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1. INTRODUCIION

Life histories are partly the result of selection for the
optimal allocation of resources to maintenance, growth and re-
production in a particular environment. The manner in which natural
selection acts to partition the available resources has been con-
sidered from numerous theoretical viewpoints (e.g. Gadgil and
Bossert 1970, Wilbur et al 1974) and has given rise to much recent
research (e.g. Gadgil and Solbrig 1972, Harper and Ogden 1970,
Stearns1977). A base tenet of this research work is that there is
a 'cost'! associated with reproduction (see Stearns 1976).

Harper (1967) suggested that colonising species of plants would
have higher reproductive efforts (R.E's) than plants of mature
habitats. The theory of r- and K- selection as developed by Mac-
Arthur (1962), Cody (1966), MacArthur and Wilson (1967), Gadgil and
Bossert (1970) and others predicts that in situations where density-
dependent mortality is low r-selection will favour gemotypes with a
higch rate of increase. The degree of environmental uncertainty has
also been found to be a significant factor in selection for life
history strategies (e.g. Southwood et al 1974, Wilbur et al 1974)
Gadgil and Solbrig (1972) correlated highly disturbed or uncertain
environments with r- selection and less uncertain environments with
K~ selection. They suggest that r- selected gemotypes may have a
greater reproductive effort and shorter life span than K- selected
genotypes. Grime (e.g. 1974, 1977) has extended and developed the
theory of r- and K-~ selection to suggest that there may be three
main strategies. Plants may be adapted to competition, stress or
disturbance with a range of possible options between these extremes.

The majority of previous research on resource allocation has

tended to concentrate on one species, either by examining single
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species populations from various sites (Gadgil and Solbrig 1972,
Bradbury and Hofstra 1975, Hickman 1975, Holler and Abrahamson 1977,
Roos and Quinn 1977, Raynal 1979) or by assessing the effect of
changing one or more environmental variables on the allocation
patterns (Harper and Ogden 1970, Ogden 1974, Hawthorn and Cavers
1978). Other workers have studied allocation patterns in a range
of closely related species and attributed variations to differences
in life strategy. (Gaines et al 1974, Hickman 1977, Pitelka 1977
Bell et al 1979, Bostock and Benton 1979, Primack 1979).

There has been relatively little work on allocation patterns in
a range of species over a succession in the field (Newell and
Tramer 1978, Abrahamson 1979, Stewart 1979) (®Succession® has been
defined by Comnell and Slatyer (1977) as "the changes observed in
an ecological commnity following a perturbation that opens up a
relatively large space') Nevertheless these studies have tended to
confirm the r- and K- selection theory, the populations in the
earlier successional habitats usually having higher reproductive
efforts. Stewart (1979) found that'higher population R.E's were
primarily a result of greater numbers of flowering indiviguals
rather than higher individual R.E. The suggestion that the number
of individuals which flower in a population can vary because of
changing conditions is supported by Van Andel and Vera (1977). Im
the perennial Chamaenerion angustifolium the mumbers of flowering
individuals were decreased by reducing mineral supply.

Stewart's (1979) work left several questions about the mechan-
ism underlying variation in R.E. unanswered. He suggests that the
observed variation in R.E. is environmentally rather than genetically
controlled but has no empirical evidence. Whilst in some cases
variations in resource allocation have been found to be genetically

determined e.g. by Gadgil and Solbrig (1972), Abrashamson and Gadgil (1973),



others have shown them 1o be environmentally cued, plastic respon-
ses eg. Hickman (1975), Abrahamson and Hershey (1977), Roos and
Quinn (1977).

The variation in the number of flowering individuals in
Stewart's work prompted queries concerning the mechanisms which
determine the decision to flower. In particular the possibility
arose that plant size affects the probability of flowering. The
method of analysis which is usually adopted in field resource
allocation studies, ie. a random sample of individuals takemn from
a population at one specified time, makes inveatigation of this
mechanism impossible. A method of following individual plants
throughout the season is required. Such a method would not only
facilitate investigation of the mechanisms determining the decision
to flower, but also render the analysis of changes in reproductive
allocation over the growing season statistically more rigorous.

In weight determinations of plants in the field, regression
techniques have been used in order teo avoid destroying the plants
under observation. The method works by setting up relationships
linking morphological measurements of the plant and plant weight.
Hence the plants can be measured several times as ﬁhey grow to pro-
vide estimates of their weight at intervals of time. Goodall (1945)
vas one of the first to make use of this method te assess changes
in weight of che organs of tomato plants. Whittaeker and Woodwell
(1968) used regression relationships in their analysis of weight
and production of shrubs and trees, advocating parabolic volume as
the best Hutchings (1975) used height x diameter~ to determine
weight of Mercurialis perennis but as far as is known only one pre-
vious study (Wermer 1975) has used the method for a plant with a

rosette growth form (Dipsacus follorum).



In this study it was hoped that by using a regression technique,
some of the problems encountered in previous work could be avoided

and some of the questions which were raised, answered.



2. OUTLINE OF MAIN METHOD
Since the object of the study was to examine differences in

reproductive effort at different successional stages, two sites were
selected as being representative of an early and a later success-
ional stage. These were a quarry site and a grassland site respect-
ively. Two species of plant were chosen which were both present at
each site and which were considered most suitable for analysis. At
each site 40 Plantago lanceolata plants and 40 leontodon hispidus
plants were randomly selected and permanently marked. Another 40
Plantago plants and 40 Plantago seedlings were collected from each
site and transplanted into pots in a greenhouse.

A1]1 the marked plants in the field and greenhouse plants were
measured at two week intervals for a period of ten weeks. For each
plant measurements were recorded of plant diameter, number of leaves,
flowering scape length and flowering spike length (Flowering spike
length was only recorded for Plantago lanceolata. These parameters’
were selected as being the most suitable predictors of plant vege-
tative dry weight (plant diameter'and number of leaves) and plant
reproductive dry weight (flowering scape length and flowering spike
length). This assumption was made on consideration of a set of re-
gresgsion analyses relating the vegetative and reproductive dry weights
of a set of individuals collected from the field to various measure-
ments of their dimensions.

The regression formula which proved most accurate in predicting
the dry weights was then applied to the measurements obtained from
the marked plants in the field and greemhouse. Thus an estimate of
their dry weight was obtained. The most appropriate regression
formula was calculated on three occasions  throughout the sampling

period to account for any differences in the relationship between



dry weight and the morphological dimensions which might occur over the
season. Once the measurements from plants in the field and greenhouse
had been converted into dry weights using the most suitable formula a

value for their reproductive effort was obtained using Hickmans (1975)
formula whereby RE = total plant weight x 100

weight of reproductive parts
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3. SILIES

The two sample sites chosen were similar to those sampled by
Stewart (1979) and were considered to be representative of two
seral stages on the magnesian limestone of the Durham escarpment
Bishop Middleham quarry (N2 3332) was chosen as an example of an
early succeasional stage rather than Wingate quarry (used by Stew-
art 1979) since the latter was being landscaped throughout the
sampling pertod. Bishop Middleham quarry is a Nature Conservancy
Council SSS1 and still retains important plant communities which
hage developed over the past 40 years (Doody 1977). The particular
gsite chosen was typical of much of the area with a large amount of
bare ground and a sparse patchy vegetation dominated by lotus
sorniculatus associated with Festuca rubra, Plantago lanceolata,
and Agrostis stolonifera (see Table 1). In such an enviromment
there are likely to be extremes of temperature, moisture and
mutrient availability. In a limestone quarry in New York Raynal
(1979) quotes surface temperatures of 4B°C during the growing
season.

Thrislington Plantation is less than 1 km West of Bishop
Middleham quarry (see Map). It is listed as Grade 1 SSS1 (A Nature
Conservation Review 1977) and is considered to be the best example of
ungrazed magnesian limestone grassland. The vegetation has ‘.ot Lu:
been identified as a Seslerio-Helictotrichetum association by Shim-
wvell (1968) and supports a number of rare species such as Lipum
anglicum, Antennaria dioica and Epipactis aurorubens (also found at
Bishop Middleham). The area is scheduled for quarrying within the
next 50 years (Doody 1977) and attempts are presently being made to
determine the feasibility of transplantation as a means of maintaining

the genetic stock of individual species and perhaps communities.
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Achillea millefolium " 4 2
Agrimonia cupaloria r
intiyllis wulreria ‘ Y, |

Astralagus danicus - , 11

Bellis perennis 31
{ampanula rotundifolia &

Centaurea nigra 32 26 z
Ceniaurea scablosa <1

Cencaurium erythraea 3

Cerssvium fortanum o

Chemzenerion angustifolium

Chirysanthemuam lcoucenthemum 35

Cirgium arvense 3

Cirsium vulgare ' I
Coropodium majus 6

Cratacius conogna 1 7 5
Crenis capillaris

Daciylorchis [uchsii I 7

Lpleacsis atrorubens .

Ffuphresia officinalis 20 2 13
Fragaria vesca ) 11 11

Galium verum 6
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LGentianellia amarcila

Gyunadenia conousea 2 9 0
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pelianthemum chamaecistus

>~
.

lideracium pilosella

~2
=

lypericun perforatum

aysochoeris radicai

V]

iypochoeris autumnalis ) 11
Lathyrus pratensi 3

Leontodon hispidus 28 25 .
idnum cathariticum 31 22 cE
Linun anglicum 5
idstera ovata 7
lobus coniculatis 93 13 21



TABLE I (Cont,)

QUARRY LEONTODON PLANTAGO
GRASSLAND SITE GRASSLAND SITE

Medicago lupulina 9 7 11
Ononis repens 3
Plantago lanceolata 50 9 60
Plantago major 4
Plantago media 16 13
Polygola:vilgaris 1 9
Potentilla reptans 15
Potenum sanguisorba 2 10
Primula veris 1 4 3
Prunella vulgans 29 8 13
Ranunculus bulbosus 5
Rhinanthus minor " 3
Ranunculus acris 16
Trifolium repens 1 49
Rosa Canina P
Ranunculus repens 6
Rubus fruticosus 2 3
Scabiosa columbaria 10
Senecio jacobaea P 1 P
Senecio vulgeris
Silene dioica : P
Taxaxacum officinale 6 13
Thyms drucei 13 5
Tragopogon pratensis 3
Trifolium pratense 15 10 3
Tussilago farfara
Veronica chamaedrys | 4
Viola riviniana P

Viecia cracca 5



TABLE I{éComt.) GRASSES, SEDGES AND RUSHES

QUARRY LEONTODON PLANTAGO
GRASSLAND SITE GRASSLAND SITE

Agropyron repens 2
Agrostis stolonifera 59 7 72
Agrostis tenuis 1 10
Anthoxanthum odoratum 13
Arrhenatherum P 6
Brachypodium sylvaticum 1
Briza media 17 6
Bromus crechis 2
Cynosurus cristatus 13 13
Dactylis glomerata 11 8 22
Deschampsia caespitosa
Featuca ovina 14
Festuca rubra 58 34 25
Helictotrichon pratense 2
Holcus lanatus 6 6 1
Koeleria cristata 4 3
lolium perenne 5
Phleum pratense 7
Poa pratensis , 8 23
Sesleria albicans 2 41
Carex flacca 12 19 28
Luzula campestris 2

Luzula multiflora

P = present but not recorded in qﬁadrat

Total number of species = 60 sl L6



Unfortunately, on examination of the plant communities at Thris-
lington, it was impossible to find a site which included both of the
chosen plant épecies in sufficient numbers (see later). It was there-
fore decided to use separate sites of similar size for each species.
(see Map). The Legntodon site was on a gentle 6° slope facing N.W
and the vegetation was composed of a large number of species dominated
by Semleris albicans and Fegtuca rubra. The Plantago site was approx-
imately 250m further N. in a level area of slightly inferior grassland
dominated by Agrostis stolonifera and Flantago lanceolata.



4. SPECIES

The 2 species studied were selected using criteria which would
enable efficient sampling and analysis. Both Plantago lapceolata
and leontodon hispidus are herbaceous perennials and are found at
both sites. Stewart (1979) found that in both species individual
plants are relatively easily distinguished from each other and in
both plants the vegetative structures of the plant (ie leaves, stem
etc) could be easily discerned from the reproductive structures (ie
scape, inflorescence, seeds etc). In Leontodop the leaves are
arranged in a rosette whilst in Plantago the leaves are radical
and spirally arranged (Clapham, Tutin and Warburg 1959). These
simila.x; features facilitated the choice of parameters for use in
the regression analyses.

Characteristically leontodon hispidus has hispid leaves with
forked hairs and this feature was useful in identification of the
plant, particularly in the quarry site where there were many
similar composites. Moreover P Janceolata has a very distinctive
seed and seedling (see fig 1) which enables it to be distinguished
from other seedlings and pertinently, other Plantago species
(Muller 1978). The seeds germinate in Spring and Autumn and seed-
lings could therefore be collected at the coumencement of the sampl-

ing period in early May.



¥IG. I DRAWING AND DESCRIPTION OF PIANTAGO
LANCEOTATA SEEDLING (AFTER MULLER 19783
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Hypocotyl S;ZQmmapglabrous,herbaceous.slightly woody.
Seed leaves 2,sessile,strongly sheathed at t hairy
base,linear I%—-ﬁcm° herbo,glabrous,tip rounded-
angulareEpicotyl absent.lLeaves alternate,petiole 7=
20mm, hairy A strongly sheathed at base,lanceolate;
linear with 3 parallel nerves,base curveategz%;hbmoo
herbaceous,with long slender sinuate hairs.Tip rounded
-angglar,entire°

Germ, autumn-spring.
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5. METHODS

The sampling procedure can be subdivided into two sections:
methods were employed to derive regressions relating the dry weight
of the sample plants té some easily measurable parameter (s) of
the plant; the regression obtained from this procedure was then
applied to data derived from field measurements collected at regular
intervals over the growing season. Thus, the assessment of reproduc-
tive effort was possible throughout the season by means of Hickmans
(1975) formula (RE = reproductive dry weight/total dry weight as a
percentage).
5.1 R asion Me 8

The first sample of plants for the regression analyses was
taken one week prior to the commencement of regular field sampling.
This meant that the parameters which were most suitable for measure-
ment and provided the beat eatimate of plant dry weight could be
determined prior to the recording of plants in the field. At eAch
site 40 P, lanceolata and 40 L. hispjdus plants were collected and
put into sealed polythene bags tw mihimise water loss and consequent
reduction in plant size. The plants were washed and sdored at 5°C,
then measurements were carried out at the earliest opportunity. For
each plant vegetative measurements were taken of rosette diameter,
number of leaves, total cumulative leaf length, total cumulative leaf
breadth and a leaf area index (total leaf lenmgth x total leaf breadth).
Number of scapes, total cumulative length of flowering spikes were
measured, these being possible indicators of reproductive dry weight.
The measurement of dimensions was carried out on entire plants since this
condition would be obligatory in the field. It was calculated that 40
plants was the least number likely to produce any statistically signifi-

cant results when the usual flowering percentage of the population was



taken into consideration (Stewart 1979).

The plants were then divided into reproductive matter (scape,
flower, fruit seeds etc) and vegetative matter (leaves stem etc),
sealed in separate envelopes, labelled and dried at 90°C until a
constant dry weight was obtained. The dried plant matter was
weighed on a Mettler balance to 4~decimal places. Following
Abrahamson and Gadgil (1973) and Gadgil and Solbrig (1972) roots
were not included in the dry weight determinations. It is extremely
difficult to ensure that the entire root biomass has been obtained
(Dittmer 1972) and any attempt to procure the root biomass would
have made sampling time impracticable.

Data on individual plant vegetative dry weights and their
corresponding dimensions were coded and punched onto computer
cards. Similarly data for individual reproductive matter dry
weights and the corresponding dimensions were coded. Squared
values of diameter were included in these preliminary investigations
since Hutchings (1975) concluded thay quadratic equations gave a
greater predictive accuracy. Scattergrams showing the dry weights
plotted against the various meaéurements together with the relevant
regressions and their associated statistics were produced using S.P.S.S.
(Nie et al 1975) on the N.U.M.A.C. computer.

The most appropriate index of vegetative plant weight was
found to be a combination of plant diameter and number of leaves
(see Results). Hence, field data collection of vegetative parameters
was restricted to these measurements. Data on both cumulative
scape length and cumulative spike length were collected as indicators
of reproductive dry weight in Plantago ceolata. Leontodon his-
Jpidus, however, had not begun to flower at the time of the first

regression determination.

IT
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Any plant species will exhibit changes in the fresh to dry
weight ratio during growth ie the relationship between the measured
parameters and the dry weights will change. Consequently a series
of regressions should always bs used to reduce errors (Hutchings
1975). Ideally a regression relationship should be determined
frequently enough to eliminate significant differences between
successive regressions. However, the regression analyses tended to
be very time consuming and it was decided that a total of three
separate regression determinations, one camed out at the beginning
of the sample period, one in the middle and one at the end would

be sufficient to account for any significant deviations which might
ocecur.

In the second and third regressions plants were again taken
from the field, measured and separated into their component parts,
dried and weighed. Some greenhouse plants (see later) were included
in the third regression since these plants tended to be larger than
many of the field plants. In the second and third regressions measure-
ments taken were limited to those whiéh had proved most suitable in
the first regression (see Table 2). By the time the second set of
regressions were determined L. hispidus plants had begun to flower
and it was found that total cummlative scape length was the most
useful predictor of Leonptodon reproductive dry weight. The first
regression, therefore was applicable to small plants at the beginning
of the season whereas the third regression could be applied to larger
plants at the end of the season. This was particularly so in P,
lanceglats where the third regreséion included many of the large
greenhouse plants. (See 'Results' for further details of regression

applicability).



TABLE 2. CORRELATION CORFEICIT i TS OR FIRGE SPv CfF

REGRESSIONS O WRIGHTS AGATINST VARIOUS DPARAMETERS

GRASS
Plantago ~ No. of LVES 0.819 - 89.1437 C.00C01
Vegetative
Dry Weight Diameter 0.341 146.6 0.01562
with:- P :
Diam 0.315 148.1 0.02%
N x D 0.908 . 65.2 0.00001
N x D° 0.768 99.87 4
Leaf area
index 0.976 33%.5 "
Toctal leaf ) c 1
length 0.942 71.9
Total leaf R N ,
width 0.951 7.8 ’
Plantago ' No. of Scapes 0.900 14.95 "
Reproductive
Dry Weight Total length 0.863 17.35 L
with:- of Scapes ‘
Total length C.960 9.6 n
of Spikes
Leontodon No. of LVES 0.567 9.666 0.00007
Vegetative
Dry VYeight Diameter 0.3%12 11.15 0.0249
with:i '2
Diam 0.294 11.21 0.03%2
N xD 0.583 G.52 0.C0004L
¥ ox o7 ' 0.5L6 g.562 0. 0001
Leafl area N
index 0.795 7.106 0.00001
Total leaf
length 0.719 } 8§.15 i
Total leaf R
width 0.305 6.961 "
correlation
coefficient
standard
error of

gstimate

probavility
of
significance



TABLE 2.

CORRELATION OF COEFFICIENTS IFCR FIRST Sw? OF

REGRESSIONS OF WEIGHTS AGAINST VARICUS PARAMETERS

GUARRY
Plantago No. of LVES 0.307 ' 50.9 0.0269
Vegetative
Dry Weight Diameter 0.689 38.7 0.00001
with: - P
Diam 0.693 38.57 "
N x D 0.884 25.01 "
N x D° 0.835 25 .43 n
Leaf area '
index 0.965 13.88 n
Total leaf
length 0.909 22.258 "
Total leaf
width 0.904 22.85 1"
Plantago No. of Scapes 0.796 10.6 n
Reproductive
Dry Weight Total length
with:- of Scapes 0.880 8.37 "
Total length -
of Spikes 0.905 7.277 "
Leontodon No. of LVES 0.652 Le.11 L
Vegetative
Dry Weight Diameter 0.857 31.316 "
with: - P .
Diam 0.8G65 27.07 "
N xD 0.909 25.36 "
N x D 0.930 22.26 n
Leaf area
index 0.979 13-36 n
Total leaf -
length 0.943 »l9.o "
Total leaf o
width . 0.858 31.17 . "
~correlation’ .
coeffecient °
standard
error of
estimate
probability
of

‘significance
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TLBLE 2. CORRELATION CORFFICIENTS FFOR FIRST ISET OF
REGRESSIONS OF WREICGHTS AGAINST VARIQUS PARAMITERS
i TOTAL
Plantago No. of LVES 0.801 78.0
Vegetative
Dry Weight Diameter 0.53%3% 110.23%
with: -~ >
Diam 0.506 112.39
N xD 0.927 L8.76
N x D2 0.825 73,499
Leaf area
index 0.980 25.5
Total leaf - .
Total leaf :
Width ! .OF957 37-48
Plantago No. of Scapes 0.887 13.07
Reproductive _
Dry Weight Total length
with:- of Scapes 0.849 15.004
Total length :
g
of Spikes 0.952 8§.628
Leontodon No. of LVES 0.742 4.9
Vegetative
Dry Weight Diameter 0.813% 50.3
with:-
Diam 0.861 26, L
N xD 0.921 20.19
N x D° 0.932 18.76
Leaf area 0.977 11.078
index
Tctal leaf - )
length 0.955 15-4
"Potal leaf .
Wldth 00891 2)\'6
correlation
coefficient
standard
error of
estimate

probaebility
or
eignificance



At each sample site a permanent plot 10m by 10m was identified
and marked. The vegetation was recorded using randomly located
100mm2 quadrats in which the occurrence of species was noted (see
Table 1). The specific plants studied (40 Plantago and 40 Leontodon
at each site) were identified as those individuals nearest to randoumly
located points in the 10m grid. The plants were labelled and numbered
using a white plastic peg which also facilitated their relocation.

In order to determine whether any observed differences between
the plants at the quarry and grassland sites were genetically or
environmentally cued it was necessary to remove plants from en-
vironmental influences. Since the sampling time involved in this
procedure was great it was decided to restrict this experiment to
one species ie Plantago lanceoljata. Two weeks before commencement
of regular sampling 40 plants from each site were carefully excavated
and replanted in potting compost in 6% plastic pots. Environmental
effects may well be carried over from one season to the next so in
order to eliminate these effects see&s or seedlings should be studied,
Since seeds were not available 40 young seedlings of uniform cotyledon
size were also collected from each site. The seedlings were placed
in sealed plastic tubes to minimise water loss and mechanical damage
and were transplanted into potting compost in 6® pots (ome per pot) as
soon as possible. The plants and seedlings were kept in the greenhouse
in an environment which simulated external conditions as far as possible.

Measurements of plant diameter, number of leaves, cumulative
scape length and cumulative spike length were then taken of all these
plants (both field and greenhouse) at 2 week intervals commencing
on June 1s8t. Other studies have used sampling intervals of 3 weeks
and more on a variety of plants eg Newell and Tramer (1978) and
Bostock and Benton (1979) so 2 weeks was considered an adequate

time interval. Sampling was subjectively terminated when the maj-

13




ority of Plantago. had seeded. (Altogether 5 samples were taken).

In the laboratory measurements of Plaptago spike length and
number of 2 - seeded capsules were noted and a regression relating
the two was computed. It was hoped that this would provide an addi-
tional measure of reproductive achievement.

In order to assess the relative germinability of Plantagg
seeds from each site 25 seeds of each type were placed on damp
filler paper in Petri dishes and allowed to germinate. In total
there were 6 different types of seed:- Field quarry seed, quarry
seed from plants grown for one season in greenhouse and quarry
seed from seedlings grown in greenhouse; field grassland seed,
grassland seed from plants grown for the season in greenhouse and
grassland seed from seedlings grown in greenhouse. The experiment
was repeated using Petri dishes covered in foil to exclude light.
Three replicate experiments were conducted for statistical validity.
The numbers of seeds which had germinated after four weeks were
noted.

The number of vegetative rosettes produced by each plant
grown for one season in the greenhouse at the end of the sampling
period was also recorded.

The data from the field and greenhouse sampling were converted
to dry weight using the appropriate regression formula. The results

were then analysed using various procedures available with S.P.5.5.

T4
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6. RESULIS

6.1 Regressions
Scattergrams of the various measured parameters against the

dry weights using the first set of regression dataswere produced and

examined. The validity of each parameter as a predictor of plamt
dry weight was then assessed by means of their correlation coeffic-
ients. The data were found to be slightly positively skewed and
theoretically a transformation should be applied to such data before
any correlation or regression analysis. However, one of the principle
objects of the study was to predict absolute values of plant dry weight
(particularly in considering-the mechanisms involved in the decision
to flower) and any transformation of the data at this stage would
have made this impossibls. It should be noted, however, that the
slight shewness may make some difference in the absolute values of

the correlation coeffients. Nevertheless their relative relationships
will not change.

The correlation coefficient is an index which reflects the
degree to which changes in direction and magnitude in one set of data
(ie the dry weight values) are associated with comparable changes
in the other set (ie the measure parameter). Whittaker and Woodwell
(1968) have suggested an alternative method for expression of the
relative accuracy of predictions made from regressions. The Standard
Error of the Estimate for a Regreasion.
SEay E3%n-1)

In order to express the relative spread of points from a linear re-
gression the Standard Error was divided by the mean value of the
y - observations to produce an estimate of relative error. However,
this value is also influenced by shewness and under these circumstances

the correlation coefficient was considered to be an adequate index
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of the relative accuracy of the predictions.

The correlation coefficients for the various parameters analysed
in the first regression sample are shown in Table 2. From this
table it is apparent that the best predictors of vegetative dry
weight for both leontodon and Flantago was the leaf area index (R
= 0.98 for both plants) (see figs 2 and 1 a and b). Unfortunately
this parameter was far too time consuming to collect in the field
as vere total leaf length and total leaf breadth. Consequently
either no. of leaves x diameter (R = 9.3 for Plantago) or no. of
leaves x diameter squared (R = 9.3 for leontodon) (see figs 2iii and
iv) were chosen as being most suitable. A composite regression
including both the plants from the quarry site and plants from the
' grassland site was selected because it produced a higher correlation
coefficient than either site treated separately.

It is also evident from Table 2 that there are some interesting
differences in morphology between the two species and furthermore,
between similar species at different sites. lLeontodon has a much
better correlation between vegetativé dry weight and diameter
(0.81) than Plantago (0.53) suggesting that Leontodon has a more
compact form. There is also a striking difference “etween the

Ieontodon plants at the quarry site, having a good correlation with

diameter (0.85) and the grassland plants having a poor correlation
with diameter (0.31). Similarly Plantago plants at the quarry site
have a higher correlation with diameter (0.68) than those at the
grassland site (0.34).

In the first regression analysis the best indicator of Plantago
reproductive weight was the total length of the flowering spike.
In subsequent regressions, however the total length of the scape |
was a more accurate predictor. This was to be expected since as

the scape enlarged over the season the relative importance of the
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terminal flowering spike in the total reproductive weight became
less. Total scape length was conaidered to be the only reliable
measure of reproductive dry weight in leontodon since the flower
and fruit altered dimensions throughout the season.

This procedure for selecting regressions was carried out on
the 2nd and 3rd samples. The exact parameters which were selected
and their associated regression values are given in Table 3. The
scattergrams for these regressions are included in the Appendix.

The fact that different regressions are necessary over the season
indicates that the relationship between the dry weight of the

plant and its dimensions does change over the season. All the
regression equations were then applied to the fidd and greenhouse
sample data in order to convert these measurements to dry weights.
In the case of Plantago the problem of when to apply each regression
was resolved subjectively. Since the first regression sample was
taken just before commencemsnt of field sampling and growth of the
plants at this time was rapid, this regression was only applied to
the first field and greenhouse samplé. The third Plaptago regression
included some very large greenhouse plants and when this regression
equation was applied to the field data a large number of negative
values were obtained (see discussion). The third regression was
therefore not applied to field data, only data concerning green-
house plants.

On examination of the dry weight data for lLeontodon it was evi-
dent that the 1st and 3rd regression equations produced many spurious
negative values (see discussion for possible explanations) and it
was decided to restrict analysis to the 2nd equation values.

Since some data were again found to be slightly positively

skewed a square root transformation was applied before calculation



TABLE 3. REGRESSION EQUATION FIGURES.
REGRESSION a b x
lst. Plantago for
Vegetative No. of leaves x
Dry Weight -14.93216 0.13123% diameter
2nd, Plantago for
Vegetative No. of leaves x
Dry Weight 95.39337 0.00049 diameter
3rd. Plantago for
Vegetative No. of leaves x
Dry Weight 98.76514 0.19403 diameter
lst. Leontodon
for Vegetative No. of leaves x
Dry Weight 10.71903 0.00075 diameter
2nd. Leontodon
for Vegetative No. of leaves x
Dry Weight -14.4767L 0.15567 diameter
3rd., Leontodon
Vegetative No. of leaves x
Dry Weight 58.75476 0.00037 diameter
1st. Plantago for
Reproductive Total length of
Dry Weight -5.92718 2.44766 Flowering Spikes
2nd. Plantago for
Reproductive Total length of
Dry Weight -59.82900 0.65728 Scapes
3rd. Plantago for
Reproductive _ Total length of
Dry Weight -159.44195 0.99643 Scapes
2nd. Leontcdon
for Reproductive Total length of
Dry Weight 1.31637 0.76623 Scapes
(Plants were not
Flowering at time
of First
Regression)
3rd. Leontodon
for Reproductive Total length of
Dry Weight -12.53409 0.68362 Scapes
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of t - tests to determine significant differences between species
and sites. When values from the first set of field data were
plotted on probability paper a square root transformation was the
most satisfactory in approximating the straight line characteristic
of normal data (see fig 3). The transformation was applied to
enable the adoption of parametric methods of statistical analysis
which are generally comnsidered to be preferable to non-parametric
methods (Sokal and Rolf 1969).

6.2 Plantago Lanceolata
i. Ve ative Weight

The vegetative dry weights of the 3 classes of Plantago are
shown in table 4 and fig 4. There is a marked difference in the
vegetative weights attained by each class of plant. The greatest
weights are achieved by the seedlings which reach an average peak
of 5343 mg. in the 3rd sample week, after which they begin to
decline. The transplanted greenhouse plants reach an average peak
of 3646 mg. in the 4th sample week. Although the seedlings and
plants began the sampling period witﬁ highly significant differences
in vegetative dry weight (P< 0.001), this difference becomes less
marked over the time period until it becomes unsignificant in the
last sample week. The Plantago plants growing in the field have
much lower vegetative weights. The Quarry Plantago plants reach a
peak of 199.7mg in the 4th week then begin to decline slightly. In
the fifth week the grassland Plantago plants have mean vegetative
weights of 450.8mg and do not show any evidence of a decline within
the sample period. The Plantago plants in the field always have
a significantly different mean vegetative dry weight from the transplanted
plants in the greenhouse and hence also from the seedlings.

( 'Seedlings' is used as a distinguishing term meaning those plants
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in the greenhouse which were transplanted as seedlings).

In the field Plaptago plants, there is always a significant
difference in vegetative dry weight between those from the grassland
and those from the quarry (P< 0.001). The grassland Plantago plants
are always larger and this trend becomes more pronmounced as the
season progresses. In the first two sample weeks there is a difference
between the graséland greenhouse plants and quarry greenhouse plants
(P = < 0.01) but this gradually disappears until in the final week
the plants can virtually be regarded as coming from the same population
(P = 0.818). At no time are the seedlings from the grassland and
the seedlings from the quarry significantly different.

These figures for vegetative dry weight are based on the data:
collected on plant diameter and number of leaves and it is interesting
to examine these values separately. The seedlings again have the
largest mumber of leaves with a maximum average/plant of 56.6 in the
third week. The greenhouse plants reach a maximum average of 42 leaves
/plant in the 4th week whilst the field plants have a maximum number
of leaves at the beginning of sampling (7.7/plant for the grassland
and 6.6/plant for quarry). Grassland plants consistently have a
larger mean number of leaves in all classes but this is only
statistically significant at the end of field sampling and beginning
of greenhouse plant sampling (see table 5 and fig 5).

The difference in diameter between the various classes of plant
is not as pronounced (see table 6 fig 6). Both seedlings and greenhouse
plants reach a maximum in the 4th week with mean diameters/plant of
549mm and 442mm respectively. Field Plantago maxima are in the fourth
week at the quarry (173mm) and fifth week at the grassland (276mm).

The seedlings and greenhouse plants never display any significant

difference in diameters at the two sites but in the field populations
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the grassland plants are always larger (P <0.001). The differences
in vegetative dry weight between the two populations in the field
can be mainly attributed to differences in diameter. However,
towards the end of the season differences in the number of leaves
per plant contribute towards determining the vegetative dry weight
of each plant.

ii Re tive Dry Wei

The mean reproductive dry weight/plant is shown for the flowering
population in fig 7a and for the total population in fig 7b. There
is little difference in the general pattern between these two
populations, the total population means being slightly lower in
value. In all 3 classes the peak reproductive biomass is in the
fimal? week and, similarly to the vegetative dry weights, the seedlings
have the highest production (5723mg), followed closely by the
greenhouse plants (4482mg) then a steep decline to the field plants
(300mg). It is interesting to note that in the seedlings the steep
rise in reproductive biomass between the second and third week is
followed by a decline in vegetative broduction between the third
and fourth weeks. Similarly in the greemhouse plants, the steep
rise in reproductive production between the third and fourth weeks
is followed by a decline in vegetative production between the fourth
and fifth weeks.

The difference between the field plants and greenhouse plants
in reproductive dry weight is always gignificant, particularly
towards the end §f sampling but any difference between the greenhouse
plants and seedlipgs is less distinct. At the commencement of sampling
the difference between the quarry plants is significant