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SUMMARY

(1) The spatial pattern of demographic variables of ramets and seedlings in sixteen
populations of Viola blanda, V' pallens and V incognita were analysed using a variety of
approaches (area and distance methods, G-tests of heterogenerty based on area counts,
neighbourhood analysis, spatial autocorrelation) The varables considered were the
posttion of ramets in space and time, emergence and mortality of ramets and seedlings

(2) Emergence of new seedhings is clumped in space The seedlings tend to be more
numerous in areas where the overall ramet density 1s low, indicating that seed germination
or seedling emergence or both are mversely correlated with overall density of ramets
Seedling survival is affected by density

(3) Ramets one year-old or older appear to be aggregated or randomly distributed 1n
space

(4) The pattern of emergence of new ramets from stolons and the pattern of ramet
death 1s random 1n space and not density dependent

(5) It s proposed that seedling germunation or survival or both are density dependent,
but that the pattern of adult ramet distribution, vegetative production of new ramets and
ramet mortality 1s more sensitive to environmental variables such as light, water and
nutrients which are known to be unevenly distributed on the forest floor

(6) The concept of ‘safe site’ for seed germination has little predictive value in these
populations of Viola

INTRODUCTION

A large number of understorey herbs of the temperate forests of central, eastern and
north-eastern North America are charactenzed by vegetative spread by rhizomes of
different lengths and diameters (Sparling 1964, 1967, Bell 1974, Abrahamson 1975,
Anderson & Loucks 1975, Sohn & Policansky 1977, Bell & Tomhnson 1980, Silva, Kana
& Solbrig, in press) The prevalence of species with the same growth pattern m the forest
understory 1s probably an indication that this growth pattern 1s especially well suited to the
forest environment

Vegetative spread and 1its possible adaptive significance has been discussed by Bell
(1974, 1976), Harper & White (1974), Harper (1977), Bell, Roberts & Smuth (1979),
Harper & Bell (1979), and Bell & Tomlinson (1980) According to these authors,
vegetative spread 1s much more economucal than seed dispersal in removing the daughter
plant from the competitive influence of its parent There are, of course, inherent costs such
as the lack of genetic recombination and reduced ability to disperse to far-away places

* Present address Botanisches Institut der Universitat Wien, Rennweg 14, 1030 Wien, Austria
¥ Present address Department of Biology, University of Puerto Rico, Rio Piedras, Puerto Rico

0022-0477/82/0200-0273%02 00 © 1982 British Ecological Society
273



274 Population biology of the genus Viola

Many species have precise rhizome branching patterns while others have a more
‘opportunistic’ pattern of growth (Bell & Tomlinson 1980) Species of violet that spread by
stolons (slender, underground rizomes) belong to this last group Stolons i violets are
formed from axillary leaf buds and grow for an indeterminate distance before the apical
menistem bends upward and produces a short shoot with leaves and reproductive
structures From the axil of one or more leaves of the new ramet, new stolons may be
produced that repeat the process The direction of the new stolon bears no relation to that
of the parent one

One approach to the study of the adaptive nature of vegetative spread 1is to analyse the
architecture of rhuizome growth Another 1s to mvestigate the distribution of ramets m two
dimensional space and 1ts variation i time The second of these approaches 1s particularly
suitable for violets because both rhizome length and branching angle vary unpredictably
In this, the fourth article on the population biology of species of eastern North American
violets, we describe the spatial distribution of ramets and seedlings and of birth, death
and plant size of three closely related species, Viola blanda Wild , V' pallens Bramnerd
and V incognita Branerd, and therr change in time This study complements a demo-
graphic analysis of these species (Newell, Solbrig & Kincaid 1981)

MATERIALS AND METHODS

Sixteen populations of three related stolomiferous species, Viola blanda, V pallens and V
incognita, were studied at three different localities seven populations on the Island of
Newfoundland, five populations in Massachusetts and four populations 1n western North
Carolina (Table 1, Fig 1) All the plots contained very few plants other than violets

At each site plots were established These differed in size from 25 x 50 cm to 100 x 100
cm according to the density of ramets The plots in Massachusetts were visited at fort-
mightly intervals during a 4-year period (1976—-1979) while the ones in Newfoundland
were visited only once or twice during the study, and the ones in North Carolina were
visited at 2—4 week intervals during one year (1979)

For each ramet in a plot the spatial coordinates were obtained and at each visit presence
or absence and, if present, the number of leaves and number of reproductive structures
were recorded For those plots where results from more than one year are available, the
pattern of births and deaths was analysed In the Massachusetts plots, seedlings were
studied as well

Four different methods were chosen to determuine the spatial distribution of seedlings,
old and new emerging ramets and deaths (1) spatial analysis using both area and distance
methods, (2) G-tests of heterogeneity in the vicinity of new and dead plants compared to
that around survivors, (3) correlation of individual ramet size with a varety of
neighbourhood variables (neighbourhood analysis), (4) spatial autocorrelation of ramet
size

Spatial analysis (area and distance methods)

Only intensity of spatial pattern (1 ¢ measures of density, cover or biomass) and not of
gran (1e patch size) were computed (Pielou 1977) Preliminary results using hierarchial
analysis of vaniance (1e block-size analysis—Greig-Smith 1952, Kershaw 1957, Ripley
1978) showed no evidence of patchiness within these populations Five measures of spatial
pattern were used We consider them in turn
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TABLE 1 Plot identity number, locality, plot size and size of populations of three
species of Viola studied
Plot Plot size Population n 4 years
number Locality (cm) 1976 1977 1978 1979
Viola blanda
111 Harvard Forest, Petersham, 100 x 100  Total 113 113
Massachusetts New ramets 40
Dying ramets 40
113 Harvard Forest, Petersham, 100 x 100  Total 115 138 58 25
Massachusetts New ramets 24 7
Dying ramets 31 61 35
Seedlings 30
Dying seedlings 28
122 Harvard Forest, Petersham 100 x 100  Total 179 257 156 S8
Massachusetts New ramets 80 26
Dying ramets 20 115 121
Seedlings 18 28
Dying seedlings 18
131 Concord Field Station, 100 x 50 Total 140 233 225 291
Bedford, Massachusetts New ramets 79 55 124
Dying ramets 36 52 66
Seedlings 50 9 24
Dying seedlings 20
132 Concord Field Station, 100 x 50 Total 99 166 154 307
Bedford, Massachusetts New ramets 69 21 74
Dying ramets 22 28 24
Seedlings 20 7 113
Dying seedhings 12
191 Coweeta Experiment Forest, 100 x 50 Total 111
North Carolina
192 Coweeta Experiment Forest, 100 x 50 Total 39
North Carolina
193 Balsam Gap, Blue Ridge 50 x 50 Total 65
Parkway, North Carolina
Viola pallens
481 Parson’s Pond, 50 x 50 Total 127
Newfoundland
482 Badger Alder Thicket, 50 x 50 Total 17
Newfoundland
491 Lake Powhatan, 50 x 25 Total 106
North Carolina
Viola incognita
681 Parson’s Pond, 100 x 50 Total 40
Newfoundland
682 Birchy Alder Thicket, 50x 50  Total 111
Newfoundland Dying ramets 29
683 Birchy Alder Thicket, 100 x 50  Total 66
Newfoundland Dying ramets 13
684 Badger Alder Thicket, 50 x 50 Total 105
Newfoundland Dying ramets 5
685 Badger Alder Thicket, 50 x 50 Total 34
Newfoundland

Variance/mean quotient, V/M

The mean number of plants and the variance 1n circles of 8-cm radiws around 100
random points (at least one radius from the plot border) were calculated The radis of 8
m was chosen to be large enough to include several plants and small enough to be able to
take large numbers of samples within a plot Computer simulations showed that overlap of
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FiG 1 Location of the study-populations of Viola blanda, V pallens and V incognita The
three-digit numerals identify plots Further details are given in Table 1

the circles, which occurred most often in the small plots, did not change the significance
level of the tests The dispersion index {2, (x;, — Xx)*x} which approximates the

distribution of 2 with n — 1 degrees of freedom (Skellam 1952) was used to test the
significance of deviations from randomness

Fit to the Poisson distribution
G-tests (Sokal & Rohlf 1969), with (Gad) ) and without (G) adjustment for continuity,
were used to compare the frequency distribution of plants in circles of 8-cm radius around

100 random points (again, at least one radius from the plot border) with the Poisson
distribution

Prelou Index, a (Pielou 1959, Mountford 1961)
For 100 random points in each population, @ = mdw, where d = density, w = mean
square of n distances from a random point to the nearest neighbour was calculated To test
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the significance level for the departure from random expectation (a = 1 0), a y* test was
used (Skellam 1952)

Hopkins Index, A (Hopkins 1954)

This 1s given by 4 =Z,"= ,P}/Zj": I} where P;= distance from a random pomnt to
the nearest individual, and ; = distance from a random plant to its nearest neighbour To
satisfy the assumptions of the Poisson distribution, the areas swept in searching for the
nearest plant around random points and plants, respectively, must be independent This
reduces the sample size to approximately one-third of the total population Sigmficant
departure from expectation (4 = 1 0) was determined by using the tables of the incomplete
beta-function (Pearson 1934) for sample sizes below fifty and the tables of the normal
curve probability integral (Pearson 1914) otherwise

Hill Index, 1 (Hill 1973)

This 1s given by the formula 1= (variance — mean)/(mean)’ It has the important
property of remamning roughly constant under random thinning Simulations were run
using randomly distributed individuals to study the variabihity of : under random thmning

Tests of heterogeneity (based on area counts)

In order to detect the influence of neighbours on birth and death of ramets and seedlings,
the density of individuals within a circle of given radus around new plants or around
plants which had died during the same year was calculated New plants or plants that had
died i previous years were excluded These frequency distributions of density were
compared with similarly obtamned distributions for plants of the mixed-age cohort that
survived from the previous year in the case of new plants, or around plants of that cohort
still alive 1n the following year i the case of deaths The comparison was made with the
G-test of heterogeneity (Sokal & Rohlf 1969) Similar calculations were made using the
number of leaves—a measure of plant size—in circles of given radwus In addition, circles
of different radius were used i all computations Age effects on mortality were studied in
similar fashion the age distribution of surviving plants was compared with the age
distribution of plants that had died during the same year

Correlation between individual plant size and measures of interference
(neighbourhood analysis)

Around each plant (excluding those within one radius of the plot border) circles were
drawn, and within each circle the number of plants, their distance from the centre and their
size (measured by the number of leaves) were used to calculate five different interference
measures

n
S, cos d,

m >~

J=1 max

, Q) 2 85/ Spe (B 2 1/d;,
J=1 =1

@ S U, 3 S/ S
j=1 =1

where d; = distance of the ndividual to the centre of the circle (in cm), S; = number of
leaves on the jth plant, S, = maximum observed number of leaves per plant m the
population, n = number of plants within a circle. The interference measures were chosen



278 Population biology of the genus Viola

according to results reported by Ross & Harper (1972), Harper (1977), Mack & Harper
(1977), Antonovics & Levin (1980) and personal observations of violet populations

Spatial autocorrelation

Spatial autocorrelation analysis tests whether the observed value of a nominal, ordinal
or interval variable at one locality is independent of the values of the vanable at
neighbouring (not necessarily adjacent) localities (Sokal & Oden 1978a,b) The distance
between pairs to be correlated must be chosen and different weights may be used

Two autocorrelation coefficients have been calculated Moran’s (1950) 7 and Geary’s

(1954) ¢ These are given by

where z; = x, — X, x,= value of vaniable x for locality k, x; = value of variable x for
locality j, X = mean of x for all localities, w,; = weight given to the edge between localities
kandj,and W=3,_ 2" wy

The value of I ranges between —1 0 (maximum negative autocorrelation) and +1 0
(maximum positive autocorrelation) with —(n — 1)~! ~ 0 (i n 1s sufficiently large) for no
autocorrelation The values of ¢ range between 0 (maximum negative autocorrelation)
and an undefined large positive value The expected value for no autocorrelations 1 0

For the computation, the number of leaves per plant was used as the vanable x
Connections were established by joining every plant in the population with every plant ata
chosen range of distances The weight applied to a pair of connected plants was 1 0, as no
justifiable function of plant interaction 1s known In some cases, other weights (functions
(1) and (4) of the neighbourhood analysis) were used i addition By calculating the
spatial autocorrelation coefficient for a sequence of distance ranges, correlograms were
obtained which mught reveal the size of patches of similar sized plants, if there were such
patches The behaviour of the indices was also followed through time

Statistical tests (Chff & Ord 1973) for the sigmificance of the departure of the indices
from expectation were used These calculations were performed under assumptions of
random distribution of data The results of these tests were then compared with
computations of the variabiity of plant size (mean, standard deviation, coefficient of
variation) 1n a given year and through time, as well as with maps of distributions of plant
size 1n space and through time

RESULTS

Spatial analysis

The principal objective of this analysis 1s to learn whether there 1s a discermible spatial
pattern to the distribution of plants 1n the populations studied We asked that question for
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the entire population, for ramets of different sizes, for new ramets, for new seedlings, for
dying ramets and for dying seedlings

Spatial distribution of all ramets n space and through time

Different indices gave different results (Table 2) This shows that 1t 1s dangerous to rely
on just one index to determune spatial distributions Recent comparisons of different area

TABLE 2 Measures of pattern intensity and significance level of their departure
from randomness for adult plants of three species of Fiola in sixteen plots Results
for only one year i each plot are presented, n = 100 except for Hopkins Index T

Plot VIM Poisson Pielou Hopkins
number Year Index G Gadj df Index, a Index, 4 n
V blanda

111 1977 1 46** 18 7** 133 7 122%* 1 88** 43

113 1977 2 5% 86 3%** 67 5%** 11 1 91%** 1 98*** 53

122 1977 2 19%** 51 0%** 32 3= 15 1 70%** 115 67

131 1977 2 14%%+ 69 5%« 47 Tees 24 2 T6*** 100 45

132 1977 2 33 67 3%** 47 g*** 21 2 Q2%+ 108 65

191 1979 111 21 1* 137 12 1 36*** 1 71%** 39

192 1979 1 80%** 35 geee 28 6%** 7 1 28%** 188 16

193 1979 2 149+ 62 3> 39 jee* 16 1 86*** 120 18
V pallens

481 1978 2 52%*+ 88 g*** 57 2%%* 25 3 33%es 102 31

482 1978 3 96%** 173%%+ 156 8*** 9 2 5% - -

491 1979 0 83 232 16 9 30 5 26"+ 113 17
V incognita

681 1978 090 38 53 4 1 75%%* 093 7

682 1978 2 334 90 O*** 56 2%%* 26 2 67%= 090 28

683 1978 3 444+ 126*** 77 Q%** 19 1 22%* 109 25

684 1978 2 16%** 70 0%+ 43 3%+ 21 2 54%ss 0 65 27

685 1978 2 29%** 51 4%+ 28 2* 13 094 108 13

tdf for V/M Index are 99, d f for Pielou Index are 200 for Tables 2-7 Probability levels are indicated
m all tables as follows *, P <0 05, **, P <0 01, *** P <0 001, no asterisk for P > 0 05, n = sample size in
all Tables

and distance methods (Holgate 1965, 1972 Diggle, Besag & Gleaves 1976, Goodall &
West 1979, Byth & Ripley 1980) indicate that the Hopkins Index, 4, 1s the most rehable,
except where the aggregation 1s shght only Two general conclusions can be reached

First, populations of individual plants are either aggregated or randomly distributed
(Table 2, Fig 2) Random distribution means that no evidence of departure from
randomness 1s found (despite our large sample sizes) The dispersion Index, V'/M (and also
the Pielou Index, a) show in many cases significant aggregation of individual ramets, but
only 14% of the populations studied (four out of twenty-nine) show sigmificant
aggregation with all indices No case of significant regular dispersion was
observed There are no obvious differences among the three species analysed

The Harvard Forest, Massachusetts populations of ¥ blanda are the most aggregated
Nine out of ten cases show positive aggregation if the dispersion Index alone 1s used, and
five out of ten show positive aggregation with all indices. On the other hand, the V. blanda
and V pallens populations from North Carolina show the least aggregation as only two
out of four show positive aggregation with the dispersion Index, and none show positive
aggregation with all indices As sample sizes were sufficiently large, differences in density
have no influence on the results
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FiG 2 Results of tests with five indices for deviations from randomness of pattern From the left

the columns represent /M, G, Gad), Pielou and Hopkins Index, represented as V/M, G, Ga, a

and A respectively For details, see text Bars above O 5 indicate aggregation, below 0 5

regulanty Above each set of five tests, the three-digit number 15 the identity of the plot (and

population) The number in parentheses represents the year The vertical scale 1s integral and
non-linear

Secondly, thinming (1.e ramet mortality) within populations 1s random, that 1s, 1t 1s not
concentrated in any area of the population When a particular (mixed age) cohort 1s
followed through time (Table 3), no significant differences in the spatial distribution of
surviving plants can be detected (compared with random thinming 1in computer simulations)
even though a trend towards a decrease 1n the values of the ¥/M and Pielou Index, g 1
present which indicates a very slight tendency towards a more even spatial distribution of
surviving ramets Nevertheless, the changes in Hill’s 1 are not greater than values obtained

TABLE 3 Measures of pattern imntensity of mixed age cohorts of adults of two

species of Viola followed through 4 vr Only one times series for each plot 1s
presented, n (sample size) = 100, — indicates no record made

VIM Pielou Index, a Hill Index, :

Plot 1st 2nd 3rd 4th Ist 2nd 3rd 4th Ist 2nd 3rd

number  year year year year year year year year year year year

V blanda

111 141 172 - - 104 21 - - 017 047 -
113 234 250 145 100 172 15 102 087 061 096 067
122 260 232 148 122 133 122 137 116 037 034 026
131 219 196 223 234 167 158 152 159 021 025 042
132 305 252 241 224 18 147 125 123 046 043 044
V incognita
682 233 221 - - 267 230 - - 015 019 -
683 34 479 - - 122 283 - 079 149 -

684 216 220 - - 254 244 - - 012 013 -

4th
year

000
0170
0170
042
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in computer stmulations using randomly distributed individuals and random thinning Also
the percentage of populations showing aggregation, when the spatial distribution of
surviving plants is analysed, indicates random distribution of deaths from year to year
There are no differences between the species analysed

Spatial distribution of ramets of different sizes in space and through time

For this study (Table 4), the population was arbitrarily divided into ‘large’ ramets
(approxumately the upper 10-30% of the population in terms of number of leaves) and

TABLE 4 Measures of pattern intensity and significance level of their departure
from randomness for different sized adult plants of three species of Viola m
fifteen plots Results for one year of observation only are presented, n = 100
except for Hopkins Index Plant size 1s measured by the number of leaves The
sizes tested overlap a plant with 3 leaves 1s included mn both the <3 and 23

categories
Plant
Plot size VIM Poisson Pielou Hopkins
number Year (leaves) Index G Gadj df Index, a Index,4 n
V blanda
111 1977 <3 1 58%** 2] 1** 14 8* 7 119* 1 60* 39
23 115 26 04 4 110 2 95%* 15
113 1977 <3 2 36%** 56 Q*** 42 8*** 10 1 77%** 261*** 49
>3 1 89“' 28 1‘.‘ 21 7“‘ 5 2 10“' 2 73' 9
>4 1 60*** 13 3** 10 2* 3 1 99*** - -
122 1977 <3 1 80*** 32 5* 16 6 13 1 29%** 113 64
23 1 70*** 30 9** 20 6* 11 1 25** 130 52
>4 113 31 07 5 097 167 21
131 1977 <3 1 86%** 40 8** 26 3 18 2 3%+ 1 59** 46
>4 1 53%** 29 2%+ 2] 2%+ 7 1 46%** 114 16
25 118 61 41 3 1 B5*»+ - -
132 1977 <3 1 55%** 24 6* 12 8 13 1 16* 138 36
>4 1 70%** 36 9*** 28 2%*+ 10 1 35% 1 86** 29
>5 096 83 77 4 0 86 090 11
191 1979 <3 131* 196 129 12 1 39+ 2 10%** 37
23 072 14 6* 112 6 079 078 11
192 1979 <3 1 86%** 34 6%+ 26 3%~ 7 1 25%* 3 16*** 14
23 113 9 6* 65 3 0 87 213 7
193 1979 <3 1 70*** 34 B+ 23 5* 12 1 45%** 150 16
23 1 84%+* 34 g%e* 28 4%+ 8 1 85%** 223 7
>4 1 B7%** 41 7o+ 38 3% 4 2 O5%** - -
V pallens
481 1978 <3 2 21%* 75 8%** 55 2%+ 21 2 62%** 127 27
)4 l 28‘ 23 9“‘ 20 8..' 4 l 54‘.‘ —_ —_
25 115 14 4%+ 12 6* 4 107 - -
491 1979 <2 117 53 6** 38 4 29 4 67%** 106 17
23 126* 4] 4%+ 35 g 4 076 - -
V incogmita
681 1978 tw) 085 54 68 3 1 66*** 116 7
»2 100 44 28 2 1 71%%* - -
682 1978 < 2 3% 78 9*** 42 5* 25 2 41 150 26
22 1 75%* 38 1+ 28 1%+ 13 1 55 208 12
683 1978 <3 4 B 168%** 107%** 19 1 44*** 1171 18
24 132* 12 5* 86 4 115* 138 7
210 1 36** 72 33 3 113* - -
684 1978 {2 2 130 69 7*** 48 T+ 21 2 47 070 27
>2 078 17 4* 135 9 098 130 12
685 1978 <3 1 859+ 30 7+ 156 11 0 86 161 11
>3 088 24 35 5 082 101 5
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‘small’ ramets, or mto ‘very large’, ‘large’ and ‘small’ ones The reason for the separate
analysis of size classes 1s the sigmficant advantage that large plants have both in terms of
survival and fecundity (Newell, Solbrig & Kincaid 1981) No significant differences m the
pattern of distribution of different sized plants could be detected, however, either on a
geographical or time series basis although the index values for larger plants are m a
majority of cases shghtly smaller than are the values for smaller plants of the same
population Thinming 1s random also for plants of similar size (results not shown here)

Spatial distribution of new ramets

A large majonity of the index statistics (Table 5) fail to show ewvidence of
non-randomness mn space of the sites of new ramets 1 all populations No change in the
spatial distribution of survivors occurred with time (results not shown here)

TABLE 5 Measures of pattern mtensity and significance level of therr departure
from randomness for new ramets of Viola blanda 1n five plots, n = 100 except for

Hopkins Index

Plot ViIM Poisson Pielou Hopkins
number Year Index G Gadj daf Index, a Index, 4 n
111 1977 0 87 33 28 3 108 058 13
113 1977 094 20 20 2 1 32%e* 174 9
1978 1 40%* 87" 58 2 1 39%** - -
122 1977 100 112 74 5 1 15* 116 30
1978 096 30 22 4 093 091 9
131 1977 2 T4%%* 93 4%+ 71 0*** 12 1 67%** 213* 28
1978 104 120 8BS 6 110 209 17
1979 2 81%** 111%** 76 3%+ 24 2 08*** 143 33
132 1977 084 55 35 8 095 093 30
1978 092 31 33 3 119* 092 5
1979 1 40** 2] 8** 17 8* 8 1 70%** 179* 21

Spatial distribution of seedlings

Significant aggregation was detected (Table 6) 1n the distribution of seedlings 1n most
populations analysed, and no significant change n the distribution of survivors occurred
on the five time sequences observed (results not shown here)

Spanial distribution of deaths
Sufficient results (three years) exist only for the Massachusetts populations, the sample

TABLE 6 Measures of pattern intensity and sigmificance level of their departure
from randomness for seedlings of Viwola blanda n four plots, n = 100 except for

Hopkms Index

Plot ViM Poisson Pielou Hopkins
number Year Index G Gad) df Index, a Index, 4 n
113 1977 2 24%%* 4] |**» 34 5% 5 1 70%** 4 29*** 12
1979 1 81%e* 17 3%+ 12 [+ 2 3 1% - -
122 1977 128* 47 11 3 3 57 4 3% 7
1979 1 75%%+ 2] 2% 11 8* 5 3 724 2 84*** 13
131 1977 4 14%%* 205%** 167*** 14 2 150 3 56** 1y
1978 1 38** 24 2%%* 2] 2%+ 2 1 31%%* - -
1979 2 8%+ 86 2%+ 72 49+ 7 1 99»« § 337+ 6
132 1977 1 754+ 22 6*** 15 [#e* 5 1 75%%* - -
1978 ].73%* 25 1% 21 3 1 24%* - -
1979 093 130 94 9 1 524 115 29
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TABLE 7 Measures of pattern intensity and sigmificance level of their departure
from randomness of (a) dymng ramets and (b) dymng seedlings of two species of
Viola 1n eight plots, n = 100 except for Hopkins Index

Plot ViM Poisson Pielou Hopkins
number Year Index G Gad) df Index, a Index, 4 n
(a) Dying ramets
V blanda

1 1976 079 8 5* 9 5* 3 102 2 73+ 15

113 1976 1 57% 13 g*** 9 7* 4 118* 137 11

1977 2 40%** 56 6*** 43 2%+ 7 2 4%+ 5 95w 24
1978 116 56 26 3 1 47%%* 211 13
122 1976 1 88+** 21 1 11 7* 5 1 34%%+ 082 8
1977 2 19%** 60 5*** 48 0%** 10 101 109 47
1978 1 44** 16 7 75 9 106 151* 48
131 1976 1 80*** 40 4%** 29 6*** 8 104 2 09%** 14
1977 2 Q9%+ 40 6*** 29 3%+ 9 1 44%*+ 138 19
1978 2 08*** 45 0*** 32 2% 12 1 50%** 166 22
132 1976 1 38+ 10 7* 88 4 112 184 5
1977 108 10 1* 94 4 0 86 0 50 10
1978 1 744+ 26 1%** 18 9** 6 111 3 74 10
V mcogmita

682 1978 2 210 52 5% 41 0%** 10 120* 173 8

683 1978 2 Q4%+ 56 2%+ 37 e 4 2 944%* - -

684 1978 084 22 29 2 087 - -
(b) Dying seedlings
V blanda

113 1977 2 04+ 30 3%+ 19 6*** 5 1 58%*+ 4 68%** 11

122 1977 128* 47 11 3 3 5% 5 T7%e* 7

1978 090 13 12 1 071 - -

131 1977 5 85%ee 156%%* 1194 12 2 51%e* 21 06*** 9

1978 141% 20 1%** 17 1%+ 2 082 - -
132 1977 137%* 11 4%* 75 3 1 64%** - -
1978 2 00*** 35 2% 31 0%** 3 099 - -

sizes of the Newfoundland population were too small for definite statements For the
populations analysed (Table 7), the distribution of dying ramets 1n space 1s not different
from that of all ramets The spatial distribution of dying seedlings 1s mostly aggregated as
were the seedlings themselves

Tests of heterogeneity

The principal objective of this analysis is to learn whether there 1s an effect of the density
of neighbouring ramets within a given circle on birth and death of individual ramets or
seedlings or both Either the number of plants present in a given year or the number of
leaves per plant was used for calculating the density within the circles

Effect of density on births

When seedlings and new ramets are considered together (Table 8, Fig 3(a)), no
significant difference 1n the ‘average’ density of neighbours within circles of different radn
surrounding new plants and established plants could be detected If ramets alone are
considered, the same results are obtained Of 160 tests (radu of 3, 5, 8 and 10 cm) only
17 showed sigmificant heterogeneity at P < 0 05 (results not shown here) When seed-
lings are considered by themselves, however, n those cases where the sample size 1s
over 30, a significant difference between seedlings and ramets 1s found (Table 8). In effect,
seedlings emerge mostly 1n areas where ramet density 1s low, usually where there are no or
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TaBLE 8 Heterogeneity G-tests comparing the frequency of plants of Viola present
n a given year m a circle of given radws around plants at least 1 yr-old with
those around seedhings born 1n that year See text for further details

Plant number Plant size

Plot Number of Number of considered alone considered also
number Year adults seedlings G df G df

(a) Radius = 3 cm
113 1977 99 29 45 3 135 10
122 1977 221 17 16 4 150 12
1979 26 28 13 1 13 1
131 1977 154 41 20 8*** 7 364 20
1979 211 20 129 8 210 20
132 1977 134 15 54 5 189 16
1979 170 100 13 6* 5 23 6 20

(b) Raduus = S cm
113 1977 97 27 98 6 20 8 18
122 1977 209 16 117 9 190 25
1979 25 28 110** 2 112* 4
131 1977 139 29 42 4*** 15 633* 42
1979 186 17 30 4* 17 44 4* 3|
132 1977 128 14 91 9 28 7 30
1979 154 84 182** 9 357 31

(c) Radius =8 cm
113 1977 83 24 28 6*** 10 321 2
122 1977 195 14 155 14 269 45
1979 22 26 43 3 49 5
131 1977 118 35 59 9*** 23 103*** 67
1979 146 13 29 6 32 410 65
132 1977 119 11 152 18 40 4 55
1979 135 59 222 17 80 4* 58

only one or two violet ramets within a 3- or 5-cm radws circle (Fig 3(a)) When the
density of ramets surrounding 1-yr-old seedlings 1s compared to the density of ramets
surrounding all other ramets, no significant difference can be detected, mndicating that the
‘open’ spaces where seedlings emerged are filled within the year by new ramets or seedlings
or both (results not shown here) Considering plant size and plant number rather than
plant number alone within circles does not affect the results

Effect of density on deaths

Ramet death appears to be independent of the density of surrounding ramets (Table 9,
Fig 3(b)) as there 1s no sigmficant difference in the density of ramets mn circles
surrounding living and dying ramets m all populations and years analysed and for circles
of different sizes Only 11 out of 128 tests showed significant differences at P < 0 05
(results not shown here)

There 1s, however, some effect of the density of neighbours on the mortality of seedlings
1n cases where the density of seedlings 1s sufficiently high (Table 9) The results are symilar
if the size of neighbours 1s considered also

Age has no mfluence on the mortality of ramets, though 1t has on seedlings A high
proportion die during the first year (results not shown here) This confirms the results of
Newell, Solbrig & Kincaid (1981)

Correlation between individual plant sizes and measures of interference
(neighbourhood analysis)

The objective in this part of the analysis 1s to see how much of the variance in plant siz¢
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Fic 3 Distnbution of number of plants of Viola blanda in 1977 in plot 131 within circles of 5
cm radws around (a) adults and seedhngs and (b) around new ramets, ramets at least one year
old (surviving ramets) and dying ramets
TABLE 9 Heterogeneity G-tests comparing the frequency of plants of Viola blanda
present i a given year 1n a circle of given radus around plants present in 1977
and surviving until 1978 with those around seedlings that died m 1977 See text for
further details
Sample size
Number of Plant number Plant size
Plot Number of dying considered only considered also
number Year SUrvivors seedlings G df G df
(a) Radius = 3 cm
113 1977 99 27 16 8** 7 17 4 10
122 1977 221 17 30 4 138 12
131 1977 154 i8 S1 1*** 21 59 0*** 30
132 1977 134 9 117 10 171 24
(b) Radius = 5 cm
113 1977 97 25 23 3% 8 271 18
122 1977 209 16 99 9 242 25
131 1977 140 18 305 33 575 42
132 1977 128 9 211 25 225 44
(c)Radws = 8 cm
113 1977 83 22 181 11 280 29
122 1977 195 14 172 14 314 45
131 1977 119 17 332 49 384 50
132 1977 119 6 18 8 27 276 59

can be explamed by the number and size of close neighbours Several sizes of circles were
used For each, a total of twenty-eight sets of results (three species, eleven sites for 1 yr,
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one for 2 yr, one for 3 yr, and three for 4 yr) were analysed The correlation between the
five interference measures (1) to (5) (p 277) and individual plant size was calculated
Most of the sets of results contamned more than fifty samples but, for 10-cm radius
circles, only twelve tests out of 140, involving five of the twenty-eight sets of results, fell
below the nominal P = 0 05 level Samples of random numbers might be expected to give
almost as many nomunally ‘significant’ results as this Similar results were found for other
sizes of circle Even 1n cases where the F-test was significant (P < 0 001), the proportion
of the variance in plant size explained by regression on the interference measures was very
low
TABLE 10 Spatial autocorrelation and plant size statistics for mixed age cohorts

through time (circle radus = 10 cm, weight = 1) for two species of Viwola
The Indices I and c are defined 1n the text

Plot Base Elapsed SD/x
number year time (yr) n X SD (%) 1 c
V blanda
111 1976 0 113 212 249 118 010 0 94
1 73 222 1 04 47 002 0 354
113 1976 0 115 215 247 115 0 15** 082
1 84 232 326 140 007 0 43%
2 38 134 053 40 -0 01 0 05*e+
3 15 127 070 56 -0 01 002*
1977 0 138 181 222 122 015** 090
1 49 129 054 42 000 0 06***
2 18 122 065 53 -0 01 002¢
1978 0 58 122 0 56 46 012 078
1 19 121 063 52 —005 0 18*
122 1976 0 179 2 45 2 65 108 001 091
1 159 296 301 102 004 0 44+
2 86 157 068 43 001 0 09***
3 18 111 047 42 000 0 01**
1977 0 257 2 65 292 110 —002 096
1 124 150 217 145 001 0 10**
2 24 108 041 38 000 001**
1978 0 156 140 178 127 011* 090
1 29 107 037 34 -0 01 0 13%
131 1976 0 140 2 09 208 99 —0 01 100
1 104 321 365 114 006 0 32%*
2 78 295 350 119 002 0 30%*
3 53 334 147 44 —002 0 25%*
1977 0 233 276 295 107 007 0 83*
1 161 320 344 107 005 0 38%
2 107 347 372 107 001 0 27%*
1978 0 225 291 330 113 002 099
1 143 349 391 112 -0 01 0 44%*+
132 1976 0 99 2 61 293 112 003 091
1 7 388 3 49 90 -0 01 0 28%*
2 66 414 4 06 98 0 00 0 20**
3 61 351 437 125 -001 0 16***
1977 0 166 313 342 109 003 094
1 126 393 430 109 002 0 37%**
2 104 351 365 104 -0 01 0 16***
1978 0 154 362 403 111 005 091
1 120 347 388 112 001 0 28***
V incognita
682 1978 0 109 151 063 42 —003 103
1 81 173 067 39 025%  042*%
683 1978 0 66 524 8 88 170 0 33%e* 0 30***
1 53 726 1298 179 033%++ 030"
684 1978 (] 106 151 056 37 -0 01 104
1 101 162 0 61 38 -005 110
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Spatial autocorrelation

The goal of this analysis 1s to determune if plants of similar size are more (or less) ikely
to be found growing together (or at certain distances) than would be expected by chance

In only 14 out of 138 tests was a nomunally ‘significant’ (P = 0 05) positive or nega-
tive autocorrelation of plants of similar size found for any distance range even when
different weights were used No differences among species or geographical regions were
discovered

When the values of the spatial autocorrelation coefficients for survivors of populations
are compared from year to year, however, 1t 1s apparent that while Moran’s Index, I, does
not change (1€ 1t stays around zero), Geary’s Index, c, decreases steadily from year to
year and tends toward zero 1n all populations indicating a tendency for the surviving plants
in a neighbourhood to become more similar 1n size even when the total overall variability in
plant size 1s not declining (Table 10) This means there 1s a tendency for scattered large
and small ndividuals to be replaced by patches of large and patches of small individuals

DISCUSSION

The exhaustive analysis of the distribution of ramets and seedlings in space and time has
yielded three important results First, emergence of new seedlings (in cases when the
sample size 1s large) tends to be clumped 1n space, and furthermore, 1n such cases the
seedlings are more numerous in areas where the overall ramet density 1s low, indicating
that seed germunation or seedling emergence or both 1s mversely correlated with overall
density of ramets Seedling survival 1s affected by density Secondly, ramets one-year-old
or older appear to be aggregated or randomly distributed in space Thirdly, the pattern of
emergence of new ramets from stolons and the pattern of ramet death 1s random 1n space
and not density dependent

In previous studies (Cook 1979, Newell, Solbrig & Kincaid 1981), it was shown
through direct field observation and experimental manipulation that survival of seediings of
Viola blanda declines as density increases In those studies, as well as in experiments with
the related species ¥ sororia Willd (Solbrig 1n press), it was demonstrated that survival of
seedlings 15 strongly size-dependent and that growth rate 1s lower where density 15 high
The present study indicates that the density effect operates through nteractions of close
neighbours

Seedling germination, growth and survival depend on a variety of factors According to
Cook (1979, 1980) predation and mnsufficient soil moisture are the most frequent causes of
death 1n populations of violets To these may be added insufficient hight and nutrients,
although at present we do not know how important these are Since ramets compete with
seedlings for soil moisture and nutrients and they can shade seedlings, the negative effect of
ramet density on seedling survival 1s most likely effected through competition for water,
nutrients and hight

Harper (1977) has proposed the concept of the ‘safe site’ which he envisions as that
place which provides a seed with the necessary stimul for breaking dormancy and the
resources and environment necessary for germmnation In the case of the species of violet
under study, a necessary but probably not sufficient characterstic of a safe site 15 a low
density of ramets As the local density varies with time, 1t follows that the distribution of
safe sites in the population also varies with time. In other words, a safe site has both a
Spatial and a temporal dimension. As there 1s no way of predicting when ramet density will
be sufficiently low for seedling establishment, in this case a safe site can only be determined
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a posterior1 which dimmmshes considerably the usefulness of the concept as 1t becomes
tantamount to saying that a safe site 1s where a seed has germinated

If seedhing germination and establishment are inversely related to density, the spatial
distribution of the ramets 1n the population should tend towards evenness However, this 15
not the case Ramets are distributed at random, or they tend towards a clumped
distribution This indicates that although seedling establishment 1s strongly affected by
density, vegetative ramet establishment 1s not This 1s confirmed by the present study Our
analysis also indicates that ramet death (thinning) in the population 1s not necessanly
concentrated n areas of the population where density 1s high Where a mixed-age cohort
of ramets 1s followed through time (that 1s when the distribution of survivors alone 1s
followed) the values of the spatial indices tend to decrease, but not sufficiently to alter the
basic random or aggregated nature of the plant distribution The same 1s true if only plants
of certain sizes are considered This indicates only a shight tendency towards evenness,
possibly as a result of interference However, the G-tests of heterogeneity did not detect
any effect of density on ramet emergence or death and the correlation between individual
ramet size and several measures of interference was either non-significant or 1t explatned
less than 31% of the variance 1n plant sizes indicating that interference among ramets 1s
very shight The spatial autocorrelation as well as maps of distributions of plant sizes also
confirm this result This 1s a significant and critical difference between the demography of
ramets and seedlings

An interesting result apparent 1n all three of the spatial autocorrelation analyses, the
coefficient of variation, and the spatial distribution maps for plant sizes (following
mixed age cohorts through time) 1s the fact that the surviving plants 1n a circle tend to
become of simihar size (though not necessarily the same for all surviving plants) This
indicates the possible existence of phenotypic selection forces at a scale of a few
centimetres

In a previous study (Newell, Solbrig & Kincaid 1981), 1t was determined that ramet
survivorship 1s largely age-independent but strongly size-dependent, so 1s fecundity
Laboratory growth studies with these and other specics (Solbrig in press) show that violets
have the potential of growing to much larger sizes and at a much faster rate when
presented with sufficient hight, water and nutrients Laboratory studies also indicate
that genetic vanation in growth rate is very low (Ducker 1981, Solbrig in press) The large
differences 1n size observed 1n the field between individuals are, therefore, most hkely due
to differences m the environment 1n which the ramets grow

Given that only plants that find themselves 1n a favourable environment can attan a
large size, and given the fact that those sites are unevenly distributed (at a small scale) on
the forest floor (Anderson 1964, Likens & Borman 1977), it follows that a selective
advantage must accrue to the plant that reaches such a favourable site From the plant’s
pont of view, however, favourable microsites are randomly distributed 1n space and time
Producing stolons that scatter new plants (ramets) in space and time can be seen as a
strategy to place ramets in favourable microsites It may be that stolon tips can sense areas
of high nutnent, water or light flux, increasing the probability of placing ramets
favourable sites, but the evidence so far 1s inconclusive (Clapham 1945, Wareing 1964)

Violet ramets can exchange carbon through the stolons, and the flow of carbon within
and between ramets 1s governed by the relative strength of sink and sources (S J Newell,
unpublished results) New ramets, are therefore, not necessarly dependent for survival on
availability of local resources as 1s the case with seedlings This probably explamns the
difference between the rate of survival of new ramets and that of seedlings, and why
emergent ramets are less affected by density than are seedlings
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In summary, the stoloniferous habut in these species may be considered an adaptation to
the paucity and uneven distribution of resources 1n and on the forest floor, and a
mechanism to extend the hfe span of the genotype in an environment where seedling
establishment 1s infrequent and unpredictable (Schaffer 1974, Stearns 1977)
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