apparent such as were shown in the curves for Viola rupestris
(Frzure 4).

There 1s an indication 1n the curves that increases in 1965 and
1970 were followed by a levelling-off in 1971 and a slight decrease in
numbers i1n 1972. The season of 1970, which for Viola rupestrig and
Genliana verna wess favourable to vegetative reproducticn, also showed
an increase in numbers of the hybrid which vas related to a grcater
number of shoots appearing and becoming established i1n that year. The
total population in quadrat 3.3 showed a similar increase in 1971.

Ths survaval curves for the originally recorded mixed-sge popula=-
tion are very shallow indicabing that within each quadrst the rate of
loss of individuals was very slcw (Figure 16). Half-life values besed
on the decay in the number of individuals in the original mixed-age
population over the period of recording indicate ihat the time taken

for complete replacement of the population may take up to 34 years.
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The estimnated half=-life values for the individuals in quadrats 3.3
and 9.1 were 17 and 10 years respectively.
The linear nature of these curves as well as tnose for the
individvals of knoun age shown in Figure 17 indicates that the rate
- of decay has been congtant, All the curves correspond teo Deevey
(1947) type 2. 4s with the two other violet speciss these curves show
that the risik of mortality for all individuals of tne nybrid was nou
affected by the age of the rosette,
The very steady slou rate of decay within the population coupled
w1th the corresgpoadingly low ratle of recruitment resulbed in a stable

population being maintained over the study period.

SECTION 4: SEASON URVIVAL AND ANNUAL RECRUITMENT

Seasonal survival over approx.mately six-mo.athly periods showed
some voriation bet seen the two quadrats and betueen the seasons
(Table a). The individual values represent the proportion of plants
surviving over each period as a rale per individual present ab the
beginniagy of each time interval. For this plant bthe number 'st risk!
includes all survivang vegetative shoots regardless of their age; as
tho hybrid is steraile there are no seedlings. Data are not available
for the season Spring 1969 to Spring 1970 for quadrat 3.3 as 1t was nol
established uatil Sprang 1970.

Variation betusen individual survival rates is nobt large but the
three lowest betueen-geason figures are statistically significantly
different at the 5% level of probability from the values for Winter

1970/71 and Wiater 1971/72. This resull suggests that as with

|
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Table a

SEASONAL SURVIVAL

Viola rupestris X ravainiana

QUADRAT
SEASON 3¢3 9.1
Summer 1969 No record 0.90 0.90 t 0,02
Winter 1969/70 No record 0.89 0.89 * 0.03
Summer 1970 0.97 0.92 0.94 ¥ 0.01
Winter 1970/71 0.98 0.94 0.95 * 0,01
Summer 1971 0.98 0.91 0.94 t 0.01
Winter 1971/72 0.96 0.95 0.96 ¥ 0.01
Summer 1972 0.93 0.90 0.91 f 0.01
0.96 * 0.01 0.92 %t 0.01

Overall seasonal survival for each gquadrat
population both between the quadrats and
between the seasons i1s shown + standard

error
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Viola rupestrig the risk of mortality is greater during the growing
season, It 1s possible that adverse climatic conditions over the
period Autumn 1968 to Autumn 1970, coupled with the greater stresses
1mposed on the plants when they were growing and flowsring, resulted
in the reducl.on in survival rates which can be seen for these seasons
1n the table. The higher survival rates for the \inters 1970/71 and
1971/72 suggest that during these «seasons the mild Winters may have
imposed less stress on individuals, particularly at a time when they
were dormant.

Recruirtment in the hybrid was entirely by new vegetative shoots.
The annual rate of recruitment of tnese new plants to the quadrat
populations 1s shown in Table b, where the figures are expressed as a
rate per individual present in each quadrat in the Summer of each year.
The values differ considerably for each season and 1t 18 clear that an
1970 for quadrat 9.1, at least, there was a large influx of new plants
compared with the other years., However, recruitmsnt of new plants
into quadrat 3.3 was relatively low throughout, with 1971 havaing the

highest recrultment rate.

SECTION 5: AGR-~3PRECIFIC SURVIVAL AND AGR-DISTRIBUTION

Survival of vegetalive shoots of known age in the two quadrats
vas 1ndependent of the age of the individuals. The curves, which show
the decay in the number of new shoots (summed for each season), are
wexys lincar and differ only slightly from each other. They conform
closely with Deevey (1947) type 2, and as for tne two parent species,
they indicate that the risk of mortality was constant irrespective of

the age of the individuals.,
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Tabla b

ANNUAL RECRUIT:HINT OF

NEW VEGETATIVE ROSETTES

Viola rupestris X riviniana

QUADRAT
YEAR 3.3 9.1
1969 No record C.12
1970 0.15 0.37
1971 0. 20 0.17
1972 0.14 0.03

AL
26 JAr 174

CErTICR
Iy
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As with the survaival curves for the originally recorded mixed-
age populations Lhe slopes are very shallov and between some recordings
show no loss of individuals at all. Thus the slow rate of turnover,
indicated by the half-life values bassed on the decay of the oraginal
populations, is shown algc by the sarviwval curves for aindividuals cf
known age.

The daslribulion of the differenv age classes present in Lhe
quadrals at the end of the study period in Autumn 1972 show that there
was a very high proportion of mature individuals in the population, (Table c).
In both quadrats approximately 50% of the total population was made up
of plants which were present at the time when the first recording was
carried out. The large number of individuals in quadrat 9.1 survivang
from the year Autumn 1969 to Autumn 1970 reflect the high recruitment
rate in that quadrat in the Summer of 1970.

Plants were able to flower in their second year and if this is
taken as an indication of maburity, then they can make a contribution
to the replacement of the population by the production of soboles when
they are two years old. However, only a few plants actually flowered
1n their second year and Viola rupestras x yiviniana, as with 1its
parents, appears to be a species which takes several years to mature,

has a low rate of mortality and a correspondingly low recruitment rate.

SECTTON 6: REPRODUCTIVE PFRFORMANCE

Reproductive performance can only be discussed for this plant
in terms of the number of flowers produced as both the open and closed

flovers are sterile. The number of plants flowering, that is,
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Table ¢
DISTRIBUTION OF AGE CLASSES IN EACH GUADRAT
AT THE END OF THE STUDY PEPIOD

Yacle rupestras ¥ riviniane

QUADRAT

AGE IN
Pregent Spring
1969 > 3% Mo record 82
'Born'! yeor
Spr. 1969-Aut, 1969 3-2% 96% 12
tBorn! year
Aut. 1969-Avt. 1970 2-3 14 42
'Born' yesat l
Aut, 1970-avt. 1971 1-2 i 26
'Born' yesr
Avt. 1971-put, 1972 <1 23 13

* Individuals > 2% years old, first
recorded Sprang 1970
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producing either open or closed flowers, was consistently greater
at site 9, where data from quadrat 9.1 and sample site 9ssl are
included. There was litile difference in the number of plants pro=-
ducing flowers between the years for both site 9 and site 3. Data
for site 3 was obtained from quedrat 3.3 and sample site 3ss2, (Table d).
The differonces between the number of open and closed flowers
produced at each site was quate marked and unlike Viola rupestras and
Viola raviniana quite large numbers of open flowers were produced at
both sites compared vath the numbor of closed flowers. In 1970 more
open flowers were recorded than closed and a similar result was
obtained at site 3 in 1972. (The number of closed flowers was
probably underestimated in 1970 as some were not properly identafaied
as such). The lowest number of open flowers was recorded in 1971 when

there were more closed flowers than open flowers.

SECIION 7: SPECIES BIOLOGY

The hybriad of Viola rupestras and Vaola ravainiana is similar in
form to the Viola rupestras parent but with leaves shaped like the
Viola ravaniana parent. The plant reproduces by means of new rosettes
produced from soboles, a character inherited from the Viola raviniang
pareanl., The hybrad i1s perennial and individual rosettes die down during
the Winter period.

Indivaidual plants are long-lived, as can be seen by lhe survivorship
curves (Figures 16 and 17) and the half-life values of 17 and 10 years,

which indicate that some plants may live for as long as 34 ysars or more.
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Table d

Viole rupegtras x yiviniena

Total Vo,

No. ef flouers

YEAD SITE No. flouerirg
Plants Gpen ClOSed
1965 3 39 4 No record
9 623 32 No record
1970 3 356 35 13 0
9 308 47 13 1
1971 3 346 33 3 12
9 244 58 1 47
1972 3 382 30 12 8
9 3R 57 15 338
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There were no obvious signhs of loss of individual roseties by grazing
or pulling out by sheep. Longevity was not affected by the plant
flowering; indeed meany plants flowered in two, three and, for one
plant, four successive years (Figures 18 and 19). These figures show
the behaviour of the guadrat population 3.3 and 9.1 respecuively, uhere
each linc represents an individual, and floweraing is shown by a broken
and dotted line, after Tamm (1948).

No seed 1s set as the hybrad prodvceg flowers vhich are sterile.
These flowers may be of tuo kainds, as in the parents' species,
chasogamous (open) and cleistogamous (closed). The period of production
of flowers was very similar to that for Viola rupestris with open flowers
appearing in May on Widdybank Fell., Closed flowers started to appear in
May also but vhereas open flowers were only produvced over a period cf
3 to 4 weeks, closed flowers appeared throuvghout the growing season.

The mean number of flowers per flowering plant is shown in Table e,
end 1t can be seen from the figures that the mean number of open flowers
was quite high. 1In two of the three years the number of open flowers was
greater than the number of closed, in 1970 for both sites and in 1972
for site 3 only. 1In all three of the years the number of open flowers
produced was greatest at site 3 whilst the number of closed flowers were
greater at site 9, These resulis suggest that at the two sites there
were factors which affected the ability of plants to produce the two

kinds of flowers, in different ways.
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Table e
FLOWER PRODUCTION
(MZAN FLOWERS PER FLOWERING PLANT)

Viola rupestras x riviniana

YEAR SITE Open flowers | Closed flowers
1970 3 0.37 ¥ 0.13 0.00
9 0.9 * 0.06 0.02 % 0.02
1971 3 0.2L * 0.06 0.32 * 0.08
9 0.02 ¥ 0.02 0,81 ¥ 0,12
1972 3 0.43 ¥ 0.13 0.27 X 0.9
9 0.2 * 0.06 0.67 £ 0.13

Figures for flower production are given as
a mean per flowering plant t standard
error
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SECTION 8: LIFE STRATEGY

The small plant depends entirely on vegetative reproduction
for propagation. Longevity of individuals i1s high and tne rate of
surnover of the population correspondingly slow. Half-life values
indicate thal 1t may take as long as 34 years for comélete replace-
ment of the populzstion.

The relatively slow rate of turnover requires only a lou rate
of recruitment to replace lost individuals., The study reveals that
recruilment was greater than mortaliby, and as a result of the high
survival rate of the nev shoots the total number of individuals in
each quadrat increased. Thus during the study period, at least, the
population increased in density.

No other hybrids of this kind have been found at the two otner
localities in Brltain, where tiae parents occur togebner. This fact
combined with the very restricted distribution of the plants in
Teesdale suggests that cross pollination and successful establishment
of seedlings only occurs infrequently. Some of the colonies are quite
large and may have been derived from a single seedling. On Widdybank
Fell there are also several small colonies which may be small because
they are recent 1n origin or because the plants did not 1nherit the
ability to produce soboles.

Once a plant 1s established 1t 1s clear from the present study
that 1t 1s able to reproduce very successfully. The apparent absence
of Lhis hybrad from Europe as a whole suggests that the factors con-

trolling the existence of this hybrid act darectly through the
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prevention of cross-~pollination. Sance open flowers are only pro-
duced in fairly small numbers in both parsnbts and very few ripe
fruils are formed from these flowers 1t 18 not surprising that the

hybi11d 18 so restricted.



Figure 15

TOTAL POPULATIONS

Yiola rupestris x riviniang
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TOTAL POPULATION-Viola_rupestris x rivimana
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Figure 16

SURVIVORSHIP CURVES OF MIXED-AGE POPULATIONS

1ol egtrig x rivin
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FIGURE 16

SURVIVORSHIP curves of mixed age populations- Viola rupestris x riviniana
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Figure 17

SURVIVORSHIP CURVES OF VEGETATIVE
SHOOTS 'BORN' AT THE SAME TIME
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FIGURE 17

SURVIVORSHIP curves of vegetative shoots born at the same

time - Viola rupestiis x_riviniana
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Figure 18

BEHAVIOUR OF INDIVIDUALS IN QUADRAT 3.3
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Figurs 19

BEHAVIOUR OF INDIVIDUALS IN QUADRAT 9.1

Yiola rupestris x riviniang
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CHAPTER SEVEN

POLYGATA AMARELLA

SECTION 1: INTRODUCTION

Polygala amarella (Polygala emara), Fearn (1971) 1s characterised
by having a basal rosette of leaves. Young plants have a short, simple
main stem but mature plants may produce lateral branches, which also
have a rosette of leaves at their base, either after flowering or
because of grazing. (In Figures 24 and 25 this branching i1s shown by
a branch on the line representing an individual plant).

The individual or 'unit of reproduction' in this species is con-
sidered to be any plant which arises from a seed. Although branches
are produced these remain attached to the main stem and unlike Vipla
rupestris, vhere new rosettes arise from underground stems and form
recognisable units, they clearly form part of the original rosetts.

Indivadual plants are short-laived often flowering in successive
years before dying. Recruitment during the study period was entirely
by germaination of seed and subsequent establishmeat of seedlings.
Germination occurred mainly during the Summer monlhs of July and August
and was very variable (Section 7).

Plants were often observed partially eaten by sheep, particularly
when they were flowering, but this only occasionally resulted in the
prevention of the production of seed. Flowering and seed production

occurred over an extended period in the Summer months, and i1n some
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plants loss of the flowering stem at the end of May to the beginning
of June resulted in branching and the production of flowers later in
the season. At least one individual which was grazed during this
period went on to produce 104 seeds on 15 branches in one of the sample
sites later in the same season.

Plants in Upper Teesdale are restricted bo a limited number of
small colonies of a few hundred individuals each. These individuals
are much less vigorous than those occurring at another location in
Yorkshire, uhere plants were not only bigger and their floweraing
apparently more prolific, but they were alsoc more widely distributed.
Thas observation suggests that the extreme climatic conditions
experienced i1n Upper Teesdale restrict the growth and abilaity of
plants to flower.

In Upper Teesdale there are two genetically different plants. The
normal blue~flowered variety occurs mainly on Widdybank Fell in several
small colonies and i1n one small colony on Cronkley Fell. A pink=flowered

plant grows 1n two smal: but dense colonies, only on Cronkley Fell.

SECTION 2 PERMANENT JU

Five permunent quadrats were established, four on Widdybank Fell at
sites 6 and 7, which were 200 to 250 metres from the top-water line of
the reservoir, and one on Cronkley Fell. The quadrats on Widdybank Fell
were situated 1n heavaly grazed sugsr limestone turf close bto or amongst
Calluns vulgaras. The quadrat on Cronkley Fell was recorded for the pink-
flowered variety of Polygala amarella. The vegetabtion contained Calluna

vulgaris and Empetrum nigrum and was very closely grazed by both rabbits
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and sheep unlike the quadrats on VWaddybank Fell which were grazed
exclusively by sheep., Details of the vegetation in the individual
quadrats are given below.

Quadrat 6.1 was dominated by Sesleraa caerulea and Festuca ovana
but with some moss/lichen cover. Details of the other species present
are given in Chapter five, Section 2, as this quadrat was also recor-
ded for Viola raviniana.

@uadrat 7.1 was situated in an arca of sugar limestone turf
grading into Galluna vulgaras. The vegetation was dominated by
Sesleria caerulea and Festuca_ovana with Kobresia simpliciuscula,
Thymus drucei, Campanula rotundifolia, Gentiana verna, Antennaria
dioaca, Briza media, Plantago maratima also present together with some

moss/lichen cover. A map showing the type of vegetation in one motre
length of this quadrabt is shown in Figure 20.

Quadrat 7.2 was almost completely dominated by Sesleria caerulea
with laittle bare ground or moss/lichen cover. The vegetation in this
quadrat, vhich was close to quadrat 7.1, differed in that Callung
vulgaris and Kobresia sampliciugculs were both absent. This quadrat
was also recorded for Gentiana verna (Chapter nine)

Quadrat 7.3 was atypical in that Polygala amarella was growing

in a moss/lichen substrate overlying bare rock. A relatively large
proportion of the area was without any vegetation cover and part con-
bained Calluna vulgaras. This quadrat was also recorded for Draba
incana (Chapter eight).

Juadrat 10.2 was situated on Cronkley Fell close to a colony of
rabbits and consequently the turf was quite closely cropped. The

vegetabion was dominated for the most part by Sesleria caerulea and




Figure 20

MAP OF VEGETATION IN QUADRAT 7.1l

Polygala amarella
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Fegtuca ovana although Calluna vulgaris and Empetrum nigrum covered
part of the quadrat. The pink-flowered plants were able to survive

and flower in the denser stand of Empetrum nigrum.

Because of the very restricted population of Polygals amarella
on both Fells, two sample sites only were established on Widdybank
Fell close to quadrats 7.1 and 7.2. One sample site was recorded in
association with quadrat 10.2 on Cronkley Fell and contained pinke

flowered plants.

SECTION 3: POPULATION FLUX

Change in tlhe total population of individual plants in each
quadrat was irregular and often large (Figure 21). The total number
includes all the surviving plants present at the time of recording
except seedlings which had not survived the Winter peraod. The
increase 1n the totel population which 1s apparent in the Springs of
1969 and 1970 1s due to the inclusion of seedlings germinating in the
previous year and survivaing to the Spring.

The very large seed germination of 1969 and the subsequent sur-
vaival of the seedlings i1s reflected by the rise shown in the curves in
Spraing 1970, a raise whicn can be seen for the indivaduals in all the
quadrats. Follouing this steep rise the curve for the total population
1n quadrat 6.1 shows that there was a slight decline in numbers
followed by another rise in the Sprang of 1971. This was repeated in
1972 such that overall there was an increase of 1104 ain the total popu~-

lation over the period of recording.
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The curves for the total populations in quadrats 7.1 and 7.2
show an ancrease in numbers in 1971 followed by a slow decline over
the Winter 1971/72 and Summer 1972 such that the total population in
each quadrat in Autumn 1972 was slightly lower than that recorded in
Autunn 1968. Ia the case of quadiuts 7.3 and 10. 2 the increase in
the total population in 1970 was followed by a steady decline over
the rest of the study period. In the former of these quadrats there
was an overall increase of 171% between Summer 1969 and Autumn 1972,
1n the latter a drop of 212 betueen Autumn 1968 and Autumn 1972,

These results show that survival of the population of Polygala
amarella on Widdybank and Cronkley Fells depends on the abality of the
species to produce seed, which i1n favourable years germinates well.
Without the very large seedling recruitment in 1969 most quadrats
woula have experienced a sharp fall in the number of individuals over
the study period. The rate of germination (recruaitment) in any year
depends on the amount of seed produced in the previous year. (The
occurrence of seedlings close to fruiting plants of the previous year
sugzests bhat germination occurred in the year following seed-set ).
Climatic factors affecting the actual germination of seed may also
play an important role particularly if viable seed 1s stored in the
soll or on the soil surface.

Survivorship curves for the originally recorded mixed-age popu-
lation are steep, indicating that the rate of loss of individuals from
the quadrats was high. On the whole the curves show a relatively
steady decline 1n numbers, although in three of the quadrats there
were a large number of deaths in some seasons. Quadrats 6.1 and 7.1

showed a steep decline in numbers between the Spring and Summer records
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in 1969; quadrat 7.1 showed a farther relatively high rate of mor-
tality between the Summer and Autumn records of 1970 and 197Z.
Quadrat 7.3 also showed a sharp increase in the rate of mortslity
between the Summer and Autumn records of 1971, although in this case
the loss was of only 2 plants from the 5 survaving from Summer 1969,
(Frgure 22).

Half=la1fe values based on the decline in the number in the
oraginal population over the period of recording show that a few
individual rosettes may live for up to 14 years (Table a). However,
the highest value was obtained for the individuals in quadrat 7.3 where
only 7 individuals were recorded when}ﬁhe yuadrat was set up, 3 of
which survived to Autumn 1972, Clearly with half-life values as low
as 2,7 years, lLhis figure of 14 years is probably a maximum possible

life-gpan and a more realistic estimate of longevity is 6 to 10 years.

SECTION 4: SrASONAL SURVIVAL AND ANNUAL, RECRUTTMENT

The seasonal survival over approximately six-monthly periods
varied a great deal between the quadrats and between years (Table b).
Values range from 0.54 for the individuals in quadrat 6.1 over the
Summer 1969 to 0.99 for tne same quadrat in Summsr 1971. ‘The indi-
vidual values represent cthe proportion of plants survaving over each
season, expressed as a rate per individual present at the beginning
of each time interval. For this species the number tat risk! includes
all surviving plants, but only including seedlings after they had sur-

vived one Winter period.
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Table a

HALF-LIFE VALUES

Polygala amarells

Quadret Half-life (years) No.
6.1 6.4 38
7.1 2.7 31
7.2 4.3 49
7e3 6.6 7

10. 2 3.6 96

No., = Number of andividuals ain the
originally recorded mixed-age
population
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The lowest between season survival rate was recorded for the
Summer season 1969, and this figure i1s statistically significantly
different at the 5% level of probability than all the other values.
The Winter 1969/70 figure is also significently lower than all but
the seasons Winter 1968/69 and anter 1971/72. The sessonal value
for Winter 1971/72 i1s statistically significantly lower at the 5%
level of probabllity than the Wanter 1968/69, Summer 1970, Wanter
1970/71, Summer 1971 and Summer 1972 figures. It can be seen from
these comparisons that there 1s no indication that mortality wes con-
si1stently greater during either the Winter or Summer seasons. The
variation between the seasons was, in fact, inconsistent and often
large.

The dafferences when comparisons are made between quadrats
are less marked, with overall survival rate for the individuals an
quadrat 6,1 being statistically greater at the 5% level of probability
than the other quadrat values. MNone of these other values come near
to beiag significently different from one another. The reason for the
higher rate of survival of the individuals in quadrat 6.1 1s difficult
to understand, as therc wvere no obvious differences in the vegetation
or grazing pressure which might explain 1it.

Recruitment in Polygala amarella was entirely by the production
of seed, its germination and subseguent establishment of seedlings.
Seed germination occurred throughout the growing season following the
year of seed production, and was concentrated mainly during the mid-

Summer months of July and August. The figures gaven in Table ¢ show
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Table c

RATE OF ANNUAL SEEDLING RECRUITI{ENT

Po

ala agmarell

QUADRAT
YEAR 6.1 7.1 7.2 7.3 10, 2
1969 2,53 1.37 2.10 6.43 1.97 2, 22
1970 0.43 0.78 0.59 0.30 0.22 0. 40
1971 0.40 0.04 0.15 0.12 0.13 0.17#
1972 0.19 0. 38 0.49 0.32 0.19 0. 27%
o 51% 0. 50% 0.67% 0,69+ 0. 47%

Figures shown wvith an asterisk represent the annual

seedling recruitment rates for the summed totals
for each quadrat and year
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the number of seedlings which appeared in each year expressed as a
rate per individual present in the quadrets at the Summer recording.

The recruitment rates shown in the table vary considerably
between years but very little between the quadrats. Figuros range
from 6,43 1n 1969 1n quadrat 7.3 to 0.04 in quadrat 7.1 1n 1971, but
consistently the highest values occurred i1n 1969. Since seed germina-
t1on appears to take place i1n the year following seed-set (Section 7)
the very high recruitment of seedlings in 1969 may have been related
to the production of seed in the previous year. No results are
available for reproductive performance in 1968 and, therefore, 1t is
not possible to determine whether seed production in that year was
high enough o have resulted in the recruitment rate observed in 1969
of 2,72 seedlings per individual present in the population., However,
1t 1s clear that either a season favourable to flowering and seed-set
in 1968,;; season favourable to seed germination in the followang year,
or both, resulted in a seedling recruitment rate in 1969 which was five
timcs greater than in the other years.

Conversely there 1s no indication that low seed production in
1969, 1970 and 1971 resulted in the relatively low rates of recruitment
observed an 1970, 1971 and 1972. However, 1t 1s clear that with an
annual mortality rate of 31 plants per 100 present in the population,
recruitment 1n 1971 and 1972 of 17 and 27 per 100 plants was not high
enough to ensure replacement of lost individuals in those years. Thus
the very high recruitment in 1969 was necessary to ensure that the
population of Polygala emarella did not decrease considerably over the

period of recording. This result indicates that Polygala emarells must
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depend for its long~term survival on the occasional year being

particularly favourable to seed production and/or germination.

SECTION 5: AGE-SPRCIFIC SURVIVAL AFD AGE~-DISTRIBUTION

Survivorship curves for individusls of known age are linear
and conform closely with Deevey (1947) type 2 (Figure 23). The
linear nature of these curves indicates that there was a constant
risk of mortality throughout the life of the indivaidual, that is,
that mortality in the species 1s age~independent. The data in the
figure are represented by curves showing the decay in the total number
of seedlings recorded in all the permanent quadrats in any one year,
expressed as a Summer total and plotted on a logarithmic scale.

The seed wes quite heavy and seedlings, upon germination, have
large cotyledons which persisted at least through the first year of
the plant's life., The absence of an increased mortality rate in the
early stages of establishment particularly following germinalion, was
probably due to the large seed size which provided an initial energy
source enabling the seedling bto overcome some of the rigours associated
vith this early phase 1n tne plant's life.

The curves for each of the groups of seedlings recorded in the
same year have very simirlar slopes indicating that not only was mor-~
tality independont of the age of the individual, but thal the different
cohorts had similar rates of decay. Thus the proportional representa-
tion of individuals of different ages in the population appears to be

dependent on the initial number recruited and the time period over

whach the observations were made.
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A large proportion of bhe individuals presant in the quadrats
in Autumn 1972 were individuals which appsared during the study period
(Table d). Unlike the figures for the Violets, where large numbers of
plants were more Lhan 4 years old (that is, present at the beginming

of the study), in Polygala amarella this age-group made up 20% or less

of the totel number of plants in the quadrats in Avtumn 1972.

Clearly the large recruitment of seedlings in 1969 was exiremsly
important bto the maintenance of the population, since this age-group
constatuted & significant proportion of the quadrat populations in
1972, It 1s also important that plants begin to flower 1in relatively
high numbers at this age and, therefore, are capable of making < con=
tribution to the roproductive potential of the population. Although
plants were able to flower vhen younger than this, they did so in
smaller numbers (Section 7).

These figures confirm the conclusion indicated by the low half-
11fe values, that individuals were shori-lived., The relatively short
life-span was coupled with early maturity (plants flowered in relatively
high numbers when 3 and 4 yeers old; in Viola rupestris on the other
hand, under natural conditions in Upper Teesdale, only one plant estab-
lished from a seedling flowered during tne study, when 1t was 4 years

old).

SECTION 6: REFRODUCTIVE PiRFORNANCE

Reproduction in Polygala amarella vas entirely by means of the
production of seed, 1ts germination and the subsequent establishment

of the seedlings. Plants were able to flowor in their second year
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Table d

DISTRIBUTION OF AGE-CLASSES IN

EACH QUADRAT AT THE #ND OF THE STUDY PIRIOD

Polygala emarells

QUADRAT

AGE IN

VEARS 6.1 7.1 7.2 | 7.3 10. 2
Present Antumn
1968 >4 14 3 11 3 16
1Born! year
Aut. 1968-aut. 1969 34 2 10 14 10 37
'Born! year
Aut. 1969-4ut. 1970 2-3 17 15 9 3 14
‘Born! year
Aut, 1970-Aut. 1971 1-2 21 1 5 3 9
'Born! year

#®* Tndaviduals

>3 years old, first recorded Summer 1969
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although only one individual actually did so; more usually plants
first flower 1n their third and fourth year (Figures 24 and 25 and
Section 7).

Flowering began in mid-tay and continued throughout tha season
until about mid-Sephtember; when fruits were often prssent. Flowers
present at that time did not develop further. A maximum of two seeds
caih be produced in each capsule but often only one, and somoctimes no
ripe seed was present 1n apparently ripe capsules.

The number of plants prcsent i1n the permaneant quadrats and
sample sites for each Fell 1a shoun in Table e, together with the
number of these which flowered. The figures for Widdybank Fell blue-
flowered plants include data from quadrats 6.1, 7.1, 7.2 and 7.3
together with sample sites 7ssl and 7ss2. The figures for Cronkley
Fell pink-~flowered plants include data from quadrat 10.2 and sample
site 10ss2. The mean number of fruits per flowering plant and seeds
per capsule used in estimating seed production per 100 plants are given
in Section 7, Table f.

The potential for recruitmenl in this species is high when come
pared wath the annual rate of loss of plants. Overall an annual
mortality of 30 individuals per 100 in the quadrat populations could
be compensated for ten times over in 1969 and 1970 on Widdybank Fell.
However, 1t 1s clear from the recruitment figures (Table c¢) that only
an 1969 did the number of seedlings approach the annual number of seeds
whach can be produced. In the other three years recruitment was very

low compared with the number of seeds produced in the previous year.
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Unfortunately, although observations suggest that seed germina-
tion occurs in the year following seed-set, 1t was not possible to
determine whether viable secd was stored in the soil. Thus 1t 1s not
known vhcther the apparently high seed production in 1969, 1970 and
1971. but low germinetion 1n the ycars 1970, 1971 and 1972, reflects
a loss of seed (potential neu plants) to bhe population.

A smaller number of seeds wss produced on Cronkley TFell than on
Widaybank Fell in 1969 and 1970, bubt in the other two ycars approxi-
mately the same number were produced on both Fells. The lower values
for the individuals on Cronkley Iell are reflccted to some extent by
a lower rate of recruitment for the indaviduals in quadrat 10.2 over

the four years.

SECTION 7: SPECIES BIOLOG

Polygala amarella 1s a shcrt-lived perennial which overwinters
as a rosette which frequently becomes purple. Plants which flowered
remained healthy over the Winter period, oflen not dying vntil the
Spring growth started in other plants. (See Figures 24 and 25 where
the behaviour of the indivaduals in quadrats 6.1 and 7.2 1s shown).
Of 46 plants which flowered in 1969 and survived to the Autumn of the
same year, 16 were lost over the following Winter period. Fifteen of
those which remained survived and went on to flower again, some ih
several sUCCOSSLVE years.

Plants established from seedlings were able bo flower under
natural conditions on Waddybank Fell in bheir second year. Although,
of approximately 300 sesdlings recorded in 1969, only one of the

surviving 150 individuals flowered in 1970. A furbher 13 of these
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plants flowered in 1971 and 25 1n 1972. This number of plants which
appeared as seedlings and flowered within the study period was much
greator than for Yiola rupestrig and Viola riviniana. For these species
only a feu seedlings in Upper Teesdale reached maturity and flowered
within the four years.

Flowering began in mid-May and was continuous throughout the
season, fainishing about mid=-3eptember. Fruits were still vpeing formed
at that vime, although any buds which were present usuqally aborted.

In 1970, the cold Spraing delayed the start of flowering; large numbers
of flowers did not appear until mid-May. However, the apparently
favourable season which followed allowed the more vigorous plants on
Widdybank Pell to conlinue to flower into early October.

Germination was observed throughoul the growing season (May Lo
September) although the pattern of germination was different in the
four years. In 1969, there wss an abrupt burst of germination in July
in each of the quadrats. 1In 1970, seedlings occurred throughout the
season and the greatest number appeared during the Summer months. In
1971 and 1972 germination occurred in bhe Sprang and Summer seusons
witn very few appearing in the Autumn.

Seed collected from Widdybank Fell on 7th July, 1970, and sown
1n Durham two days later, germinated waithin eight weeks. (Only a
minimum sample of 30 capsules, each from separate plants, was collected
because of the very small and restricted population on the Fell). The
seed was sown 1n John Ianes seed compost and placed in an unheated green-
house, Eleven seedlings appeared over a period of 30 days from

2nd September to 5th October, 1970, 9 of which survaived., In 1971 all the
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seeds from a small sample of seed from both the blue and pink-flowered
plants germinated waithin one month of sowaing at Durham Unaiversity.

A careful watch was kept on the Fells for seedlings from newly
fallen seed. Allhough seed could be seen lying near flovering indi~
viduals, no germination was observed throughout the fruiting period.

The cvidence of a large number of seedlings in 1969 around a plant which
flovered 1n 1968, but before 1t produced fruit in 1969, iadicates that
germination takes place in the year after seed 1s set. As seed germina-
led within several weeks at Durham some delaying mechanism may have opera-
ted on Vaddybank Fell. This could have been environmental, or the result
of a seed dormancy mechanism, or a combination of both; eempewe Newman
(1963).

Pollination 18 by insects or self, Knuth (1906/1909), although
Fearn (1971) states 1n the majority of cases self-pollination occurs
automatically,

The mean number of fruits per flowering plant and the mean number
of seeds per capsule 1s given in Table f ¥ gstandard error. The number
of fruivs varied considerably both betueen the two populations on
Widdybank and Cronkley Fells and between years. The best year for the
productlion of fruits was 1970 when a much greater number were recorded,
on average, for each flowering than in the other years. This difference
was most pronounced for the resulls for Widdybank Fell. The lowest
value was recorded in 1969 for both the pink-flowered population on
Cronkley Fell and Lhe blue~flowered population on Widdybank Fell.

Plants on Widdybank Fell were more vigorous bhan those on

Cronkley Fell, a fact which i1s indicated by the higher mean number of
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Table £
FRUIT AND SEED PRODUCTION
(MuAN PER FLOWERING PLANT; MuLAN PiR FRUIT)

Polygala amarella

YEAR SITE Fruits Seeds/Capsule

1969 Widdybank Fell 4,13 * 1,86 1.5 I 0.13
Cronkley Fell 3.43 X 0,72 -

1970 Widdybank Fell 14,93 ¥ 3.80 1.7 ¥ 0.15
Cronkley Fell 9,32t 1,17 -

1971 Widdybank Fell 8,80 * 1.60 1.8 1 0.16
Cronkley Fell 8.00 ¥ 1.11 -

1972 Widdybank Fell 7.50 + 0.80 1.8 * 0.16
Cronkley Fell 5,60 ¥ 0.50 1.9 ¥ 0.16

Figures for flower and fruit production are givean as a
mean per flowering plant r sbtandard error. The mean
number of seeds/capsule i1s also given * standard error

(Date are not available for Cronkley Fell except in 1972)
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fruits produced per flowering plant on Widdybank Fell in all but 1971.
The results suggest that this difference in production was due to
environmental factors such as exposure or grazing rather than to anything
linked to the genetically controlled colour factor. The population of
planis with blue flowers growing on Cronkley Fell would be expected to
have mean values comparable with the Waiddybank Fell population if any
genetically controlled factor was responsible for the less vigorous
nature of the pink-flowered plants. However, in fact, in the two years
for which data were recorded for Cronkley Fell blue-flowered plants, the
mean valve of 7.00 £ 1,37 in 1971 vas lover than that obtained for the
other population on Widdybank Fell, and in 1972 the mean valus of

8,00 £ 1,70 was higher. This populalion was very restricted and the
number of flowering plants sampled in the two years was small.

Dispersal of seed in this species was very restricted. Observation
of seedlings close to a plant which flowered in the previous year suggests
that the relatively large, heavy seed falls close to the parent plant. It
1s possible that scattered individuals resulted from animal dispersal.
Polygala vulzaris has two o1l bodies (elaiosomes) known to attract ants
which may move the seeds, Ridley (1930). Polygala smarella has these

structures which may acl in a similar uay.

SECTION 8: LIFE STRATEGY

Polygala amarella on both Widdybank and Cronkley Fells 1s a
short-~lived perennial species which reproduces ealirely by the produc-—
tion of seed. There 1s no indication that there was a greater risk of
mortality of the newly germinated seedlings and, in fact, the overall

mortality of planls in their first year at 2D per 100 planls was slightly
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lower than that for plants over one year old, which was 31 per 100
plants in the population. Thus throughout the life of the individual
mortality was independent of the age of the plant,

Plants produced approximately 200 to 300 seeds per 100 indivi-
duals annually in the populations recorded on \iddybank aud Cronkley
Fells, and in all years bhe number of potential nev plaats (seeds)
was far greater than the loss through mortality. The oversall anaual
figure of 239 seeds per 100 plants shows that there were eight times
as many seeds produced as individuals that were lost.

Despite this, 1n 1971 and 1972 the number of seedlings recorded
entering the population did not outweigh the number of plants that
were lost, and only in 1969 werse substantial numbers of seedlings
observed. The importance of the high recruitment in 1969 to the
maintenance of the total population is clearly shown by the curves an
Figure 21, which all rise steeply between Autumn 1969 and Spraing 1970,
when the surviving seedlings of 1969 were included in the values for
the total population. Without this high level of recruitment in 1969
all the gquadrat populations would have shown a fairly steep decline
over the four years.

The germination and estublishment of seed 1s the most important
period in the life cycle for this and many other species which repro-
duce by means of seed production. The rate of seed germination may be
determined by environmental factors acting firstly on the production of
seeds by the parent plants, and secondly on the ability of the seed to
germinate and become established. Once germination haed taken place

the risk of mortality appearcd to have been no greater than for mature
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plants. Thus the most important periods in the lafe cycle of this
species are the seed production and germination phases, and 1t 1s clear
from the resulbs that environmental constraints do affect these in such
a way as to prevent the replacement rate being achieved in some years.

The reasons for the low recruitment rates in 1970, 1971 and 1972,
or indeed the very high recruitment in 1969, are difficullb to determine.
During the four-year study the rate of seed production vias not greatly
dafferent for each of the years. For the very high recruitment of seed-
lings 1n 1969 to be the result of seed production in the previous year,
the actual rate of production would need to have been approximately five
times the anaual figure recorded in bthe four years' study. This would
represent a production rate of 1,200 seeds per 100 plants in the popula-
tion assuming the proportion of seed not germinating ain the year following
seed-set was the same in the period 1968 to 1969 as in the other years.
It seems likely, therefors, that the very high recruiiment in 1969 was due
to envirommental faclors affecting the abiliby of the seeds to germinate
since the required rate of seed production i1s very high.

Almost 1009 viability was obtained for seeds collected on Widdybank
Fell and sown at Durham University in 1971. If this level of germination
vere achieved on the Fell in 1949 and the rate of seed production in 1968
uas sumilar to the annual rate recorded for the period 1969 to 1972, then
only 240 seedlings would have been recorded per 100 plants present in the
population. Thus for the recruitment rate of 222 seedlings per 100 plants
observed on Widdybank Fell in 1969 to be achieved almost 1009 germination
of 1968 seed must have occurred, or viable seed had been retained in the

soil from other years and conditions were favourable for its germination

in 1969,0¢ huph rale / //otvum m /%8




- 133 -

Clearly the fact that some andaividuals were ablc to survive
for several years, during which time they flowered and set seed
in a number of years, is important to the population in overcoming
periods when recruitment 1s low. In addition at 1s possible that
viable seed may remain in the soil providing a vreservoir from which
recruirtment can take place in seasons favourzble to germination.
Although secd collected on Widdybank Fell germinated within eaght
weeks when sown in Durham immediately after collection, geruination
on the Fell occurred in the year following seed-set. Thus there
would appear to be some environmentally imposed dormancy which, af
1t acted over a number of years, could have resulted in a reservoir
of seed being retained in the soil.

Plants normally began flowering in their third year, although
many seedlings of 1969 diad not flower until their fourth year, and
many more had not flowered by the end of the study period. Thus 1t
took several years for plants to develop to the flowering stage after
which Lhey were able to flower in successive years. A few mature

plants flowered in all four years of the study.

The life strategy of this species 1s very similar to that
reported by Rabotnov (1960) for Trifolium pratense groving in a sub=-
alpine meadov, Unlike the same species growing on flood plain
meadows which were usually monocarpic, these plants were polycarpic.
Plants which vere established from seed did not flower until they
were 5 to 10 years old, flouering thereafter in some cases in the
succeeding years, and a few plants reached 20 years of age. Polygala

amarella does not appear to be quite as long-lived as Irifolium pratense
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and seed production and recruitment were higher than for Irifolium
pratenss.

The populations of Polygala amarella on Widdybank and Cronkley
Fells were very restricted and no doubt this reflects the rigours
attached bto the successfnl dispersal and germination of seed. Thers
18 no dispersal mechanism in this species, and the large heavy seed
did nobl gorminate far from the parenv plant. Seed was able to germi-
nate in the closed sugar limestonc turf and on both Fells seedlings
and mature plants were observed growing in close proxamity to Calluna
vulgarag. Thus interspecific competition would not appear to be
restricting the population to any great extent.

Over the four years of the study the annual rate of seedling
recruitment was 54 per 100 plants, and with an annual mortality rate
of 30 per 100 plants, the potential for expansion was not great.
Hovever, there was a slight 1ncrease between Autumn 1968 and Autumn
1972 1n the number of indivaduals in the quadrats, although this only
represented a 5% increase in the original populations. The restricted
nature of these populations in Upper Teesdale seems to be related to
the relatively low¥ reproductive potential of the species, to the much
lower rate of germination in most years, and to the lack of any daspersal

mechanism for the seed. Fearn (1971) also comsidered the low colonising

# Mthough the rate of production of seeds was much higher than for
Viola rupestris or Viola raivaniana, when compared with the rate
of seed production in Dragba incana which also has no method of
vegetative reproduction, the rate was low.
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ability of Polygala amarella was due to the small number of large
heavy seeds.

Ab another site in Yorkshire plants were much more vigorous,
more videspread and present in relatively large numbers i1n a grassland
habitabt similar to that in Upper Teesdale. No doubt the environmental
conditions experienced by the plants in this area, which 1s both at a
lover altilude and further south Lhan Upper Tecesdale, were less severe.
It 1s possaible, therefore, that a greater number of seeds are produced
at this lower site allowing a larger population to be maintained than
in Tecsdale.

The long-term survival of ilhis species through the Forest maximum
does not presenl any particular problem. If, as the evidence from
pollen analysis suggests, Turner et al. (1973), the sugar limestone
so1ls supported an open forest, this species would nave been able to
survive. Pigott (1956) suggests that the late glacial flora could have
survived under these conditions and, in fact, that Polygala amarella was
'noted 1n fruit under small openings in the canopy of sub=-alpine Picesa
abies forest in the Alps'.

Clearly the populations of this species i1n Teesdale, at the present
time, by vairtue of their very restricted nature, are very vulnerable.
Although grazing does not appear to have any great impact on the repro-
ductlive ability of the species, any increased stocking rate would give
causc for concern. The most obvious threat i1s from collection, not only
of mature plants but also of seeds. Thus any requirement for seed or
plants for research purposes should be carefully considered. Ioss of

large numbers of potcniial plants (seeds) in a year when seed production
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was high could have a devastating long-term effect on the population,
which, because of the plants' low reproductive performance and low

recruitment, would take many years to rectify.
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TOTAL POPULATIONS

Polygala amarella



No of plants

1000

100

10

————y—

[/

FIGUFE 2I

TOTAL POPULATION- Polygala_amarella

T T T T Y T T T ¥ T v L3

10ct : 1Apr 10ct | Apr 10ct | Apr 10ct ¢ I l-{pr 10ct

\ ' ' 1

1968! 1969 ' 1970 ' 197] ' 1972 !
I3wiks 65wks H7wks 16Swks 2lwks

Weeks from start of study



Flgure 22

SURVIVORSHIP CURVES OF MIXED=AGE POPULATIONS

Polygale smarells
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SURVIVORSHIP curves of mixed-age populations- Polygala _amarella
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Figure 23

SURVIVORSHIP CURVES OF SEEDLINGS
YBORN® AT THIs SAME TIME
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SURVIVORSHIP curves of seedlmgs'born' at the same time - Polygala amarella
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Figure 24

BEHAVIOUR OF INDIVIDUALS IN QUADRAT 6.1

Polygala amarella
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Flgure 25

BEHAVIOUR OF INDIVIDUALS IN QUADRAT 7.2

Bolygals amarella
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CHAPT:R EIGHT

R INCANA

SECTION 1: INTRODUCTION

Draba incans 1s a short-lived, usually mono-carpic perennial,
which reproduces entirely by the production and germination of seed
and the subsequent establishment of seedlings. The individual or
'umit of reproduction' 1s considerecd to be any plant which develops
from a seed. Usually this plant has a single rosette, although
occasionally after flowering, or beceuse the rosctte was partially
eaten or damaged, subsidiary rosettes were formed on the original stem-
stock. (Cne plant, vhose inflorescence and part of the rosette was
eaten in 1970, produced 10 new rosettes on the remains of the oraginal
one later in the season).

Sometimes, a woody stem bore two or more rosettes, but none of
the axillary rosettes produced separate rooting systems snd were,
therefore, not treated as separate individuals. These axillary
rosettes are shown by branching lines in Figures 30 and 31, which show
the behaviour of the individuals in quadrats 7.3 and 8.1,

Draba_incana occurs on both Widdybank and Cronkley Fells, but

exclusively on open, eroding limestone or in areas where the turf is
periodically disturbed, such as at site 2 where moles were active, at
least, during the study period. It 1s clear that the species cannot

tolerate competition. Seedlings which are very small germinated in




- 138 =

large numbers, often at a relatively high density. In the early
stages of establishment mortelity was high, with dense groups of
seedlings undergoing self-thinning.

Clapham, Tutin and Warburg indicateg that in Europe this species
is biennial to perenniszl. In Upper Teesdele, perhaps becsuse of the
cold, bleak climate, Draba incana acts as a perennial. Plants take a
number of years to develop to the stage when they flower, producing a
large number of seeds and then usually dying. The seed which was pro-
duced during the study germinated in the Spring of the following year
although occasional seedlings were observed in the Autumn.

The survivel of this species depends on plants being able to pro-
duce a large number of seeds, which require areas of bare soil for ger-
mination, and seedling establishment. Draba incana is a species which
tekes advantage of any areas where the habitat is open, such as on rock-
ledges and eroding sugar limestone. The production of large numbers of
seed ensures that the species is able to colonise newly exposed surfaces,
a necessary prerequisite for any plant growing on unstable or open

substrates.

ON_2: {ENT_QU.

The populations of Draba incana were restricted on Widdybank and
Cronkley Fells to areas of open eroding sugar limestone, and soils
derived from the sugar limestone which had been disturbed by moles.
Four permanent quadrats were established at four different sites on

Widdybank Fell and, in addition, records of flowering performance were
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made on Cronkley Fell. Site 2 was situated close to the reservoir's
edge, sites 5 and 7 at 20 to 250 metres and site & at more than
500 metres from top water-line.

Quadrat 2,1 was situated i1n an area where moles were active.
The vegetabtion cover in a sample metre 1s shown in Figure 26 and 1t
can be seen from this that a very large proportion of the area is bare
ground, created by destruction of the turf by moles. The antact vege-
tation was dominated by Sesleria caerulea and Fegtuca ovinas wilh Thymus
drucei, Carex flacca, Carex caryophyllea, Carex panicea, Minuartia verna

and Koelerie gracilis.

Quadrat 5.1 was situated in an extremely exposed area of eroding
sugar limestone with a very sparse population of Draba incana. lhere
vegetatlion cover existed i1t was restricted to small tussocks of Festuca
ovina, Sesleraa caerulea, Minuartia verna, Thymus drucei and Plantago
maratima often in single species stands. Linum catharticum and

Gentianella amarells were also present.

Quadrat 7.3 was also recorded for Polygale amarelle which was
present together with Draba_incana in the moss/lichen substrate over-—
lying bare rock. Callunas vulgarig was present at the edge of the

quadrat wvaith Rhacomitraum languginosum, Ctenidium molluscum and

Cladonia spp in the moss/lichen layer.
@uadrat 8.1 was very open with a large area of bare limestone an

which the Draba incana plants flourished. Sesleria caerulea, Festuca

oving and Carex ericetorum were present in part of the quadrat where
Draba incana was absent, On the open areas of limestone, tufts of

Fegtuca ovina, Helianthemum chamgecistus, Minuartis verna and Thymug

drucei wore present.




Figure 26

MAP OF VEGETATION IN QUADRAT 2.1

Draba incana
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Records of flowering performance were made inside an exclosure
on Cronkley Fell., Here the plants were growing on very open, bare
sugar limestone which had been exposed as a result of soil erosion
1nitiated by rabbits burrouing in the shallow soil. Sheep rubbing
along the collapsed burrows followsd by uind erosion caused large
areas of turf to be completely destroyed.

Sample sites were established close to quadrats 2,1 and 8.1.
However, at the other sites the populations of Draba incana vere very
restricted and there were very few additional plants outside the

permanent quadrats,

SECTION 3: POPULATION FLUX

There was great variation in the total number of individuals in
eacn permanent guadrat over the period of recording. However, with
the exception of quadrat 8.1, where there was a decrease of 9% ain the
total number of indaviduals, the number of plants in quadrals 2.1, 7.3
and 5.1 increased by 47%, <45% and 311% respectaively.

Seedlings have not been i1acluded in the figure for the tolal
population until they were one year old, that 1s, seedlings germinating
in the Spring of one year are only counted as being part of the popula=-
tion in Spring of che following year. The inclusion of these individuals
18 clearly shown by the sharp increase in the total populations between
the Autumn and Spring records of 1969/1970 and 1970/1971 (Figure 27).
This i1ncrease reflects the high rate of recruitment of seedlings in the

Sprangs of 1969 and 1970 respectively.
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(Seedlings of Draba incana showed a very high rate of mortality
durang the first few months followaing their appearance in the quadrats.
It 1s for this reason that they have not been included in the popula-
tion until their second year. Although the surviving seedlings were
not mature, they had by then developed into a small rosette and had
overcome the most difficult period of establashment. A similar reason-
1ng was usod vhen deciding not to include seedlings less than one year
old in the figures for total populstions for the other species which
produced seeds. The geedlings for these species did not show any
increased risk of mortality during their first year, no doubt due to
the relatively large size of bthe seed and the persistence of the large
cotyledons. However, during this first year plants were clearly not
able to make a contribution to the replacement of the population).

The curves for the total populations of quadrats 2.1 and 5.1 show
a particularly large rise in the Springs of 1970 and 1971, as a result
of high seedling recruitment in 1969 and 1970 and their subsequent sur=-
vival. The curve for quadrat 7.3 shows that there was a step-inise
increase in the number of plaants in all three ycars. For quadrat 8.1
increases 1n the total number of plants over the years 1969 to 1970
and 1970 to 1971 were followed by a decrease in the final year of this
study, such that there was an overall decline in the total number of
individuals, between Autumn 1968 and Autumn 1972.

Survivorship curves for the individuals in the originally recor-
ded mixed-age population are shown in Figure B. The steep gradients
of each of these curves indicate that the rale of mortality was high.
Inspection of the curves shows that mortality occurred largely during

the growing season, with the latter part of the Summer, particularly for
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quadrate 2.1 and 7.3, showing the greatest losses. This increased
rate of mortality was no doubt linked to the death of mature indivi-
duals, following flowering.

Half-1ife values (Table a) based on the decay of the original
population, give an indication of the actual rate of loss of individusl
plants, more than one year old, from the quadrat. These figures show
that it would probebly teke six years for complete replacement of the
population, and that only a few individual plents may live this long.
Since the plants are ususlly mono~carpic, a few plants may teke this
long to develop sufficiently to flower and set seed.

Although in Drabg incang mortality was not independent of age,
being concentrated in the early stages of seedling establishment
(section 5), the equation used to calculate half-life values for the
other species has been utilised here. Since the mixed-age populations
did not include seedlings and the curves are approximately linear, it

was considered appropriate to use this formula.

I : NAL SURVIV. D U CRU.

Seasonal survival varies considerably both between quadrats and
betueen years. The lowest seasonal value was obtained from the indivi-
duals in quadrat 5.3 during the Summer of 1969; the highest value being
recorded for quadrat 7.3 over the Winter period Autumn 1969 to Spring 1970.
The individual figures represent the proportion of individuels surviving
over each six-month period, expressed as a rate per individual present at

the beginning of each time intervael, For this species the number of
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Table a
HALF-LIFE VALUiS

Draba ancana

Quadrat Half-life (years) No.
21 27 62
763 3.1 40
8.1 3.2 102

Quadral 5.1 - Only 9 andividuals were
originally recorded in Spring 1969 and
these had all disappeared 25 years later

o, = Number of indivaduals in the originally
recorded mixed~-age population
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plants 'at rask! does not include seedlings, that is, plants less than
one year old, but does include all othcr plants surviving at the time
of recording, (Table b).

When comparisons are made between the values for each of the
seasong 1t 1s clear that the rate of survivel of indaviduals over the
Summcr period 1969 was much lower than for any other seasocas. These
figures are all statistically significsantly different at the 5% level
of probability. The value for the Summer season of 1970 1s also statis-
tically different st che 5% level of probability when compared with the
Winter figures,except thabt obtained for tne period winter 1971/1972.
Although the differences are not statistically significant,the Summer
survival rates for 1971 and 1972 were also lower than all the Winter
valuss except 1971/1972. These reosults 1llustrate that mortal.ty,
perticularly during the growing seasons of 1969 and 1970, was high. As
was indicated i1n the previous secbion, this high rate of morvality may
be linked to the death of individuals following flowering.

The survival rates for the quadrats are not statistically signi-
ficantly differont from each obher at the 5% level of probability.

Secdling recruitmont for Drsba ancana in all guadrats and years
was high when compared with the other species., The figures shown in
Table ¢ show tne rate of appearance of secdlings in each of the quadrsts
for each of the yeors, expressed as a rabte per individual present in the
quadrats in the Spriang. The differences between the rates of recruitment
1n the quadrals were not large. However, the figurss for 1970 and 1972
show that recruitment in these years was higher than in 1971. HNote that

in 1969 seedlings were not recorded unbil the Autumn when they were
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Table ¢
ANNUAL SEEDLING RECRUITI{&NT

Draba—incana

JUADRAT
YLAR ! 21 5.1 7.3 8.1
1969 1.17 | 6.75 2,33 1.14 1,61+
1970 | 3.52 1.07 | 3.3 1.87 2. 61#
1971 0.50 2.16 1.50 U, 40 0,91
1972 1.60 1.2 No record 297 2,08#%
1 1.46% 1. 5;: Z.14% | 1.60%*

# TFigures shown with an ssterisk represent the annual
recrurtment rates for the summed totals of each
quadrat and year (1970 to 1972)

*# Note: 1n 1969 seedlings were not recorded untal the
Autumn vhen they were approximately six months
cld .
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approximately six months old (seedlings were only first identified in
the Autumn of 1969). Recruitment in thet year was probably also
hagh since a large number of seedlings die in the first feu months,

Clearly in all ihe years seedling recruitmsnt was much greater
than the annual loss of plenus, being approximately 35 i1a every 160
plants over one year old, prescnt in the quaorats. Even in 1971 vhen
only 91 seedlings per 100 plants were recorded, this reprssents & 1ate
of recruitment over twice the rate of loss.

The largest individval &:2&1 was obtained for the i1ndividuals in
quadrat 5.3 1n 1969, and since the plsnts were six months o0ld vhen they
Wwere recorded the actual rate for germinating seedlings was probably
much higher. The figure gives some indication of thc abilivy of
Draba _incana to take advantaze of suitable open conditions. In this
quadrat there werc very few mature plants, 1n fact 1a the Autumn of
1969 only 4 were present, and from these few 2 relatively large numbsr
of seedlings appcared as a re-ult of seed germination.

The lowest i1ndivaduel value was recorded in 1971 for the plants
in quadrat 8.1, Here, the annual rate of loss of 1adividual plants was
only just compensated for by recruituent. However, the number of
plants survaving to enter the population as one ysar old plants, was
well below the replacement rate. Albhough recruitment in other years
was high enough to more than compensate for the loss of plants, as has
already been indicated the Lotal population decreased over the study

period.
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EC : URVIV. D_AG BUTION

Survivorship curves for groups of indivaduals 'torn'* at the
same time show that mortality was dependent on the age of the indivi-
dual. The curves represent the rate of loss of seedlings appearing
in each quadrat, which have been summed for eaéh year (Figure 29).
For the groups of seedlings recorded in 1970, 1971 and 1972, the
curves show that mortality was concentrated in the first few months
following germination. Where data are available (seedlings of 1970
and 1971) it is clear that the rate of mortality dropped from the Autumn
of the year of germination and remained relatively low thereafter.

The curve for the 1969 seedlings is also remarkably linear.
Individuals were not recorded until after the period when there was
the greatest risk of mortelity. The curve conforms very closely to
Deevey (1947) type 2 which indicates that mortality is a contimming risk
throughout the plant's life, However, despite this, it is clear that
mortality is not independent of the age of the individual and the other
survivorship curves conform very closely to Deevey (1947) type 3, which
indicates that the risk of mortality is greatest during the early part
of an individual's life.

There is no indication in the curves that there was a period in

the life-cycle when the majority of plants flowered and died, resulting

# Born in this context is used to indicate the appearance of a
seedling in the quadrat
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in a rapid decline in the survivorshaip curves. Plants did not flower
until their third year (Figures 30 and 31), and then not all of them
did so. The evidence suggests that 1t takes three or more years for
an aindividual to reach maturivy and flower. The plants which flowered
invariably died. often in the Autumn of the aame year. This loss 18
shoun by the increased rate of mortality, indicated by the curves in
Figure 28, over the Summer Lo Aubumn period.

IL appears that follouing the initial stages of seedling estab-
laishment, mortality in the first and second year is brought about by
environmental factors acting on the individual. In subsequent years
mortality 1s related largely to whether a plant flowers or not, although
indavaduals did die without floweraing.

In a species which 18 mono-carpic 1t might have been expected
that there vould be one year in which the majority of plants from one
cohort flowered and died. This was not, however, observed during the
four years of the study and only a relatively few plants (1969 seedlings)
flowered in their iLhird year. It may be advantageous to the species that
1adivadual plants should attain maturity and flower at differeni ages.

In this way the population does not have to rely, as do annuals and

biennials, on successful seed-set in each year.

The proportion of the different age-groups in each of the quadrat
populations,at the end of the study period, varied a great deal (Table d).
Only a very small number of the plants were more than 3% years old.

Since none of the plants had flowered and all had reached the age at
which flowering can occur, they were clearly imporlant to the survival

of the quadrat populations. Plants 'born' in 1970 could also be of
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Table 4

DISTRIBUTION OF AUL~CLA33ES IN

EACH UADRAT AT THL END OF THE STUDY PXRIOD

Draba incana

QUADRAT

| A as | 21 } 5.1 7.3 8.1
Present Autumn
1968 4 6 0] 5 14
'Born' Spring 1969 3% 11 12 bl 22
'Born! Spring 1970 2% 64 17 55 3l
'Born! Spring 1971 13 10 6 57 5
'Born! Spring 1972 1 85 13 No record 74

TBorn' 1s used in this context to indicabe that a
seedling vas recorded in the quadrat




- 151 =

consideragble importance to the replenishment of the population as
they too were nearing the age when they were able to flower.

The small number of older plants reflects the high rate of
mortality of the individuals. Although there were relatively few
surviving seedlings from 1971, except in quadrat 7.3, overall there
vas a hagh proportion of plants which had nol reached maturity. The
small aumber of 1971 seedlings which survaved to Aulumn 1972 was partly
due to the fact that fewer were recorded and partly bto their hagher

mortality.

SECTION 6: REPRODUCTIVE PERFORMANCE

Ine reproductive performance of this species, expressed in bLerms
of the number of seeds produced per 100 individuals present in each of
the sites, was high. The data in Tables ® and f show the total number
of plants i1n each quadrat and sample site, together with the number
flowering and the estimated number of fruits and seeds.

The figures for sibte 2 include data from quadrat 2.1 and sample
site 2ssl, and for site 8 data are included from quadrat 8.1 and sample
site 8ssl. There were no sample sites associated with permanent
guadrats 5.3 and 7.3 pecause of the very restricted nature of the popu-
lation of Draba aincana in these areas, and therefore, there i1s insufficient
data to provide a comparable estimate of fruit and seed production. The
figures for Cronkley Fell have been obtained from a sample recorded on a
very exposed area of eroding sugar limestone, within a sheep and rabbit-
proof exclosure. The mean number of fruibs per flowering plant and seeds
per capsule used in calculating these figures are shown in Section 7,

Table g.
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The production of seeds, which represent the potential new
plants, was much greater on Cronkley Fell than for the two sites on
Widdybank Fell (Table e). It is likely that this greater rate of seed
production was related to the much more open conditions experienced by
the plants on Cronkley Fell, where there ves almest nc other competing
vegetation. By comparison the rate of seed production at site 2 was

small pockess /
low. At this site Draba incang survived injopen sugar limestone soil
exposed by moles. However, there was more vegetation in close proxi-
mity to the individual plants of Draba lncans and this may have res-
tricted the ability of plants to fruit and set seed. The quadrat and
sample site at site 8 contained a more open vegetation than site 2,
although not as open as on Cronkley Fell, and this is perhaps reflected
by the intermediate figure for seed production obtained for that site.

The differences in the production of seed when comparisons are
made between years (Table f) are less marked than those between sites.
Clearly 1970 and 1971 were the years in which most seed was produced;
however, whether this was due to more fevoursble climatic conditions
or to the fact that more plants attained maturity, and were able to
flower is not known,

It is probable that the number of plants reaching maturity and
flowering was more important in determining the rate of seed production
in any one year. This will depend on many factors affecting the rate
of germination, the subsequent survival of the seedlings and their
development to flowering. Clearly a large cohort whose survival rate
was high would make a large contribution to seed production in the year
in which they flower.
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The very high rate of seed production recorded for this species
vas clearly essential when the ragours attached to seedling survival
and establishment were so great. The very small seed also appeared
to sufrer a high rate of mortality. From an annual rate of production
of 2,541 sesds per 100 plants, only 157 seedlings per 10C plants were

recorded during the study.

SECTION 7: SPICIES BIOLOGY

Draba ancana 1s a short-lived perennial species which only

flowers once, and then dies. Individuals occurred as a rosetle of
leaves, singly or in small groups, aad were sometines well-scatberod.
all plants were restricted to the very few open areas of eroding sugar
limestone, or exposed soil.

Dense groups of young plants were often found near the dead
remains of the flowering plants of the previous year, Self-thinning
took place within some of these groups in their first year. Sometimes
there was a gradual decline in the number of seedlings, although more
often the decline over the first six months was quite steep., In 1970
a group of 70 seedlings recorded in the fairst week of June had com=-
pletbely disappeared by the first week of August.

In Teesdale, planis were all perennial, allhough Clapham, Tutin
and Warburg indicateg that Lt 1s a biennial to perennial. Plants grown
in Durham from seed collected on Widdybank Fell in 1968, germinated in
January 1969 and flowered in the same year (within seven months). These

plants did not die, but flowered again in 1970 after which they all daied.
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Also, under natural conditions at Durham University, seed collected on
Widdybank Fell in 1970 and sown in pots, germinated in the Autumn of
that year and flowered in the following year. These plants, despite
the short period of development, had all attained a size approximately
equal to that of plants vhich flewercd in Upper Teesdals.

Plants from naturally sown seed, which germinated on Widdybank
Fell, developed into very small rosettes in the first season and grew
only slowly in the following years. This slow development probably
prevented plants in Teesdale from flowering in their first year
(Figures 30 end 31). It seems quite likely that restrictions imposed
on the development of plants by the severe climate cause a normally
biennial species to behave as a mono-carpic perennial.

Plants began to flower in mid-May and continued until mid-
September; ripe fruits were formed from mid-July until late into
September on Widdybank Fell., Seed was shed throughout this period and
later. Flowering occurred at about the same time for plants grown
from seed under naturel conditions at Durham University. Here, fruits
developed more quickly, at least in 1972, when in mid-July plants on
Widdybank Fell were beginning to produce ripe fruits, most fruits in
Durham hed dehisced.

Germination occurred on Widdybank Fell in early Spring; in mid-
Aprfl in 1969, 1971 and 1972, but not until the first week in May in
1970 when April was very cold. In 1970 a few seedlings were observed
on Widdybank Fell at site 2 in October, indicating that exceptionally,
germination can take place in the Autumn.
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At Durham Unaiversity seed collected in Teesdale and sown ain
transplanted turf from Widdybank Fell an the Antumn of the same year,
germinaled the following year, some two to three weeks before seedlings
were first observed in Teesdale. However, germination in the Autumn of
the yeor seced uas set, occurred more readily in Durham., In the Autumn
of 1970, plants from Widdybank Fell were transplantcd# to Durham. These
plants flowered and set seed in 1971, and the seed germinated in the
late Summer of that year.

Seed collecltoed on Widdybank Fell and sown indoors on pelrie
dishes also germinated in the Autumn of the same year i1t was produced.
Sinee germination only occurred, under natural conditions in Upper
Teesdale, very occasionslly in the Antumn of the year seed was set, 1t
appears that environmental conditions impose a period of dormancy on
the seed. Germination was thus delayed until the Spring of the follow=-
ing year.

Flovers of Draba ancana were fully self-compatible and almost
totally inbreeding, Fearn (1971).

Both the aumber of fruits per floweraing plant and the number of
seeds per capsule was large when compared with the other species
included 1n the study. The mean number of fruits per flowering plant
at siles 2, 8 and Cronkley Fell show differences which are related to

the openness of the habitat in which the plants were growing. Plents

* A1l the plants which were collected from Widdybank Fell and trans-
planted werc from the area below the projected top-water-line of
the reservoir
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grouing 1n openings created in the sugar limestone turf by moles,
produced fewer fruits per flowering plant in each of the years than
at the other sites, (Table g).

The mean number of seeds per capsuls, recorded at sach of the
sites,shoys little variatacn either betiecn site or between the years.
This result suggests that the environmental factors affectang the
reproductive perfoimance of this species in Upper Teesdale at the
different sites (Section 6) act on the rale of production of fruits.

Fruit and seed production for groups of plants either trans-
planted from Widdybank Fell or grown from seed in Durham, indicate
that climate played an important role in determaining the rate at which
fruits and seeds were formed. In 1971, the number of fruits per
flowerang plsnt was recorded for three groups of plants; details of
the results are given below:

(1) Plants transplanted from Widdybank Fell to an ash pat on

Widdybank Fell -~ 8.90 ¥ 1.42

(2) Plants transplanted from Widdybank Fell to Durham University
- 18,90 I 1.45
(3) Plants germinated and grown at Durham University

- 29.30 & 1.57

These results clearly illustrate the effect of climate on fruit
preduction, with the lowest figure being obtained for the plants grown
on Widdybank Fell., The very high mean number of fruits per flowering
plant recorded for plants sown and grown at Durham University, suggest

that the temperature may also affect fruat production by influencing
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the rate of development of a plant. Thus plants which grew more
slowly in their first year or two in Teesdale (transplanted from
Widdybank Fell), flowered and produced relatively high numbers of
fruits. However, this number wes much lower than that recorded for
the plants whose rate of development from the seedling stage had been
very rapid (plants sown and grown in Durham).

The rate of seed production per capsule was also greater for
those plants transplanted from Widdybank Fell and grown in Durham.
The figures for groups (2) and (3) above were 22.80 % 0.84 and
25,80 £ 0.81 respectively., Although the differences between these
figures and those obtained on Widdybank Fell are not large, they do
show that under the more favourable climatic conditions of lowland
Durham a greater number of seeds per capsule were produced.

Seed dispersal wes limited to a small area around the parent
plant. The seed was very light, (mean weight 0,16 mg.), and may,
therefore, have been scattered by the wind, although seed remained
attached to the septum for some time.

Wider dispersal was achieved when plants were uprooted. Some
plante with ripe fruits fell over when the tap root was exposed by
soil erosion, caused by wind and rain. Often, the plant was completely
uprooted and blown some distance away. Sheep also uprooted flowering
plants which had both ripe and unripe capsules, and these were some=-
times moved some distance. The unripe capsules often matured after

the plant had been moved.
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Table g

(MEAN PER PLOWERING PLANT; MZAN PER CAPSULE)

Draba ancana

YEAR SITE - OWE;;‘:;% Lant Seeds/capsule
1570 2 7.75 L 0.87 18,30 I 1.15
8 9.44 L 0,98 18.24 * 0,56

Cronkley Fell 12.82 % 0.97 18,27 £ 0.89

1971 2 7.21 £ 0.57 19.53 £ 0.56
8 10.98 * 1,23 0.2 t 0,71

Cronkley Fell 11.80 ¥ 1.4 19.93 % 0.50

1972 2 7.20 £ 0,55 18,00 * 0.92

8

9,62 * 0,85

18,73 I 0.81

Cronkley Fell

15.78 * 1.34

19.2 % 0.50

flowering plant t standard error.
of seeds per capsule 1s also given % standard error

Figurcs for fruit productien are given ag a mean psr
The mean number
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SECTION 8: LIFE STRATEGY

This mono~carpic perenmal relies entirely on the production
of seed, 1ts germination and establishment for survaval. The species
18 intolerant of competition, growing exclusively in areas where there
18 a bare suger limestone substrate or where the soil has been exposed.
The evadence from this study suggests that interspecific competition
may cause a reduclLion in the abiality of the plants to flouer and set
seed 1n this last situation,

Annual mortality of Lhe species was high, with approximately
40% of the population over one year of age dying annually. This figure
varied from year bto year and quadrat to quadrab reaching 619 in
quadrat 2.1 over the Winter period 1969/1970. This rapid rate of decay
1n the number of individuals was more lhan compensated for by the annual
recrurtment of secdlings which was 157 per 100 plants present in the
population.

A very high rate of recruitment i1s essential for a species where
mortality i1s high. However, the figure quoted above for annual mor-
talaty vas based on the rate of decay of individuals over one ycar old.
There was a much greater rask of mortality in the esrly stages of
seedling establishment; 637 of the seedlings died in their first year.
Clearly, wath seedling mortality ithis high, recruitment must also be
very high in order to ensure that sufficient plants survive to reach
maturity and produce the seed for the next gensration,

Seedlings took some time to develop to maturity and {lover on
both Widdybank Fell and Cronkley Fell. No seedlings uere observed to

flower in their second year, however plants did flover in their third
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year (Figures 30 and 31). Note that in these figures uhere the
behaviour of the quadrat populations 7.3 and 8.1 are shown, seedlings
(broken line) are not included until the Autumn whon the surviving
plaats were nearly six months old. It appears that the climatic con=-
ditions retarded the developmeat of the plants. In more favourable
conditions at Durham Umvers.ity, plants flowered in their second year.
Unlike the resulus obtained by Rabotnov (1960) where for Trafolium
pratense the life strategy was changed by climatic conditions, from
that of a short-lived big-bang pioducer to a much longer lived
repeating producer, the more extreme climatic conditions in Teesdale
slow down bhe rate at which plants reach maturity and flower.

For this species 1t has been possible to estimate, for each
permanent quadrat, the amount of seed produced and relate this to the
rate of recruitment observed in the follouing year. The number of
plants flowering, the number of seeds they produced and the number of
seedlings recorded in the quadrat the following Spring are shown in
Table h.

Clearly, there was a very high rate of loss of potential new
1ndividuals (seeds) between seed-set and germination. The figures indi-
cate that up to 90% of the seed failed to germinate in the year follow=-
1ng seed-get. This loss of potential recruits to the populalion may
have been brouzht about by a variety of factors. Although almost 100%
viability was obtained for seed collected in Teesdale and sown in
Durham, some of the seed produced on the Fell in some of Lhe years may
have been non-viable. Seed may also have been destroyed by animals or

disease, and even more was probably dispersed outside the quadrat. A
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foew seeds may also have lain dormant in the soil, although the percen-
tage germination obtained when seed was sown artificlally suggests
that this involved very few seeds. In 1970 no fruits were produced
in quadrat 2.1 and yet seedlings were observed in the following year.
This result suggests that seed was blown or carried into the quadrat
or that some seed does in fact lie dormant in the soil. Clearly, the
latter would be very advantageous, allowing seedlings to appear in
reasonable numbers in years following seasons when seed-set was low.
However, as yet there is no evidence that seed was stored in the soil.

Draba_incana is dependent for its survival on having a very high
reproductive potential. In this way the population is able to ensure
that the rigours attached to germination and establishment of seed-
lings, which have been shown to be very severe, are overcome. A
large number of potential new plants are produced, many of which never
germinate. The small seedlings also suffer a very high risk of mor-
tality during the early stages of establishment and relatively few
survive and go on to flower and set seed. Approximately 80% to 904
of the seeds which were produced failed to germinate, annually a
further 63 seedlings in every 100 died in their first year and there-
after plants were lost at an annual rate of 38 per 100, These figures
clearly illustrate the selective forces acting upon this species and
indicate that for every 1,000 seeds which were produced only 8 survived
to become three=year old plants (the age at which flowering first
occurs in Upper Teesdals).

This strategy is important for a species which is sensitive to
competition and only able to survive under very open or unstable

conditions. A large number of potential plants must be produced to
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enable the species to exploit nes situations created by erosion or
other activities, such as disturbance by moles.

The most critical period for the survival of Draba incana in
Upper Teesdule was during the forest maximum, when competibion was
probably at 1ts most severe. For the species to have survived,
exposed aress of soil or bare svgar limestone must have been present
throughouu. Il 1s quite lakely thal moles may have been very impor-
tant 1n this respect, when wind and rain erosion would have been

reduced by the presence of the open forest, Clark, in Valentine (1965).
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TOTAL POPULATION

Draba incana
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TOTAL POPULATION-Draba incana
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Figure 28

SURVIVORSHIP CURVES OF MIXED-AGE POPULATIONS

Rxaba, _incans
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SURVIVORSHIP curves of mixed age populations-Draba incana
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Figure 20

SURVIVORSHIP CURVES OF SEEDLINGS
'BORN' AT THE SAME TIME

Draba incang



FIGURE 29

SURVIVORSHIP curves of seedlings born at the same time- Draba incana
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Figure 30

BEHAVIOUR OF INDIVIDUALS IN QUADRAT 7.3

Draba incana
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Figure 31

BEHAVIOUR OF INDIVIDUALS IN QUADRAT 8.1

Draba_incang
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CHAPTER NINE

GENTT VERN

SECTION 1: INWTRODUCTION

Gentiana verna 1s a small perennial herb whieh produces fine

underground stolons each terminating in a rosette of leaves. In the
field it 1es impossible to separate the ramifications and rosettes
arising from any individuel plant., Therefore, in this study each
rosette 1s regarded as an individual reproductive unit in the popu-
lalion (equivalent to an individual in an animal species ).

Individual plants are relatively short-lived, only occasionally
surviving 1f they have flouored. Flants vhich do flouer seldom set
seed 1n Upper Teesdale as fow capsules resch maturily because of
predation by sheep on Widdybank Fell, and sheep and rabbits on
Cronkley ¥ell. Despite bhe relatively high rate of mortality and
inebility of the spccies to set seed, the total population over the
period of study shoued an increase in numbers. This increase was
brought about entirely by thoe production of reu vegetative shoots
arising from the underground stolons.

These unaerground stolons sre from 2 to 15 cm. long, simple or
branched and grow just below the ground surfiace. Rosettes usually die
without flowering a second time (see Figures 36 and 37) and leave a
short underground stock from which stolons and adventitious roots araise.
The same process of development may then be repeated by the secondary

rosettes, Elkington (1963).
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SECTION 2: PrRMANFNT QUADRATS

For the purposes of studying Geatiana verna six permanent
quadrats were established as six different sites, five on Widdybank
Fell snd one on Cronkley Fell, 1in an eXclosure which wes sheep proof
and mostly rebbit proof. On Widdybank Fell the quadrets were situated
in heavily grazed, clesed sugar limestone turf. An example of the type
of vegetation 1s indicated by the chart showing the dominant species
present in part of quadrat 1.1 (Figure 32 ). Three of the quadrats on
W1ddybank Fell contained Calluna vulgaras and were situated 1n the
intermediste zone where tiie sugar limestone turf and heathagﬁ::g:ﬁ;erge.

Further details of the vegetation in the quadrats are givean below.

Quadrat 1.1 had an slmost completely closed cover with Festuca

ovine dominant in the sward. The vegetation of the second metre length
of this quadret 1s shown i1n Figure 32. Kobresia simplaciuscula and
Calluna vulparis were completely absent but Carex panicea, Carex flacca,
Campanula rotundifolia, Linum catharticum, Plantago maratima, Briza media,

Galaum sternera, Selaginella selaginoides, Prunella vulgaras and Koelerig

gracalis vere present in 1970 when the vegetation in the quadrat was
mapped,

Quadrat 4.1 had a vegetation cover which was completely closed
and apparently heavily grazed. Sesleria caerulea snd Fegtuca ovina
were the dominant species in the sward. Both Calluna vulgaris, which
almost completely dominated a small part of the quadrat, and Kobresis

sumplicaiuscula were present together with Carex flacca, Potentills erecta,

Campanula rotundifolia, Antennaria dioica, Thymus drucei, Polygonum

viviparum and Selaginella selaginoides.
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Quadrat 7.2 wes almost completely dominsted by Sesleria caerulea
and Pegtuca ovina. Helianthemum chamaecistus, Hieracium pilosells,
Lotus cornmiculatus and the mosses Dicrahum scoparaum and Rhacomitrium
lanuginogsum were present although Kobresia simpliciuscula and Calluna
vulgaris were ahgent. This quadrat vias also reccrded for Polygale
amarella.

Guadrat 8.2 had both Celluna vulgaras and Kobresia sampliciuscula

in a very closed sward, close to a sheep track. Polygala serpyllifolia,
Thaliclrum alpainum, Selaginella selaginoides, Carex flacca and Potentalla

erecta vere also present.

wuadrat 8B.1 wes situated 1n an ares where Calluna vulgaris was
present together with Empetrum nigrum. Most of {the quadrat wes dominated
by Seglerig/Festuca turf with Viola rupestris, Kobresia gimpliciuscula,
Braza media, Campanula rotundifolia, [hymus drucei, Viola lutea,

Polygonum vaiviparum and Koeleras gracilis.
Quadrat 10.1 on Cronkley Fell had a closed sward dominated by

Sesleria caerulea and Fesbuca oviga. This quadrat was situated inside

an exclosure and although 1t was not possible to ikeep rabbits out
entirely, there was very little grazing over the period of recording.
Each permanent quadrat had a sample site as:ociated with 1t, the

detalls of which are given in Chapter three.

SECTTION 3: POPULLTION FLUX

The total number of individuals in each of the permanent quadrats

remained over the period of study at or above the number recorded when



Figure 32

MAP OF VEGETATION IN QUADRAT 1.1

Gentlang verna
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the quadrats were first estsblished. This i1s clearly shown by the
curves in Figure 33, where the values for the total populations
recorded in each quadrat are plotted on a logarithmic scale and shoun
by a single line. These values include the survivors from the
original population plus all nev vegetative shoots.

Relatively little change was observed in the total populations
of quadrats l.1 and 7.2 vherees in quadrat 8.3 a large increase inh
1970 was followed by a decrease in 1971 and 1972 such that the number
of indaviduals recorded in the Autumn of 1972 was vartually the same
as the number in the original quadrat populabtion. In eontrast increases
of 309, 36% and 50% in the original populations were recorded in
quadrats 4.1, 8B.1 and Cronkley Fell, 10.l, respectively. These
increases have resulted partially from the large recruitment of shoobs
in 1970 and their subsequent survival. This 18 shown by the increase

in the total population between Autumn 1969 and Aubumn 1970 (Figure 33).

Despate the large increases i1n the total number of andividuals
in some of the permanent quadrats, one of the features of the curves
15 their relative stabality. With the exception of quadrat 8.3 the
change in the number of individuals recorded at each visit was quite
small by comparison with twne aumber of individuals presenl at the
previous visit. (The approximate date of each recording of the
presence of vegetative rosettes can be seen along the bottom of the

graph).
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Meintenance of this apparently stable situation was achieved
despite the rapid decline in the number of individuals recorded in
the original quadrat populetions. Thas decline 1s shown by the
survivorship curves of the original recorded mixed-age populations
(Figure 34) as well as by the curves for the groups of new vegetative
shoots (Figure 35 ) sppearing in the quadrats st each date of recording.

Half-life values based on bthe decay of the originslly recorded
mixed-age populalion in each quadrabt give an indication of the rate
of turnover in the number of individuals in the populetions in Upper
Teesdale. The figures shown in Table a vary between sites and suggest
that complete replacement of the populslion could take place in as
11ttle as six years. This is in sharp conlrast to half-life values
obtained for some other perennial species, recalculated from data
published by Tamm (1956). For Sanicula europaea and Filipendula
vulgaris values of > 50 years and about 18.4 years respectively were
obtained (Harper 1967).

Iosses of individvals from the quadrats were of two kands:

(a} when dead or dying rosetbtes were observed and at the next visit
were not present, the plant was assumed to hove died from natural
cavses, (b) when apparently heslthy plants dissppeared between con-
curreat recordings, these may have died or been removed (for examplc,
by grazing). Some plants were pulled out by sheep, as rosettcs beering
teeth ms-ks have been observed.

On grazed sreas of .[1ddybank Fell sheep may be aimportant in
determining mortality in this species. Of 376 individual rosettes

lost over the four year period only one third had bsen recorded as

beang dead or dying. In contrast, of 33 individual plants lost from
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Table a
HALF=-LIFE VALUES

Genbiana verna

Quadrat Half-life (years) Ho.
1.1 20 76
4,1 4,7 1z
7e2 4.1 57
8.3 2.8 2

8B.1 3.8 34
10.1 5.6 41

No. ~ Number of individuals in the
originally recorded mixed-age
population
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the quadrat in the exclosure on Cronkley Fell, three quarters were
recorded as being dead or dying.
This comparison indicates that sheep may have been responsible

for the removal of a fairly high proportion of Gentiana verna rosettes.

This facl 2

12

borne out by the half-=life values in Table a, 'here a1t can
be seen that the lowest figure was obbained for the individuals in
quedrat 8.3 which vas situaved adjacent to a sheep track. The highest
half-life value was oblained for the aindividusls in the quadrat on
Cronkley Fell wvhich was nol grazed. However, i1t should be noted thatl
this last figure was based on the decay 1n the number of individuals

over 1971 and 1972 vhen, in general, mortality was low.

SECTION 4: SEASONAL SURVIVAL AND ANNUAL RECRUITMRHNT

There are some differences both pbetween the seasons and between
the quadrats in the seasonal survival rates for the quadrat populations
(Table b). The lowest between season survival rates were recorded in
the Summer of 1969 and over the Winter period 1969/70, and there is no
significant dafference at the one per ceat level of probabilily between
these figures. However, both values are significantly dafferent at
this level from all but one of the other overall seasonal rales. The
exceplion occurs wvhen a comparison is made between the survaival rate
over the Winter period 1969/70 and Summer 1970, although the difference
1s sighificant at the two per cent level of probability. (No data are
available 1n some of the seasons for certain quadrats, either because
they had not been established, as on Cronkley Fell, or because records
were only obtained at the beginning and end of a twelve month period,

quadrats 8.3 and 8B.,1).



The dafferences between the quadrats were much less marked,
although the survival rate of the individuals in quadrat 4.1 was
significantly greater at the one per cent level of probability than
the values obtained for the individuals in quadrats l.1 and 7.2.
Quadrat 1.1 had a significantly lower rate of survawvgl for the indi-
viduals at the one per cent level than quadrats 4.1, 8B.1 and Cronkley
Fell. No other comparisons between the quadrats are statistically
significantly different.

The fact that the differences in survival rate are greater
vhen comparisons are made between the seasons rather than between the
quadrats suggest that climatic conditions may be imporiant in deter-
mining the mortality of some individuals. The lower survival rates
recorded for the seasons Summer 1969 and Winter 1969/70 could be
related to low Winter temperatures of 1968/69 and 1969/70. In both
these seasons the mean monthly temperature fell below freezing in
several months (Figure 1). This may have been particularly important
in 1969 when February and March were very cold, the low temperalures
perhaps restricted growth at a critical time and increased the risk
of mortality later in the plants' development.

Although between the quadrats the survival rstes show smaller
differences than between the seasons, the results indicate that
grazing may be of some importance in determining mortality. The over-
all survival rate was greater for the individuals in the quadrat on
Cronkley Fell and in quadrat 4.1. This to some extent bears out the
conclusion reached in the previous section that mortality i1s greater

on the grazed areas of \iddybank Fell. The fact that the value for
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quadrat 4.1 1s equal to that for the individuals in the quadrat on
Cronkley Fell 1is difficult to explain, as this area had the
appearance of being heavily grazed. However, all the other quadrat
values are lower than that obtained for the quadrat population on
Cronkley Fell.

Annuel recruitment rates vary a great deal both between the
quadrats and between the years. The rates given in Table ¢ are
expressed per individual present in the quadrats in the Summer of
each year. The largest difference 1s seen when comparisons arse made
between the figures for the four years, when twice as many new indi~
viduals appeared in 1970 as in the other years.

Differences between thc quadrabts were less marked. However,
they are still considerable and the rate of recruitment of individuals
in quadrat 8.3 was the highest at 0.73 per individual, To some extent
the quadrats with the lower recruilment rates were those with lower
rates of mortality. Thus the two quadrats with highest survival rates
(lowest mortality), Cronkley Fell and quadrat 4.1, were also the
quadrats with the lowest rates of recruitment. Correspondingly the
quadrats with the lowest survival rates (highest mortality) had the
highest recruitment rates. These resulus suggest that the popula-
tions were self regulatory in that the higher the rate of mortality

of indaviduals, the greater the rate of recruitment.

SECTION 5: AGE-SPECIFIC SURVIVAL AND AGE DISTRIBUTION

Survaival of individuals of known age was remarkably similar for

groups of individuals appearing in the quadrats at different times

|
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Table ¢
ANNUATL, RECRUITMsNT

Gentiana verng

QUADRAT

YCAR 1.1 4,1 7.2 8.3 8B.1 10.1

1969 | 0.38 0.43 0. 50 - 0.41 - 0.43#*

1970 2.10 0.63 0.91 1.94 0,74 0.54 0.08*

1971 0.65 0.33 0.21 0.69 0.49 0.34 0,43%

1972 0.8 0.22 0.49 0.23 0.26 0.50 0. 34%

0. 66 0.42¢ 0.53* 0.73% 0.45% 0.45%

Figures shown with an asterisk represent the annual
recruirtment rates for the summed totals of each
quadrat and year
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(Figure 35). There 18 no indication that there was any increased
risk of mortality in the early stages of the rosettes' life and all
the curves are approximately linear. The linear nature of the curves
(also shown in the curves from the originally recorded mixed-age
pooulations) indicates that tnere was a constant risk of mortality
throughout the life of the individual plant. The curves conform to
Deevey (1947) type 2, and are exponential in form.

The curves have very similar slopes indicating that nobt only was
morbality independent of the age of the andividual but that age cohorts
had similar rates of decay. There is superimposed on these curves a
small seasonal variation which indicates that the rate of loss of indi-
viduals from the quadrats was slightly greater during the growing season.
This conclusion bears out the suggestion made by Kay and Harper (1974)
that density stresses in the sward are responsible for controlling death
rates and tnat these stresses are at their most intense during the period
of active growth.

The majority of individuals present in all the quadrats in the
Autumn of 1972 were new vegetative shoots which had appeared during the
study period (see Table d, where the distribution of the different age-
groups 18 shown for each quadrat). Clearly the least important age-
group as far as the actual number of individuals is concerned was the
group which was three to four years old. The relatively small propor-
tion of individuals in this age group was due mainly to the fact that
the recruitment rate in that year was small. Although tne recruitment
rates of individuals 1n 1971 and 1972 were also low, because of their
more recent origin and relatively low mortality, they form a fairly high

proportion of the population.
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Plants were able to flouver in their second year and thersfore
all age groups except those 'born' in 1972 were of potential importance
for seed production. This distinction 1s perhaps not of particular
importance as very few fruits reach maturity on grazed areas of
Widdybank and Cronkley Fells and as yet no seedlings have been

observed.

SECTION 6: REPRODUCTIVE PERFORMANCE

Sexual reproduction was not important in the short-term for
the maintenance of tho populations of Gentiana verna growing under
natural conditions on Widdybank and Cronkley Fells. However, the
data so far collected in this study indicate that lhe species has a
very high reproducsive potential®*. Table e shows that overall approxi-
mately 7% of the individual rosettes produced flovers in any one year.
Usually only onhe flover was produced per rosette and in the permanent
quadrats and sample areas no ripe capsules were observed,

Production of {lowers varied both between the sites and between
the years, with the greater differences occurring between sites. The
lowest value of 2% flowering was obtained for the individuals growing
at site 8, which was crossed by a sheep track. The highest value at
site 8B may have been related to the prescnce of Calluna vulgaras which
could have protected the planbts from the ravages of sheep, or provided
some prolection from the harsh climate. Conclusions are, hovever, very
difficult because, of the obher sites, Cronkley Fell wvas ungrazed, site 4
also had Callunas vulzarigs and neither produced particularly high propor-

tions of flowering plants,

* Measured 1n terms of the production of potentisl new plants (seeds)
See Section 8.
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Table e
ANNUAL PFLOWER PRODUCTION - BLTWLIN SITES

Gentiang verns

STTE Total No, No. Percontage
Individuals Flowering Flowering
1 884 100 11
4 922 46 5
7 520 % >
8 447 11 2
8B 506 70 14
10 20 A4 9
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Differences between years were much less marked, with 1969
being the most prolific as far as the production of flowers was
concerned, (Table f).

The effects of predation by animals on the ability of plants
to prodvce ripe capsvles 1s clearly shown by comparing the nurber of
flovers which develop to produce ripe capsules on grazed and uagrazed
areas on both Fells. 1In 1970, of 14 marked flowering plants in the
exclosure on Cronkley Fell, 7 produced ripe fruits with apparently
viable seed. In an experamental exclosure on Widdybank Fell in the
same year 14 ripe capsules were produced. This 18 in sharp contrast
to the single capsule, which did not reach mavuraty, produced from
67 marked flowering individuals on grazed areas of Widdybank Fell.

In 1972 on grazed areas of Widdybank Fell of 64 marked flowering
individuals none produced rape capsules. However, i1n the shcep-proof
exclosure on the Fell, 105 ripe capsules were produced in the same
year,

Fruits collected from inside the exclosures showed that a very
large number of seeds can be produced (see Section 7, Table g).
Assuming that all the flowers that were produced went on to form fruits,
the potential for reproduction would be very high with approximately
1,183 seeds produced per 100 individuals in the population. Although
no ripe fruits were observed in any of the permanent quadrats or
sample areas, each year one or two ripe capsules were found on Widdybank
Fell, These may be very important for ihe long-term survaival of the

species, allowing genetic adaptation to environmental change.
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Table f
ANNUAL FLOUVER FRODUCTI1ON ~ BRIWEEN YRARS

Gentisna verna

YEAR Total No. No. Percentage
Individuals Flowering Flowering
1969 78 77 11
1970 883 73 8
1971 1,030 57 6
1972 918 70 8
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SECTION 7: SPECIFS BIOLOGY

The small short-lived perennial herb usually produces one
flower and 1n any one year approximately 7% of the rosettes present
in the permanent quadrats and sample sites flowered. The rosettes
which flowered usually died without flowerang again. This can be
seen 1n Figures 36 and 37 vhere the behaviour of the individuals in
three of the six permanent quadrats is shown. Of 93 flowering
rosettes recorded in all the permanent quadrats only 8 flowered twice.
Two of these individuals, one of which flowered in 1969 and 1970, and
the other in 1969 and 1972, were still alive in the Autumn of 1972
Tharty flowering rosettes died within one year of flowering and a
further 19 died wathan two years. Tharty of the 93 roseltes were
st1ll alive 1n the Aubumn 1972 although 22 of these had flowered in
that year.

Individuals were able to flower in their first year, although
of all the new vegetative shoots only few did so. More frequently
flowering took place in the second or third year (Figures 36 and 37 ).

Viable seed can be set in Upper Teesdale and ripe capsules have
been found i1n exclosures on both Widdybank and Cronkley Fells. As
already noted very few capsules are produced on grazed areas of the
two Fells because of predation, particularly by sheep. However, other
factors may be important, such as insects which often bite through the
calyx and corolla to obtain nectar and perhaps damage the flower or
fail to bring about pollination. Wind and heavy rain may also play a

part by damaging immature capsules.
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The main floveraing period in Britain as a whole 1s from the end
of April and throughout May (Elkington 1963). In Teesdale, on the
upper parts of Widdybank Fell, floweraing in 1969, 1971 and 1972
occurred at this time, but an 1970 1n response to a late Spring,
flowering did not start until late May, flnléhlng inh late Juane.

Occasional flowers in the Autumn are not unusual. Flowers were
observed in October in 1968, 1970 and 1971, and one plant in flower
on Widdybank Fell in December 1970 may have been stimulated by a very
short cold spell in early November. (Buds are initiated an the Autumn
of each year). Plants transferred from Teesdale to Durham in 1970
flowered in 1971 and 1972 some 7 days earlier than plants growing
under natural conditions in Teesdale. In 1971 several plants flowered
in the first week of October.

In both 1971 and 1972 on several fine, still days individuals
of Bombus lucorum were seen to be active on flowers of Gentiana verna.
Examination of many flowers showed that all had had the calyx and
corolla bitten through. Further details of floral biology and other
specles characteristics can be found in the Biological Flora account
by Elkington (1963).

Seed production per capsule is shown in Table g, and was obtained
from capsules collected within the exclosures. Elkington quotes figures
of 379 L 20 seeds per capsule for a sample of 25 capsules from
Ballyvééhan, Co. Clare. Five capsules from a population in Teesdale
gave a mean number of 113 £ 20, a fagure which compares favourably with

the values obtained during the course of this study.
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Table g

SEED PRODUCTION

Gentigra_verng
Y Widdybank Fell Cronkley Fell Durham
1970 143 X 11 1821 30 ilone
1971 132 ¥ 13 None 60 t 8
1972 182t 11 None 131 * 18

Figures for seed production are expressed as
a mean per capsule i standard error
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The very low figure obtained for individual plants transplanted
to tubs at the University of Durham in 1970 end flowering in 1971 may
be due to the disturbance of the plants. This 1s to some extent borne
out by the figure for the mean number of seeds produced per capsule in

1972 which was more than twice the value obtarned in 1971.

SECTION 8: LIFE STRATEGY

Gentaana verns is a medebxwedy short-lived perennial, whose
effective reproduction 1s by means of fine underground stolons which
terminate in a rosette of leavesg. Sexual reproduction does occur and
may be important in the long term survaval and evolution of the specaes.
However, as has been noted, few ripe capsules are produced and so far
no seedlings have been observed on either of the Fells.

Degpite this fact and the relatively high rate of annual mortality
of 30 per cent of all shoots present in the quadrats, the total popula-
tions remained fairly stable throughout the study period. Indeed an
three of the permanent quadrats increases of between 30 and 50 per cent
were recorded between the dates the quadrats were first recorded and
Autumn 1972.

Replacement of the population by means of the production of new
vegetalive shoots is a continuous process throughout the growing season.
The annual rate of recruitment of these new shoots to esch of the
quadraet populations exceeds the rate of loss of individuals. The value
of 37 new shools per 100 plants in the population is reflected by the

overall increases observed in the total quadrat populstions.
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A fairly high proportion of the additional rosettes appeared
in 1970 when the climatic conditions were probably most favourable
to plant growth (see Chapter two, Figure 1).

Mortalily of these new shoots, as with mature individuals, was
independent of the age of the plant. Although there i1s no evidence
to suggest that flowering increases the risk of a plent dying, rosettes
gseldom flowered a second time. There is gome indicetion that mortality
may be affected by grazing intensity. The half-life values in Table a
do to some extent correlate with apparent grazing pressures, the
lowest half-life value being obtained for the quadrat at site 8, whach
vas situated on a sheep track.

Survival rates discussed in Section 4, whilst helping to confirm
the conclusions about the effect of grazing, do suggest that climatic
factors may also have been amportant in determining mortality. In
this context the higher survival rates for the Wainter seasons suggest
that stresses imposed both by the growth of the plant and of the
surrounding vegetation during the growing season were sufficient to
increase the risk of mortality. This conclusion to some extent bears
out the findings of Langer et al. (1964) who, over a period of 3 years,
recorded the rate of loss of genetic individuals in populations of

Phleum pratense and Festuca pratensis. They found the rate of mortality

was greatest at the peak of the growing season, March to June, whilst
there was a negligible loss during the Winter months.

The reproductive potential of this species 18 high. An estimate
of the maximum possible number of seeds which would be produced annually

1f all the flowers went on to produce ripe fruits shows that some
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1,183 potential plants could be formed per 100 plants present in the
population, Thas figure gives some indication of the devastating
effect which grazing and perhaps to a lesser extent other factors
have on the potential of the population to produce new individuals
by sexual reproducticn,

The results clearly indicate that vegetative reproduction alone
was able to maintain the populations of Gentiana wverns on Widdybank
and Cronkley Fells in the short term, at least. This was despite the
very high rates of mortality which were recorded in the quadrat
populations.

It 1s possible that the plants in Tecsdale, which differ morpho-
logically in both calyx and leaf character from those growing in the
Burren area of Co. Clare (Elkington 1972), have originated from a
relatively small number of individuals developing from seed. Repro-
duction by vegetative means from these plants has thus given rise to
extensive clones, with individuals morphologically similar.

To what extent this sexual reproduction would be important in
the replenishment of the population under natural conditions, if
grazing were eliaminated or reduced, i1s not known. Continued study of
the quadrat on Cronkley Fell, or even in the Burren where grazing is
much less intense than the area studied in Upper Teesdale, should help
answer this question. The long berm survaval of this species may
depend on the occasional plants arising from seed and allowing genetic

selection to occur.
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TOTAL POPULATION
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Figure 34

SURVIVORSHIP CURVES OF MIXED~-AGE POPULATION
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SURVIVORSHIP curves mixed—-age populations -
Gentiana verna
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Figure 35

SURVIVORSHIP CURVES OF VEGETATIVE
SHOOTS 'BORN®! AT THE SAME TIME
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FIGURE 35

SURVIVORSHIP curves of vegetative shoots born at the same time-

Gentiana verna
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Figure 36

BEHAVIOUR OF INDIVIDUALS IN QUADRAT 1.1
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Figure 37

BEHAVIOUR OF INDIVIDUALS IN
QUADRATS 8,3 AND 8B.1
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CHAPTER TEN

COMPARISON OF _LIFE-STRATEGIES

The survival of any plant species depends on the ability of the
population to replace individuals by vegetative growth and sexual or
apomictic reproduction. The particular life-strategy of each species
is adapted so as to overcome environmental constraints which tend to
limit or reduce the size of the population. The pattern of growth in

a potentially explosive population is often expressed by the logistic
equation, Harper (1967):

dF = rN(K=-N)
dt ( K )

Rate of growth of population = intrinsic rate of natural
increase x degree of
realization of the potential
increase

K represents the carrying capacity of the habltat;

N represents population size.

In plant populations the intrinsic rate of natural increase 'r!
has, in effect, two values; one associated with seed output, the other
with vegetative reproduction. The value for the first of these is
usually, although not always, high and is ¥, . ., associated not only
with high risk but also with spread of the risk over a large number of
small capital investments (or bets!)', Harper (1967).
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Most plant species whether annuals, blennials or perennials
produce seeds. (Note that in Teesdale some perennials such as
Viola rupestris x riviniana produce flowers which are sterile). Some
species may produce very large numbers of seed and are often annuals
or biennials which 4inhablt open or unstable habitats. The value of
seed output can be as high as 2 x 10% seeds per plant for species
which grow in these situations, Salisbury (1942). The strategy of
these species 1s essentially that of the opportunist: by producing
large numbers of small, light seed which can often be transported over
great distances, advantage can be taken of uncolonised, open situations
which may have been newly-created.

Seed production in perennials is usually quite low by comparison
if the annual rate per shoot is measured. However, when the rate of
seed production is measured for a clone over its life-time, or even
the individual (unit of reproduction) which mey produce seeds in
successive years, the actual seed output may be very high. It is interes-
ting in this context to compare Polygala amarells and Draba incans, which
are both perennial species relying entirely on seed production for the
maintenance of the population. The former species produces small numbers
of large seeds over several years,whilst the latter species produces
large numbers of small seeds and then dies (see below).

Perennial herbs particularly those growing under grazed conditions
must often rely on vegetative reproduction for the maintenance of the
population. This mode of reproduction represents a second value of 'r!
which Harper (1967) considers is often lower than the value for seed
output and 's . . is often associated with heavy and continuous capital
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investment, a %cautious? policy of placing the investments and low
risk’.

Clearly, the method of reproduction is only part of the life-
strategy of any species. The rate of mortality at each stage in the
life-cycle, the time taken for plants to mature to an age wherse they
are able to make a contribution to population maintenance and the
actual rates of recruitment, are all important in determining the sur-
vival of the species. The species included in this study have a variety
of life-strategies, ranging from Linum catharticum which in Teesdale is
a biennial, to Yiola rupestris x rivinjana which is a perennial repro-
ducing entirely by means of the production of vegetative shoots.

The strategy of each of the species is best appreciated by making
reference to the diagrams showing the behaviour of some of the quadrat
populations for each of the species (after Tamm, 1948), Chapters four to
nine, Of the two species not included in these six chapters, Linum
catharticum is a biennial and Carex ericetorum is a perennial which
reproduces by the production of vegetative shoots. (The behaviour of
the individuals in one of the two permanent quadrats recorded for
Carex ericetorum, quadrat 8.1, is shown in Figure 38).

In Iinum catharticum seed germinates in the Spring and develops
into a small plant with six to eight leaves which survives through the
Winter. The typical fairy flax plant develops in the following Spring
and Summer, flowering and setting seed in late Summer, after which the
plant dies.

All the other species are perennial herbs which reproduce by the

production of vegetative shoots or seeds, or both.



Figure 38

BEHAVIOUR OF INDIVIDUALS IN QUADRAT 8.1
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Some of the parameters used to describe the behaviour of the

species studied on Widdybank and Cronkley Fells are given in Table a.
The figures for each specles in rows a-h represent the overall values
for the populations based on data from the permanent quadrats. The
figures in rovs i-1 give an indication of the overall reproductive
performance of each species based on data obtained from both permanent
quadrats and sample sites. (These figures have been used in estimating

the annual seed production per 100 plants, row g).

Gentiana vernsg (Chapter nine) and Cgrex ericetorum reproduce by
meang of the production of new vegetative shoots, the former from long
underground stolons, the latter from an underground stem. Both species
are able to produce seeds, although Gentiana verng seldom does so under
grazed conditions because the flowers are removed by sheep. A number of
seeds are produced by Carex ericetorum, although some inflorescences are
removed as a result of predation by sheep. However, no seedlings of
either species were observed during this study.

The behaviour of the quadrat populations for Gentians verna
(Figures 36 and 37) and Carex ericetorum (Figure 38) may be the behaviour
of the individuals of a single clone (the sub~-population of Harper and
White, 1974). The age of the clone cannot be determined, although the
fact that no seedlings have been observed suggests that they could be
very old. The estimates of clonal longevity for Fegtuca rubra, Festuca
Qving and Trifolium repeng, Harberd (1961), (1962) and (1963) respectively,
suggest that for these species, their age should be measured in centuries.

This is in sharp contrast to the length of life of the individual

vegetative shoots of Gentiana verna and Carex ericetorum which has a
maximum value of approximately eight years, This figure is based on
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the half-l1ife values given in row h, and taken together with the
rate of annual mortality of all plants, row c, shows that the rate of
loss of individuals for these species is high.

Other studies in the pattern of change of shoots derived from a
single seedling are very few. Langer {1556), showed tnat tillers of
Phlepum pratenge had a very limited life-span which was normally not
greater than one year. The life=span of Ranunculug repens was found
to be of the same order as for Gentigna verna and Garex ericetorum,
Sarukhan and Harper (1973). For Ranunculus repens the maximum life-
span was approximately six years for the individuals known to have
arisen as a result of vegetative reproduction. Seed was produced but
appeared to be unimportant to the malntenance of the population.

By contrast, Tamm's study of several perennial herbs in meadow
and forest plots indicates that the rate of population change of estab-
lished plants may be very slow, Tamm (1948) and (1956b). For the
species studied, which included Primuls veris and Anemons hepatica the
annual rate of loss of plants ranged from 0% to 1l%.

Despite the fact that for both Gentaang verna and Carex ericetorum,
almost one third of the plants in the population were lost annually, the
total number of shoots changed little between Autumn 1968 and Autumn 1972
and for Gentiana verna showed an increase., This was brought about by a
rate of recruitment of new vegetative shoots, row d, which more than com-
pensated for the loss,

It is clear that these species are able to survive by the produc-
tion of vegetative shoots. However, both are capable of producing seed
which may be important to the long term survival of the species by
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allowing genetic variation, and therefore possible adaptation of the
population to changing environmental factors.

Reference to rows i-1 will show that for these species, less than
10% of the population actually flower. In the case of Gentiana verna,
usually only onc-flowsr is produced per plant. However, just one ripe
capsule can produce a large number of small seeds., Overall, this
results i1n a potential rate of seed production (assuming all flowering
plants produce ripe capsules) of 1,183 seeds per 100 plants in the popu-
lation. This compares with a figure of 26 for Carex ericetorum where a
small number of large seeds are produced per flowering plant.

Carex ericetorum thus relies on a cautious policy of capital invest-
ment in seed, similar to that for vegetative reproduction. Presumably,
the production of a smaller number of large seeds is associated with a
lower risk of mortality at the stage of seedling establishment. Unfor=
tunately, as no seedlings have been observed it i1s not possible to
determine whether this is so. The two values of r (the intrinsic rate
of natural increase) are for this species approximately the same.

ntiana verna, on the other hand, has two very different values: a low
value for the cautious policy of capital investment attached to vegeta-
tive reproduction, and a much higher value for seed production. Prcsumably,
this second value is assoclsted with a high risk of mortslity.

Since so few capsules of Gentiang verna have been observed on the
Fell it is difficult to determine the precise significance of this high
value of seed production. However, it is possible that it represents a
strategy which allows new genotypes to become established in open con~-
ditions. This could have been very important during the whole of the

late and posteglacial periods especielly the forest meximum, when
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suitable habitats were at a premium. This method of reproduction
would enable the species to colonise any new open or semi~open sites.

Yiola rupestris x ravinigna also malntains its population in
Upper Teesdale by the production of new roasettes by vegetative growth.
Unlike Corex_ericetorum and Gentiang verns seed cannot be produced by
flowering rogettes because the flowers are sterile., Figures 18 and 19,
Chapter six, show the behaviour of vegetalive shoots derived from estab-
lished plants of the hybrid. As already indicated in Chapter six, these
new hybrid plants arise very infrequently and the figures may each show
the behaviour of a clone. (It 1s possible that the seeds produced in
one capsule following successful cross pollination between the parents,
may have germinated in the same area. Therefore, 1f several of these
seedlings became established, there may in fact, be several clones of
the same age close to one another).

The age of the clones are impossible to determine, but the area
covered by some of the groups of plants indicate that they may be very
old. The half-life value (row h), based on the decay of the original
populaticns of Viola rupestris x riviniang, indicate that individual
rosettes might be expected to live for 2B years or longer. This figure
teken in conjunction with the annual rate of mortelity of the rosettes,
shows that change in the population is a fairly dynamic process, but
that the rate of loss is less than half that for Carex ericetorum and
Gentigna verna.

The lower rate of turnover is paralleled by the lower rate of
recruitment of new vegetative rosettes which is again half that obtained
for the other two species. This lower recruitment was, however, greater

than the annual rate of loss, and there was a gradual increase in the
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population over the period of recording. Clearly, this hybriad represents
a genotype which is succegsful in its reproductive strategy under present
environmental conditions.

Viols rupestris and Viola rivinigna maintain their populations on
Widdybank Fell both by the production of vegetative shoots and seedlings.
The behaviour of the individuals in the two populations is shown in
Chapter four, Figures 7, 8 and 9, for Ylola rupestrig, and Chapter five,
Figures 13 and 14, for Viola rivinisna. As new individuals arise both by
the production of new shoots and by germinstion of seed and its establish-
ment, the populations are made up of a mixture of the 'ramets! and !genets!?,
respectively, of Kay and Harper (1974).

The individuals in both these populations are relatively long-lived.

The half-life values, based on the decay of the mixed-age population,

indacate that rosettes of Viola rupestris may live for up to 18 years, and
rosettes of Viols rivinisna up to 24 years. Blske (1935) found that the

life-span of prairie plants was similar, ranging from 10 to 20 years, As
with Viola rupestris x rivinisna the annual rate of mortality is approxi-
mately half that of Carex ericetorum and Gentians verna. This slower rate
of loss of individuals reguires an equally slow rate of recruitment to
maintain the population.

Recruitment of vegetative shoots in both species is higher than that
for seedlings. Two thirds of all new individuals of Yiola riviniasna
appeared as a result of vegetalive reproduction. In Vio tris,
where seedling recruitment attained a greater significance in open habi-
tats, than in those which were more closed, almost half the new recruits
were seedlings. These figures compare with those obtained by Sagar (1959)
and (1970), for Plantago lanceolsts, where 25% of the total number of new
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individuals eppearing over a two-year period were produced from
veg;tative shoots, the remeinder being seedlings.

The rate of recruitment of both vegetative shoots and seed-
lings when added together is far in excess of the number of plants
which are lost. In fact, the annual rate of production of new vege-
tative shoots is greater than the rate of loss and theoretically could
ensure the continued survival of the populations.

Seedling recruitment, however, provides a means whereby both
species are able to colonise new areas. This could be extremely impor-
tant to the long-term survivel of Viola rupestris, in particular, which
appears to be near the limit of its tolerance in the closed grass swards.
The actuel rate of seed production indicates that this mode of reproduc-
tion also involves & relatively high investment in a few large seeds.
This cautious policy represents a low velue of 'r! and is associlated with
low risk. (Although the figure for the annual rate of mortality of seed-
lings of Yiola rupestris is high, it has been exaggerated by the large
influx of seedlings. Only one other group of seedlings showed an
increased rate of mortality during the early stages of establishment
[iig;g_;;zig;ggg seedlings 197;7. For all the other groups the risk of
mortality was the same throughout the life of the individual).

Vhen compared with the rate of seed production for the other
species, both species of violets produce slightly more seed than Carex
ericetorum, but much less than Draba ineans and Lipum catbarticum.

The relatively small contribution made by seed produced from open
flowers can be seen by making reference to row k. The figures in brackets
represent the mean number of fruits per flowering plant from open flowers.

Cross pollination of these open flowers and the production of seeds
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provides a potentially outbreeding mechanism which allows the exchange
of genetic information., This mechanism could be important to the long-
term survival of both species of violet.

Once established; individuals of both species, whether from seed
or vegetative shoots, teke several years to develop tothe flowering
stage., Thereafter, they may flower in several successive years. Both
species have an overall strategy of slow population turnover and slow
recruitment, which involves a cautious policy of replacement by vege-
tative shoots and seedlings.

Draba lncana and Polygala amgrellg both rely solely on the pro=-
duction of seed, its gemmination and the subsequent establishment of
seedlings for the replenishment of their populations. The behaviour of
the individuals in the populations of Draba incana end Polygala smarelle
is illustrated in Chapter three, Figures 30 and 31, for the former species
and in Chapter seven, Figures 24 and 25, for the latter. The individuals,
each represented by a line in the figures, appear initially as seedlings
and are equivalent to the 'genets' of Kay and Harper (1974).

Although both reproducing by means of the production of seed, the
two species have very different life strategies. [Drabs ipcans behaves
as a mono~-carpic perennial, a 'big bang' producer of Gadgil and Besaert
(1970) as does Ljnum cgtharticum, whilst Polygala amarella is a repeating
producer. In both species the rate of population turnover, of individuals
greater than one year of age, is high. The figures in row e show that for
Polygala amarella the annual rate of mortality is similar to that obtained

for Carex ericetorum and Gentlana verna whilst that for Draba incens is
higher.



- 199 -

Draba_incana, a species found only in open conditions, relies
on its ebility to produce large numbers of small seeds, row g, which
germinate producing a large number of seedlings, row e. Thus, this
species has a high value of 'r!, which is associated with high risk,
both at the seed to seedling and seedling to young plant-stages. This
is clearly illustrated by the figures for annual seed production, annual
seedling recruitment and annual seedling mortality.

Polygala gmarella has a rather different life-strategy, in this
case producing smaller numbers of large seeds. Unlike Draba incana,
the plant may flower in several successive years. In this way the
species acts as a repeating producer. The rate of seed production
represents a fairly low value of 'r!', producing only twice as many seeds
annually as plants that are lost. However, the rate of mortality of the
seedlings is lower than that obtained for the plants over one year of
age. Clearly, this low rate of seed production is associated with low
risk, a cautious policy, similar to that of seed production in Viola
rupestrig and Viola rivinjana.

These two different strategies reflect the different habitats in
which the two species survive. [Drgbg jincana only occurs in open or
disturbed ground, whilst Polyesla amarella grows in Upper Teesdale in
a closed vegetation. The first species i1s clearly an opportunist, and
the second, by producing a relatively small number of large seeds, gives
the emerging seedling a good chance of survivel in a habitat where their
establishment must be quite difficult.

For both species, the method of reproduction has resulted in an

increase in the population over the period of recording. In the case
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of Draba incang this increase is 50% on the originally recorded mixed-
age populations in the quadrats. It must be remembered that Drabs
incang produced large numbers of seed and many of the plants present
at the end of the study period were still very small. New plants of
each species teke some time to develop to ths stage when--they are abls
to make a contribution to seed production.

In some respects, for instance the annual rate of seed production
and annual mortality of seedlings, Drabs incana and Linum catharticum
are very similar. Draba lincana appears to be, in fact, an extended
blennial. It is possible that the cold and wet climate of Upper
Teesdale slows down the development of its rosettes so that instead of
being a biennial the species becomes a mono-carpic perennial.

Other perennial species which reproduce entirely by the production
of seed include: m&&é, Sarukhan (1974), Irifolium pratense,
Rabotnov (1960) in Harper and White (1970) and Anthoxanthum odoratum,
Antonovics (1972). TIrifolium pratengse is perhaps the most interesting
of the three species in that in a flood plain meadow it would found to
be mono~carpic with a life-gtrategy similar to Drsba incana. Although
mature individuals had a much shorter life (2 years), they produced
large numbers of seed in their second year. Conversely, the same apecies
growing in a sub-alpine meadow was found to have a much longer life-gpan
and to be poly-carpic, producing relatively small numbers of seed over
several years; that is, under these more extreme conditions the behaviour
of the population wes very similar to Polygala amarella.

It is clear from this study that within perennial species growing

in grassland communities, at least in Upper Teesdale, a wide variety of
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life strategies exist. It appears that each strategy 1s able to
maintain the size of each population despite the fact that the plants
suffer the ravages of sheep, which for Gentiasna verna, and to a lesser
extent Carex ericetorum, prevents reproduction by means of seed produc-
tion. TIn addition to thig; the species have bsen able to survive for

a very long time and in various and varying climatic conditions.
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CHAPTER ELEVEN

CONCLUSION

The survival of the'Teesdals rarities' has been discussed on a
number of occasions, including Godwin (1956), Pigott (1956),

Bellamy et al. (1969), Bradshaw (1970), Jeffrey (1971) and Johnson
(1971). Several different envirommental factors, including climate,

the mutrient status of the soil and the unique bedrock, have been con=-
sidered to be important to the survival of the ‘rarities?!, both through
the forest maximum and up to the present day (see also Chapter two).

It is now generally accepted that many of the rarities are relicts

from the late-glacial flora. This has been confirmed by Turner et al.
(1973) who found evidence of the presence of some of the specles through
the forest maximum,

The most important feature allowing survival through the forest
maximum seems to be the fact that at no time was the canopy completely
closed. Throughout this period, herb pollen ratios were much higher
than in the lowlands and Turner et al. interpret this as meaning that:
'the woods were considerably more open than those of the lowlands, open
enough to allow a varied herbaceous flora to flourish and contribute
approximately a third of the total pollen. Although habitats for the
rare specles may have been more restricted than during the late-glacaial,
development of woodland on the Fell could at the most only have decreased

the areas available for them, certainly not destroyed them altogether.!
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The data presented here clearly illustrate the variety of life-
strategies, exhibited by the specles studied. The fact that Draba
Incana, under present environmental conditions, requires open habitats
for the successful establishment of seedlings, suggests that these open
or eroding habitats must have heen present throughcut the post-glacaial.
Similarly, Vieola rupestrig, which appears to be near the limits of its
tolerance in a closed grass sward, almost certainly required eroding or
open conditions for its survival.

The other 'rarities! included in this study, Polygala amarella,
Gentians verna and Carex ericetorum are all able, in the short term at
least, to survive in a closed sward. However, for the long term sur-
vival of Gentlans verns, open areas may have been required so that
seedlings could become established.

Turner et al. (1973), in discussing the survival of Gentiana verns,
suggests that during the forest maximum it was likely to have been found
growing along the streams where, locally, there was freedom from shade.
The fairly widespread occurrence of Gentlana verng today in Upper Teesdale,
Elkington (1972), is probably related to its ability to produce large
numbers of seeds and to reproduce vegetatively. The former of these
methods of reproduction would allow the species to colonise suitable
nevw habitats as the forest was clsared, the latter allowing its survival
in these areas even when environmmental factors, such as grazing, preveated
the production of seed.

Carex ericetorum, on the other hand, is a species which is found in
the Pine forests of European Russia together with Galium boreale and
Antennaris dioica, two other 'rarities' also occurring in Teesdale,
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Keller (1927). Watt (1971b), considers Carex ericetorum to be one
indicator of former pine forest and in Teeadale it appears that it is
' « o restricted to the sugar limestone, the very areas where pine
grew best during much of the post-glacial'!, Turner et al. (1973).

Polygala emarella is able tc survive by the production of seed
and seedling establishment in the closed grazed sward. It i1s likely
Lhat this species survived the period of the forest maximum under
openings in the canopy. Certainly, Pigott (1956), observed that,
'Poly=ala amarella and Gentiang verns have both been noted in fruit
under small openings in the canopy of Picea abies forest in the Alps'.

For both Carex ericetorum and Polvzala amarells, the production
of amall numbers of large seed probably provides an initial energy
source, which enables seedlings to become established under shade.

This cantious policy of seed production together with, in Carex
ericetorum vegetative reproduction, is important to the survival of
these species under present day conditions. For Polygala amarells,

in particular, the large seed, by reducing the risk of mortality in

the early stages of seedling establishment, alded survival in the closed,
grazed sugar limestone turf.

The fact that many of the rare plants growing in the grazed turf
today lie close to springs and flushed areas msy not be accidental. In
an open forest it is likely that browsing animals would visit the
springs for water and may have grazed the open areas nearby, helping to
maintain the open conditions. As already indicated for Gentisna verns,
clearance of the forest probably allowed the populations, surviving in

the openings in the canopy, to expand.
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However, the relatively low reproductive potential of some
species, as revealed in their reliance on a cautious policy of invest-
ment, (both for vegetative reproduction and/or the production of seeds,
Yiola rupestras, Carex ericetorum, Polygale emarella and Viola rupegtrais x
riviniana ) may be responsible for the very limited distribution-of these
species in the sugar limestone grasslends in Upper Teesdale. For Vicla
rupestris and Drabe incena, the presence of suitable habitats for
colonisation is also important.

Grazing animals, by helping to reduce the competitive ability of some
of the more vigorous species, ere probably important to the maintenance
of the more sensitive rare plent populations. However, at the present
time, the level of grazing is such that in the long term it could be detri-
mental to the populations. The production of seeds and, therefore, the
replenishment by means of seedling establishment, is not only curtailed in
Gentiana verna and Carex ericetorum, but also in Primuls farinosa and
Tofieldig pusilla, where few inflorescences survive the ravages of sheep.

This has implications for the long term survival of the species by
preventing the exchange of genetic information, which might allow adapte-
tion to changing envirommental conditions. Perhaps also of importance,
is the reduction of the reproductive abllity of the species, which could
prevent the expansion of the population into new, suitable habitats. As
we have seen, particularly for Gentigng verns, the producticn of seed
provides a very large potential source of new recruits,

Over the period of this study none of the species which were
recorded showed a decline in numbers. Therefore, there would appear to

be no requirement of specific management aimed at conserving any of these
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species. However, the time-scale 1s short when compared with the time
taken for complete replacement of the population. Even for Gentiana
verna, which is among the shortest lived perennial herbs studied, this
may take six or more years. For Viola rupestrig, this period is even
longer and it may be many years before there is any notlceable decline
in numbers.

An appreciation of the different life~strategies of individual
plant species will aid the planning of management, aimed specifically
at their congervation., For example, it will be possible to decide
whether material can be collected for research, and if so, what the
implications might be for the survival of the population. Also, it
should help in deciding, if a species appears to be disappearing, how
best to reverse the decline. This might be achieved by direct inter-
ference in the plant's life~cycle, either by-passing stages known to
have a high risk of mortality attached to them, or providing conditions
where successful establishment of new recruits is more likely.

In a habitat like the sugar limestone grasslands of Upper Teesdalse,
where there are a large number of rare plant species, mansgement, aimed
at providing conditions suitable for successful replenishment of all the
populations, is required. In this context it is convenient to use the
classification adopted by Watt (1971b). He grouped the rare species
growing in the Breckland into three categories, depending on their
goclal status:

Group l. Species which persist in the mature phase. All
maintain themselves vegetatively.

Group 2, Species which survive the establishment/building
phase but succumb to competition with grasses.

Group 3. Small plants, often annuals or biennials, which
require bare patches of ground or short, open
turf,
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Of the species studied Gentiana verna, Carex ericetorum, Viola
rivinigna and Viols rupestris x riviniana are all in Group 1. Viola
rupestris might also be included in Group 1, but in view of its
apparent sensitivity to competition, even in the closely grazed turf
on Widdybank Fell, should perheps properly come into Group 2. Polygala
gmarella must also be added to Group 1 as it is able to survive in the
closed grazed sward, but in this case reproduction is by seed production.

Prabg incana and Linum cgtharticum clearly belong to Group 3.

Watt considered that Group 1 required no specific management
policy, and so long as the grazing does not bescome so intense as to
cause a reduction in the size of the populations, this would appear to
be true as long as the existing level of grazing is not altered.

Groups 2 and 3 require the creation of open habitats and need to
be able to produce sesd. Watt suggests that grazing might be allowed
only after seed-set. However, it 1s clear from this study that species
requiring open conditions are well adapted and able to produce sufficient
seed to survave, (Draba incana and Vigla rupeskris) and that all that is
required are the open conditions., The friable nature of the subsurface
weathered rock, and mole activity, appear to fulfil this requirement.

Many of the 'Teesdale rarities! have survived in Teesdale for a
very long time. They are able to maintain their populations today
under the present management regime, and as long as conditions do not
change they should continue to survive. It is hoped that the present
study, by giving some insight into the population behaviour of some of
the plant species growing in Teesdale, will help future management

decisions to take into account the requirements of the individual species.
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