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Introduction 

FloraMap is a system for producíng the predicted distribution or the 
areas of possible adapta tion, for natural organisms when little or 
nothing is known of the detailed phys iology of the organism. It is 
assumed that the climate at the point of collection of a set of 
individuals is representative of the environmental range of the 
organism. In the case of plants, these are u sually germplasm 
collection accessions or h erbariurn specimens. 

The climate at these collection points is used as a calibration 
set to compute a climate probability model. The method uses a 
Fourier transform to s tandardize climatic timing and a principal 
components analysis (PCA) to produce a probability distribution in 
multiple dimensions. Th e principal component scores are u sed to 
map the probability surface from a set of interpolated climate 
surfaces. The system has been used to guide plant collecting, to 
investigate taxonomic and genetic variation, and to map crop pests 
and their potential predators. 

The system is the culmination of over 20 years of work at ClAT 
and brings together in a u ser-friendly (or a t least non -aggressive) 
interface sorne of the techniques tha t have been developed to cope 
with ClAT scientists' requirernents for these analyses. Peter Jones 
developed the clima te database, the interpolated s urfaces, and sorne 
of the climate handling functions. Nick Galwey put these together 
with the PCA in a Genstat package during a s tudy leave at ClAT. 
This was reported in Jones et al. (1997). Alexander Gladkov put the 
present system together to run under Windows. We would like to 
thank ClAT scientists who. over the years, h ave pushed u s to 
extend the limitaUons of the system. particularly David Wood, 
Anthony Bellotti , Steve Beebe. and J oe Tohme. Special thanks are 
given to Luigi Guarino for his very detailed suggestions, many of 
which were used to irnprove the manual. 



2 f1oraMap 

Using this Manual 

The first rule is READ IT! Most computer users fall back on the 
user manual when everythtng else fails: the authors are no dUTerent 
to any other users. llowever , the analysis you will be doing in 
FloraMap is a highly speciflc type of mapping. lt is easy to misapply 
the algorithms and still produce a pretty map. 

Were Microsoft to include a section on the composition of 
Shakespearean Sonnets tn the Word manual. the user would be 
rightly surprised. FloraMap does not pretend to be a generalized 
data analysis system and the correct interpretaUon of the 
specialized analysis requires a good understandtng of the datasets 
and options used. We hope you will fmd time to go through the 
TUTORIAL with us step by step. 

You should tum Hrst to the detailed TUTORIAL (Chapter 2) and 
start working through the example. You can check on the funcUons 
of FloraMap in the USER REFERENCE section (Chapter 3) or with 
the on-line help facility. If you wish to read the theorelical 
background as you go. by a1l means tum to the THEORY of the 
process (Chapter 4). The example is drawn from a real dataset that 
has been analyzed at ClAT. We have altered sorne of the accession 
coordtnates to simulate the sort of errors you may encounter tn 
other sets of data. 

Once you understand what FloraMap can do. and what it 
cannot do, you are ready to apply it to your own data. Appendtx A 
will help you to creale your input files. Then you are on your own! 
But - do not hes! tate to call us if you thin.k that FloraMap is not 
doing what it is supposed to do. 



l. Getting Started 

Minimum Hardware and Software Requirements 

• CPU 486 DS, 66 MBz or better 
Note: FWraMap has been test driuen whUe producing this manual on a 

Pentium G6 233 MHz. Performance on slower machmes is 

possible but o.ften pamfully slow. 

32Mb RAM 

CD-ROM drive 

At least 200-Mb free hard disk drive space 

Note: This eualuation appllcation wiU use about 64 Mb, the rest is 

neededfor map working space. 

15-inch monitor running 256 colors. 1024 x 768 pixels. 

Note: 16- or 32-bit color is preferred. Under 256 colors, the color range 

for the probability surjace is Limited and may appear as texture. 

1f your screen uses less than 768 pixels uertically, you wi!L lose 

parts of some wmdows. 

Windows NT or Windows 95 

Note: FWraMap has not been tested under Wmdows 3.1. 

Color printer or plotter - Postscript preferred 

Installation 

FloraMap will inslall c:\Program Files\CIAT\FioraMap on your C: drive in the 
directory unless you specify a differenl path during the installation. You 
may like to prepare an a ltemative directory now before you start or you can 
leave it up to FloraMap installation procedures to create one for you . 

./ Place the FloraMap CD-ROM in your CD drive . 

.1 On the run prompt. enter x:\set up where x is the CD-ROM drive device 
letter . 

.1 Answer the prompt question s as the installation runs. 
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It will create a working directory c:\Program Files\CIAnFioraMap\demo. 
Thls dlrectory contalns two accession point mes for the 1VI'ORIAL in 
Chapter 2 of thJs manual. Yo u may move these to another dlrectory of your 
choice. 

The clJmate grtd mes and associated coverage are left on the CD-ROM 
to avold cluttering your hard disk with these large mes. ThJs means that 
you wlll have to leave the CD-ROM in its drlve to use FloraMap. 

Sorne users may experience trouble installing FloraMap under 
Windows 2000. ThJs is because Windows 2000 behaves a litUe dilJerent to 
NT. Under NT anyone can log on to a machine and. lf lhey are not a 
regtstered user, Wlndows creates a profile for them. Under Windows 2000 it 
is a lllUe dUTerent. A profile ls created but lt is a virtual one that wtll 
disappear when they log off. Thls a!Tects the privileges the user has. If yo u 
cannot load or use FloraMap it probably means you are not a reglstered 
user on that machine. Do the following: 

./ Log on as administrator 

./ Go to StaJi - Settlngs - Control Panel 

./ click on Users and Passwords (enter) 

./ cllck Add 

./ (Browse usemame on network) 

./ click next - [level of access MUST be Standard U ser (Power User 
Group)J 

./ Cllck FinJsh 

./ Then log off administrator 

./ Log on as user 

./ lnstall Floramap 

Joln the FloraMap users group listserver to obtaln 
u pdate lnformation and user h ints. 

Senda message to: listserv@cgiar.org wlth the text: 
subscribe FloraMap "your emall adclress." 

IMPORTANT NOTICE 

lf you already ha ve the Borland Database Engine lnstalled you may get the 
following error message. lf BDE is not present. FloraMap will set the value 
correcUy during setup. 

"Error accessing climate grids. Too many open files. you may need to 
increase MAXFILEHANDLE limit in IDAPI configuralion: 

In this case. open lhe Control Panel, open BDE Adminlstralor. and 
follow - SYSTEM and INIT to MAXFILEHANDLES. Increase the number to 
about200. 



2. Tutorial 

This tu tonal aims to familiarize the user with the sort of problems 
that will occur when using FloraMap on real world data. You can 
find details of the manipulation of lhe windows in Chapter 3 of this 
manua l, but we will also include reminders in this section. (Nobody 
reads manuals unW they absolutely have to. do they?) Likewise the 
lheorelical details are in Chapter 4. Theory. 

We will work through lhe tu tonal on a set of data that have 
been prepared from an actual set of accessions of Stylosanthes 
guianensis germplasm from the CIAT germplasm collection. 
S. guianensis is a potentially u seful Jegume for u se in tropical 
pastures. It is widely dislribuled in Latin Arnenca and frequently 
colonizes areas disturbed by human intervention. The species has a 
number of different, taxonomically distinct, forms. Attached to each 
accession, lhe dalaset has a n identifier Lhat denotes the cluster 
assigned from an analysis made in CIAT of an isoenzyme. a~ acid 
phosphatase. The identifier indicates whether the accession carne 
from group 1 or group 12 in that analysis. Those in group 1 were 
predomlnantly S. guianensis var. vulgaris, while group 12 contained 
many S. guianensis var. paucijlora (for further delails see Jones et 
al. 1996). 

The accessions data have been altered in certain cases to allow 
us to show sorne of the features of the FloraMap system. and to give 
sorne practice in chasing down errors likely to be found in 
comparable sets of germplasm data. The passport accession 
numbers have all been ch anged to eliminate confusion wilh the 
original dataset. In sorne cases, a set of imaginary field notes and 
passport data have been added to lend vensimilitude to the 
exercise. 
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Setting up the Map 

A working directory has been set up for the purpose of this tutorial. 
PulJ down settings and check the configuration window. The working 
direclory looks as at right. 

lltis directory 
contains two files. The 
file stylo_guianensis.dbf 
contaills our tutorial 
accession points files. 
The other me, 
stylo_secondfile.dbf, will 
be used later in the 
tutorial to save you time. 
Accession points files 

[ onlu¡urdhon 

:;;.Gene~_,a~ __ ,le __ a~o ____ ~~at_.ion. ___ p .. a~ .""ametef=-~!J 'WO!blg·_ cirect01.v 1 
1 )!ii1 C: (LOCAL_C] EJI 

l¡ 

10 C:\ 
10 Progrl!lll Files 
10 CIAT 
10 FlolaM~ 

1 

can also be ASCH space-delirnited mes (see APPENDIX A for 
preparation of accession points mes). 

Click on the shortcut to FloraMap icon and we can start. You will 
see a blank map appear with layers menu in lhe top righl-hand 
comer. First. we will set lhe configuration lhat we will use for lhe 
tutorial. 

Cllck on settings and configuration . 

./ In lhe configuration window. click on working directory . 

./ Check that the working directory is correct for this tutorial. 
rt should usually be c:\Program Files\CIAT\FioraMap\demo\ . 

./ Click on general. 

./ Set lhe options autosave configuration. autosave map. and add 
layer symbols to legend . 

./ Check that the sea is blue in map background color . 

./ Choose built-in climate grids and select Latín America . 

./ Click on calculation parameters . 

./ Set on the option show average climate for selected 
points. 

This will show the climate diagrarn for a selected set of points 
al any time during the analysis . 

./ Set correct temperatura off. 
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Correcting for lhe elevation of lhe accession points allows lhe 
climate to be estimated wilh greater precision. We are going to start 
the tutorial as if no elevation data were available . 

./ Set off treat accessions with identical coordinates as a single 
observation . 

This option changes how the accessions dataset is interpreted. 
The way you wish it to be interpreted depends on your 
understanding of what multiple accessions mean for the analysls. 
Multiple accessions coming from the same coordinate pair can arise 
in a number of ways. Note here that we are discuss ing multiple 
points coming from exactly the same coordinates. not merely from 
the same climate pixel. This means that the coordinates were 
entered as identical on purpose. Either lhe collector took a number 
of accessions from wha t she cons idered the same place (the same 
stop on the road or transect) or the same field or farm; or the 
sample collected has been subdivided in lhe germplasm bank 
processing. This often h appens when the sample is grown out to 
determine phenotypic and/or agronomic characteristics. In the 
CIAT germplasm bank you can often ident.ifY the latter because the 
accession number is followed by a series of letters (a. b. c. etc.) to 
denote the subdivision of the sample. 

Does this mean that a sample/site is more important beca use 
a range of gen etic divers ity was collected there, or is the sample/site 
to be considered as one clima te point? Eilher point of view is 
completely valid and you , the analyst. must decide which to use. In 
this tutorial analysis we have decided to switch the option off. This 
means tha t sample/sites with multiple entries will be weighted 
heavier than s ingle sample/sites . 

./ Set the mismatches setting to moved manually. 

This option is very important. The alternative is to move 
mismatch ed points automatically lo lh e nearest point on the climate 
surface. You will see later in lhe tutorial tha t this could produce 
serious en·ors if not u sed correctly . 

./ Click OK to accept the settings and we are ready 
to go. 

The firsl lhing todo is to set up the map. Go to 
lhe layers menu and click on lhe load layer icon. The 
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open layers menu will appear. Choose files of type shapefile. You now 
have to find the tight shapefile to give a background lo lhe analysis. 
We have placed a selection of shapeflles on lhe CD-ROM. lhey are to 
be found under \COVERAGES\america. 

Open f1EI 1 

Look;t , . .. 

~ SAMCOUNTAIES.SHP 
~ SAMMUNIOP.SHP = SAMAIVERS.SHP 
~ Samroaduhp 

!!! Samtowm 'hp 

Fie name: jSAMCOUNTRIES 

Fies of type. 1 Shapelie 

J OPen l 

~Alce~' 
SAMCOUNTRIES.shp is the shapeflle lhat will give us the 

background to Latín Arnetica with the country boundaties. There is 
also SAMMUNICIP.shp, which is lhe municipal (county) boundaries. 
and roads. tivers. and towns. which are self-explanatory. AJI four of 
these coverages are highly detailed and should not be displayed on 
lhe map of lhe full conUnent. They are, however, useful when you 
have the map zoomed in to look at the detail of a reglan. 

Euen when you are zoomed in to a small region. these 
couerages wiU be slow to use. Th.e juU window oj the couerage 
is calculated euen if it does not show on the screen. We hope 
to alleviate this problem in later uersions oj F1oraMap. 

Highlight SAMCOUNTRIES.shp and click 
Open. The map of Latín Arnetica and lhe 
Catibbean wil1 appear in the map window. If lt 
artives in black. you will need to change the 
color and fill settings to produce a useful base for your map . 

./ Click on layer control. This will open the !ayer control menu . 

./ Change the fi ll color to a good background color. A dull green is 
quite effective. 
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./ Set to salid fill. 

./ Set off show in legend, you do not need the background named . 

./ Set on with outline . 

./ Set outline color to a dark color. black will usualiy do . 

./ Click on apply to check what you have done . If it looks good, 
click on OK to set the changes. 

Now you are ready to load the accessions dataset. 

./ Click on the load layer icon, as above . 

./ Choose accession points as the type of file. 

~ NOTE: Because the file extension .dbf is used also for the 
shapefiles, these will also appear as accession points. 
Urifortunately, because of their geographic contents, FloraMap 
can accept them as valid. accession pointfiles. Beware of 
opening these as accession pointfiles because they are often 
very large and will take an inordinate amotmt of time to load. 
We are working to make this aspect safer . 

./ Change the directory back to the working directory 
c:\Program Files\CIAl\FioraMap\demo . 

./ Select the file stylo_guianensis.dbf and click open. 

FloraMap will open the file and proceed to check the contents. 
FloraMap does this by ensurtng that every point in the file can be 
aliocated to a valid climate pixel from the climate database. This is a 
long operation as the whole database has to be scanned to 
determine the validity of the points. The words checking accessions 
will a ppear at the bottom of the map window in the process indicator 
and a timing scale will appear. Because this operation is a top-level 
activity. the layers window will not disappear from the screen ifyou 
try Lo switch inlo another application while the accessions checking 
is in process. To avoid this interfering with your other work. move 
the layers window to an unobtrusive part of the screen befare 
opening the accession points file. 
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Checking the Data 

The accession point checking has now fin ished and you can see the 
following window. 

~ 

Confum ~ 

The checking did not find 
all of the accession points. 
Luckily, you selected the 
manual movement of 
missing accession points. 
Now you have to check the 
map and find out where 
they are. There are 
422 - 413 = 9 points to be 
accounted for . 

.1 Check no on thc confirm 
window. Release the confirm 
and layers windows to release 

space to manipulate the map, and go in search of the missing 
points. The map legend indicates they will be shown in red. 

Here you have 
found a group of 
accessions all alone on 
the Atlantic Ocean . 

.1 Use the zoom 
and pan until 
you can see 
the accessions 
clearly. 

Drawround ~ 
the points with J!f7 
the area select AaV 
tool. Make sure 
that the mismaLches dataset is highUghLed in the layers control 
window . 

.1 Or point at the accessions with the cursor until the information 
appears. 

This is a classic case of mislocation. rt is almost always 
correctable by the sligh test of clues. In this case. look at the 
collector's idenlity and wh en the accessions were collected. 
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W.B.S. was the collector and she collected these accessions on 
12 Aug, 1978. You can be quite confident that she was not in the 
Atlantic on that date, so where was she? You have sorne options . 

.1 Browse through the accessions set in dBase, Excel, or other 
spreadsheet looking for the date and collector. 

.1 Check back to the germplasm database that the accession set 
was taken from to see if there are other clues . 

.1 Check to see if there is a published catalogue of the collection . 

.1 Check with the original fieldbook of the collector if yo u ha ve it. 

In this case, we have access to two forms of the information. 
The accession set list shows usa group of accessions in Brazil 
collected by W.B.S. around that date. 

~ LONGITVOE lATTIUOE ISOClASS .t.CCESSION_ COU. N OAT cou.ECTDR 
-70110 1Siml 1 (ID) Sfi262~ 1'-....,;78 WBS 

11 ·A600ll -12 .11m 1 (ID) Sg.l931 1().A¡¡g-78 WBS 
12 -~18610 -12 «m 1(DXJ~I5 12-AIJ!I-78 WBS 
13 -4186111 ·12 «m 1(DXJ Spl5 12 ...... 78 WBS 
14 -:1!7110 ·12 «m 1 (ID) Sfu0'31 1~78 WBS 
15 -:lll!Ul -12llll 1 (ID) Sg.I(D; 12 ...... 78 WBS 
16 ~86111 ·12 ml 1 (ID) Sg.1E7 12-.<ug-78 WBS 
17 ·Uee:Jl -12 00ll 1 (ID) Sguilll27 1'-A&Jtlll WBS 
18 U6610 120110 :::= 1'-Aug-78 WBS 
19 -4~ 6610 ·120110 1'-~78 WBS 

Now you know that W.B.S. was in Brazil at 12.4 South, 41.867 
West on 12 Aug, 78. lt is therefore likely that the accessions carne 
from there. Your second piece of confirming information comes from 
the notes field of the passport data in the germplasm database. 
They state: 

J21h Aug between ltaberaba and Seabra, Paraguacu val/ey, 
joothills oj Serra do Sincora. The evidence therefore points to 
the case of the miss ing sign. In this instance, on the latitude. 
Because the corrected coordinates put the mismatched 
accessions directly on the road from Itaberaba to Seabra, we 
can assume that this was the only (unfortunately common) 
error in the data . 

.1 In your database or spreadsheet program correct the latitudes 
for these points in the accession points dataset. 

~ NOTE: Remember to close the accessions table after you haue 
changed ü. FloraMap will not be ab/e to access ü if you.leaue 
you.r spreadsheet in a minimized window. 
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There is another single point out Lo sea. off the coast of Brazil. 

.1 Choose the zoom tool and close in on U1e east coast of Brazil. 

.1 Using the panning icon, move the map up and to the left to 
bring the area into easy working range . 

.1 Point at the red mismatched point unUI the information 
appears. Or draw around it with the area select tool. 

This time you h ave an accession collected by the famous (and 
fictional) Brazilian botanistA. V. da Silva, as you can see from the 
information on the accession point. You need to find out where he 
was on 23 Sept. 1989. You check in the accessions list and luckily 
find that in Sept 1989 he was collecting in Mato Grosso do Norte 
where the Cerrados meets the Amazon forest. 

lt1)B!;1f'fYPlJ9.1Jl'ifDE ]JSQMS17clG$S!O~L ., ,)CO!JWf~l·JSQI.LÉCTD~ J 
·52 1 ·12.05 12 Sgui2529 26·Sep·89 A.V.da S 

·55.083 ·10.583 12 Sgui1561 23·Sep·89 AV.daS 

The germplasm database does not carry any more informaUon 
on these accessions. Fortunately. Dr da Silva published the joumal 
of his collecting trtps from 1956 until he re Ured in 1991. From these 
you can read the following descriplions: 

Setem 26 Varzias do rio Xingu, Floresta de varzia muito denso, 
poucos /eguminos baixos. Uma S. gui. 
Setem 23 Noreste de Telez Pirez. Floresta de cerradao denso. 
Mata de varzia em baixos. dais S.gui em clareiras dos 
acampamientos. Caminho do varios kilometros. 

This puts the accession in the correcl area. northeasl from 
Telez Pirez. But what are the correct coordinates? Neither latitude 
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nor longitude match the other accession site. However, we note that 
the collector was moving locally between campsites (miners' 
perhaps?) so the other site should not be too far away. Could a 
simple data enlry error change these coordinates into a place a few 
kilometers from the other? Yes, in this case a common keying error 
has replaced a 5 with a 3. In fact, location 55.083 west, 10.583 
south is exacUy 5 km 460 meters from 55.123 west, 10.533 south. 
55.123 west had become 35.123 because of the keying error . 

./ If you agree that this evidence is convincing, go ahead and 
correct the point in the accessions list. 

The next problem is one that FloraMap is designed to deal 
with. When the climate database surfaces are computed, we rely on 
a digital elevation model (DEM) of the area. This is a computer 
generated representation of the topography, in this case a simple 
square grid giving the modal heights of the land in each grid cell. 
This, in tum, reües on maps at various scales and projections. 

The background and key geographic layers incorporated in 
FloraMap also come from maps on various projections. The maps 
used by botanists and plant collectors have the same 
characteristics. 

This makes it relatively likely that. at the continental scales at 
which we are work.ing, a slight mismatch sometimes occurs at the 
edges of the coverages. This usually results in a few points falling off 
the edge of the climate coverage. 

Look now at the coastline north of 
Rio de Janeiro. Point 1 appears to be so 
clase to the coast it might alrnost be on 
the beach. (Questions as to why plant 
collectors are idling on Brazilian 
beaches should be addressed to the 
relevanl authorities and not to the 
a uthors of FloraMap!) Point 2 also 
appears to be close to shore anda 
small nudge would put it onto a valid 
pixel in the climate database. Point 3 
appears lo be a conundrum. It is on 
land, but remains a mismatched 
accessi.on. Here you h ave to remember 
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that the climate database pixels are about 18 km on a side. Point 3 
is in the comer between two pixels that are approximating the 
coastline at this point. lt is usually wise to check the coordinates of 
points that you fmd in the same situation as these three. in case 
you can spot any obvious errors. However, all you have to do after 
that is to restart the analysis after changing lhe conflguralion . 

./ Clear the map . 

./ Click on settings . 

./ Choose calculation parameters . 

./ Under mismatches choose moved automatically. 

~ NOTE: Do not do this until you have .finished checking aU 
mismatched points. If you leave points unchecked., FtoraMap 
will very kindly put them at the nearest point on t.he coastline 
whether or not it is the sensible thing to do! 

In this case you have, so click OK and proceed with the 
tutorial. 

Restart now. 

Confum lf3 ¡ 

L? 
' . 

Three pixels are no longer 
mismatched. They have been moved 

to the nearest valid pixel. 

These points have been added to the end of a new file of 
422 accession points that FloraMap will use as of now. You can 
dele le the mismatched points set from the map if you wish. They 
will take no further part in the analysis. 
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1t may have occurred Lo you that if you can see obvious errors. 
such as mismatched points. there may be errors that have not 
translated points off the working layer of climate. but merely moved 
them to another valid. but wrong. climate pixel. This. unfortunately. 
is usually the case. 

An obvious check is Lo verify that the points are al least in the 
countries and/or regions where you know the accessions were 
collected. In the case of these S. guianensis collections we could 
safely say thal any points falling in Argentina or Chile would be out 
of bounds. But this is relying on the knowledge that none of the 
collectors went lo those cou nlries. not necessarily thal il is 
impossiblc Lo find the plants there. 

Another check. if accessions are well-daLed. is Lo acLually 
follow out Lhe collecting lrip on the map. The FloraMap roads' 
coverage. which you will fmd on the CD-ROM. can assist with this. 
Unusual jumps or sidetracks in the itinerary need to be 
investigated. The distance tool (p 51) can quickly indicate if a 
sidetrack could feasibly be made in the time. 

When all of these obvious methods have been exhausted. 
FloraMap still has a few tools that may help. Carry on with the 
analysis and you will gel a chance to apply lhem . 

./ Click on yes on the confirm menu at left. 

The message creating climate fi le will appear in the process 
indicator. along with ils timescale bar. Once this is finished. the 
PCA window will appear. This is a very full window. picase Lake time 
to have a look al its descriplion in Chapter 3. 

We are s till primarily interested in chccking the dataset. In a 
real analysis. Lhis can Lake days or even weeks of your time. People 
lend Lo think that data become better for being writLen down and 
that once inside a computer they are 'truth'. Germplasm passport 
dala may have passed through a dozen or more stages in their 
processing. CoordinaLes go from map Lo noLebook. from notebook to 
report. Often. lhe report goes through a publisher's hands. This 
involves editing and typeseLting. The dala are Lhen coded for 
dalabasc enlry. and. as accessions are passcd from collection lo 
collection, thc coded dala are transferred rrom onc computer system 
Lo another. It is a wonder we get anything al a ll lhal is worth 
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working with. but because all the people involved are highly 
dedicated, we u sually do. Mistakes. however, are inevitable. 

Let us skip straight to the next leve! in the data ch ecking. 

Look al lhe PCA window as 
at left . 

.1 Set weights to 1.00 . 

.1 Set transformation lo square 
root - rain to the power 0.5 . 

.1 Sel scores N to 5. 

You should have lhe 
analysis look:ing like lhe picture. 
If no t. make sure that the 
corrections you ma de to lhe 
accessions dataset were accepted 
correctly. 

Look at the PCA scattergram 
at the bottom of the PCA window. 
This one is showing the plot of 
the accessions in the two­
dimensional space defined by the 
first and second principal 
componen t. If yours is not, toggle 
the s ide bars until you have the 
correct diagram displayed. This 
component- l -by-component-2 
plane is almost always the plane 
in the PCA s pace that shows 
most of the variation in the data. 
In fact, in this analysis they 
account for about 70% of the 
varían ce. 

The ellipse is showing the 
boundary at 2 standard 

deviations. In two dimensions we expect about 14% ofthe points 
falling outside this ellipse. With 422 accession points we would 
therefore have 49 , so lhe population is not seriously non-normal. 
However. a few points deserve investigation. 
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The two points a t the bottom left comer (a ) are obviou s outliers. 
Ch eck where they are on the map by u s ing the area select too! to draw 
around them . The accessions should look like the two below. 
Sgui2624 and Sgui2163. 

Now wait a minute! We have already seen that W.B.S. was 
collecting in Brazil on 14 Aug. 1978, so how can s he a lso be in Peru? 
Unfortu nately, in this case we do not h ave access to her fieldbooks 
and the passport da ta con tain n o helpful n otes. We know roughly 
where the other accession s were that sh e collected on tha t day. but 
the missrecorded coordinates hold no helpful hint. There is no 
obviou s s lip of the keyboard, someone mus t h ave skipped a line or 
shuffied sheets when these data were recorded . This case has beaten 
u s. At least we know it is wrong, but the only recourse is to delete the 
accession . 

./ Exit from FloraMap . go to your spreadsh eet and delete the row 
for accession Sgui2624 . 

And then there were 421 . 

ltoNGITUDEJ.LATITUDE lísoCLASS j~ssioN: . ld:li+.N.DA T l COUECTOA 
-74.317 -15.05 1 Sgui2624 14-Aug-78 W.B.S 
-71.033 8.683 12 Sgui2163 

Look a t the next point. Sgui2163. lt is in Venezuela. There are 
no notes. no fieldbook. and no friendly date and collector . (This is not 
actually true because in real life it is a CIAT-collected accesslon and 
we would know its exact provenance if it h ad its correct accession 
number . In fact, this is the first case of a problem tha t has not been 
invented tha t we h ave come upon in this exercise.) 

So wha t is making the climate of this accession so dilleren t? 
Take a look a t the clima te record tha t was genera ted for this 
accession from the database . 

./ Draw around the point on the scattergram with the area select tool. 
You have got the ca!cu!ate average option set on , so aclimate 
diagram will a ppear. Ignore it for the moment. Notice tha t the 
point in Venezuela starts flashing on the ma p . You have 
identified where it is! 

./ Zoom well in to enlarge the area round the point. You can take it 
until no other points are showing. 
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.1 Use the climate diagram 
tool to point at the 
accesslon. The climate 
diagram will appear as 
at right. 

It would be a very 
strange S. guianensís plant 
that would grow in average 
daily temperatures of 
around 8 degrees 
centigrade, wlth night 
temperatures falling below 
zero In at least two 
months. What has 
happened? Look at the 
elevation of the cllmate 

llun.tlt•IJI.It ll·tn• lllr-TEJ 
--- - ---

Latlludl' 8.88; LD"ijitudl · 71 03; E-on 3352 

-r~ 
rRototed 

grid pixel. lt is 3352 meters, well up, high in the cordillera. 

This problem arises because of the 18-km size of pixel used by 
the dimate database. However. it will not be completely resolved 
wlth a closer grid of climate. Remember the problems of mismatch 
along the coastline? Exactly the same thing can happen, for all the 
same reasons. along a topographic discontinuity. This could be a 
line of hills, an Andean cordillera, or the edge of the rift. valley in 
Kenya. The climate is generally insensitive to a few hundred meters, 
or even a few kilometers, of lateral displacement. Slight mismatches 
of map layers do not usually matter much for rainfall. But, if the 
mismatch changes the 
elevation. the 
temperature can be 
far different to that 
expected. 

Each of these pixels. A B. and C. represents the modal 
elevation of the terrain it covers. In the database we are using they 
are 18 km long. The presence of a significant hill cutting up pixels A 
and B is no surprise at this scale. If an accession point is 
represented by the arrow on pixel B, what is the solution? We could 
move it to pixel C as we would have done if it had missed a coastline. 
That ls a viable solution 1f yo u know the terrain and know that 
moving to pixel C would be valid. A small shift of coordinates would 
do the trick. 
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However. suppose lhe collector really did collect lhe specimen 
from the point on pixel B and no displacement has occurred. The 
elevation at lhat point is well represented by that on pixel C, but we 
do not want to shift the point. We can correct the climate record to 
the elevation at the collecUon point. The lapse rate correction for 
temperature is simple and reliable. Temperatures drop roughly 
6 degrees for every 1000 meters of elevation (FloraMap uses a more 
precise model. but the idea is lhe same). 

If FloraMap is to do this. it needs to know the actual elevation 
at the collection point. We have written FloraMap to be flexible on 
lhis point because (especiaUy from old collections) we do not always 
have the origin elevation as measured by the collector. lf no elevation 
data are available, you will start the analysis with an accessions 
dataset with no column for elevation. FloraMap will accept this and 
fill in with elevations from the clirnate database. In fact, as the 
temperatures in the database are adjusted to the pixel elevation, 
there is nothing to do. However, if you pul in a column Jabeled 
elevation, FloraMap will look down this column and anywhere a valid 
nonblank field occurs, it will substitute that elevation for the one in 
the database and automatically correct the temperature with the 
lapse rate model. 

Here is a section of the 1: 1 000 000 Operational Navigation 
Chart (ONC) K 26 for the region around Mérida in Venezuela. 

s •45' Noom 

11• s· WI\ST 
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~ These charts are available jor the whole world. They are 
published by the Dejense Mapping Agency Aerospace Center, 
St Louls AFS Missouri 63118. They are reasonably rellable 
and cheap. Air navigators use them to draw courses on, so 
they ha.ue to be cheap enough to be disposable. They are an 
indispensable aid to the geographic detective work that you 
wUl need to do to validate your accessions datasets. 

The climate pixel grid is shown as the black graticule. The 
chosen pixel for accession Sgui2163 is shown in purple. The pixel 
coordinate denotes its northwest comer and the pixel spans 
10 minutes as the map graticule shows. The red star shows that the 
plant was collected (as are many accessions of certain species) by 
the side of the road. This is a useful check on the validity of the 
coordinates. You can see why the pixel elevation is over 
3300 meters. The dark yellow area is al! above 9000 ft 
(unfortunately the ONC charts are not metric) and this dominates 
the landscape in the pixel with relatively Jarge areas exceedlng 
12 000 ft. The pixel is therefore an accurate generalization of the 
landscape, but Sgui2163 carne from the bottom of the valley. clase 
to the rtver, at a little less than 7000 ft. This translates to about 
2100 meters, just within the lirnit for the species. 
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Here is an allemaüve way of viewing lhe area from wilhin 
FloraMap. If you wanl lo lry il, follow lhese sleps: 

./ Zoom in lo Lhe area shown . 

./ Select samroads from lhe coverages directory on the CD-ROM . 

./ Open the layer control icon for samroads in the layer control 
window . 

./ Set size lo 1 and lhe color to red . 

./ Selecl samtowns from lhe coverages directory . 

./ Set size lo 3 and color lo orange . 

./ Change the accession points size to 6 and color to blue. 

Now we have lo make lhe correcüon for elevation . 

./ Go to your spreadsheel. 

./ Open the S-guianensis.dbf file and inserta column for elevation . 

./ You can now enter 2100 againsl Sgui2 163. 

Al lhis point. you could rerun lhe analysis and note that the 
poinl for this accession would disappear from the outliers in lhe 
scattergram and join the others inside the e llipse. However, sorne 
accessions come from similar Andean situaüons. lt will be worth 
checking these ot11ers for U1e same lype of problem . 

./ Use tbe climate diagram tool to point at a likely candidale. We 
know the Andes are high, near lhe Colombian-Ecuadorean 
border. Try the points at 77.5 degrees west. 0.9 degrees north. 
It tums out lo be accession Sguil285. 

The climale diagram gives the elevaUon al2743 - clearly not 
an elevation a t which we should find S. guianensis. It would be best 
if we can give FloraMap the elevation of all the accession points so 
lhal we do nol have to chase all the possible errors one by one. 

To save you lime and eiTort (although lhere is no shortcut when 
you come to real data!) we have prepared a new accessions Hst for 
you. incorporating lhe e levation data for al l lhe Andean accessions. 
Restart the analysis wilh stylo_second file and you will have the 
colleclors' esümales of elevation , and all lhe corrections lhal you 
have incorporated so far. 
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The PCA Analysis 

./ Either erase all accession points layers from the map. or restart 
FloraMap . 

./ Pull clown configuration from the settings menu . 

./ Select calculation parameters . 

./ Selecl correct temperaturas . 

./ Under mismatches select moved automatically. 

~ It is important that you use this last option only when you are 
sure ihai. the remaining points to move are those that are 
grazing the climate dataset bound.ary. Ij you use this option 
when point.s arefallingfar outside the boundary. they will be 
moved automatically to the nearest boundary. This is usually 
an error . 

./ Click on OK to reset the configuration . 

./ From the layers menu select accession points and then 
Stylo _ secondfi le. dbf . 

./ At this stage you can delete the mismatched !ayer from the 
layers control window. These points have now been corrected ancl 
aclded lo the accession points file. To ensure that they are 
recorded , save the accession points file from the layers control 
window . 

./ Click on the PCA ícon to start the new analysis. 

Th e PCA window will appear as at right. We a re going to use 
sorne of its features to trim the following analysis. First. set the 
transforrnation for the rainfall data: they are notorious ly non­
nom1al. unlike temperature elata. which are almost aJways well 
behaved. They are often modeled as a gamma distribution (see 
Jones and Thomton 1993, 1997). Because FloraMap uses the 
special characteristics of the normal distribution to determine 
probabilities. you need to select a transformation that will change 
the data's dis tribution to as closely approximate a normaJ 
distribution as possiblc. 

FloraMap presently offers two transforma tions well suited to 
ra infall data-the natural logarithm. In (rain) . and the exponential, 
rain•. In the former case. only one option exists. In the second, 
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exponents range widely, from 
-3.0 to -0.1 and from +0.1 to +3.0. 
Th e middle range is disallowed for 
compu tational reasons (small 
positive or negative exponents 
transform al! values too close to 
1.0 to be of any practica! use). 
Rain° 5 is, of course. the square 
root transform. Rain' 1 is the 
reciproca!. Changing the exponent 
in the window provided can 
specify many other useful 
transfurms. Common 
transformations such as the logit, 
probit. and trigonometric 
transforms are not included in 
FloraMap because they are of 
dubious use with rainfall data . 

.1 Click on transformation to 
toggle between the logarithm 
and the expon ential 
transformation. 

Watch how the choice of 
transformalion changes the 
distribution in the scattergram 
window. As yo u change the 
exponent. the number of scores 
selected wi ll occasionally change. 
This is because the algorithm is 
taking the percentage of variance 
explained as a constant and tries 
to adjust the number of scores to 
compensate for the changlng 
data. Sorne of the transformations 

you can achieve with the exponent transform are unusual to say the 
Jeast. bu t. even if never used for a mapping, they can give an 
interesting picture of the groupings of data in the scattergram. 

The transformation should produce. as closely as possible, a 
typical bell-shaped normal curve for each month (scroll through the 
months with the scroll bars a t the side of the histograms). At present. 
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we cannot fit individual transformation to each monlh: a single one 
has to suffice for lhe whole year. The requirements of a good 
lransform cannol usually be satisfied simullaneously for all 
months. Those wilh least rainfall are particularly hard to normalize. 
In lhis case lhese are July. August. and September. Use lhe 
transformation tools interactively to accustom yourself wilh whal 
they are doing. and choose the one thal gives the best results over 
the whole year. Unfortunately, this may nol be lhe one lhal flts best 
to sorne months. The one illustrated here is rain lo lhe power 0.2 or 
the fifth root of rainfall. Verify that this gives the best fil lo all 
months. that June is the worst fitted. and that any olher power 
introduces more dislortion. 

~ We hope thatjuture versions oj F1oraMap will íncorporate 
statistical aidsfor selecting transjorms andjurther 
generalized. transformations. 

Now lhat you h ave selected your transformation. you can 
proceed to the next step. We will leave the weightings at 1 for now 
and look at the efiect of choosing dillerent numbers of principal 
components. 

The Probability Analysis and Mapping 

We are now ready lo start mapping the probabilllles. Whal we will 
map is lhe probability that each pixel on the map. and hence in lhe 
climate data grid, belongs to the population of climales described by 
the PCA analysis lhat is presently in the PCA window. See lhe 
THEORY secllon, p 68. for details . 

./ Check the scores N box and toggle to lhe number of 
components that you would like to use. Try out a few times 
wlth different numbers of components to see what happens. 
You can perform lhe same operation by moving the variance 
lever or by stipulating the desired variance in the variance box. 
No ti ce that a range of variances apply to each set of 
componenls (scores N) selected . 

./ Each time. use the map display icon to produce the probabillty 
!ayer. Set lhe mínimum probability to 0.4 to give a ~ 
close coverage of high probability points. You can Dtl . 
delete old layers from the layers menu if you want . 
to retain an uncluttered map. 
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./ You can save the probability layers that look interestlng, giving 
them a new name and recalling them as rendered shapefiles 
from the layers menu. 

The lmages below show the effect of ustng dtfferent numbers of 
principal components in the present analysts with weights set to 1 
and lowest probability to 0.4. 

1 componen! 
42% o f van once 

S componcniS 
94% of variance 

1 S componen !S 

99% of variancc 

3 componcnls 
85% or vnriancc 

8 componcniS 
98% or variance 

36 componcniS 
1 00% or variancc 

Probability plots dertved from different numbers of principal 
components. 
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The maps with few components fit to large areas outside the 
range of the accession points and show surplisingly poor fit in the 
main accession areas. As the number of components is increased, 
the probabilities fall more into line with the accession points. and 
areas outside the main collecting areas are diminished in 
importance. This is not surplising. The first few principal 
components measure very broad. overall charactelistics of lhe 
climale. The first is usualJy a size-type of component. Vaiiation 
along its axis will often be associated with, for example. more/less 
rain. higher/lower temperatures. Thus. it is a eructe measure of the 
climate. but one that explains much of the valiation (42%). As more 
components are added lo the analysis, the proportion of the 
valiance accounted for rapidly Iises. 

By the time five components are included. they are 
accommodating 94% of the valiance. Only a meager 6% remains for 
aJl the others. This would normally be considered noise. left over 
from the recording and processing of the climate data. We could 
consider fitting up to eight components. which would take the lit lo 
such a high level that onJy 2% of the valiance is unexplained. This 
must defmitely be noise. Temperatures are only meas u red to 0.1 oc 
and certainly not so accurately in t.he long term. 

Then why does the fit of the probability area seem to increase 
in accuracy Iight up to the fit with 36 components? The answer is 
two-fold. First, the noise has sufficient random coherence thal the 
fil appears to be reflned, well beyond the point when random noise 
should be taking over. Second. each additional component carlies 
with it 13/12 degrees of freedom from the population parameter 
estima tes. 

Thus, if we were to fit a calibration sel of 36 observations, the 
map of the probability surface for 33 components would by 
deflnition fit exactly to the calibration points. In fact this is what 
happens, each accession point is close to a local maximum on the 
probability surface. But no data are free to produce a valid 
interpolation surface. We therefore do not want to fit too many 
principal components. especially with small calibration sets. Exactly 
how many to choose is notan exact science. the fewer the better, 
bul they have to produce a realistic probabllity surface. Normally. 
we would prefer to use somewhere between four and eight, 
depending on the size of the calibration set. 
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~ Fl.oraMap will not let youfit more components than the data 
will theorettcally allow. However, you can stillfit more than 
the irifonnation content oj the data warrants. 

Unfortunately. when we fit even up lo eight principal 
components in lhis dataset. large areas of high probability remain 
where no calibra tion points fall, and large areas wh ere accession 
points ha ve very low probability. Having positive probability areas 
withoul calibra tion points may not be abad situa tion . They may 
well be correclly predicting the possible existence of germplasm tbat 
has not yet been collected. The converse. where the map is s howing 
low probability for areas with accession points. is obviously wrong. 
For a possible explanation of what is wrong, see THEORY 
section. p 78. 

If we allow tbe arguments put forward in the Theory section. 
then we are dealing with more than one climate population 
d1strlbution. We do not. at this point. h ave any evidence apart from 
the probabili ty fit on Lhe map. We h ave no idea of how many climate 
populations may be h1dden in the data of the calibration set. Least 
of all do we have any evidence that the different climate populations 
reflect gen etic variation in the species that we are mapping. 
FloraMa p incorporates a too! for investigating these possibilities 
from lhe climale dala. We s trongly advise you lo now retum to tbe 
germplasm dala and see if any information can be gleaned lhere 
that may be useful in separating possible populations. You will see 
a s imple example of tbis la ter in the tutorla l. In practice. it is wise to 
start tb1nking a bout tbe problem from botb s ides as soon as 
possible. 

A last option thal we should cover in lhe probabilily analysis is 
lhe weighung of lhe variates. Until now we h ave left lhe weights 
at l . The 36 varlales are grouped in three groups of 12. You have 
already seen how lhe transformation is applied only lo one group 
of lhe varlales (rainfall) . The weightings are applied to lhe full 
dataset in groups of 12. There are lherefore three weighls. one 
each for rainfall , temperature, and diurna! temperature range . They 
add to 3. 

To changc lhe weights look on the PCA window where the 
weighl boxes and loggles a ppear. Although we h ave not looked at 
the cluster tool yet here is a u seful hint. It is best to tum off 
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clustering when you move the 
weights. Each time you change a 
weight. the clustering is 
recalculated. This can result in cumbersome waiting time. or 
course. if you want to see lhe effect of the weight change on the 
clusters then you should recluster after you have changed the 
weights. In this case. it is preferable to enter the weights box and 
type in the new weight direcUy. If you try to toggle the weights using 
lhe levers, bolh the PCA and the clusters are recalculated for each 
point that you pass . 

./ Toggle the rain weight up as far as it will go. 

See how the scattergram responds with clusters concentrating 
and disappearing. Points are scattered off the surlace of the 
distribution ellipse. You will see similar behavior if you toggle 
through the weights for temperature or diurnal temperature range. 
You will probably never use a weighting of 3 for ralnfall, but the 
option is highly useful as you scroll through lnteractively increasing 
the weight. The dynamic action of the points can often give yo u an 
idea o( those lhal are special. For a data point, being special 
unfortunately often indicates an error. Strange behavior should be 
investigated. At the mínimum. it will lead you to identify unusual 
environments in the accession data. Draw round them with lhe area 
select tool on the scattergram and see where they are located. 

Weighting changes for actual use in the PCA and cluster 
analysis will not usually go to the extremes. Unlike the 
transformation. we do not have an immediale measure of how good 
the result is Jooking. For the transformation. this is the after 
transformation window. The scattergram is the only irnmediate 
feedback you have when altering the weights. Use this to look for 
interesting patterns that can then be fed through lhe clustering 
too!. If you have sorne prior knowledge of lhe germplasm on which 
you are working, then use that in setting lhe weights. If a species 
were known to be especially sensitive to temperature. then you 
would be justified in setting the tempera tu re weight upwards. 
However, remember that whenever you set one or two weights very 
high you are losing information from lhe calibration set. 

As you scrolled through the rainfall weights, did you notice an 
inlcresting occurrence? As you passed through weight 1.5 lhe 
scattergram coalesced into compact groups. only to fly apart agaln 
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as you increased the weight. This is the sort of sign of structure we 
are looking for in the data. Let us set the rainfall weight to 1.5 and 
the other temperature weights at 0.75 each. 

The Cluster Analysis 

The cluster analysis function tool is included in FloraMap to 
investigate thc possibility of multiple populat!ons . 

./ Clear the layers menu to free screen spacc . 

./ Click on the cluster icon on the map window. 

The cluster window will open and the process indicator will show 
calculating distances and then clustering. We have incorporated seven 
cluster techniques. which are all agglomerative: that is. the clusters 
are built up by adding members or by merging clusters. All seven 
use an euclidcan distance measure, are hierarchic. and produce a 
cluster dendrogram. We apply them to the original climate dataset 
after transfonnation and weighting. but before PCA. Therefore, the 
choice of number of principal components does not aiJect the 
clustering. For more detail. see THEORY section. p 80. 

No correct a lgorithm exists for clustering, and no correct 
resull for a cluster analysis. Although the melhods draw heavily on 
lhe malhemalics of graph theory and malrix algebra. they are 
essen tially subjective methods of finding a way lo simplify complex 
data structures. The end result depends on what the user wants out 
of the analysis. In ou r case. we need to subdivide lhe elata matrix 
into sets that will cover the various climate types that we fmd in the 
calibration set. 

./ Try out the cluster techniques. Select a method from the menu 
in the cluster window. The clustering will procecd automatically. 

The melhod that you eventually select will depend on what 
exactly yo u are sccking. lf you wish to simply divide the accession 
set into two or lhree clusters. then you will selecta method that 
givcs clcan compact dusters. well clivided, al a high leve!. Complete­
link and Ward's method usually do this well. Warcl's method is 
particularly suilable because it attempts lo minimize the squared 
error tenn within clusters. 
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If you are looking for detailed structure in the dataset, then the 
single-link algorilhm is sometimes helpful. Single-link joins clusters 
and adds elements by the shortest distance. It is closely related to 
the minimum spanning tree of graph theory. It often produces an 
untidy looking dendrogram because of its tendency to link members 
one at a time in long, strung-out clusters. It is rarely of use in 
providing clean cuts into majar clusters. but the detail may be 
iUuminating. 

r. Siagl<·liAk r C0111pl<tt·link 
r Gt0<1p >Y<r>g< (!RGMA) 
r W<i9Mtd >Y<I>g< (WPGMA) 
r U..wti9M<d ctMroid (!RGMC) r Wti9M .. I «ntroid (Wl'GMC) r w~.r. m<t\od 

2?.61 

~.77 

23. 

aa. Clv<ttr 30 -ltil 
Clv<ttr 31 
Clo<ttr 32 ao.~ 

Clo<ttr 33 Cl 
Clo<ttr 34 
Cl».ttt~~ ~ Clo<t<r 36 

.ólU 

uster divider 

16.5? 

.1 Pull down the cluster divider line by clicking on the y-axis where 
the broken horizontal line crosses. Pull it down until you have 
36 clusters showing . 

.! Select each cluster starting with number 36. Click rtght on the 
map surface and select view dataset from the s mall menu. 

You will notice that the last seven clusters are single 
accessions or very closely matched pairs. The ragged way the single 
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link algorilhms keep tacking on the next mos t distant point is often 
considered a failing. Il certainJy is if what you are wanting is a clean 
set of a few globular type clusters. 

As a too! for looking for outliers in the data it is excellent. Look 
at the list of accessions from cluster 36 down to 30. ll contains: 

(a) The only point that fa11s in Mex.ico. 

(b) Three points With no elevation data. 

(e) Our old friend Sgui2163- tamed. but not truly brought into 
line at a n elevation of 2150 meters, and 

(d) Two pairs of points from the Chocó region of Colombia where 
lhe ra infall is exceptionally heavy. 

We are not going to burden you With trying to sort this out. It 
would take a long time and it rrúght even mean trying to fill out 
sorne of the collections. Nevertheless, it is the sort of cleanup that 
s hould be done on a real dataset a nd rrúght lead to new ins ights 
about the germplasm under study. For example. why is there only 
one point in Mexico and one above 2000 meters? Js lhis a 
characteristic of the germplasm or the collector? 

So we will proceed with the analysis as if lhese ouUiers had not 
happened. Let us have another look at what you can get out of the 
s ingle-link a lgorilhm. Down on the left s ide of the diagram you can 
see what a ppear to be good cluster groupings. To reach lhem you 
will have to pull the cluster divider down until about 55 clusters are 
delineated . 

./ Select clusters from 1 to, for example. 16 by clicking on the 
cluster number in lhe window. Ignore lhe sma ll s livers of 
clusters and look a l the main ones. Bring up the spreadsh eet 
with view datase! as before. 

See where the clusters appear on the scattergram. The points 
from the selected clus ter will appear in blue. Note that sorne have 
almost all accessions with the value 12 under ISO. others have 
predominan lly lhe value l . These valu es are the groupings from an 
isoenzyme study. Climate and the isoenzyme grouping appear to be 
rela led , bul from this cluster analysis the rela tionship is nol too 
clear. 
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Look now at the Ward's method clusters. These are much 
clearer cut and more compact. The cluster divider can easily cut the 
dal.aset inlo four clusters of about equal size. 
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.1 Place the cursor on a dendrogram line lo view the characleristics 
of the cluster below that point. 

.1 Place the cursor on the dendrogram. left click and draw down 
to the right to open a zoom window. Place the cursor on the 
dendrogram surface. hold down the shift key, and push the 
dendrogram with the mouse to pan to new areas. 

Look now at the scattergram and selecl each of the four 
clusters in lum wilh the scattergram on the frrsl and second 
component. You can see how the clusters neatly divide the 
scatlergram inlo four sections. There are even traces of a space 
between the sections. 



Thtorial 33 

Components avaílable: 5 

... 

-4 

-6 

-8~~~~~~~~~~~~~ 

-10 -5 5 10 

./ Select each cluster in tum and bring up the spreadsheet with 
view dataset. 

./ Scroll through the spreadsheets noUng the incidence of 12 or 
1 for the ISO character. 

Clusters 3 and 4 are, with only two excepUons, a ll ISO class 
12. Cluster 2 is mixed, about halJ-and -halJ, but cluster 1 is 
predominantly ISO class l. The indication tha t climate and the 
isoenzyme classification may be related is potentially important. but 
we will retum to that later. 

Let us t.ry fitting the independent climate clusters as individual 
datasets. You can do this straight from the map window without 
having to exit FloraMap . 

./ Clear any probability layers from the ma p with the layers 
menu . 

./ Select cluster 1 in the cluster window . 

./ Check that the cluster is selected correctly in the scattergram. 

Now you can go one of two routes towards mapping the cluster. 
The fl.rst serves as a quick check on what the clus ters will look like 
on the ma p . The second Will give you full control over the new PCA 
and a llow you to check for data consistency. 
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Route 1 

./ Simply click on the map ícon witb tbe cluster selected. ~ 
The PCA is recalculated for tbe selected cluster using !iiib~ 
lhe settings in the PCA wíndow. You do nol gct thc ..z:sg 
chance to change the options and nothing is changed 
in the PCA window. To see tbe otber clusters mapped. simply select 
the cluster and choose the map ícon again. 

Route 2 

./ Click on the PCA icon. The PCA of the selecled cluster 
will be calculated. Check tbat a ll is wcll on U1e 
scattergram. Sometimes. outliers appear that were 
not noliceable at earlier stages ofilie analysis. Grit your 
teetb and hope iliis does not happen, becausc if it does. 
you will have to go back to error chasing ancl start again. You 
can now apply weights. change lransformation. and select 
number of components in the PCA as if this was a completely 
separate analysis (which it is). lf everything is to your satisfaction. 
select the núnimum probability for mapping. Because you will 
cventually be overlaying tbree probability surfaces. we suggest 
that you set it reasonably high . at 0.5 or even 0.6. 

If you do flnd dubious points. you will want to see what 
information you have about them . 

./ Right click anywhere on the screen and select víew dataset. A 
spreadsheel will appear with the accessions of U1e selected 
c luster. 

nw The spreadsheets shown in FloraMap are minimally 
junctional. They only exist to display the data. You caruwt 
change. add, delete, or sort data in these spreadsheets. To do 
so, you must exit FloraMap Wld use your own spreadsheet 
program to make the changes . 

./ Click on lhe map display icon . 

./ Click on lhe !ayer control icon and change the color to something 
distinctíve . 

./ Clear the PCA window and spreadsheel by closing the windows. 
Select another cluster and click on lhe PCA icon to continue 
rccvaluating the PCA and mapping the cluster. 
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You can save lhe cluster probability layers for lhe future using 
the save layer icon in the layers menu. We recommend that you 
rename lhe layer as you save it. If you leave the default names, lhe 
f11e may be overwrilten in a laler analysis. To save the selecled 
accessions datasel hit file. save, and give il a name. 

The map you have crealed wilh lhe four cluslers from the 
Ward's method clustering shows a much better fit to the accessions 
than the single populaUon fit, even though il does nol cover all the 
accession poinls. You should not expecllhat lhe probability model 
would ever account for al! of the points in the accession set. We 
assume lhallhey are drawn from a normal populaUon and lherefore 
sorne will always fall beyond a certain probability leve!. 

The cluslers have sorne obvious geographic and climatic 
reality. Cluster 1 rellects moderate climates of coastal Brazil. 
Paraguay. and the Caribbean. The second cluster is mainly the hot 
dry climales of the Brazilian CeTTados, with only a very small area 
in El Salvador outside the region. The third includes the cooler 
regions of the Andes. southem Brazil, and the highlands of Central 
America. Finally, the fourth represents the hol wet climales of the 
Central Amazon. Colombian Llnnos. and the Mosquito Coast of 
Central America. This is a reassuringly Iogical classification and 
mapping. Moving down the dendrogram to more clusters gives an 
even better tuned classification with sorne useful looking areas for 
new exploration. However, the same danger threatens in going too 
far with lhe clustering lechnique as we found wiU1 the number of 
components. The more clusters that you separate. the more degrees 
of freedom that you use from the data. A multitude of small clusters 
will fil extremely well lo the points. bul give you nexl lo no 
predictive capacity. 

~ We plnn to incorporate some statistics of goodness-of-fit 
and model validity bothfor the principal component selection 
andfor the clustering tooL These should be a.ua.il.able in the 
next.fuU version of FtoraMap. 

We have now come lo the end of this section of analysis in 
FloraMap using the climate dala alone. You have leamed what lo 
look for in lhe dala in terms of consistency and error. You have seen 
sorne techniques of error correcting. You have seen how to use the 
scatlergram and how lo apply the transformations and weighls. You 
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have tiied out the cluster analysis to determine if more lhan one 
populalion is showing different climale adaptalion in lhe calibration 
set. You have seen how we can look al extemal germplasm dala 
from within lhe clusters to get an idea of how lhese factors are 
connecled wilh lhe climale variability. Now we will look at applying 
lhe gennplasm information directly lo lhe mapping . 

./ Exit FloraMap and take stylo-secondfile.dbf into your 
spreadsheel program . 

./ Sort the file by the column ISO. and crcate two new accessions 
dalasels. Name lhem Group_l and Group_l2 or sorne s uch. 

The clustering applied to data from lhe isoenzyme a~ acid 
phosphatase now separales lhese accession dalasets. The groups 
are also correlaled with the varieties Stylosanlhes guianensis var. 
vulgaris (group 1) and S. guianensis var. paucijlora (group 12). 
FloraMap can presently handle only one generaled climale f1le al a 
time. The following procedures, however. a llow you to construct a 
map wilh both U1e climate probabilities and lhe accession points 
from lwo accession sets . 

./ Reenter FloraMap and load the accessions for the frrst group . 

./ Proceed wilh the PCA and MAP operations for this datasel. 

./ Save the accession points and probability surface as map layer 
files. giving iliem distinct names. 

~ The shapejiles are actually available in the working directory. 
bui this jeature may change in juture releases . 

./ Delele lhe accession points and probability layer from lhe map. In 
mosl circumstances you can leave the probability layer on the 
map. but as conllicts sometimes occur with lhe use of certain 
shapefiles it is best to clear the map . 

./ Repeat the procedure with the second accession set. 

./ Reload the map with the saved map layer files. This will load the 
accession points as a shapefile and so they will nol go llirough 
lhe normal lenglhy checking and climate file creation. 

Recolar lhe map to your liking and save lhe complete ~ 
map using lhe save map icon. ~ 
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We saw signs in sorne of the clirnate cluslers lhal lhe genetic 
evidence and the clirnale adaptation might be associated. The rnap 
you have just created clearly bears this out. Each group. as defmed 
by lhe isoenzyme data, is adapted to distinct clirnate regirnes with 
lilUe geographic overlap except in the southwestem Amazon. 

There is one final thing we can do with lhese data. Suppose 
that you are responsible for shipping prornising pasture legurne 
germplasrn lo Africa. We have just shown lhat group 12 rnaterials 
will have a range of adaplation distinct frorn group 1 rnaterials. So 
which do you send where? 

.1 Select the Africa clirna te grtd under settings configuration general. 

.1 Go to load a layer in the layers control window . 

.1 Open the shapefile AFRCOUNTRIES frorn the \COVERAGES\ 
directory on the CD-ROM . 

.1 Nothing wUJ appear on the screen until you zoom out; the extra 
coverage for Africa has been created in th e space to the rtght of 
your screen . 

.1 Once you can see both continents, you can load the two 
grouped accessions Hles to rnap the potential distribution in 
Africa as well as Latin America. 

Conclusion 

If you have rnanaged to plow through this tutorial with us you have 
seen practically al! lhat FloraMap can do. On its own, it can rarely 
prove or disprove hypotheses. This is beca use of the subjective 
nature of rnany of lhe procedures that we ernploy. FloraMap can 
guide thought and help form hypotheses. You have seen that 
FloraMap can separate out populations by clustering the clirnates in 
which accessions were found. Sorne of these clusters can be 
associated with taxonomíc and genetic variations. When we plot 
diiTerent genetic groups. they can highlight different clirnatic 
adaptation. The FloraMap systern is particularly eiTective for 
interactivc invesUgation of the datasets. 



38 FloraMap 

On this last note, Jet us look at the final analysis that you have 
just completed. The group 12 scattergram shows a compact group 
of points at the top left of the diagram that do nollook like a chance 
result. 
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On the map at left. 
the black poinls are group 
12 and thc white. group 
l. The while Une endoses 
the points circled in the 
scatlergram above. They 
are points from 
gro u p 12 thal are 
showing an atypical 
climate for that group and 
were collected in an area 
where the climate type is 
predom1nantly the type of 
group l. 

This is as far as 
FloraMap can take you in 

this particular case. The next step is to return to the germplasm 
and fmd out if this is a random occurrence or if it has sorne 
significance for lhese particular germplasm accessions. 
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FloraMa p uses a range of different windows. Sorne. like the 
mapscreen . h ave a top tille bar s howing the FloraMap a pplication 
control icon a t the Jeft. the window tiUe. and the minimize. maximize. 
and close icons a t the righ t. These windows can be resized by pulling 
on the lower rtght comer. The principal components ana lysis (PCA) 
win dow has an a pplication control icon , the window title. and only a 
close icon a t the rtght. This window cannot be resized or minimized . 
The layers window has a simpler title bar and cannot be resized . 
When actuated it will always appear as the top leve! of window and 
should be moved to an unimportant area of the screen so tha t it does 
not obscure other screen s. It can be switch ed off when not needed . 
The tiUe bar s hows da rk blue when the window is active. 

Because of the high demand for CPU tha t mos t of the 
calcula tions in FloraMa p make. we have design ed much of it to be a 
high -level process. This means that you will sometimes find tha t 
FloraMap windows will float in front of another a pplication tha t you 
are using. If this a nnoys you , switch Flora Ma p out or reduce the map 
window to an icon whilc you a re using an altem a tive application . 

The Map Window 

The mapscreen is the main mapping screen and is the ftrst that 
a ppears on entering the program . The example s hows a map of Latin 
Ame rica and cons ists of two layers . the basic ma p with the country 
boundaries. and the a ccession points for Stylosanlhes guianens is. 
This pre-preparecl map has been loaded from a MAP file. 

PuU-down menus s how along the men u bar unclem eath the title 
bar. The functions availa ble from these are described below. and are 
also la rgely available from the service icon s. The n umbers s hown at 
the bottom right of the wind ow are the longitude and la titude of the 
c ursor in decimal degrees: la titude is negative to the south and 
longitude negative to thc west. 
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The information window will appcar any time U1a t the cursor 
remain s unmoving on the ma p surface for a few seconds. 11 will 
describe Lhe characteristics of the top !ayer of the map at the cursor 
point. 

The small menu is available a t any time by right clicking wilh the 
cursor anywhere on thc map swface. The options il s hows a re: 

View dataset displays a spreadsh eet with the current 
accessions set. 

Load loads a map li-om a MAP file: lhis is equivalenl 
lo Lhe load map icon, 

Save saves the current map with all ils layers lo a 
MAP file . and 

Configuration - d isplays llie configuration menu. 

A process indicator is built into thc bottom bar of the window lhat 
names llie process in currenl operation and shows lhe lapsed 
interval. 

[ ,.1\.:h Ct)l\1101 

""IIIJ\.1,.. 
l11f tllllli1.ll\)l1 ~I IH.h t'A-



User Ref erence Section 4 1 

.Pull-down menus 

Pull-down menus include operations that are also available from 
lhe icons. More details are given later under icon explanations. 
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Pull down map and see as above 

l. Layers- proceeds with the layers menu. 

2. Load - loads a previously conslructed map. 

3. Save - saves lhe map you are producing. 

4. Print map - prints lhe map. 

5. Print diagrams - prints histograms of rainfall befare and 
aft.er transformaUon and all possible scatlergrams. 

6. Exit - exits from FloraMap session. 

~ Note thai all possible scattergrams can be a huge number 
when many components are selected 

Pu ll down calculation and sce as above 

l. PCA - principal components analysis. 

2. Cluster- cluster analysis. 

3. Probabilities surface - calculates the probability and maps it. 
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4. PCA report - produces output file from PCA analysis. 

5. Enlarge scatterplot- copies the scattergram window out 
into a larger window where individual accessions can be 
separated. 

Pull down view and see as above 

l. Zoomin - zooms in to magney areas of the map. 

2. Pan - moves the magnified map to see further details. 

3. lnfo - shows information on the map layers. 

4 . Select - selects an area on the map and the points that it 
encompasses. 

5. Full - zooms out lo display the full map. 

Pull down settings and see as above 

Only configuration shows and is not on the lcon list so ls 
explained here. Click on configuration on the pull-down menu or the 
right click menu. The configuration 
window will appear. lt is a 
scaleable window with three 
function windows. 

Under general the following 
options appear. 

Autosave configuration - If 
selected (ticked) the configuration 
you chose while working is kept 
as the default configuration when 
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you leave FloraMap. Each time you retum to the system. the last 
configuralion that you used appears. lf you made no selection. then 
the default configuralion appears. 

Autosave map gives the same option as above, but for the 
working map. Alllayers with their formats and colors are saved 
automatically at the end of a session as the default.map. 

Add !ayer symbols to legend gives the option of putting a legend 
on the map. The option is also under control from the layers 
window. which will be dealt with later. 

Map background color can only be set here. It will normally be a 
clear blue for the sea, but can be changed to other shades 
depending on the color printer used. 

ll@f' Your color printer may notfaitlifully reproduce the colors you 
see on lhe screen. Printers vary ín the iones they can produce. 
Make sorne trial príntíngs to determine your best background 
color for príntíng. 

Climate grids 

Built-in grids 

The climate grtds are crucial to the working of FloraMap. You 
must specil)' which grtds you will need for your analysis. There are 
presently three intemal (built-in) climate grids that cover the bulk 
of the tropical regions. You can select any combination of these. The 
Latin American and African grtds are ata pixel size of lO are 
minutes (about 18 km); lhe Asian grtd is at 5 are minutes 
(about 9 km). 

ll@f' The presenl database engíne thal is used ín this release oj 
Fl.oraMap is slow with these largefiles. Do not select 
climate grids unless you are dejinitely going to use 
them. lt is highly unlikely that you will have a calibration set 
that spans contínents. You will only select two or more gríds 
when you wish lo map the probabüity surjace onto two 
contínents together on the same map. 
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E.xternal grids 

These are gtid files jusl like the intem a l ones. but do not 
support the mult iple mapping functions of the internaJ grids. In 
arder to use these. aJI other gtids must be deselected. This is done 
automatically when you select an extemal gtid. The probability 
s urface can still be mapped over another gtid . but it cannot be 
done over two or more gtids at once. Extemal gtids can be placed 
in any direclory you wish to u se. 

The only extemal g•;d that is providcd with FloraMap 
version l is the 5 are minute grid of the lower 48 continental 
states of the USA. This is a resa mpling of the 2.5 are minute 
clima te s urfaces kindly made available by Chtis Daly of the 
University of Oregon (see Da ly a nd Taylor 1998). You will find lhis 
in the subdirectory \extemal\ under climate gtids in the 
CD-ROM. 

Under calculation parameters you have sorne highly important 
option s 

Show average climate for 
selected points is an 
important new feature of this 
release. FloraMap will 
calculate the average clima te 
for a selected group of 
points. This will work lor 
points selected as a cluster 
on the dendrogram (see 
cluster window. p 65). points 
selected on the scattergram. 
or map (see area select icon. 
p 48) . 

W MWi lli .lpi 8J 

,.S.~-~..:~~ ~-'11~1 .. , __ -
f7 Sllow_ ......... -~ 

' ,~ 
(" _,¡ 
(" _ _. ' ~ott;lq6:wl ..... loodto--.g ...... J (.'_,.,.... 

The average climate will be shown in the clima te diagra m 
(see p 52). 

Correct temperature can only be u sed if you have elevation 
data in your accession dataset. We strongly recommend that you 
use the option if possible. You do not need to h ave a complete set 
of clevations for all accessions (see TUTORIAL section . p 18}. 
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Treat accessions with identical coordinates as a single observation 
conlrols lhe way FloraMap inlerprels an accessions sel. 1t 
determines whelher the unit of analysis is an accession or a 
collection poinl. For furlher discussion. see TUTORIAL section. 
p 7. 

Mismatches sets lhe way mismalches are handled. Mismatches 
are the accession points that do not coincide with a valid pixel in 
lhe climate grid n.Je. (See TUTORIAL section, p 11). To set them lo be 
deleted by default is ralher drastic, bul sometimes, drastic 
measures are needed. Setting them to moved automatically will pul 
lhem on lhe nearesl pixel in lhe climale grid file. This serves for 
points thal are lying a few kilometers off lhe coast. bul points that 
are further away need to be checked manually, using moved 
manually. 

~ We strongly recommend. that the moved automaticafly option is 
not engaged untít aU d.istant mismatched points are accounted 
jor. Distant mismatched poin.ts are almost never correct 
when moved to the nearest poin.t on the climate swface. 

Working directory is the working di rectory for your accessions 
dalasets. probability surface. and MAP files. To work through lhe 
lutorial set il lo c:\Program Files\CIAT\FloraMap\demo\. After 
working through the Tutorial you s hould change it lo a directory of 
your choice. 1t is not recommended lo carry on using a dala 
directory under your program files directory. 

The Main Menu Service Icons 

!:!'~>~Y->"- 1!.0 
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\ 
The principal components icon (PCA) initiales the PCA 

analysis wilh lhe accessions dataset lhat has been loaded onto the 
map, a set defined by lhe area select tool. ora selected cluster from 
the cluster window. For further description of the analysis see under 
PCA window. p 61. 
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•• 
The cluster icon in1Uates clustertng on the full accession set. a 

set defined by the area select tool. or any set defined in the PCA 
window. The last can be used to produce a fonn of recurslve 
clustering. The cluster lcon cannot iniUate clustertng on a selected 
cluster. but lf the selected cluster ls lntroduced into the PCA by the 
principal components tcon then the cluster icon wiU use that as the 
set for further clustertng. lt is important not to set clustering until 
required. because operations in the PCA window will cause 
automatic clustertng. This can lead to slow operation lf the 
accession sets are large. 

The map display icon takes the probabllity model currently 
calculated in the PCA window and plots the probability !ayer on the 
map in the map window. Calculating the probability surface can take 
sorne time. lf you ha ve in1Uated this and change your mind, it can 
be stopped by toggling the icon again. 

The report model lcon produces a report file that includes the 
raw data. transfonnation details. means and variances. and 
transfonned data. The eigenvalues and component loadings 
(eigenvectors) follow these. Finally. it contains the component scores 
for the number of components selected. When the calibraUon set is 
large and many components are selected. this can be a very large 
file . We recommend that you inspect it befare prtnting. 
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The print diagrams icon prinls lhe diagrams from lhe PCA 
window. ll will prinl a ll 12 monlhly rainfall histogra ms before and 
afler trans formation. ancl a ll possible scattergrams. 

~ Note that a1l possible scattergrams will be a large number 
when many components are selected. 

The zoom icons are three related icons. We will cleal with lhem 
logether. 

Try the zoom-in icon 

.1 Place lhe cursor on the map and pull oul a rectangle over lhe 
area you want amplified. FloraMap will adjus t the longesl axis 
of lhis reclangle lo fill lhe m ap wi.ndow. 

Once you have zoomed in to an a rea. you m ay need to move 
around . 

.1 Toggle lhe panning icon a nd place the cursor on Lhc map . 

.1 Click left a nd push the map a rouncl with the cursor. Clear 
s pace will appear in the area that you have pus hed it away 
from . but it will quickly fill up wilh new map coverage as the 
pan procceds . 

.1 Let go and gra b lhe map again by releasing and clicking the lefl 
mouse butlon. 

~ You can release and move U1e mapjaster than the screen 
can refill so take care not to get los t .. F!oraMap will remember 
all the movements you have made and keep moving the map 
until all your pans are }U/filled. 



4-8 FloraMap 

Zooming out is simple 

./ Hit lhe zoom-out icon. The complete map will be redrawn. 
Future versions may have a more sophisticated zoom-out 
facility, but for the present you go back lo slart, do not pass 
go, and do nol collect $200. 
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The layers icon controls lhe map layers. Use lhis icon to switch 
lhe layers control window on and off. With thc window switched on 
you ha ve individual control of all of the layers in lhe map. See p 56 
for detailed description of the layers control window. 
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The information icon is an active method of fmding out 
infom1aUon on any part of the map. Select the ínformation icon and 
click the cursor on lhe required position. The map element will flash 
momentarily and a small spreadsheet wiJJ appear. This may be 
moved lo anolher parl of lhe screen and will remain unUJ you clase 
it, even if yo u delete the map layer to which it refers. Selecting 
anolher icon from lhe menu deactivates the informaUon icon. 

The area select icon is used lo identify sels of accession points 
as they appear in the map window and in the scattergram in the 
PCA window. See p 61 for the window descr:iption. 
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Unlike sorne of the other icons that open windows. the a rea 
select icon operates directly on bolh the PCA and the MAP windows. 
ll is one of the mosl usefullools provided asan icon. As you will see 
from the TUTORIAL and the THEORY seclions. it is often necessary 
to consider the calibralion set of accessions as a number of different 
populations. The area select icon is in many cases a highly flexible 
way of doing this. You can use this icon to identify subsets of the 
accessions sel. separate them oul, and slore them as sets for 
separate analysis. or even proceed direcUy to a new analysis. 

To use th e tool. draw around the points on the map or in the 
scattergram window. A flashing red line will follow the cursor when 
lhe left button is held down on the mouse. The polygon will clase 
automatically as the button is released . If you are drawing around 
points on lhe map and you have more lhan one set of accession 
points loaded you must select the relevanl set in the layers control 
window. Thus, if you want to identif}r a set of mismatched points, the 
mismatched sel must be highlighted . 

The area select tool is always available on the enlarged 
scattergram window regardless of whether or not you have toggled 
the icon. 

If yo u ha ve set lhe option show average clima te for selected points 
in the configuration menu, the average clima te will be calcula ted 
and displayed in the CLIMATE DIAGRAM (see p 52) . The average is 
calculaled on lhe rota led c lima te data to ensure that lhe climate 
records match for the calcula tion. Once it is shown in the climate 
diagrarn , you will notice that there is no rotate/unrotate option as 
lhere is when looking at the climale of a single accession or point 
from the map. This is because rotation has no meaning when 
a pplied to an average clima te. The records may have come from 
geographically diverse points and so there is no correcl phase angle 
for rotating back the average. 

~ if you d raw around one single point, you will stiU get no 
opportunity to unrotale the data. In this case, simply point at 

the accession with the climate diagrwn tooL 
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Below. we have loggled the area select icon and drawn a 
freehand polygon lo endose a set of accessions as lhey appear on 
lhe scattergram. 
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The freehand enclrcling polygon appears as a dashed red Une 
that revolves around the points to draw attention . The selected 
poinls have changed color from green to dark blue. and the 
spreadsheet window has appeared on the screen. The spreadsheet 
now holds lhe dataset of the selected points. The accession polnt 
with ID 7 is selected and the point flashes on the Brazilian coast 
just north of Rio de Janeiro where the cursor ls polntlng, but paper 
has no response time, so you cannot see the flashes here on the 
page. 

Scroll through the scattergrams and follow where the selected 
points fall. Th1s ls an ideal way of gettlng a good idea of the 
distrlbutlon of the accession polnts in a multidimenslonal space. 

Wilh the area select !con toggled you can do exactly the same 
for any group of points on the map window. Cllck the cursor on the 
map and draw around a set of points. Notice that the PCA analysis is 
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changing constanUy. The points in the scattergram change color as 
you change the dataset. It is continually updated and completely 
interactive. If you like lhe look of a subset you have chosen . you can 
retum to lhe PCA window and change the transformation or the 
weightings. lhe probability setting, or number of components. 

Filing the spreadsheet is standard. Hit file , save. and give it a 
name. You can then drop out of the analysis you are in at present. 
and restarl using lhe new subset. Or, if yo u do nol have time for 
that. hit the PCA icon and the PCA analysis will be done on the 
subset you have designated. You can then alter the model 
parameters (transforms. weights. and number of components) . If 
you have even less time and more impa tience. hit the map display 
icon and the probability surface for the model of the chosen subset 
will be calculated and displayed on the map. In this case. you will 
have to accept the model parameters as they were set on the 
previous analysis. 

lt is easy to get lost in lhe complexities of the diiTerent modes of 
selection. You can subset on the map, retum to the scattergram, 
which now contains only tha t subset. and subset again. We 
recommend that. unless you are just having fun to see how far you 
can push our product without breaking it, you keep careful notes of 
what you are doing and file the spreadsheet regularly under names 
lhat yo u can follow in the analysis. If yo u ch oose the fast routes to 
!he analysis and display. they will be assign ed names by adding a 
sequence number to the end of the file name. 

It may be that you will want to draw round a n umber of 
s ubsets that you would like to analyze together. To do this, select 
and file the spreadsheets separately and then concatenate them in 
your spreadsheet program. 

Le1mpld1ffi 8l0d1ve1111V M <Jppmq .. [il El 

The map distance icon is especially useful when you are 
debugging an accessions dalaset. Toggle the icon, place lhe cursor 
on a point on lhe map. click left and drag the line out to measure a 
map distance in kilometers. The distance is given in the lower left 
comer of lhe map window. Wilh lhis you can measure the distance 
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between doubtful poinls or the distance of an acccssion point to 
geographical features such as roads (see p 20). 

The climate diagram icon is a usefu l too! for investiga!ing the 
structure of an accessions set. for debugging the accessions. and 
evcn for just browsing the climate databasc. ToMic the icon and 
point a l either an accession point or any point on the map. 
FloraMap will search for the relevant climate record (it is a little 
slow in this releasc- we promise lo speed lt up for thc ncxt). 

You can toggle the climate diagram betwecn any of !he 
following four representations. 

~ ltn.~ ·104)V,E~n un 
1>,.... 
í "01:.-.4 

{-~--- .. --

L.IIIMlt H ll, L0n11ucM · t 04 )t E~ UIJ 
1> ..... 
1> ......... 
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The lwo diagrams on lhe left show lhe monlhly rainfall tolals, 
lhe mean. maximum, and minimum temperatures in Cartesian and 
polar coordinates. The polar plot starts at lhe lop and runs 
anUclockwise from January lo December. The rainfall totals label 
each column of the histogram. and the monthly mean temperatures 
are shown against lhe mean lemperature plot. 

The two diagrams on the right show the rotated data. This is 
nota simple monlhly shift (see THEORY section , p 69). but is 
produced by a special Fourier transform lhat conserves lhe totals of 
each 30-day period and the overall yearly mean. Because the 
rotation angle can be a fraction of a month . the plotted monthly 
values change, as you will notice in this example from lhe central 
hlghlands of Mexico. You can readily see the rotation that shifts the 
June to October rainy season to the start of the virtual rota led year. 

There are no months marked on the rotated year because the 
zero poinl of lhe lime scale is arbitrary. 

If yo u ha ve set the option show average climate for selected 
points. a clima le diagram will appear automa tically when you selecl 
points with the area select tool or on the cluster diagram. In both these 
cases. the rotation option will not appear. This is because the 
average climales h ave been calculated using the virtual zero poinls 
of the rotated data. The average rotation angle has no meaning and 
so there is no angle through which to unrotate the record. It exists 
perpetua lly in a virtual rotated space. 

~ There is no facility for printlng the climate diagram. but if you 
hit alt-print screen while the window is active (Le .. it has the 
tiLle bar in blue) the window will be copied in.to the edit 
clipboard. You can then paste it in.to a Word document, 
spreadsheet et cetera. 

t!01> '"'"""""' Y- ~ettr.go ti.-, 

%~%e%~~ ·-

The print map icon sends the map. as s hown in the map 
window, to a printer of your choice among those that you have 
available. It will not prinl the screen surrounds or any overlapping 

X 
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windows. Thc map consists of the active layers in the layers window 
plus any legend information that is selected. 

~ Different printers handle colors d!fferently. 'Ihey are alm.ost 
never as they appear on the screeTL Be prepared to 
expertment and get to kn.ow the colors .from the menu, or .from 
your custom colors menu, that print weU on the printers you 
are usmg. 

H tol:t.... ~·• S,... M"' 

~b ~~~ ··~o 1 a'@__!!--. 
Sa•e map 

The save map icon does as the !con picture illustrates-it takes 
all the layers that you have active in the layers window and places 
references to them in a MAP file in the working directory. The MAP 
file is a metafile (see APPENDIX A). It does not contain any !ayer 
data itself but contains the information on which layers are 
displayed with which display options in arder to recreate the map. 
Each layer of the map is saved separately as a shapefile in the 
directory of your choice. Each shapen.Je consists of three parts. the 
DBF file . thc SliP file. and the index nle SHX. 

Here ls an example. The map below has the three layers -
stylo_secondftle. probabillty. and SAMCOUNTRJES. The map has 
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been savcd into thc dircctory \transfer\. Thc resu lt is lhc set of 
1 O files s hown below. 

-·-¡~·af'll~;.- ·--- ... ·--- .. --- -----·-· - . ·---· ----~~ 

~ N ame Modfied 
~ SAMCOUNTRIES DBF Fde 8/231'39 '324AM 

!!) SAMCOUN TAlE S shp SHP File 8/23199 9 24 AM 

!!) SAMCOUNTRIES mx 29KB SHX File 8/23199 9 24 AM 

¡M) styfo_secondflle_Ol acp 74KB DBF File 8/23/99 9 24 AM 

~ stylo_ secondflle_ 01 acp shp 12KB SHP File 8123199 9 24 AM 

~ stylo_secondlde_Oi acp sh• 4KB SHX File 8123/99 9 24 AM 
~ $lylo_secofldlile_01 p~b 1.616KB DBF File B/23/99 9 24 AM 

~ stylo_secondlile_01p~b shp 2.176KB SHP File 81231'39 9 24 AM 

~ styfo_secondfile_01prb sh• 129KB SHX FIIe 8/23199 9 24 AM 

~:~~ 23 "'-'() 2KB MAPFIIe 8/231'39 9 24 AM 

Thc MAP file 'tria! 23 aug. map· is accompanied by thc threc 
shapefiles. each cons is ting of lhree components. 

AC 
AC 
AC 
AC 
AC 
AC 

AC 
AC 
AC 

You cannot use thc load map icon until a .MAP file has been 
created . One .MAP file comes with lhe systcm. lhe default.map. lf you 
have scl lhe oplion autosave map in the configura tion window. lhe 
map that you h avc a t the time you exit F'lora Map will be saved in 
this MAP fi le. 

~ IMPORTANT! Tite map that you loadfrom a MAP file consists 
of only the shape.files that create the image. 7he accession 
set that you see on the map (ij you have one) is only the 
graphic representation. Ifyou try to calculale a PCAfrom this 
map, the system will askfor an accession set to be loaded. 
This is because no climate .fúe is associated with the map. To 
proceed with the analysis, delete the accession poillts layer 
Jrom the map and select the accession points .fúe once more. 
Fl.oraMap wül then proceed to build. the climate fUe. 
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The Layers Control Window 

This is a layers control menu. The one below specifles three layers. 
There can be as many as required. bul overindulgence clullers lhe 
map. 

2. Move 
duwn 'tacl. 

J. Dclctc laycr 
4 Changc lnycr o ptoon' 

l. Move up \tad. 

Layer- top ('elected) 
moddle 
bonom 

lcon 1 moves lhe selected !ayer up the stack. 

Icon 2 moves lhe selected !ayer down lhe slack. 

5. Savc layer 

b Load layer 

!con 3 deletes lhe selecled !ayer from lhe map. bul nol from 
the dircctory. 

Icon 4 changes the options for the selected !ayer. 

!con 5 saves lhe !ayer. 

!con 6 loads a !ayer. 

The stack controls what is seen on lhe map and also lts 
display. The layers are placed on the map from bottom to top. Upper 
layers obscurc lower layers. The order of the layers can be changed 
usíng the arrow ícons or by clickíng and dragging lhe !ayer into the 
place required in the stack. 

Polygon layers wílh color fill will obscure line or poinl data 
below them (see following diagram). Make sure that your map is 
correct by ordering the layers. A new probablUty !ayer always 
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appears as the top !ayer. If you have not got the layers control window 
showing. click on the layers icon and reordcr the accession points so 
that you can see them. 

Loading a !ayer with the 
load layer icon covers both the 
Joading of passive map layers ~ ==~:: 
(such as background. country i-!iJ.~ .... 21_...., 
boundaries. rivers, roads, and .!!J .. b ot oBF 

¡!í s,í._,._,.. DBF 
cities) and the active !ayer. 
which consists of the accession j 

n.ll""'- ¡,.._--OBF .1 ~ 
poinls set to be analyzed. The Fleuf$01o 1_...,..,., 3 ~ 
menu display at right will show -~~!!!!!111111111----~===.J 
the working direclory where 1~-:!.«:-...... .., 1 
the layers are stored and, at 
the botlom, the types of files that you can load. 

An accession points file can have a .dbf or .acp extension. The 
DBF files are in dBASE 4 formal. The ACP files are space-delimited 
ASCII files with column headings. For further information on 
FloraMap flles see APPENDlX A. 

Shapefiles are compounds of three llies with extensions- .shp . 
. shx. and .dbf. They are ESR1 standard files and are compa tible with 
ArcView. 

~ EXTREMELY IMPORTANT! FloraMap has no way to 
dilferentiate an accession points file in DBF jormat jrom the 
DBF file oj a shapejile or a cUmate flle. If the file contains 
columns jor latitu.de and longitude the file can be loaded as 
an accession points file. Because many shape.files are very 
large, this can be a mqjor error. 
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Customizing map layers 

\ l"'lllil\\ tCOll / f.;.¡~~t <.t•tiU••I I~IIII 

ff'tlf:i.~·s~-- 1 
l~rklh"" 01 proh,lhthl\ t.1"'"t 1 .l)~t n.ma. 

The visibility icon is useful when composing a map . lt suppresses or 
s hows a !ayer in response to a doublc dick. Thc !ayer stays logica lly 
connect('d lo lhe map and so does nol have lo he erased and 
reloaded. 

Double click on the open window layer control icon on the 
selected !ayer and you open a window to sct the charactcristics of 
that !ayer on the map. The first example is the accession points 
layer. You can set the type of marker and its color and size. Click on 
thc color shown and you will opcn the color menu. Either choose 
from the offered palettc. or mix yoursclf a custom color. Remember 
thal colors from a color printer do nol match what you see on the 
screen . so you will need sorne practicc with this. 

N 14MW4€1 .. 
The layer name is the one that 

appears on the legend . The name is sct 
by dcfa ult from the filename of that 
!ayer. but il can be changed on lhe map 
to whatever wording you want for the 
legend. lfyou ta ke off the ch eck mark 
in show in legend. the !ayer will not be 
referred to in the legcnd. 

si2e : r.;J¡ r. Cll'cle malkef .:.) > 

r square_mart<er colOr. -~ 
t..ayer name k.l.l:l :FSS!•>r• S:·•)lfrt$ ':,:;1,-:._':~-• .. ( ( ! I 
Shaw in ~nd ¡:; ' 

Label size · ¡:::----~ \ 
Fíeld 1 ::J color · - ¡ 
~ cance1j ~ 

Using the label fie lds can sometimcs be u seful for checking 
individual elements that you have on the map. but it is usually 
too cluttered for labeling a n output ma p. The system will label 
each separate feature in thc shapefile. This may function for 
s parsely plotted accession points. However, s howing the labels on 
a eountry s hapefile. labels not jus t the country, as you might 
think. but aJso every smaJl island. inlet. and lake. 

~ Unjortunately , the labelfields scale with the mapas it is 
zoomed; as you zoom in, they do not get less clultered. jusi 
bigger. We wUl try to resolve this problem inju.ture releases. 

~ 
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Once you have produced a probabihty surface. FloraMa p will 
plot it over wha tever ma p you ha ve in lhe ma p window. Toggle lhe 
layers up and down us ing lhe arrows in lhe layers window, or push 
lhem into place wilh the hand icon on the cursor . 

A probability surface is different to the background surface 
that we h ave seen befare. lt is many-valu ed . In fact, each pixel can 
take any value from the mínimum that you s pecified on the PCA 
screen to lhe value 1.0. The surface is lherefore colored wilh a range 
of colors to denote 
the range of 
probabilities. You 
can change lhe 
colors and number 
of breaks in the 
range. 

F'or a 
probability surface 
the s ize option has 
no meaning. If lhe 
fill is ch anged to 
transparent it will 
not be seen. The 
label field should 
not be set as it has 
a disastrous effect 
on the ma p . 

The value 
fields, render from 
and to, are 
a utomatically set to 
the lowest 
probabill ty tha t you 
requested wilh the 
probability control on 
the PCA window. 
Very rarely v.rill 
these fields n eed to 
be reset. 

Render from 

.Yatue jo .5003 
- .... 

COlor 
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The ha rdware tha t you are using may constrain the number of 
breaks you choose. A 256-color screen-driver limits the number of 
breaks that are unique. An arlislic lim.itation is at present an 
unforlunate restriction in the system. A color sequence cannot be 
defin<:'d Lo go from one color Lhrough a second to a third color. This 
would be a h.ighly useful technique to show the deLail of the 
probability rangc. For insLance. the sequence black. brown, red. 
yellow. white cannot yet be defined . although il is a s lriking natural 
sequence Lo the eye. We will be working to indude this Oexibility in 
the future. Al present. you can specifY the cnd point.s a nd thc color 
sequence assigned will be the simplest way to get from thc firs t to 
the second color. 

~ NOTE: The range break contours that you see on the map on 
the screen are not real Unes. The pixels Ú1 the swjace contmue 
to maÜ1taÚ1 their original values. This is unlike some GIS 
systems that require the image to be reclassed to .fix the range 
of classes. A consequence oj this is that the range bound.aries 
do not behave Uke polygons. If you switch on outline on this 
menu you will get the out.line oj each pixel. not the probability 
level polygons. if you wish to vectorize these. you will have to 
export the layer to another system that can handle raster-Lo­
vector conversi.on.. 
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The Principal Components Analysis (PCA) Window 

This window cannot be resized. If a piece is missing at the top or the 
bottom, lhen your screen does not meet lhe mínimum configuration 
for the application (see GE1TING STARTED). 

Uefore-transfom>alion 
histogram 

After-tran,fonnauon 
histogram 

We1ght< control 

Vanance control 

Scattergram 

Probability control 

T ille bar- non Sl7.able 
window 

Histogram monlhs scroll 
bar 

T ran<fonnation control 

Scattcrgram scroll ba"' 
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The two histograms show us the rainfall data for the accession 
points dataset. These are the frequency diagrams for each month 
befare and after transformation. Use the histogram month u 
scroll bar at the right to select the month. Click on Lhe 
histogram and pull down Lo the right Lo create a zoom 
window with the cursor. 

Click anywhere on the histogram image and lock the cursor 
onto ll by cllcking right. Now you can pan with the mouse to scroll 
to thc detall you want in whichever direction you want. To return to 
the original lmage. cHck on the histogram with thc left LSJ 
mouse button, creating a zoom window, and pull up and 
to the left, the opposite of what you did Lo begin with. 

The transformation is critica! to the analysis. The whole 
analysis hlnges on the fact that the variates are distributed as 
NORMAL variates. Temperatures are usually distributcd normally 
with a beautifuUy symmetrical bell shaped curve. RainfaU almost 
never is. In fact. most studies treat it as a gamma dislribution. You 
can see its typical shape in the January figures in this example. It is 
skewed heavily towards the smaller values. We cannot use a gamma 
distribution in FloraMap because of the probability calculalions we 
will be making later. Therefore we must transform it Lo be as normal 
as possible. 

Click anywhere on the transformation control between thc two 
histograms and you will be given Lhe option of transformaUons as at 
right. The two basic 
transformaUons are the natural 
Jogarithm and the power 
transform. Choose between the 
two by cllcking on the menu. If 
your choice was the natural 
logarithm. there ls nothing else 
todo. 

lf you chose the power 
transform. then you will have to speclfy thc power in the smaU 
window provided. The range aUowed is from +3.0 to +0.1. then 
-0.1 to -3.0. This gives you a wide range of powers from which to 
choose. It runs from x cubed to the reciprocal of x cubed . It skips 
over the range +0.1 to -0.1 because in this range the data 
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transforms a lmost lo the fl.Xed value 1.0. Much of this range 
produces rather odd transformations, but it is useful to have the 
opUon. A good transformaUon to try as a starl is !he square root, or 
x to !he power 0 .5. Choose which gives !he best-shaped b ell -curve 
in the after-transformation window. We have lo use the same 
transformation for all 12 months. so please go carefully through 
each month a nd pick !he transformalion thal does !he best job on 
!he months with the worst distributions. Rarely will you flnd one 
tha l is universally good so the best compromise must be used . 

You can alter !he weightings that are a pplied to the elimatc 
variates with !he weights control. Toggle lhe buttons and walch how 
the weights change. All weights have to add lo 3 so they will all 
change as you alter onc of them. The algorithm for assigning the 
change to the remaining weighls is not always predictable. If you 
experien ce difficulty geltin g !he weighl you need. enter !he numbers 
directly into the windows. 

Watch how !he scattergram, below on the screen, changcs as 
you change the weighls. We will go into the statistical implicalions 
of that later . For now. how fast does il move? lt is recalcula ling the 
principal componenls analysis as you change the weights. How fast 
it can do this depends on your computer (see GETTING STARTED). 

The number of component scores is an important consideration 
for your analysis (see THEORY section. p 72-73). The components 
are in descending order of variance and usu a lly the flrst few of them 
account for a relatively large proporUon of the overall variance. but 
how few. and what proporlion? 

Pickup the toggle of the variance control with the cursor and 
movc it. The variance in the window above changes, as does !he 
number in the components control. This is showing you the variance 
accounted for by the number of component scores you have 
selected. An altemalive way ls to toggle up or down on the buttons 
by the components control window, or lo set U1e numbers yourself in 
the windows. 

The scattergram is a highly important parl of the analysis (see 
TUTORIAL and a lso THEORY section). There are N.(N-l)/2 
diagrams when you h ave N scores. Thus there are three with 
3 scores, six wilh 4 scores. and 45 with lO scores. They a U give you 
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infonnation. The ellipse is set at two standard deviations from the 
ortgin of the two components shown. You can toggle between 
scattergrams by using the four scattergram control bars. The bottom 
two will move you up and down the component shown on the x 
scale, the two on the rtght will move between components on the y 
scale. 

Enlarging the scattergram 

The scattergram is such a useful tool for investigating the properties 
of sets of accession points that we have provided the option of 
enlarging the window in order to see the points more clearly. Pull 
down the calculation menu and click on enlarge scattergram. Once the 
scattergram is duplicated into the large window the area select tool is 
automatically selected for it, even though the map window behind it 
becomes locked out. You can choose sets of points and scroll 
through the principal components on the enlarged window without 
affecting the one in the PCA window. Selecting a sel of points will 
show the spreadsheet of those points. If yo u ha ve the clima te 
diagram option set on you will see the average climate for the 
selected set displayed. 

When you have decided on a set of points to investigate further 
you should check OK and the set will become the selected set in the 
PCA window and you can proceed to enter them into a further pass 
of analysis. You will notice that they become b lue on selection, but 
if you ha ve scrolled the enlarged window to a different combination 
of components then you will have to scroll the small scattergram 
window to match. If you close the large scattergram with the 
Windows X button or the cancel bulton. nothing will be changed. 

The probability control sets the lowest probability that you want 
to be mapped. This is lmportant when you are constructing a map. 
especlally if yo u want to show more than one probability surface, 
because the probabillty surface is a densely colored layer and other 
features do not show through it. The lower the probability you 
choose to be mapped, the more completely you will tile the map with 
the surface. Choose a value by typlng in the box or by moving the 
control bu lton left or right. 
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The Cluster Window 

We saw above how we could manually subset the data either on the 
map itself or on the scattergram window. Good reasons often exist 
for thinking that the climates of the accession set are not 
homogeneous (see THEORY and 11JfORIAL sections). Orawing 
around groups on the scattergram using the area select icon is often 
as good a way as any of subsetting the data. If you can see the 
grouplngs. you can delineate relatively complex clusters where a 
numerical algorithm may faiJ. However . you are restrlcted to looking 
al two dimen s ions at a lime. Indeed, although we can visuallze 
three-dlmensional space, few people can visualize four dimensions. 

Numerical cluster analysls is a powerful (but highly subjective) 
too!. We have incorporated a range of cluster analysis methods to 
help with this problem (see cluster analysis. THEORY section). 

To tum on the cluster window. select it from the calculations 
pull-down menu. or loggle the cluster icon . 

The cluster display is fully interactive with the PCA. As you 
adjust the PCA. the cluster window changes lo the clustering. 

The heart of the display is a dendrogram showing lhe 
relationships between accessions. The scale at the left is the cluster 
distance: the bottom line is nol a scale in the usual sense, lt is 
showing a ll we can show of the accessions' identities. In most cases. 
the accession sel will be so large that these idenlifiers are too 
crowded to show on the full diagram. Therefore. we have 
implemented zooming on the diagram. 

Place the cursor on the diagram and pull down and to the right 
while holding down the left mouse button. The enclosed part of the 
dendrogram will expand to fill the frame. It will normally only be 
useful to zoom onto a complete or part cluster with the accession 
identifiers visible at the base of the dendrogram. However. you can 
zoom into any area to look at the cluster links if you wish. To zoom 
out. place the cursor on the diagram and move left and upwards 
while holdtng down the left button. The diagram will zoom out to its 
full slze. The zoom function is purely to manipulate the display. It 
does not select accessions for further processing. With the display 
zoomed, you can pan on the dendrogram area by holding down the 
shift key while movlng the cursor across the dendrogram area. 
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Two non-scaleable menu windows are fixed to the display area. 
The method-select window is the top one, which selects the cluster 
method. Seven of these a re available a t presenl (see THEORY 
section. p 80): only one can be selected a l a time. The display will be 
recalculated as you select each different method. Try the various 
methods and watch the results for your dataset. There is no correct 
method: each has its advantages for different datasets. 

Selecting, analyzing, and saving clusters 

The cluster-select window is the lower one, which s hows the number 
of clusters you have selected. To select cluster levels. click left on 
the left-hand cluster distance axis. This will brtng the horizontally 
dashed Line. the cluster-select line. to the cursor arrow tip. Move the 
cursor up and down the screen to select the cluster level you want. 
The number of vertical connections cut by the dashed Une 
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determines lhe number of clusters shown in lhe window. Click on a 
cluster within lhe window to highlight and select it. You can only 
select one cluster a l a time. The selected cluster will be highlighted 
in blue on lhe dendrogram. All olher clus ter connections will be 
shown in black. and lhe accession identifiers are shown in red . At 
lhe same time. walch lhe scattergra m. The points for the selected 
clus ter will change to blue. You can scroll lhrough lhe scattergrams 
lo determine which of lhe components are affecting lhc clustering. 

~ NOTE: Tite clustertng is calculatedjrom the scaled 
transjormed uartates. The principal components are another 
way oj visuallztng the va.riates, but each scattergram 
represents only the varia.nce accowlted jor by the two 
components sh.own. 

You now have lhree options for further analysis of the selected 
clus ter . 

./ CUck on lhe map display icon and the probabili ty s urface 
calculated from lhe cluster points will be displayed on lhe 
map. A new PCA is calculated for the cluster of poinls, but the 
PCA dis play window is not changed . 

./ Click on lhe principal components icon and lhe PCA will be 
recalcula ted. The histograms and scattergram will be changed 
to refiecl lhe new PCA of lhe clus ter poinls. The probability 
sutiace will not be displayed until you use lhe map display icon 
again . 

./ Click right on the mou se with lhe cursor anywherc on the map 
and lhe small menu appears. CUck on view dataset and a 
spreadshect appears wilh the accessions dala for lhe selected 
cluster. This can be named and saved in the norma l way. If you 
wish to proceed lo PCA and mappin g a t a later time. it can be 
loaded vía lhe laye rs control window. This option is particularly 
useful if you wish to analyze a number of clusters grouped 
logelher. Save lhem one al a lime under differenl names. u se 
you r spreadsheet program to build them into one lable. and 
reload this with lhe layers control menu. 



4. Theory 

The FloraMap system is based on calculating lhe probability lhat a 
climate record belongs toa multivariate normal dislribution 
descrlbed by lhe climates at lhe collection points of a calibration set 
of organisms. lt was designed for naturally occurrlng plant species: 
its use may be extended to cover lhe natural occurrencc of any 
organlsm whose dislrlbution is largely detcrmined by climate. lt 
uses a set of interpolated climate surfaces. a melhod for calculating 
lhe probability model, and a method for mapping lhe climate 
probabilities over the climate surface. 

The Cllmate Surfaces 

Spatially interpolated climate surfaces are now available for many 
areas. These usually handle long-term climate nom1als interpolated 
over a DEM by varlous melhods (Hutchinson 1997. Jones 1991). 
Pixel size depends on lhc underlying elevation modcl. 1t may be as 
litUe as 90 m (Jones 1996), which results in a massive dataset, or 
10 minutes of are (aboul 18 km) . which ls as large as ls practicable 
in many instances. In the 1atter case. the normal elevation model is 
the National Oceanographic and Atmospheric Administrallon 
(NOAA) TGP0006 (NOAA 1984). We have produced intcrpo1ated 
datasets at ClAT for Latín America and Africa using data from about 
1 O 000 stations for Latín America and 7000 for Afrlca. Each set of 
surfaces consists of the monthly rainfall totals. monthly average 
temperaturcs. and monlhly average diumal temperature range. This 
makes 36 cllmatc variates in three groups of 12. 

We use a simple interpolation algorithm based on the inverse 
squarc of the distance between lhe station and lhe lnterpolated 
point. For each interpolated pixel we fmd the five nearest stations. 
Then the inverse dlstance weights are calculated and applied to 
each monthly value of the data type being interpolatcd. Thus. for 
five stations wilh data values x and distances from the pixel 
distance d: 
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) ~ X¡ 
X pru/ = 5 X L..,¡ - 2 

¿ d,-2 t= l d¡ 
(1) 

t= l 

Temperature data are standardized to the elevation of the pixel 
in the DEM using a lapse rate model (Jones 1991). 

Using this s imple interpola tion has various advantages. First. 
it is the fastest of all the common methods. Second. it puts the 
interpolated surface exactly through each station point, because the 
weight 1 /(d(IJ••2) becomes infinite as d approaches zero. Third. the 
interpolation is highly stable in areas of sparse data. lt approaches 
the mean of the nearest stations while they all become equally 
distant. Fourth, it is relatively stable against errors in station 
elevation: only the local region of that station is affected. On the 
other hand. laplacian spline techniques and co-Kriging both 
propagate these errors more extens ively. This is one advantage of 
using a proven lapse rate model instead of fitting a local one. as do 
both of thesc latter techniques. 

The method has two small disadvantages. First. the derivative 
of the surface becomes zero as it passes through the station point. 
In other words. each station is on a small plateau or step in the 
interpolated surface. Th is is usually much smaller than the pixel 
size and hence is not noticeable. Second. a (usually small) step 
occurs in the fitted surface as s tations come into or drop out of the 
fitting window. Where the station density is high with respect to the 
pixel s ize. this is almost impossible to see. Where the stations are 
not so dense. it can produce uns ightly s traight lines or smooth ares 
in the fitted rainfall data. which are not tied to elevation . Inspection 
of the surface's proflle usually shows that these are negligible 
artifacts. but they are unsightly and can underrnine confidence in 
the surface maps. 

Climate Date Standardization (Rotation) 

The climatic events that occur through the year. such as summer 1 
winter and start/finish of the rainy season, are of prime importan ce 
when compa ring one climate with another. Unfortunately, they 
occur at different dates in many climate types. The most obvious 
case is where climates are compared between points in the northern 
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and southem hernispheres, but more subtle differences can be seen 
in climate event timing throughout the tropics. What we need is a 
method of elirninating these differences to allow us to make 
comparisons free of these annual timing effects. 

Let us look at two hypothetical climate stations. They are in a 
typicaJ Mediterranean climate-warm wet winters, hot dry 
summers. Northville could be somewhere in California. and 
Soulhville might be in Chile. The August rainfall in Southville is 
received in January in Northville. lf we plot these rainfalls in polar 
coordinates. we can readily see that to compare them we need to 
rotate them to a standard time. 

Monthly rainfalls for Northville and Southville. 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Northville 137 120 87 72 46 18 14 27 78 92 123 145 

Southville 18 14 27 78 92 123 145 137 120 87 72 46 
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How do we do this a utomatically? The answer is the 12-point 
Fourier transform. This is fortunately the simplest of all the possible 
Fourier transform algorithms. It is highly computationally efficient 
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and fast. In fact. it is the basis of nearly aJI fast Fourier transfonn 
aJgorithms that break Lhe problem down sequentiaJly into the 
simple 12-poinl case. It t.akes the 12 monthly values and converts 
them lo a series of sine and cosine functions. The one used in 
FloraMap has a modification to make il conserve the monlhly total 
values (Jones 1987). The equation produced is: 

6 

r = a0 + L:a; sin(ix)+ b;cos(ix) (2) 

i = l 

This can be rewritlen as a series of frequency veclors, each 
with an amplitude a, and a phase angle, 8

1
: 

e, =sin(;.) = cos( :'.] (3) 

If we subtract the first phase angle from aJl the other vectors in 
the set then we have produced a rigid rotation of the vectors. This is 
the rolation lhat we are seeking. It puts the max:imum of the firsl 
frequency al a phase angle of zero and places the rest in positions 
equivalent to their angular separalion in lhe original data. We then 
use the firsl phase angle for rainfall lo rolale the dala for 
temperature a nd diurnaJ lemperature range, and these variates are 
ngidly rolaled along with the rainfall. 

It is obvious how this a lgorithm works for climate records with 
unimodaJ rainfall. Climales could exisl that are ambivalent with 
respect to a first frequency rotalion. In practice, lhese are hardly 
ever met. the only serious case being where no rainfaJI occurs at aJI 
throughoul lhe year. 

This explanation works well for the tropics and aJmost 
everywhere as stated in lhc Release 1.0 FloraMap manual. There 
was a small chance of Lhe procedure going off the rails if an 
accession sel was fitted to a model in latitudes high enough to 
exhibil Medilerranean climales (as used in the example above). In 
the case when sorne of Lhe accessions fall in the winler rainfall 
areas and sorne in strongly summer rainfaJI (non-Mediterranean) 
areas, the resulting model could have a very poor fil. Because this is 
botanically unlikely. it probably has nol yel been observed in 
practice, aJthough the case has arisen when running an artificial 
test set across lhe Andes in Chile/ Argentina. 



72 FloraMap 

Dr lan Makin of the International Water Managernent lnstitute 
(IWMI) kindly gave us access to the IWMI World Water and Clirnale 
Atlas to rnake clirnate grtds to extend the range of FloraMap. We 
chose to try the grid for Europe because we have sorne potenlial 
users wanting to look at this area. The problern then arase. 
Ternperature is by far the dominant clirnate determínate in Western 
Europe. The rainfall patterns can be winter. surnrner, or 
indeterminate over relatively short distances . 

We therefore have lhe possibility of rotaling on rainfall or 
temperature. but when to decide which is the dominant? We tried 
rnany cornbinations of rules, but unfortunately carne to the 
conclusion that none were acceptable. They all resulted in a hard 
line across the rnap at sorne point where the rotation basis changed. 
This led to clirnates that should have been grading imperceptibly 
frorn one type to another suddenly jurnping ata discontinuity. and 
would have given the users serious problerns when fitting rnodels in 
these areas. 

The best solution found is to use BOTH the rainfall and the 
ternperature in calculating the rotation phase angle. Thus: 

The vector diagram of the first 
phases of rainfall (a) and 
temperature (a,) with the resultant 
vector (a) 

The resultant phase angle and amplitude are then: 

Y m= a, cos p, +a, cos p, 

x'" =a, sin p, +a, sin p, 
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Unfortunately, this does not completely solve the problem of 
fitting a model to climates with different weather determinants. 
However. the vast majority of climates in the world are either: 

( 1) Rainfall determined where temperature is notan important 
seasonal effect (large areas of the tropics and subtropics) . 

(2) Temperature determined where rainfall is even throughout 
the year (most of the rest of the tropics and sorne tempera te 
climates). or 

(3) Rainfall and temperature determined when the two variates 
are highly correlated (summer rains - most of the rest of the 
world). 

The Odd Man Ou t is: 

(4) Winter rains and hot dry summers (almost only 
Mediterranean climates). 

Luckily, the Mediterranean clima tes are at moderately high 
latitudes and we can afford to have the rotation dominated by 
temperature without losing generality in the rotations and 
comparisons. We therefore need to increase the weighting for the 
temperature vector smoothly as we approach the Mediterranean 
cUmates (in order to avoid a sudden swing). 

The following weightings were found to work well: 
p = rainfall mm 
t = temperature x 2 x abs(latitude} 

8 
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There is a potenlial trap when the two vectors almost cancel 
each other. This could result in wild swings of the rotalion angle for 
small changes in the rainfall and temperature vectors. Thls becomes 
more likely as the s ituation passes from that in A (above) to B and 
beyond. The dashed arrows are the rotalion vectors as before. but 
calculatcd on the weighted rainfall and temperature vectors. 

Where the rotalion vector is the vector sum r + t, the counter­
diagonal vector is the difference r - t . It can be rcadily secn that the 
dangerous areas will be when r - t is much greater lhan r + t. We 
can lherefore use a handy index of stability. s. 

s = arctan(t=BJ ir+ ti 
This will be zcro for stablc states where lhc rotalion angle is 

dominated by ra.infall. by temperature. or by both acting in concert. 
lt will approach rr./2 as the vectors tend towards cancelling their 
efTects. Because wc can map this indcx we can check for arcas 
where this indeterminate rotation might occur. Arcas of relatively 
high s (potential instability) occur on the USA Pacifk Coast. in 
Chile. northeastem Brazil. Sri Lanka. and through sorne arcas of 
Centra l Africa. However. in no area does lhe index reach 80 degrees. 
Allhough this appears high, the phase angles are rolated correctly 
and in fact lhere is little chance of a spurious rotal ion. 

If you a re uncf'rtain of t he model fils when including 
accessions from these areas. please use the Clima leOiagram tool lo 
invesligate the situation. In the case of high precision grids. U1ere 
may be thc occasional pixel that rotates in an odd way and we will 
review this possibility when we create the new grids. However. for 
the present FloraMap grids there will be no problem. 

To savc computing time. the whole climatc surface is rotated 
according to U1ese rules and a ll operations in FloraMap a re clone in 
lhc rotatcd phase space. 

1he only exception to this is when the user requests a climaLe 
diagramjor an accession point or a climai.e surjace poinL 
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The Model Calculations 

Once we have rotated each record in the calibration set we are ready 
to cons truct the probability model. The dala we are dealing with has 
36 climate variates. If we used aii of these in the form in which they 
are presented we wou ld have the problem of constructing the 
probability model in 36-dimensioned space. Although not loo 
difficult for a modem computer , this does present problems for the 
user when trying to visualize what is happening. The other 
consideration is that all of the climate variables can be Wghly 
correla led. making the probability model even harder to 
understand. A way around this problem is to use a principal 
components analysis (PCA). A PCA constructs sets of linear 
combinations of variates so as to maximize the variance in each 
from the original data. These linear combinations have another 
highly useful aspect. They are orthogonal to each other. completely 
uncorrelated , and so can be handled separately or in sets without 
unexpected interactions. 

The operation can be illustrated in two dimensions as follows. 
The figure below shows a scatterplot of two variates x and y. quite 
Wghly correla ted and therefore not at all independent. For any 
change in x we would expect a change in y . However , we can fmd 
two new axes, a and ~. such that they are not correlated, and that 
the variance accounted for in the first of the new axes is maximized. 
Note that a is not the regression line of y on x and hence goes 
straight through the group of points. 

y 

• 
o +-- ---....---..---.---,....--..., 

o 2 3 4 5 

X 
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In this case. a = 0.454x + 0.891 y and b = 0.891x- 0.454y. 
These new axes are orlhogonal and uncorrelated. Movement along 
lhe a axis does not imply any movement at a ll along the b axis. The 
component a accounts for 95.6% of the original variance, b merely 
4.4%. The trick to this linear transform is to calculate the 
eigenvalues and eigenvectors of the variance-covariance matrix of 
the system of variates. In FloraMap's case. this is a 36 x 36 matrix 
of climate variates. 

In matrix notation we need to find a mat.rix Q and a diagonal 
matrix !\ such that: 

Q 1AQ =diagA=A 

where A is our variance-covariance matrix. 

(4) 

The matrix A, composed of the elements A.. is the diagonal 
matrix of the eigenvalues. which in our case hold the variance of the 
eigenvectors. The matrix Q is a symmetric matrix, which holds the 
eigenvectors as both rows and columns. The eigenvectors have two 
highly useful properties. one of which has been mentioned above­
they are linearly independent of each other. The second useful 
property is that an eigenvector multiplied by any scalar is still an 
eigenvector. 

The variance-covariance matrix does not have to be full rank 
for this operation. FloraMap will fit to as few as three calibraUon 
points. However. with accession sets of less than 15 points the 
results may not be reliable. 

PCA can be performed on the sums of squares and cross 
products (SSCP) matrix. the variance-covariance matrix. or on the 
correlaUon matrix of a group of variates. In FloraMap, we use the 
variance-covariance matrix by slandardiZing the variates before we 
calculate the SSCP. But. we differ from many standard analyses in 
that our data has a structure that we want to preserve rather lhan 
standardize completely. The data are actually three groups of 
12 values for different clirnate variables-rainfall. temperalure, and 
diurna! temperature range. We want to conserve this difference to 
allow the user to apply weight across lhe board for the clirnate 
variables, for example. increasing the importance of rainfall over 
that of temperature. In addition. the information across the 
12 monthly values is of criUcal interest and we do not wish lo 
slandardize it away. We therefore standardize all rainfall values by 
the common variance for rainfall and so forth. 
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~ At the time of writing. we standa.rdize each monthly variate t:o 
zero mean. We are looking into the possibility oj gíving the 
option to standardize using only the group mean as well. This 
will give a more cri.tícalfit to e.ffects throughout the year, but at 
present, unwanLed effects translale through into the 
component values when the weights are changed. 

Once we have found the A and Q , we can describe the system 
of climate variates in terms of the principal components and their 
variances (eigenvectors and eigenvalues). We can choose a subset of 
Lhe components (because the eigenvectors are independent). and we 
can scale them individually (because multiplying or dividing by a 
constant does not change the eigenvector's properties). This last 
point is important because this is ex:actly what we want to do to 
calculate the probabilities. 

Probability Calculations 

The normal probability density function for a single variate is given 
by: 

1 2/ z = e-t 2 

J2n (5) 

From the integral of this function we can estimate the 
probability of observing a point drawn from this population. 
Traditionally, we look at the probability that a point might lie 
further from the origin than the point in question. We also usually 
estimate the distributlon pararneters from the sarnple that we are 
investigating. Because of this, we use other statistics such as 
student's t to estimate the probability. 

~ In FtoraMap, we make a simpU.fying assumption that the 
accessions calibration set will contain su.ffi.cient points so that 
estimating .from the sample will be equívalent t:o knowing the 
population parameters. This wUl not be true jor small 
caUbration sets. and so the probabilities calculated will not be 
strictly accurate. However, provided the user recognizes this. 
the probabilities can still be used as a mapping index. 
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For multiple dimensions with n independent (orthogonal) 
variates. the probability density function becomes: 

z 
1 -(tl~ +t i+···{}) 

-==e 2 

-J2ii 
(6) 

The integral of this can be obtained by repeated inlegration. 
but specifying the integration bounds for each subscquent 
integration in terms of the previous funcUons is untidy and ledious. 
Here is an easíer way to look at it. We want the probability lhat any 
point in a dislribuUon falls within a radius of: 

The vol u me of a sphere of dimension n is: 

n¡-;; 
r vn 

(7) 

(8) 

Note that as n increases. the vol u me of the sphere lends to 
zero. Thus lhe probability integral constructed in space wilh large n 
will be counter-intuitively small. 

is: 
The volume of an infmitely thin shell of this sphere at radius r 

n-J !--;; nr vn . 
(9) 
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The derivative of the probability integral al this shell is: 

z {lO) 

Therefore the integral from Oto r is: 

(11) 

Tak:ing only lhe portion to the right of the integral sign, and 
dividing by the Umit as r passes to infinity from the left, we have. for 
even dimensions: 

Ji m Jr n-1 - 2 '2 -r( n) (n-2)'2 r e r - - 2 
r ~ oo 2 o 

e in (r• ' +(n - 2)r"~ +(n - 2Xn- 4)r-• · .r( ~ }1-'l") 
r(~}<"-2 ) 2 

p = l 

Faclorizing, this becomes: 

J 2 1 r + 
(n- 2) 2 1 

r + 
(n- 4) 2 1 

r + 
(n - 6) 

r2+ 1 
--------~----------r2 + 1 

(n- (n - 2)) 

(12) 

(1 3) 

(14) 
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And for odd dimensions. factorizing as we go: 

__0!:_ = .Ji· .fi · (3 Xs X7). .. (n - 2) 
r ~oo 2 

1 , 
--r-+ 1 
(n- 2) , 

1 r-+ 
(n - 4) , 

- r-+1 f[ ..fi.r l ..fi.rc'''l2 
p = er -

2
- - Jrr 

(n -6) , 
----~~------- r- + 1 
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7 

Probability integral in multiple dimensions: The probability of 
finding a point between the origin and radius r for N(O, l) 
populations in selected dimensions from 1 to 40. 

This is an important result. If we did not have this, we could 
nol maintain the correct Jevel of probability as we passed from one 
set of dimensions to another. This is elTectively what we do when we 
choose different sets of principal components. 



Divergent Probabilities 

Imagine a plane with rairúall varying from left to right and 
temperalure varying from fronl to back. 

Rainfall 

Theory 81 

The points al (A) experience a dry cool regime. while the points 
at (B) experience a wetter and wanner clima le. lf we suppose that 
all are accession points of the same s pecies. we would see no reason 
not lo lry lo fil a single probability model to them. If it happens that 
the gap between them is purely fortuitous and exists merely 
because nobody has collected there. we might be right in fitting a 
simple, s ingle model. On the other hand. if collectors have looked in 
the gap and found no accessions, then it would be wrong lo fil a 
single model. Individual collectors may know which case pertains 
but. unfortunately. negaUve results rarely pass to germplasm 
collecUons. There is no entry for ~¡ went lhere and did not fmd X", 
even though il is perhaps noted in the colleclor's field books. 

FloraMap can give no clear-cu t answers lo a problem Uke this. 
bul it can indicale lhal such a problem may be occuning. and we 
have included lools for the user to investigale such a possibility. 

A useful indicator is the probability map itself. lf the high 
probability areas consistently fall in areas wilh few accession 
points. while ma ny accession points fall in medium lo low 
proba bWty areas. then a problem of the above type may exist. This 
seemingly unlikely result is. remarkably. not al all uncommon. 

The figure bclow shows how it can occur. The two normal 
distributions are shown in lhe black and gray histograms. They are 
offset one from the other with just a little overlap in lhe rniddle. The 
bimodal line (A) is the su m of their normal distribution curves. It 
fils well lo lhe his logram data and shows clearly lhe dip in lhe 
middle of the distribution where lhere are few observations. If we 
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were to fit the total of the observations as if they were one 
continuous population. we would obtain the distribution curve (B). 
Note thal the peak of the probability density function in this case 
occurs where Ieast observations occur. Jt is a clear case of the 
meaningless mean. Try lelling someone with one hand in scalding 
water and the other in ice that the average temperalure is fine. Once 
he has treated rus bums and frostbite he will be unlikely lo thank 
you for your observation. 

Two normal populations as histograms, showing the sum of 
their two distribution curves (A), and the distribution curve 
fitted to the ful1 set of points (B). 

The reason for this type of problem may be of a single type or. 
more often, of a combination of many reasons. 

l. The species ex:isls in the indicated areas. bul has never been 
collected there. 

2. Geographic or ecological barriers have prevenled the spread of 
the species lo these regions. 

3. What was taken as a homogeneous group of gennplasm at the 
start of the analysis is actually showing diverse groups of 
adaptation to clima te, i.e .. ecotypic di1Terentiation. 

4. There has been inadequate dispersa! of recenlly emergent 
species. 

5. Thcre has been human inteiference. 
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In many siluaUons. the elucidation of the reasons will have an 
important impact on lhe study and uUlizaUon of the germplasm. 

A flrst check on the possibility of disconlinuous distribution in 
climate space is the scaltergram provided on the PCA window (see 
Chapler 3). This can view the accessions in any of the planes 
defmed by the principal components. Because the componenls are 
orthogonal. with each s lice of the component s pace you are getting a 
two-dimensional picture al right angles to al l the other components. 
(Do nol lry lo visualize where all the other right angles go lo. il may 
give you a headach e .) 

The variance accounted for by each component falls off fast as 
you go down the Ust. Thus the slice to look at ftrst is component 1 
vers us component 2. This often accounts for over three-quarters of 
all the variance. The Hrst component is often considered as a 'size' 
componen t. The 'size' of a climate is a slightly difficult concept to 
handle. bul by tha t we really mean a main trend component. Thal is 
to say, climates in one direction may be generally wetter and hotter, 
while those in the other direction are dryer and cooler . As you move 
down the components. they describe progressively more complicated 
and esoteric combinaUons of the data. However. it is somelimes 
possible to visualize the overall structure of a component down to 
the 4th or 5"' and to give it a descriptive meaning. Sometimes the 
concepts of 'shape' or 'ratio' of varia tes come to mind. After the 5'h. 
they can rarely be interpreted, but then the following components 
account for so little of lhe variance lhal lhey are usually 
d is regarded . 

Look at each scaltergram slice for any clustering or 
discontinuities in the data. lf obvious groupings occur. then this 
may support the evidence from a map s h owing the type of 
probability distribulion described above. At this point it is wise to 
look back at the dala a nd determine if any known genetic or 
morphological groupings occur within the accession sample that 
mighl explain the behavior of the model. FloraMap has a lool to 
assist with this analysis from the point of view of the clima le data. 

Cluster Analysis 

We have incorporaled various cluster melhods inlo FloraMap lo 
help develop a climate probability model that can cope with mulliple 
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populations. For further reading on cluster analysis we recommend 
Jain and Dubes ( 1988) for a much fuller treatment of the foUowing 
descriptions. Everitt (1 974) is an older treatment, but still very 
readable. Hartigan (1975) gives both a good practica! description of 
the techniques and the Fortran source code of sorne interesting 
applications. 

The methods we have incorporated are a small, but widely 
used, subset of clustering methods. They are single-link, complete­
link, group average, weighted group average, unweighted centroid, 
weighted centroid, and Ward's method. Jain and Dubes class a ll of 
these as SAHN (sequential. agglomerative. hierarchic, and 
nonoverlapping). They are sequential because the elements are 
operated on one at a time. as opposed to al! together. They are all 
agglomerative in that the clusters are built up stage by stage by 
adding members or by merging clusters. They are hierarchic, and a 
dendrogram tree can be constructed in a H of them that shows the 
relationship between clusters at each leve! of clustering and 
between levels. The resultant clusters do not overlap in the n space 
in which they are drawn (in our case 36 dimensions). The distance 
measure is always an euclidean distance calculated from the 
climate data after transformation and weighting. but before the 
PCA. An euclidean distance is calculated as the square root of a 
sum of squares. In one case. Ward's method , this is a squared 
euclidean distance; we do not take the square root. 

A further set of acronyms can be applied to sorne of the 
methods (see Jain and Dubes). The core of the acronyms, PGM. 
stands for paired group methods. the prenxes U and W for 
unweighted and weighted. and the sufflxes A and C for arlthmetic 
mean and centroid. Thus the group average method is often known 
as UPGMA, the weighted group average as WPGMA, the unweighted 
centroid as UPGMC, and the weighted centroid as WPGMC. These 
nomenclatures are sufficiently widely used to warrant inclusion in 
the method names tn the cluster analysis window. 

Lance and Williams ( 1967) suggested that a generalized 
formula for the distance matrix updating could cover the most 
common SAHN clustering method. Following Jain and Dubes for 
clusters k, r, and s this is: 

d lk. (r. s) ] = a ,d[k, r] + a.d(k, s] + ~dlr, s] +y 1 d[k, rl - d[k, s]l (1 7) 
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Where d [) is lhe distance function. and d(k, (r, s)] is the 
dist.ance from the newly fonned cluster (r. s) and the existing cluster 
k, which has nk members. 

The following table shows the coefficients of the distance 
measures as used in the implementation in FloraMap, where n, is 
the number of points in cluster r . n •• in cluster s, and nk in k. 

Coefficient values for sequential, agglomerative, hierarchic, and 
nonoverlapping (SAHN) matrix updating algorlthms (after Jain 
and Dubes 1988). 

Clustering method a , a . ~ y 

Single-link l/2 1/2 o - l/2 

Complete-link 1/2 1/2 o 1/2 

UPGMA n, ns 
(group average) 

n, +ns n, +ns 
o o 

WPGMA 
(weighled average) 1/2 l/2 o o 

UPGMC n,. ns -n n r s 
(unweighted centroid) 

n,. +ns 2 o 
n,. +ns ( n,. + ns) 

WPGMC 
(weighted cenlroid) 1/2 l/2 -1/4 o 
Ward's melhod n, +nk n, + nk -n* 
(minimum variance) 

n, + ns + nk n, +ns +nk n, +ns + nk 
o 

The s ingle-link method is closely relaled to lhe minimum 
spanning tree of graph lheory. The same dendrogram may be 
generated from an agglomerative single-link algorithm or by 
progressively removing lhe Jargest link from the spanning tree. The 
cluslers lherefore depend entirely on the distance between 
individual points and not on the properties of the emergent clusters. 
In pracUce. lhe melhod is fast and useful for pulling out many small 
clusters from a population where highly local cluslering is expecled. 
Il has one characteristic that can be viewed as a strength. ora 
weakness. depending on the applicaUon. 
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Given the set of points below we may wish to draw atlenUon to 
the two obvious clusters. (A) and (B}. 

B 
• • 

• 

• 
A • 

However, another clear grouping occurs that may have a 
physical meaning. 

• • 
• • 
• • • • 

• 
• 

X 
y 

• • • 

• • • 
• • 

• • 
• 

1 
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The group of points joined by lhe line X to Ymight well be a 
transect amid many random points. Occasions could occur when 
the ability to separate oul these data might be important. The 
s ingle-link algorithm is ideal for this type of cluster . although it 
often fails on lhe more common on es. Jt tends to build clusters by 
adding on individual members, and produces dendrograms whose 
ch aracteristic shape s how lhis. It can be frustrating if you are 
looking for distinct clusters. 

In sorne cases. lhe "Add-One-On" is a very useful too l. lf we 
look at the last members incorporated in the full 
dendrogram they are almost always in lhe "Add-One­
On" form. This means lhat they are the points having 
lhe greatest distance to their n earest neighbors. 
These are what we would commonly call 
outliers. It is a good bet lhat they are either 
points with location errors in their 
passports, or they a re interesting 
accessions from rare environments (see 
TUTORIAL section, p 3 1). Thc dreadcd "Add-Onc-On" dcndrogram. 

Most of the other methods that we ha ve implemented are 
attempts to produce more compact clusters and avoid the dreaded 
"Add-One-On" dendrogram. 

The complete-link m ethod avoids this problem by measuring to 
the furthest members of two clusters to be joined. 

---------

Single-link 
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The average methods are attempts to achieve the best 
characteristics of the lwo above, and use the arithmetic average of 
the lwo lines (dashed and solid) in lhe above diagram. UPGMA and 
WPGMA differ in lhal the unweighted option lakes account of all the 
individuals in a cluster: lhe weighted method weights each cluster 
the same regardless of lhe number of individuals. Bolh UPGMA and 
WPGMA perform reasonably well with compact clusters, but can in 
sorne circumstances pick out clusters wilh odd shapes. This gives 
lhem an advantage over UPGMC and WPGMC. but the user needs to 
view the data carefully lo ascertain if the clusters are real. A 
geometric representation cannot be given to the average melhods, 
as lhere is no locality in lhe averaged dislance. 

UPGMC and WPGMC do. however, have a graphic 
representation. This can be used to illustrale an unfortunate 
consequence of the methods. as can be seen from the diagram 
below. 

S 

k r 

Crossover on lhc 
dendrogram 

S k 

Here the clusters r and s ha ve been joined to forma new 
cluster (r. s) with its centroid at c. The lines r, k. and s, k are longer 
lhan lhe line r, s and so lhe cluster (r. s) is formed prior to 
consideration of k. However, when cluster k is joined to the cenlroid 
of (r. s) lhe line c. k is shorler than the line (r. s). This means that 
the clusters are not formed in a monotonic scale and the 
dendrogram reflects lhis in having crossovers where it occurs as in 
the diagram to lhe right. above. 

Although the dendrograms produced by UPGMC and WPGMC 
algorithms are diillcult to interpret beca use of this effect, the 
methods usually produce compact, well-formed clusters. If lhe 

~ 
1 

j 
1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 



Theory 89 

poinls are complelely random, about 13% of cluster joins produce 
crossovcrs. 

Ward's method produces the most compacl cluslers and lhe 
cleanest-look.ing dendrogram. This procedure attempts to minimize 
lhe variance wilhin clusters and maxirnize lhal belween cluster 
distances. 

Care must be taken when interpreting any of lhe above 
methods. The compact clustering methods can produce compact 
clusters from completely random data, whereas the single-link 
algorilhm is more likely to produce an ~Add-One-On" dendrogram. 
Every chance should be taken to study the distribution of the data 
points. The PCA scattergram is one opportunity for doing this. 

The following diagram shows sorne possible conflgurations and 
indicates which cluster techniques might produce the best results . 

A 

. 
® . . . . 

e 

Only lhe single-link algorithm will find the cluslers in (A). lf 
they are really definite. with a gap between them at least as wide as 
the largesl single link wilhin them, the complexity of the cluster 
shape will nol matter too much. In the case of lhis demonstration 
distribution. the dendrogram would probably look like two or more 
linked ~Add-One-On" cascarles. 

To the naked eye, there appear to be two elongated elliptical 
cluslers in example (B) (see the hand-drawn salid curves). Compact 
clustering algorithms üke Ward's and the centroid methods will 
probably define the four clusters denoted by dashed ellipses. 
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The single-link and lhe Group average melhods are more likely to 
fmd the elongated clusters. If the data were rescaled to tighten up 
the clusters. then lhe compact clustering methods would work well. 

Dense spherical clusters in a background of random points, 
example (C), are best found by Ward's melhod. Great care must be 
taken to insure that lhe clusters produced are real and not an 
artifact of a random point distribution. 



Bibliography 

Camahan B: Luther HA: Wilkes JO. 1969. Applied numerical 
methods. John Wiley. NY. 604 p. 

Cooley WW: Lohnes PR. 1971. Multivartate dala analysis. John 
Wiley. NY. 364 p. 

Daly C: Taylor G. 1998. Annual maximum, minimum, and mean 
temperatures of the coterminous United States, 1961 - 1990. 
Water and Climate Center of the Natural Resources 
ConservaUon Service, April 1998. 12 GIS grids, GRASS format. 
Portland, OR. 

Daly C: Taylor G. 1998. United States average monthly 
precipitation, 1961-1990. Water and Climate Center of the 
Natural Resources Con servation Service. April 1998. 12 GIS 
grtds. GRASS format. Portland. OR. 

Digby P: Galwey N: Lane P. 1989. Genstat 5. A second course. 
Clarendon Press, UK. 233 p. 

Everitt B. 1974. Cluster analysis. Reviews of current research, 
no. ll. Social Science Research Council. Heinemann, UK. 
122 p. 

Hartigan JA. 1975. Clustering algortthms. John Wiley. NY. 351 p. 

Hutchinson MF. 1997. ANUSPLIN Version 3.2 Users guide. The 
Aus tralian National University. Centre for Resource and 
Environmental Studies, Canberra. 39 p. 

Jain AK: Dubes RC. 1988. Algortthms for clustering data. Prentice 
Hall, NJ. 320 p. 

Jones PG. 1987. Current availability and deficiencies data relevant 
to agroecological s tudies in the geogra phical area covered in 
lARCS. In: Bunting AH, ed. Agricultural environments: 
characterization, classifi.cation and mapping. CAB 
Intemational, UK. p 69-82. 



92 FloraMap 

Jones PG. 1991. The CIAT climate database version 3.41. Machine 
readable dataset. Centro Internacional de Agiicultura Tropical 
(ClAT) , Cali, Colombia. 

Jones PG. 1996. Cllmate database for Haiti. Machine readable 
dataset. Centro Internacional de Agricultura Tropical (CIAT), 
Cali, Colombia. 

Jones PG; Thornton PK. 1993. A rainfall generator for agricultura! 
applications in the tropics. Aglic. For. Meteoro!. 63:1 - 19. 

Jones PG; Thornton PK. 1997. Spatial and temporal variabili ty of 
rainfall related to a third order Markov model. Agric. For. 
Meteoro!. 86:127- 138. 

Jones PG: Galwey N; Beebe SE: Tohrne J. 1997. The use of 
geographical information systems in biodiversity exploration 
and conservation. Biodivers. Conserv. 6:947-958. 

Jones PG; Rebgetz R; Maas BL; Kerrtdge PC. 1996. Genetic diversity 
in Stylosanthes species: a GIS mapping approach. Paper and 
poster presented at the First International Symposium on 
Tropical Savannas. 24-29 March, Brasilia, Brazil. 14 p. 
Typesclipt copies available from CIAT. Cali, Colombia. 

Lance GN; Williams WT. 1967. A general theory of classificalory 
sorting strategies: 11. Clustering algorithms. Comput.er J. 
10:271-277. 

Morlison DF. 1967. Multivariate statistical methods. McGraw-HW 
Series in Probabihty and Statistics. McGraw-HW, NY. 338 p. 

NOAA (National Oceanographic and Atmospheric Administration) . 
1984. TGP0006 D. Computer compatible tape. Boulder, CO. 

Press WH; Flannery BP: Teukolsky SA: Vetterling WT. 1986. 
Numerical recipes: the art of scientific computing. Cambridge 
University Press, UK. 818 p. 

1 

1 

1 

1 
1 

1 



Appendix A 

FloraMap File Types 

ACP.mes are accession point files composed as space-delimited 
ASCII files with column headings. They are the ASCII equivalent of 
the DBF accession polnt ftles. FloraMa p can read them dlrectly. 

DBF mes are used for various types of file associated with a map 
coverage. They can contain accession points data, climate data, or 
information about polygons in the shapefiles. 

MAP mes are FloraMap files that contain the informatlon to 
associate DBF files, accession points mes. and sh apefiles in a map 
coverage. A MAP file contains references to Lhe severa! map layers 
combined together to represent a ma p. FloraMap wilJ construct a 
set of all the files necessary for the map and name them following 
the name you give to Lhe MAP file. lt also contains the visual 
attributes for every !ayer such as colors, font sizes, et cetera. 

SHP files are sh apefiles Lhat delineate point. line, or polygon data. 
They are also compa tible with ArcView. 

SHX m es are specialized index files that give meaning to Lhe 
sha pefiles. 

TXT m es are produced when a report file is saved. These are ASCII 
space-delimited data files. 

An ESRI shapem e consists of a main file. an index file, anda dBASE 
table . The main file is a direct access, variable-record-length ftle in 
which each record describes a shape with a list of its vertices. In the 
index file. each record contains the offset of the corresponding main 
file record from the beginrung of Lhe main file. The dBASE table 
contains feature attributes with one record per feature. The one-to­
one relatlonshlp between geometry and attributes is based on 
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record number. Attribute records in the dBASE file must be in the 
same order as records in the main file. 

Example 

Main file: 

lndex fUe: 

counties.shp 

counties.shx 

dBASE table: counties.dbf 

The three flles above describe a map Jayer. 

Creating Accession Points Files 

Accession points flles can be constructed as ACP or DBF files. They 
must contain at least two columns with the heading latitude 
longitude. No other data columns are absolutely necessary. 

latiLud e longitude 

5 . 6 -76 . 3 

4 . 3 -74 . 3 
10 . 4 -13 . 0 

Thls is a minima l ACP 
file with four 
accession poinls. 

If yo u present FloraMap with a fUe like this. without a column 
for elevation. then the analysis will work using the elevation taken 
from the Clima te Da tabase grid, even if you ha ve specified correct 
temperature in the configuration window. To allow for correcting the 
temperature by elevation you must provide a column to hold the 
elevation data. You can also add as many columns of other data as 
you wish . They will be read in with the accession points and kept as 
identification with the accession points throughout the analysis. 

la::itude longitude elevation id info 
You can add as many 

5 . 6 -76 . 3 1200 l X 

4 . 3 -74 . 3 600 2 V 
columns as you llke 

10.4 - 73 . o 200 3 bbb as long as lhey are 

-20 . 3 -44 . 3 120 4 uuvv complete. 

If you have data columns that are not complete for all 
accessions then you cannot use this s pace-delimited format. You 
should prepare the file in a comma-delimlted format allowing for the 
missing values. Thus: 



LATITUDE , longitude , elevation , id, info 
5 . 6 , -76 . 3 , 1200 , 1 , X 

4 . 3 , -74 . 3 , , 2 , V 

10 .4, -73 . 0 , 200 , 3 , bb 
- 20 . 3, -44 . 3 , 120 , 4, uuvv 
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The elevauon for 
poinl 2 now has a 
missing vaJue for 
eleva Uon. 

FloraMap cannot read this comma-delimited file. Read it in to 
your spreadsheet program. ch eck that the formatting is corred, and 
save itas a dBASE 4 file. with file extension .dbf. 

E18 

A 
LATITUDE longitude elevation 

5.6 -76.3 
4.3 -74.3 

10.4 -73 200 
-20.3 -44.3 120 

X 

2v 
3 bb 
4 uuw 
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default 
configuraUon 42 
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directory 
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UPGMA 
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data 81 
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euclidean distance 29 
m en u 
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process indicator 40 
pull-down menus 41-45 

calculation 41 
map 4 1 
settings 42 
view 42 
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rainfall 

data 22. 53. 62. 69-74 
variates 27. 76 
weights/weighting 28 

raw data 46 
report 

file 46. 93 
model 

icon 46 
road coverage 15 
rotation. See date 

standardization 

S 
SAHN 84 
save 

clu s ter 66 
cluster proba bili ty layers 35 
!ayer 40, 56 
!ayer !con 35 
map 40 
map icon 54-55 

scaled transformed variates 67 
scattergram 64. 89 

change 42, 63. 67 
control bars 6 1 
print 47 

select 
area 42 
cluster 32. 66 
components 24, 34. 46 
transformation 22 

service icons 39, 40 
setungs 

pull-down menu 42 
s ha peflle 8. 9, 55. 57. 58. 93 
SHP file 93 
SHX llle 93 
single-link analysis 30 
size 

pixel 69 
small menu 40 
space-delimited formal 94 
sp line. See laplacian spline 
spreadsheet 

data 34. 50 
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flle 5 1 
program 51. 67 

square root transformatlon 
23, 63 

SSCP matrix 76 
s tandard deviation 16. 64 
store !ayer 57 
student's t 77 
subsettlng 

data 50. 65 
sums of square and cross 

products. See SSCP 
surface 

climale 74 
probability 4 1 

T 
temperature 

correcting 19. 44. 94 
data 53, 69 
diumal range 71 
estima te 19 
lapse rate correction 19 
variates 76 
weighls/weighting 27 

TGP0006 68 
UUe bar 39. 6 1 
topographic discontinuity 18 
trans formation 

common 23 
control 62 
expon ential 22 
natural logarithm 22 
selecting 22 
square root 23, 63 

transformed data 46 
1XT file 93 

u 
unweighted centroid method. 

See UPGMC 
UPGMA 84-89 
UPGMC 84-89 

V 
variance control lever 24. 63 
variance-covartance matrix 76 
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varia tes 
climate 63. 75. 76 
nonnal 62 
rainfal l 27. 76 
temperatu re 76 

view 
dataset 7, 40. 67 

visibility icon 58 

w 
Ward's method. See analysis and 

cluster 
weigh ted centroid method. 

SeeWPGMC 
weighted group average. 

SeeWPGMA 
weighls/weighting 7. 27-29. 73. 
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change 27. 51. 77 
control 63 
rainfall 28 
temperature 27 

window 

after-transfonnation 63 
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cluster select 66 
confíguration 42 
lnformation 40 
layers 9. 39. 43 
layers control 48, 67 
map 39-40, 49 
method-select 66 
PCA 16. 22. 39. 61-64 
zoom 62 

working d ireclory 6. 45. 57 
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z 
zoom 

icons 47 
window 62 
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zoom-out icon 48 


