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Analysis of Sampling Strategies for
Collecting Genetic Material!

THOMAS P. BGGyo,! ENRrICO PORCEDDU® AND PIETRO PERRINOG®

A study was made using the data obtained duting a 1973 expedition to colleet
wheat in Sicily in order 10 determine possible sampling strategies for collecting
genetic resource material, Based on these analyses tables «nve heen d.m':'l, vp,ml
Jor selecting optimum sample sizes depending on relative cost und variance com-
ponent considerations. )

ftis almost impossible 1o make o general recommendation for optinm sam-
pling strategy. Variation may be (and probably isy diflerent in div erse areas. thus
what is true in Sicily may not be true for Ethiopia, etc. Also sampling svrategy
should be different for cliaracters which are inherited quantitatively from tnose
whiclt are controlled by one or wo pener Visual selection will reduce quantitative
genetic variation and thus will defcat the primary purpose of collecting venetie
resouirce material, which is to preserve as much genetic variation as poyssible,
On the other hand, all collectors intuitively collect forms which seems new or
unusual to them. Certainly when collecting for specific charucters, such o dis-
ease resistance, dwarf growth pe, stem strength, ete., collectors will not resort
to random sampling. Many of the traits are rare and only lurge samples vill
ensure that genes responsible for these traits will he represonted in the collection.,

Bennett (1970) pointed out that there is an upper’limit to the number of samples
an exploring team may collect during any one season because of the time factor
and stressed the necd for careful exploration planning. Field sampling precedures
are aimed at recovering the greatest amount of the genetic varistion of species,
irrespective of the relative frequenc:’ or rarity of any gencs or linked renetic
combinations. Allard (1970) states that the problem of how to sample is to include
the maximum amount of genetically useful Variability und still keep the number
of items in the samples within practical limits. Sampling methods necessarily
depend on the patterns in which genetic variability is distributed over the geo-
graphical range of the species. and on t.: extent of gencetic variability within the
local population. Marshall and Brown (1975) made certain recommegpdations re-
garding sample size and pumbers of sites. These recommendations are hased on
certain theoretical distriba tions of alleles in natural populations. Specifically they
suggested that the optimal strategy is to collect 50-100 individuals per Tsite”
(i.c.. an arca from which one bulked sample is to be drawn related to one set
of recording kept in a single collecting instance™ ), to sample as many sites as
possible within the time available and to ensure that sampling sites represent as
broad a range »f environments as possible. They argued that even in the cases
of quantitative characters the average number of alleles per locus provides the
simplest and least ambiguous measure of genetic diversity for the purpose of
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Fig. 1. Mag of Sicily, ltaly, showing the 10 areas of collection.

exploration and conservation. While this may be so, the explorers in the field
need guidance regardihg the sampling of phenotypes rathet than that of genes or
gene-complexes which cannot be determined without extensive studies. The
statement of Bennett (1970) that the explorer is essentially interested in preserving
at least one of each of the different alleles in the target species is true in the
theoretical sense but since genes are invisible entities, any sampling strategy
based on calculation of gene frequencies is tantamount to advising explorers to
resort to random sampling instead of conscientious selection for visible pheno-
typical traiis. The present study is based on phenotypic traits of durum wheat
material collected by teams from the Germplasm Laboratory of the Italian Na-

TABLE 1. MAXIMUM, MINIMUM AND RANGE OF ALTITUDES OF THE SAMPLE COLLECTION
SITES (m).

. Area Min Max Range
I 0 540 540
2 ] 415 415
3 0 680 680
4 120 830 710
5 100 500 400
6 330 725 195
7 465 940 475
8 %0 940 860
9 30 540 510

10 0 160 160
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Type of speaification
Cont. No. of

measyr, classes Count

Charagter

Spike . Length with awns cm
Length without awns cm
Shape
Cross-section
Density
Awning

4
3
3
3

Number

Sterile spikeler

Apical

Adherence of flowering glume

Awn Color of hyse
Color of apex
Angle
Form
Persistence
Length
Barbing (apical)
Barhing (hase) ,

IJ'JW&UUMM da

Glume Color
Color
Color
Length min
Width mm
Keel
Keel shape
Keel pubescence
First beak length mm
Second heak length . mm °
Beak shape,
Shoulder length
Shoulder shape
Pubescence

[ =N

w9

Caryopsis Color
Tr:msparency
Form
Cross sectiog
Length mm
Dorsal profile 3
Furrow widih 3]
Furrow depth k}
Edge shape 3
Texture ki
Brash length K}
3
3
2
2

3

6

4

Ruchis Node distance k]
6

3

3

3

Brush density
Brush extension

Scutellum shape
' Scutellum length
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TABLE 3. FREQUENCY DISTRIBUTION OF THE 6 MOST COMMON SPIKE TYPES IN THE 10

AREAS OF COLLECTION,

Area

E2r

type 1 2 3 4 s 6 7 8 9 10 Total

4 387 117155 522 78 75 187 193 9 10 1,733
120.8%)

S - 46 9 48 - 196 8 18 131 155 ] 6 418
(7.4%)

18 122 117 86 f 87 0 2 2 0 9 433
(5.2%)

31 143 197 1 507 357 10t 141 4 19 2 1,132
(30.652)

40 13§ 283 159 1,016 356 21 76 140 140 227 2,553
‘ . (30.67%)

54 83 97 48 358 203 119 135 3i S0 141 1,265
. (15.295)

Total 916 820 617 2,067 1,089 334 672 525 329 425 8,334

Percent 11 9.8 7.4 313 13.1 4.0 8.1 6.3 39 5.1 100

tional Research Council (C.N. R.). bari, ltaly, during the.summer of 1973. The
particular interest in this study was to formulate a samplmg strategy based on
phenotypic variation, to find the optimum allocation of samples per site and spikes
per saumple‘which would minimize the cost of collection. This would ensure that
for a given expedition the maximum amotnt of genetically useful variability of
wheat would be collected while at thg same time keeping the number of samples

within practical limjts. The analysis is based on data furnished by an expedition
to collect wheat genotypes,. which was orgdnwcd by the Germplasm Labordmry
of C.N.R. (Barj) and conducted in 1973 bv P. Perrino and E. Porceddu in co-
operation with the Food and Agriculture Organization of the United Nations.

MATERIAL AND MET!VIODS

For the purposes cf collection, Sicily was arbitrarily subdivided into 10 col-
lecting “"areas™” (Fig. 1). In each area a number of “*samples’™ were taken (these
samples correspond to Marshall and Brown's 1975 “'sites"’) and each sample con-
sisted of about 100 spikes. The average number oi samples per area was about
12, For each sample the altitude of the site of collection was duly recorded. These
altitudes ranged from sea level to slightly below 1,000 m, The minimum, maximum
and range of altitudes in each area is listed in Table 1. The spikes were then
“arbitrarily sorted into 72 types by visual comparison. Exact measurements for
cach spike type were later made on a number of characters or classified into

" groups according to some others. The characters under consideration were those

of the spikes. spikelets, awns, glumes., rachises and caryopses. They are listed
in Table 2

Of the many churacters recorded we utilized the eight with continuous mea-
surements for studving variability and the information on«pike-type distribution
o study diversity.
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TABLE 4. FREQUENCY DISTRIBUTION OF THE 6 MOST COMMON
FERENT ALTITUDES.

IVOL. 34

SPIKE TYPES AT 10 DIF-

0

[{L1] A0 kit 0 S0 MK 700 0 L L)) Total e
41 OIS0 482 a7 133 42 2 717 63 113 a3
157 13 0 39 104 66 60 12159 8§ 618 7.53
13 168 110 KTV Y 0 3 0 0 24 5.28
176 235 103 2717 450 175 161 9 83 L7
213 561 740326 535 405 17 L 122421 9.5
177 178 2 an 251 102 165 31 66 52 1.265 |5.42
Total 778 1,186 459 1375 1,759 881 1.0S8 109 47 150 8,202
Percent 9.49 1446 560 1676 21.45 1074 12.90 133 545 1.93 100.00

X4300 = 2,739.2P(x¢ > 2,730.2) < 0.0001,

TABLE 5. AVERAGE VALUES BY AREA (SICILY, 1973).

Ares
Character 1 2 3 4 ) 6 7 8%y 10
Spike length with : .
Aawas (cm) 19.54 18.83 19.46 18.91 18.56 18.17 19.21 20.68 1826 18.76
Spike length without .
awns (cm) 8.46 B.16 849 837 8.10 9.43 859 891 793 88]
Spikelels number . . . .
per spike 21.59 2142 2182 2191 22.00 2290 22,73 2234 22.52° 21.53
Number of sterile . ‘
spikelets 1.56  1.57 1.66 1.62 1.86 1.78 147 1.28  1.57 191
Glume length (mm) 10.10 978 993 975 9.50 8.82. 949 1047 9.3 , 919
Glume width (mm) 39 403 399 413 3.99 406 405 417 4.01 4.03
Length of first beak .10 202 1.79 1.98‘ 1.0 1.77 209 22 147 2.59
Length of second heak 398 412 310 4.06 349 5.?..3 475 4.08 13.05 4.55
TABLE 6. AVERAGE VALUES BY ALTITUDE.
Alutude (m) . S
* Character 0-95  100-1/9 200-299 300-399 400499 SOUSY9 600699 700799 RO0-899 900-1,000
Spike length with . .
awns (cm) 19.41 18.74 18.40 18.64 18.96 19.28 19.26 17.92. 20.21 18.78
Spike length without
awns (cm) 884 825 778 8.43 831 868 8.5 B.68 9.04 B8.12
Number of spikelets
per spike. 22.00 21.62 21.6]1 21.94 2185 22,07 22,15 24.12 23.00 2234
Number of sterile
spikelets 1.56 190 1.82 .71 1.61 153 160 1.22 1.03 1.93
Glume length (mm) 9.66 945 9.63 967 969 9.86 9.97 885 9.69 939,
Glume width (mm) 410 394 380 4.01 407 419 404 4.2 433 4.0
Length of first
beak (mm) 2.01 195 1.76  1.94 190 200 208 1.73 212 207
Length of second
beak (mm) 407 3.5 320 4.4) 388 385 421 2.75 4.60 5.24
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TABLE 7. ANALYSIS OF VARIANCE OF SPIKE LENGTHS WITH AWNS (SICILY, 1973) (cm).

Source DF. 5.8 M.S. v.C. ¥
Amaong areas 9 30.16 3.35 0.176 11.39
Samples wihin areas 110 150.18 1.37 1.365 88.61

TABLE 8. ANALYSI3 OF VARIANCE OF SPIKE LENGTHS WITHOUT AWNS (SiciLy, 1973)
(cm).

Source D.F. S.S. MS. v.C. b1
Among areas 9 13.85 1.54 0.073 9.47
Samples within areas 110 77.53 0.70 0.705 90.53
. TABLE 9. ANALYSIS OF VARIANCE OF GLUME LENGTHS (mm).
Source DF. Ss M.S v.C. %
Among areas R 9 14.27 1.59 0.11 23.41
Samples within areas 110 9.rt 0.36 0.36 76.59
_T.«nLr-. 10. ANALYSIS OF VARIANCE OF GLUME WIDTHS (mm).
Sdurce DF ss. M. v.C. %
Among areas 9 0.5 0.08 0.0004 0.48
Samples within areas 110 8.69 0.08 0.08 99.52
TABLE 11. ANALYSIS OF VARIANCE OF FIRST BEAK LENGTHS (mm).
Source D.F 5S. "M, v.C. [
Among areas 9 . 1.31 0.48 0.026 12.24
Samples within areas 10K 20.25 0.19 0.190 87.76
) TABLE 12. ANALYSIS OF VARIANCE OF SECOND BEAK LENGTHS (mm),
Source DF. 5SS \LS. v.C o
Among arcas 9 29.76 331 0 0
Samples within areas 108 375.66 3.48 148 100

TaBLE 13. ANALYSIS OF VARIANCE OF NUMYUERY OF SPIKELETS (Siciny, 1973).

Source DF $S NS, v .

Among arcas 9 22.65 2.52 0.111 811
. Samples within areas 10 138.53 1.26 1.259 91.89

Tem i Wikl Vb Lild,
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TABLE 14, ANALYSIS OF VARIANCE OF NUMBERS OF STERILE SPIKELETS (SICILY, 1973).
Source D.F. S8 MS. v 7

Among areas 9. 2.30 0.26 0 0

Samples within arcas 10 31.20 0.28 0.28 100

TasLE 15. Two-way NESTED ANALYSIS OF VARIANCE OF SPIKE LENGTHS WITH AWNS

(Cm) BY AREA,

Source D.F. $.S M.S. v.C. ';
Among areas 9 13544 3727 0.17% S8
Samples within areas 11 15.526.0 139.9 1.457 42.36
Spikes within samples 11,594 20,930.6 1.8 1.805 52.47

TABLE 16. TWOFOLD NESTED ANALYSIS OF SPIKE LE

NGTH WITH AWNS BY ALTITUDE

(mm). .
Source D.F. 858 . M.S v.C 5
Antong altitudes °9 2.527.8 280.9 0.084 r4s
Among samples within ‘
altitudes 111 16,3526 147.3 1.536 44.84
Spikes within samples * 11,594 20,930.6 . 1.8 o LEOS o 5271

TaBLE 17,

THREEFOLD NESTED ANALYSIS OF S'PIKE LENGTH (WITHOUT AWNS) (mpm).

Source D.F. $s MS Ve ';
Among arcas 9 1.405.12 156.1> 0.033 1.23
Among altitudes within . .
arcas 31 1.107.33 100.24 0.1214 e 4.49
Among samples within
altitude 80 4.619.30 54.74 0.593 2198,
Spikes within sumples 12,039 23, 500).(%) I.ys 1.952 230
TanLe 18, TuHE cHOICE oF N, (NO. OF SAMPLES PER AREA). .
Ralio ¢,ic,
RATIO
tar tip ) b i 9 4 [ s 2 1
25 25 20 I5 10 5 4 3 2
16 20 16 12 8 4 3 2 2
9 I5 12 9 6 3 K} 2 !
4 ] 8 H 4 2 2 1 1
| 5 4 3 2 1 | I 1
S 4 3 ki 2 ] | l |
.25 1 2 2 | I 1 | }
.l 2 2 I ! 1 } 1 1
04 | 1 | ! 1 ! 1 |

BN
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RESULTS .

Frequency tables of spike types by area and spike types by altitude were con-
structed: however, because of their sizes, the tables are not reproduced here. X’
tests of independence were calculated for both tables and they show that spike
type is neither independent of area nor of altitude. Spike types 1, 18, 19 and 50
essentially only occur at lower elevations: types 8, 29, 35 and 56 at intermediate;
21, 34, 37, 38 and 39 at higher elevations. The tables also show that out of 72
spike types only 6 occur with a frequency of greater than 0.03 and only 4 with
greater than 0.05. The majority (94.4%) of spike types collected would be clas-
sified as “‘rare’” and only 5.6% as ‘‘cornmon’’ using the arbitrary, but quite ac-
ceptable criterion of rureness established by Marshall and Brown (1975).

Tables 3 and 4 record the frequenties of the **common’” spike types, i.e., those
which occur 3 or more percent of the total collection, representing 91.7% of all
spike types and ‘about 35 of all the spikes, collected. These two tables show that
ever the common spike types are not distributed independently of areas or alti-
tudes. With respect to altitudes there seem to be no trend of any relationship be-
tween types-and altitude, except perhaps, that the most common spike type (No.
31) seems to be more abundant in the 400-500 m elevation than elsewhere, whilst
spike type No. 5 seems to prefer extreme elevations: more than 507% of this $pike
type coming from either sea level or from 800-900 m elevations. Tables § and 6
hist average values of the gight conlinuous variables used to estimate variability
in this study. Both tables show that there is very little variation of mean values
for areas or for elevations.

To study the components of variation in those quanfitave characters which
were characteriZed by ‘continuous metric measurements, eight analyses of vari-
ance were performcd on the characters: spike length with awns, spike lehgth
without awns, glume length, glume width, first and second beak lengths, (Tubles
7-12) suhdwndlm. the variation into two parts: among dreas, and among samples®
within areas. It is qune clear from these tables that most of the variation is due
to the “*within areas’ component and only a small proportion (0-23%) to the
“among areas’™ one. Similar results were obtained by analysing the characters
characterized by counts: numbers of spikelets and numbers of sterile spikelets
(Table 13, 14).

In Table 15 the spike length (with awns) data were further reanalyzed subdi-
viding the ““within areas”™ component into iwe parts: “among samples within
areas’” and “"among cars within samples.”” This analysis reveals that the variance
componznts of the lowest two hierachies are essentially of the same size, i.e.,
therc is about the same amount of variation among spikes within a sample as
thefe is among samples. The same kind of analysis was then repeated grouping
the samples by altitude racher than by area. Table 16 shows identical results when
classified by altitude: the amount of variation among samples within altitudes is
essentilly idencical to the amount of variation umong spikes within samples.

A threefold nested analysis of spike lengths without awns was then performed
subdividing the variation into four components: *“among areas,” “‘among alti-
tudes within areas.” “among samples within altitudes™ and **among spikes within
samples™ (Table 17). The relative sizes of the variance components in this mode!
seem to increase with the decreasing fevel of hierarchy: the ratios being 3.6:1 of
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the highest two levels (altitude to areas), 4.9:1 of the next two (samples to alti-
tudes) and 3.3:1 of the lowest two (spikes to sample).

DISCUSSION

In discussing strategies of sampling procedures one may utilize the well known
resuits of multistage sampling theory (Cochran, 1963) considering both variance
components and the costs of the various stages of sampling, :

For two stage sampling let n, be the number of areas and n, the average number
of samples per areu. Also let ¢, be the cost of adding a new area to the expedition,
this cost not being dependent on the number of samples taken in an area. For
example, irrespective of how many samples will be collected, ¢, would include
the cost of the time spent on traveling to a new area, or, if the new area has to
be sampicd simultaneously with the ofd ones, the cost of adding a new collecting
team, or another vehicle, etc., but ¢, would be independent of the cost of taking
the samples themselves. On the other hand, let c, be the average cost of taking
one sample of a given number of ears. Then the total cost is

T =¢n; + c,n;n,.

Also the variance of an area mean is '

s 2 s 2

a a - g e .

Vi=—+ =2 where ¢,* is the estimale

n, nn, .
of the varjance component for ‘“‘areas’ and a,* the variance component for
"*samples.”” One wishes to minimize the product TV; . . .

. T ot
Tvy = (C|n| + anlng) _— + )'
n, n,n, .

Cochran (1963) shows that this quantity will have the smallest value when

cyrt " ,
ny = = Irrespective of n,
C.0

- .
. G2 .
In our analyses the ratio \/—.7 varies from = to 3.
o,

. . ol .
Taking 9:1 as an average ratio of&—‘.z for the 8 characters studied .
1
<
n,=3 / —
2 V Cs

Thus, if ¢, (the cost of adding a new area) would be about 16 times as large as
¢, (the cost of taking an extra sample), then the suggested optimum number of
samples per area would be 12 (which was the actual number of samples collected
per field). Looking at it from another point of view, n, would be equal to 1 if c,
would be 9 times as much as going to a rew area, then it would be the optimum
strategy to take a single sample in cach arca to be sanipled. Table 18 gives the
best choices of n, (number of samples per area) given different ratios of ¢,/c, and
olla?.

Q\
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One may consider the question of how many spikes to collect for each sample.
For this we have to consider a three stage sampling scheme. For such a sampling
scheme the cost equation

T =¢ny + conin, + cnynony,  where ¢, ¢y, n, and n,

remains as in the two stage equation, c, is the cost of collecting a single spike and
ny is the number of spikes per sample. The variance of an area mean becomes

a? T : . s
L + —3 where 7% is the

v‘: = 2
; n, nn, n,n.Ny

“spike’’ variance component. The product of the two equations can now be
solved for optimum n, and n, by taking the first derivatives of the product of the
two equations with respect to n, or n, and equating these to zero. The solutions

are . )

cy 0
n, = \/——' =~ (as before) and
CZ ory-

=
Cg rq"

n, = \/ Cy (S ’

It is noteworthy that the form of the equation for n, is similar to that of n, and
Table 18 may be used for calculating n, by substituting the digits 2 and 3 for |
and 2 respectively, :

In this study of the variation of spike length (Table 15, 16) a2 IS approxi-
mately equal to . and assuming that this is true for all those characters for

which anaiyses hat¢ not been undertaken, the numBer of spikes per. sample’

should be approximately equal to the square root of the ratio of the cost of
taking a sample to the cost of collecting a spike. Since this ratio will always be
less than 2500. Marshall and Brawn's (1975) recommendation of taking 50-100
units per site (=spikes per sample) in our situation is definitely an overestimate.

Itis very difficult to estimate the ¢, ¢. and ¢, values for various reasons. If,
for instance. two distant areas have to be sampled where the maturities are sim-
ilar, ¢, would essentially mean the cost of duplicating the exploring teams, equip-
ment, vehicles, etc. On the other hand, one may look at ¢, ¢, and c, as simple
functions of time or distance. i.c.. ¢y/c. would be the ratio of distances of travel
from one area 1o another to the distance of travel from one field to another in the
same area, and ¢, /e, could be the ratio of time consumied by traveling from one
ficld to another to the time taken to cross the field to gather the spikes. Should
Ci. €2 and ¢ be all the sume. then according to Table 15 n, should be about 3 and
"n, about 2.

There are. of course, several complicating factors that have to be considered.

1) Both Marshall and Brown's (1975) recommendations and those of this report
are based on random sampling. Explorers in the field, even when trying to
collect spikes at random, often find themselves collecting “*unusual’™ types
rather than collecting spikes by some predetermined system of randomization.
Gevers (1976) has demonstrated that selection for agronomic characters in a
reciprocal recurrent selection program in maize (Zea mavs) reduces the
variability of the genetic background to such an extent that progress in
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improving yield will be inhibited. In his control material where plants were
chosen by random numbers, sufficient progress in improving yield was made.
It is quite likely that the same principle will apply for collectors of quantita-
live genetic resources in wheat.

The samples collected in this study are probably not random. It is impossible
to assess what effect this would have on the recommendation of optimal sampling
strategy. Based on the results of this study and assuming all variance components
similar to the ones in Sicily, one would have to recommend (also using common
sense) that one should sample as many areas and as many ficlds as is feasible,
possibly reducing the number of spikes per sample from the 100 used in Sicily to
a much lower number. ‘

2) Sicily cannot be regarded as a typical area for wheat exploration, Wheat on
this island has been grown under traditional agricultural practices for many cen-
turics. Here the germ plasm is mainly constituted from selected varieties. One
would expect an entirely different situation, c.g.. in Ethiopia where the germ
plasm is formed from local varieties. which possess a very high variability and
a certain amount of heterozygosity. Porceddu and others (1975) demonstrated
that in Ethiopia much more diversity was found along the sides of the main routes
than in arcas distant from such lines of communication. It is therefore very prob-
able that sampling procedures in the less developed arcas will have to Be different
from those in Sicily. . .

3) This study is based on.cight morphological characters. It is quite possible
that an analysis of various physiological characters would yield different results
and waould result in different recommendations. .

4 e . .

The study of diversity . .

The Shannon-Weaver (1963) index of diversity was calculated for each sample
collected. Although this index is widely used, for the understanding of the prob-
abilistic background of this index it may be useful to recall its derivation. Suppose
that at a given site N individqul cars have been collegted belonging to s spike
types and that of these, n; belong the the j* type. Furthermore. assume this site
10 be a random sample from an infinitely large -population n/N. The probability
of selecting a spike type at random and the probability of selecting the n, such
individual spikes is (n;)"/N. The probability of selegting the observed numbers
of spikes of each of the other types may be similarly estimated. Then the prot-
ability of collecting a sumple such as the one found in the field (P,) is the joint
probability of finding each type and thus .

(n)™ (n,™ (n )"

P:.=T'—N— TN ' (n

Taking logarithms of both sides of cquation (1) this becomes:

Log P, = nlog n, + nylogn, + . .. nJog n,
- mlog N - nyog N - . .. nJog N
=\

njlog n; = N njlog N
=1 i

= ’Sl nlogn; ~ Nlog N 2)
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since

Thus the basic equation of diversity, H, can be expressed as

H=-logP,=NlogN - S njlog n, 3)
1=

which is the original measure of diversity proposed by Shannon in 1948. It has
& minimum value of 0 (where N = n,) or when all individuals in the sample belong
to a single type. The measure H will be a maximum if each type in the sample
will be represented by a single individual, in which case H = N log N. H, how-
ever, is dependent on N, the sample size, and thus not suitable for purposes of
comparison, unless all samples are of the same size. Thus an “‘average H" or H,
can be calculated as

. “ H,=H/IN or '
: SRR 3
H, =log N "N % n=- % p;log P, 4)
where P =%. ) : ot

Equation (4) is the weli-known Shannon-Weaver formula of 1963. It should be
noted that

.. . 1 ‘o
I) Hyis at maximum when p, = - for all j:
2) Giveniwo completely even sites the one with the larger number of types has

the greater value of H,: ]

3) H, can be split into components that are additive. This may become very
convenient when we wish to subdivide the samples;,

4) It is immaterial which base is used to calculate the logarithms. Some investi-
gators recommend the use of log, . in which case, they say, the unit of mea-
surement becomes a **nat.”* However, since most electronic hand calculators
do not have log, keys, this may have some practical disadvantages.

A one-way analysis of variance of dispersion indices (H)) (Table 19) was per-
formed to estimate relative variance components. The analysis reveals that ap-
proximately 947 of the variation in dispersion indices oceurs within areas and
only 6% among arcas. However, this information alone is not sufficient to assist
in determining a sampling strategy since one may obtain very similar diversity
indices on completely different sets of types. The significant x* values of the
original frequency tables (not reproduced here) indicate that the information
would be inappropriate in this case for recommending sampling procedures. A

TABLE 19. ANALYSIS OF VARIANCE OF DIVERSITY INDICES (Sic1y, 1973) 8y AREA.

Source DF Ss MS. v.C. [
Among areas 9 i 0.352 0.016 5.83
Within arcas i 22.87 0.206 1.206 94.17
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TABLE 20. ANALYSIS OF VARIANCE OF DIVERSITY INDICES BY ALTITUDE.

Source DFE Ss MLS, v.e A
Among altitudes 9 4.3 (1.480 0.024 11.08
Among samples within altitudes 11 21.72 0.196 0.196 R8.92

similar analysis of the diversity indices (Table 20) by aititude reveals that the
variance component for samples is about 8 times as large as the variance com-
ponent for altitudes.

Kare spike types

More than 9452 of the spike types collected are rae by the definition of Marshall
and Brown (1975), since 68 out of 72 car types oceurred with g frequency (p) of
less than .05, One would perhaps be able to state that for an explorer a “‘rare”
type is more interesting than a “common™ one, and that collectors are, correctly
or incorrectly, deliberately selecting types which look rare to them. The sample
size 10 be taken will depend on the degree of rarity and. obviously the smaller
the true frequency, p. of a spike type, the larger the sample has to be for it to
contain at least one of them.

Let us assume that the probability of finding a very rare form of spike is p in
a large sample of size n. Then the probability of finding x = 1, 2, 3. . . . Such
spikes are

-0 \
: P(X =x) = e—;‘f’i’E pix) . (5)

and the probability of finding oue or more such spike is

px) =1 — ¢, (6)

! .

itz

We may use this formula to find the number of samples necessary to find
at least one spike with 2 given probability. Since .

Px=1)=1-¢m (7)

| =Pix=1)=¢mw then (8) .

TABLE 21, SAMpies SIZES REQUIRED FOR RARE FORMS.

p BX r 1= PX = 1o us

) 05 93 o0
04 16 75

01 154 100

n 1y 150

01 461 0

A0S 922 600

L 4,606 3000

005 9,211 5.992

0001 46,082 29,953

— >
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Fig. 2. Results of the cluster analysis of areas based on the K continuous spike variables measured
in this study.
K

log.[1 = P(x = Dl = —np ’ and
, g = log! —pP(x = 1)) o

For example, to be 99% confident of finding a rare spike which has a frequency
of P =..005 (.5%) n (the sample size) has to be at least

—log.(.01) . .
=5V g9
‘ 4 003 922,

Table 21 lists the sample sizes required for various values of pand P(x = 1) =
99 and .95, In the present study the rarest spike types occured with p = .0002
which means that to be 999 confident of finding such a spike type and assuming
random selection one would need 1o have a sample size of 23,026. By reducing

the confidence level from 999 to 955 the needed sample size would reduce to
14,979,

Clustering of arcays
A hicrarchal cluster analysis of the data by areas resulted in a clustering as in

the diagram of Fig 2. Arbitrarily choosing the number of clusters to be four (imsed

TABtE 220 MEAN VAL UES OF 1 USTERS.

Spike Spihe Frest Sevond
fength fength lume Glame heab beak No.of
withiwns  withont aune lenpth width length teogth No ot e senle
Cluster fcmi wms {mpn tomb LU, s spibelets spihelets
| 19.19 K.37 Y.KY 4.01 181 1.97 21.6K 1.60
2 1K.41 .01 9.41 4.00 3.27 1.63 22.26 1.72
3} 18.71 K94 9.17 4.0K8 484 215 223K 1.72
4

20.6% R.92 10.47 4.17 4.08 2.4 2.4 1.2%
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Fig. 3. Map of Sicily, Htaly, showing the 4 natural clusters of areas given by the cluster analysis,

on all eight continuous vafiables studied), four’ natural clusters of fireas are
formed: No. I being the western lowlands, No. 2 the southeastern lowlands. No.
3 the highland area around Mount Etna, and No. 4 the northcentral highlands

(Fig. 3). The mean values for these four areas for all eight vyriables are given in
Table 22.
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