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1 Prefa
eThis is the manual for psimpoll and ps
omb, 
omputer programs for theprodu
tion of diagrams displaying pollen and other stratigraphi
al data to astandard a

eptable as 
amera-ready 
opy for publi
ation, with all the featuresthat would be expe
ted in a hand-drawn diagram. It assumes only that youhave a

ess to a 
omputer (whi
h may be of any make or operating system),you are basi
ally familiar with the pro
ess of manipulating �les with a texteditor, you have a

ess to an output devi
e with a PostS
ript interpreter, andyou have some data that you wish to plot.This manual des
ribes psimpoll 4.25 and ps
omb 1.03. Development ofpsimpoll from earlier versions has been as follows, in summary:4.25 Addition of lo
al regression �tting for age-depth models;4.10 Addition of fa
ility to handle 
alibrated radio
arbon ages;3.10 Addition of 
orresponden
e analysis;3.00 Introdu
tion of 
olour.10 November 2003K.D. BennettPalaeobiologyGeo
entrum, Uppsala UniversityVillavägen 16SE-752 36 UppsalaSwedenfax: + 46 18 55 5920e-mail: Keith.Bennett�geo.uu.seAnonymous ftp1WWW2

1See URL ftp://ftp.kv.geo.uu.se2See URL http://www.kv.geo.uu.se/ 8



2 A
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hanges from early days as aFORTRAN program on an IBM mainframe, through a phase in Qui
kBASICon IBM PCs and DOS, and now available on any operating system with anANSI C 
ompiler. Over this time, it has gradually a
quired the featuresne
essary to display the 
omplex range of forms of pollen diagrams, and themeans to analyse data and display results 
onveniently and routinely. I amextremely grateful to friends and 
olleagues who have assisted in this pro
essby making suggestions for improvements, and tolerating bugs andidiosyn
rasies. I thank Steve Boreham, Jane Bunting, Alex Chepstow-Lusty,Petra Day, Julie Fossitt, Jani
e Fuller, Simon Haberle, Susie Lumley, JimRit
hie, Helen Roe, Rebe

a Teed, Chronis Tzedakis, and Kathy Willis forhelp with the program, Roger Humphry for help with rate-of-
hange analyses,and Tom Kelly for advi
e on programming in C and the mysteries of UNIX.John Birks �rst introdu
ed me to the analysis and plotting of pollen data by
omputers, and Lou Maher has been a 
ontinual sour
e of help, advi
e, anden
ouragement for many years. I am deeply indebted to both. If there is anymerit in psimpoll and ps
omb, all of these people should share the 
redit,but I take responsibility for all the errors and de�
ien
ies. I also a
knowledgethe 
ontribution of journal reviewers and editors who have generated theendless variety of bizarre requirements for the format of diagrams that serve tomake a programmer's life unne
essarily di�
ult. If only it were possible toplease all of them all of the time.31 August 1995K.D. BennettPalaeobiologyUppsala UniversityVillavägen 16S-752 36 UppsalaSwedenfax: + 46 18 55 5920e-mail: Keith.Bennett�geo.uu.seAnonymous ftp3WWW4
3See URL ftp://ftp.kv.geo.uu.se4See URL http://www.kv.geo.uu.se/ 9



3 Dis
laimerNo portion of these programs or manual may be used or reprodu
ed for use bya 
ommer
ial fa
ility without the express written 
onsent of the author. Theauthor makes no warranty, express or implied, nor assumes any legal liabilityor responsibility for the usefulness of any portion of the programs. This
opyright message and dis
laimer must a

ompany any reprodu
ed portion ofthese programs.Helveti
a, New Century S
hoolbook, Palatino, and Times are registeredtrademarks of Allied Corporation.IBM and PS/2 are registered trademarks of International Business Ma
hinesCorporation.ITC Avant Garde and ITC Bookman are registered trademarks ofInternational Typefa
e Corporation.Lotus is a registered trademark of Lotus Development Corporation.LaserWriter and Ma
intosh are registered trademarks of Apple ComputerIn
orporated.PostS
ript is a registered trademark of Adobe Systems In
orporated.Open Desktop and SCO are registered trademarks of The Santa CruzOperation, In
. Open Server is a trademark of The Santa Cruz Operation, In
.Symante
 and THINK C are trademarks of the Symante
 Corporation.Turbo C is a registered trademark of Borland International In
orporatedUNIX is a registered trademark of AT&T Information Systems.WordStar is a registered trademark of Mi
roPro International Corporation.
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4 Introdu
tion4.1 Contents� Ba
kground (p. 11)� Implementation (p. 13)� Installation (p. 14)� Colour (p. 15)4.2 Ba
kgroundpsimpoll 4.25 and ps
omb 1.03 are ANSI C programs that translate pollenand other stratigraphi
al data into PostS
ript page des
ription �les that 
anbe `printed' on a devi
e with a Post
ript interpreter to produ
e a pollen orother stratigraphi
al diagram. The aims of these programs are to:� produ
e pollen diagrams of publishable quality;� enable the transmission of pollen diagrams on ele
troni
 media(diskettes, e-mail);� fa
ilitate the use of numeri
al, multivariate analyses of pollen data bylinking su
h analyses to the produ
tion of diagrammati
 output as amatter of routine;� be highly portable, independent of any parti
ular hardware.Most pollen analysts today have a

ess to 
omputer fa
ilities for 
arrying out,at least, basi
 
al
ulations on their raw data and plotting pollen diagrams.Traditional requirements for the presentation of pollen data in graphi
al formmake it di�
ult to use 
ommer
ial graphi
s pa
kages for the purpose, andmost pollen analysts use software written spe
ially for this use. For example,in the 1970s John Birks and Brian Huntley developed POLLDATA for
al
ulation and graphi
al presentation of pollen data on the Cambridge IBMmainframe. This program was su

essfully transferred to other mainframes,and now has a PC version. More re
ently, a number of programs for PCs,notably TILIA and TILIAGRAPH (Grimm 1992) have 
ome into general usein many pollen labs around the world (Davis 1993). I have seen and usedseveral su
h programs (all my Ph.D. thesis work was done with POLLDATA)but over the last few years all my pollen data-
run
hing and plotting has beendone with software that I have written myself: psimpoll and ps
omb are thelatest manifestations of that.Commer
ial graphi
s pa
kages 
annot be used easily to plot pollen diagrams,but spreadsheets are well-suited to making 
al
ulations from raw pollen data.There is little to be gained from writing software for this aspe
t of pollendata-handling, and psimpoll provides none. The most in
onvenient part of11



routine data-handling is the highly subje
tive pro
ess of 
onstru
ting a pollensum and 
al
ulating proportions from it. The pro
ess requires de
isions aboutea
h taxon (in the main sum, or not), and for the entire dataset to be present(for the 
onstru
tion of the sum). Spreadsheets provide a 
onvenient way forthe analyst to do both. Results 
an be exported as a text �le that may thenbe read by a plotting program dire
tly, or after modi�
ation by a suitable texteditor. psimpoll provides the �rst of two steps ne
essary to plot results: itreads in 
al
ulated pollen and an
illary data, annotated to indi
ate data type(per
entages, 
on
entrations, et
), performs 
ertain non-routine analyses, andwrites a PostS
ript page des
ription �le, 
ontaining the information needed fora PostS
ript interpreter to produ
e the pollen diagram. The se
ond step is thepassing of that �le to the interpreter.psimpoll reads data from up to four �les supplied by the user, and mayprodu
e up to nine output �les, in
luding a 
on�guration �le that saves the
urrent setup for use with subsequent runs. All these �les (input and output)are plain text and are readable and modi�able by text editors. The user'sinput �les 
onsist of the main input �le (essential), and up to three optionalasso
iated �les with data on lo
ation of zones, radio
arbon ages, and sedimentstratigraphy, using the notation of Troels-Smith (1955). psimpoll looks forasso
iated �les from default or provided �le names, uses them if they arepresent, and 
arries on without if they are not.The format of output 
an be altered by options introdu
ed within the maininput �le, and by options sele
ted from a menu when psimpoll is run. Withinthe main input �le, a two-
hara
ter 
ode identi�es the data (e.g., pollenper
entages, 
on
entrations et
), all presented by depth, age, or samplenumbers (e.g., for a surfa
e sample dataset). Suitable editing of the datasetenables the user to mark parti
ular samples, pollen types, or individual datavalues to be ignored, plot di�erent pollen types at di�erent s
ales, mark
ertain `types' as 
har
oal, rarefa
tion data, rate-of-
hange data, or to enablepsimpoll to re
ognize a sequen
e of data for a summary diagram. psimpoll
an also 
arry out rarefa
tion analysis, zonation, prin
ipal 
omponentsanalysis, independent splitting of taxa, rate-of-
hange analyses, and basi
statisti
al des
ription on suitable datasets. All diagram labelling 
an bemodi�ed, and all 
hara
ters from European languages with Roman s
ript, plusGreek, are available. Thus, although psimpoll runs in English, output 
an betailored for other languages.psimpoll will either run a dataset immediately using default options, or theuser 
an 
hange the defaults through a menu. Any 
hanges 
an be saved forreuse in a 
on�guration �le. PostS
ript output is written to a �le by default,but 
an be dire
ted straight to a printer with PostS
ript interpreter. Outputin
ludes sediment stratigraphy, pollen zones, and radio
arbon dates if thene
essary asso
iated �les were present when psimpoll was run.psimpoll 
an handle only one input dataset at a time. It is obviously desirableto be able to 
ombine data from di�erent datasets (sites) to produ
e 
ombinedplots. This fa
ility is provided by ps
omb (pronoun
ed to rhyme with `tome',but `s
um' will also do). ps
omb reads data from PostS
ript �les previouslywritten by psimpoll, enables sele
tion of parti
ular pollen types or other12



output (e.g., depth axes, zonation, radio
arbon, or sediment 
olumns), and
ombines them into a single output �le. ps
omb thus allows the simultaneouspresentation on a 
ommon axis of taxa from many di�erent datasets.psimpoll is a straightforward plotting program. It works reasonably well, andhas most features that a pollen analyst will want. It exists be
ause I havefound that it suits me to have available a program that I 
an tinker with:adding, modifying, and deleting features as ne
essary. I do not have the timeto ensure that the program is 
ompletely bug-free, user-friendly, ordo
umented to the standard that would be required for a marketable produ
t.I �x problems as they o

ur, or when a 
olleague 
omplains loudly enough. It
opes with the kind of data generated in our group, but I have made no e�ortto in
lude features that might be found useful by others.psimpoll and ps
omb are not guaranteed bug- or idiot-proof. I believe theywork for all reasonable input, but I have not had a 
han
e to 
he
k out allpossible 
ombinations of options. There is a degree of error 
he
king, but it isup to users to get their datasets in order. Please notify me about examples ofunsatisfa
tory output so I 
an prevent the same problem o

urring in thefuture.4.3 Implementationpsimpoll and ps
omb have been installed on PCs with pro
essors from 8086,80286, 80386, 80486, and Pentium families, running under DOS, Windows 3.1,Windows 95, Windows 98, Windows NT, and Windows 2000, and under SCOUNIX, Linux, Sun and Sili
on Graphi
s, and on Apple Ma
 Plus, Ma
 LCII,Performa and iMa
.Pollen data is normally 
olle
ted by a Psion Organiser (Bennett 1990) andtransferred to a 
omputer. On PCs, the data may be manipulated usingMi
rosoft Ex
el or Lotus 123 (or other spreadsheet), and text �les suitable forinput to psimpoll produ
ed with a text editor. A DOS bat
h �le is availablethat enables the running of psimpoll sequentially with ea
h of up to nine �les,from any part of the �le system (i.e., not ne
essarily in the same dire
tory asthe program). The 
ommand is pp, and it 
an (optionally) be followed by alist of up to 9 �lenames on the same line (pp filename1 filename2 et
).On Ma
intosh 
omputers, psimpoll should be installed within a `psimpoll'folder, and data �les should be pla
ed in the same folder. I have not yet�gured out Ma
 folder and �lename 
onventions to the extent of being able toadvise on how to run the program using datasets in other folders.PostS
ript output �les 
an be printed under DOS on a LaserWriter with the
ommand:PRINT filename <Enter> 13



(answer COM1 if asked for a `list devi
e')Output �les produ
ed on Ma
intosh 
an be printed on a LaserWriter
onne
ted to an Apple 
omputer using ShowPages.PostS
ript �les 
an be viewed using the GhostS
ript and GhostView5 family ofprograms on Windows, Apple, and Unix environments.The main advantage of using a lo
ally-written program su
h as psimpoll isthat 
hanges 
an be made in response to parti
ular needs. Many of the optionsin psimpoll stem from requests for su
h features. If you want or needsomething that is not available now, ask.4.4 Installation4.4.1 IBM-
ompatibles, Apple Ma
Intosh, Linuxpsimpoll and ps
omb 
an be obtained, free and gratis, from Uppsala byanonymous ftp6. Exe
utable �les and do
umentation are in the sub-dire
tory`pub/psimpoll'. These �les normally 
ontain the 
urrent versions of programsand do
umentation. It is also available at the INQUA publi
 ar
hive atWis
onsin, and may be retrieved by anonymous ftp7. DOS, Windows 95 et
,Linux, and Apple exe
utable �les are in subdire
tory `/pub/inqua'. In either
ase, �les should be downloaded by binary transfer, unpa
ked and installed ona hard-dis
 drive.The same �les may be a

essed on the web at URLhttp://www.kv.geo.uu.se/psimpoll.html8.The versions of the program that run on window-based systems (Windows 3.1,Windows 95, Apple) use a `
onsole' window that provides a means to runtext-based programs within the windowed environment. This 
onsole usuallyhas to be 
losed expli
itly after the end of the program.4.4.2 Other 
omputersConta
t me (address and other details in the Prefa
e (p. 8)). I will supply theANSI C sour
e 
ode and you will then need to 
ompile this with your favouriteC 
ompiler. It has been 
ompiled su

essfully on AIX, Sun, and Sili
onGraphi
s operating systems, in addition to those mentioned above.5See URL http://www.
s.wis
.edu/.ghost/index.html6See URL ftp://ftp.kv.geo.uu.se7See URL ftp://geology.wis
.edu8See URL http://www.kv.geo.uu.se/psimpoll.html
14



4.5 ColourThe �le psimpoll.COL needs to be available in order for 
olours to be usedwith diagrams. The lo
ation of the �le varies depending on the system. For
ommand line systems (DOS, Unix), pla
e psimpoll.COL in the samedire
tory as the data �les. For window-based systems (Windows 3.1, Windows95, Apple), pla
e psimpoll.COL in the same dire
tory as the program. If youedit this �le on 
omputers with more than one psimpoll-user, bear in mindthat 
hanges you make may a�e
t other users.

15



5 Data preparation5.1 Contents� Simple use (p. 16)� Format of main input �le (p. 16)� Options within main input �le (p. 18)� Input from a TILIA-type �le (p. 19)� Asso
iated �les (p. 20)� Output �les (p. 21)psimpoll is basi
ally a plotting program. Cal
ulations of per
entages and
on
entrations (but not ne
essarily a

umulation rates), and most other thingsmust be done beforehand. All input �les (p. 103) should be in plain textformat, but how they are produ
ed is irrelevant to psimpoll.ps
omb re
eives as input �les that have been previously output by psimpoll.There is therefore no data preparation, ex
ept the running of psimpoll. Themain points to bear in mind when running psimpoll if output will be used inps
omb are:� Change any taxa names within psimpoll to the form that you want onthe ps
omb diagram. This might, for example, mean in
luding a sitename with a taxon name. Use option `t' when sele
ting taxaintera
tively (psimpoll menu K (p. 50));� Ensure that taxa destined to be plotted against a 
ommon axis really dohave the same axes. For example, use menu H (p. 43) in psimpoll toplot samples within a time-s
ale that will be used uniformly a
ross anumber of sites.5.2 Simple useThe easiest way to get started is simply to ignore most of this do
umentation.Prepare a small dataset, with any data (real or imagined, using or 
opyingfrom the example main input �le (p. 104)). Get psimpoll running, with the
ommand psimpoll filename. psimpoll will run and 
reate a �le 
alledfilename.PS. Then send filename.PS to a PostS
ript printer, as des
ribedunder Running psimpoll (p. 28).5.3 Format of main input �leDatasets are stru
tured around `samples' and `taxa'. A `sample' is the basi
unit of study, within whi
h various attributes have been measured. Samples16



may be stratigraphi
ally related to ea
h other, in whi
h 
ase the term `level' isoften used for them. The measured attributes are `taxa', and they may be
on
rete (e.g., the abundan
e of Betula pollen), or abstra
t (e.g., therate-of-
hange of something or other). The `number of taxa' on line 2 mustin
lude them all, ex
ept rare 
ases indi
ated expli
itly below. Any text in aninput �le may in
lude 
ertain options (for oblique style, a

ents, supers
ripts,et
): these are des
ribed fully under menu I (p. 43).The order of entries in a �le is important, as des
ribed below, but the exa
tlayout of the �le is less important. In general, text items (su
h as taxonnames) are 
onsidered to be ended by either a 
omma (','), or by the end of aline. Numeri
al values, su
h as the data themselves are generally ended byeither one or more spa
es or the end of the line. TAB 
hara
ters have thesame e�e
t as spa
es. It is thus possible to have either of two basi
 layouts:one item per line, giving a �le with one 
olumn, or one taxon per line,beginning with the name, followed by a 
omma, and then all the numeri
alvalues for that taxon separated by spa
es. Ea
h layout has its uses, dependingon where the data 
ome from. All intermediate 
ombinations of these basi
layouts are possible, as long as ea
h item is 
orre
tly ended (with 
omma,spa
e, newline, TAB, as appropriate).Item 1 A title, any reasonable number of 
hara
ters, on a line of its own.Must not begin with the 
hara
ter `#', to prevent 
onfusion withTILIA-type �les (p. 19).Item 2 Number of taxa in the dataset.Item 3 Number of samples in the dataset.Item 4 A two-
hara
ter 
ode (�rst 
hara
ter (p. 22) and se
ond 
hara
ter(p. 23)).Items 5 onwards Depths, ages, sample numbers, or sample labels. Labels, ifused (option `t'), should be presented one per line, or separated by
ommas, to a maximum length of 39 
hara
ters per label. Numbers 
anbe separated by spa
es or presented one per line, and may be positive ornegative. Following the usual 
onvention of measuring depths from thetop of a sequen
e downwards, positive values in
rease down the 
olumn,and negative values in
rease upwards. If the �rst 
hara
ter of the2-
hara
ter 
ode (Item 4) is `m', the sample value should be followed bythe sample thi
kness, in the same units.Items 6 onwards The data, presented by taxa (i.e., taxon name (maximum39 
hara
ters), followed by values for ea
h sample for that taxon). Whenusing the `x' option (Item 4), the taxon name must be followed by alabel for the units (see above): this 
an be a spa
e 
hara
ter (i.e., nounit). The data 
an be presented with ea
h item on a separate line, orwith the taxon name followed by a 
omma, label (if any) followed by a
omma, then the data values separated by spa
es.Items 7-14 optional additional data: give one value per sample, ex
ept that asingle value pre�xed by `-' indi
ates that the value applies to all samples.17



Items 7-13 are needed for 
on
entration 
on�den
e intervals: Item 14 isadditional information for a

umulation rate 
on�den
e intervals.Item 7 marker pollen suspension (tablet) 
on
entration.Item 8 if known, sample standard deviation of marker 
on
entration;otherwise enter `1', and the sample standard deviation is 
al
ulated asthe square root of the marker 
on
entration (this assumes a Poissondistribution in marker suspensions).Item 9 volume of marker suspension added or the number of tablets.Item 10 if known, sample standard deviation of marker suspension added;otherwise enter 1, and the standard deviation is 
al
ulated as 0.8% of thevolume added. For tablets, enter 0.Item 11 marker grain 
ount for ea
h sample (must be >100 for 
al
ulation of
on�den
e intervals);Item 12 volume of sediment added.Item 13 if known, sample standard deviation of sediment volume; otherwiseenter 1, and the standard deviation is 
al
ulated as 1% of the sedimentvolume.Item 14 if known, height of the sediment sample along the 
ore; otherwiseenter 1, and it will be assumed to be the 
ube root of the sedimentvolume. For a sampler with a 
ir
ular 
ross-se
tion, enter the diameterof the sampler.5.4 Options within main input �leSeveral optional a�e
ts 
an be a
hieved by suitable editing of the dataset.� Samples. Any sample value 
an be ex
luded by marking it with `x', afterthe number, with no intervening spa
es (e.g., 210x). Use to omit suspe
tsamples without redoing the whole �le, or to plot a stratigraphi
 portionof the diagram (but note the use of menu H (p. 43) for this latterpurpose);� Data. Any data value equal to (by default) -1 will be ignored inprodu
ing the plot �le. Use where a data value is missing for whateverreason (e.g., 
har
oal values in every other sample). The default value
an be 
hanged in menu Bg (p. 35);� Taxon names. Several e�e
ts are possible here, to allow the mixing ofplots of pollen data with 
ertain non-pollen data using reasonable s
alesand 
aptions, and to sele
t a subset of taxa for plotting. A

ess to all isby pre�xing the taxon name with one or more 
hara
ters. All labelsasso
iated with taxa names 
an be modi�ed in menu Ik (p. 48). Thee�e
ts listed below are to do with the type of obje
t being plotted: itsre
ognition, treatment, and labelling of its axes. Additional e�e
ts are18



possible within the pie
e of text used as the taxon name. These are alldetailed below in the des
ription of menu I (p. 43). Certain taxa haveparti
ular input requirements, and, if present, must be identi�ed bypre�xes (p. 23). Other pre�xes (p. 24) a�e
t labelling and presentationof axes. They 
an be omitted initially, and given intera
tively byrenaming the taxon (see menu K (p. 50)). Other e�e
ts 
an be a
hievedby in
lusion of 
hara
ters within taxon names (see menu I (p. 43)).5.5 Input from a TILIA-type �lepsimpoll 
an re
ognise and handle input �les prepared in TILIA-type format.These in
lude those produ
ed by TILIA itself (general format) (Grimm 1992),and .p15 �les available from NOAA9. These �les are distinguished by having a`#' as the �rst 
hara
ter of the �rst line. They are generated from TILIA (ver.2) by sele
ting [D℄ Save data file from the TILIA (ver. 2) main menu, then[A℄ General format, and answering the prompts for �le name, dataset title,and number of de
imal pla
es for the data. psimpoll 
an also handle the as
ii�les of raw pollen data available from NOAA. It does so by 
al
ulatingper
entages from the raw data, using TILIA's taxon 
ategory 
odes to
onstru
t a sum. The 
odes 
urrently de�ned in psimpoll (following thosefound in NOAA �les) are:A Trees and shrubs;B Herbs;C Dwarf shrubs;D Equisetum;F Pteridophytes;G, M Sphagnum;J Parasiti
 plants;Q Aquati
s;X Indeterminable grains;The main pollen sum is 
onstru
ted from A + B + C + D + F + J. The taxain the groups `Sphagnum', `Aquati
s' and `Indeterminable grains' are
al
ulated as per
entages of the main sum plus the sum of their group. Thesesums are saved and in
luded in the dataset, as taxa 
alled 'Sum ABCDFJ','Sum GM', 'Sum Q', and 'Sum X', respe
tively. They 
an be reused if thedataset is saved in psimpoll format (menu J (p. 50)). Taxa with 
ategory
odes other than those listed above are left un
hanged, and may not plot
orre
tly.9See URL http://www.ngd
.noaa.gov/paleo/paleo.html19



The table above 
an be used to edit the NOAA .ASC �les appropriately if the
ategory 
odes used do not 
oin
ide with those above.psimpoll also dete
ts, reads and uses radio
arbon date information fromNOAA .ASC �les, provided that this is dete
ted in a standard format:# Radio
arbon dates:# Depth Thk Age SDup SDlo Lab no. Basis Material# 159.0 5.0 10170 60 60 TP-313 U Wood# 212.0 6.0 10520 60 60 TP-456 U Char
oal...# Dating notes: Wood = pine#The phrase 'Radio
arbon dates:' is used to dete
t the start of the se
tion, andeither 'Dating notes:' or a line with just '#' are used to dete
t the end of these
tion. If missing, any values for 'Thk', 'SDup' or 'SDlo' are set to zero.'Depth' and 'Age' must be present.5.6 Asso
iated �lespsimpoll looks for optional asso
iated �les for information to in
lude on thediagram and to 
ontrol writing of the diagram. The names of these arenormally derived from the main input �le name, and, by default, ea
h shouldbe on the same dis
 and in the same dire
tory as the dataset �le, have thesame �rst four 
hara
ters of the �lename, with the next 
hara
ters indi
atingthe type of the information �le.Two �les save the state of psimpoll in its 
urrent run for optional re-use in alater run. One, with the �lename extension .CFG, holds the 
urrent
on�guration of modi�able variables. The se
ond, with the extension .SCR,saves the details of intera
tive plotting. In both 
ases, the �lename extensionrepla
es any extension on the main input �lename, and the rest of the �lename is as the main input �le.Finally, a �le 
alled psimpoll.COL 
ontains the details of available 
olours.Follow the links below for �le formats and examples.fileTS (p. 25) Troels-Smith lithologi
al symbols (Example (p. 105));fileC14 (p. 25) Radio
arbon-ages (Example (p. 105));fileCAL (p. 26) Control �le for 
alibrated ages (Example (p. 106));xxxx (p. 26) Calibrated ages (from BCal) (Example (p. 106));20



fileZONE (p. 26) Zonation data for in
lusion in labelled boxes at the end ofthe diagram (Example (p. 107));file.CFG A 
omplete list of settings from the menu. When it is read in, any�lenames that spe
ify a drive letter are 
hanged to have the same driveletter as the main input �le. This �le is read by default, but may bewritten from menu O (p. 79) (Example (p. 107));file.SCR A re
ord of the taxa and options sele
ted from intera
tive plotting.Written by default, but read for re-use by 
hoosing menu P (p. 79)(Example (p. 107))psimpoll.COL A 
olour palette for psimpoll, 
ontaining 
olour de�nitions onthe CMYK system, referen
ed to an identi�er and a name. Colours inthe palette are a

essed by name in the TS �le, the ZONE �le, menu C(p. 35), and intera
tively (p. 50). They may also be a

essed by theidenti�er from the intera
tive menu (p. 50), for brevity.Thus, a �le 
alled a:ndallp 
ould have asso
iated with it the �les a:ndallTS,a:ndallC14, a:ndallZONE, a:ndallp.CFG, a:ndallp.SCR and psimpoll.COL.I re
ommend using the �rst four 
hara
ters of a �lename to indi
ate site (e.g.,dall for `Dalli
an Water'), and the �fth letter to indi
ate data type (e.g., p forper
entages, 
 for 
on
entrations, a for a

umulation rates, and b for a
on
entration dataset whi
h is to be 
onverted to a

umulation rates). Thesame set of asso
iated �les will then work for all types of diagrams from thesame site, ex
ept that the .CFG and .SCR �les are spe
i�
 to the main input�le. The 
olour palette �le 
an be made spe
i�
 to a site, or kept general.Avoid �lename su�xes. psimpoll ignores the TS �le when datasets arepresented by age.The names of asso
iated �les (ex
ept for .CFG, .SCR, and psimpoll.COL) 
anbe 
hanged (menu E (p. 41)).5.7 Output �lespsimpoll output may be written to up to 9 di�erent output �les. All are text�les and 
an be read by any text editor or word pro
essor (but beware ofsaving them in anything other than text format). The two PostS
ript �les 
anbe sent dire
tly to PostS
ript devi
es for display or printing. The �les are:.ps main output �le: this is written in PostS
ript page des
ription language,and 
ontains all the instru
tions for plotting the diagram. It is notintended for reading by mere humans, but some details of the format ofthis �le, for the 
urious, are given in Te
hni
al matters (p. 85);AD age-depth 
onversion �le: this 
ontains the details of any age-depth
onversion, with 
on�den
e interval estimates for ages and gradientswhen these have been 
al
ulated. The default �le name used is fileADwhere `�le' is the �rst four 
hara
ters in the main input �lename. Adi�erent name 
an be given in menu Eb (p. 41);21



AD.ps age-depth plotted output �le: this 
ontains a graphi
al representation(PostS
ript format) of the details of any age-depth 
onversion, with
on�den
e interval estimates for ages when these have been 
al
ulated.The default �le name used is fileAD.ps where `�le' is the �rst four
hara
ters in the main input �lename. A di�erent name 
an be given inmenu Ei (p. 41);STAT data analysis �le: this may 
ontain the details of results of statisti
alanalyses, zonation, prin
ipal 
omponents analysis, Fourier analysis,independent splitting of taxa. In some 
ases this output supplements orrepeats information that is also given on s
reen (e.g., zonation). In other
ases, all the results are in this �le (e.g., Fourier analysis). The default�le name used is fileSTAT where file is the �rst four 
hara
ters of themain input �le name. A di�erent name 
an be given in menu E
 (p. 41);DAT data output �le: 
ontains output of the 
urrent dataset, in
orporatingany 
hanges made during the 
urrent run of psimpoll (e.g., 
onversionof depths to ages). See menu J (p. 50). The default �le name used isfileDAT where file is the �rst four 
hara
ters of the main input �lename. A di�erent name 
an be given in menu Eh (p. 41);.CFG 
on�guration �le: see above;.SCR s
ript �le: see above;ZONE zonation �le: zonation output for the desired number of zones, in aformat (p. 26) for immediate input and use by psimpoll, is written tothis �le. An example (p. 107) is available..LOG log �le (psimpoll.LOG): written to the same dire
tory as the exe
utable�le, with details of some of the parameters used by psimpoll during arun. This �le is mainly intended to help KDB tra
k errors. It isoverwritten with ea
h run.ps
omb has two output �les. The main output �le as the same format as thepsimpoll main output �le. Additionally there is a log �le (ps
omb.LOG) forthe same purpose as the psimpoll log �le.5.8 Item 4: First 
hara
ter% data are presented as proportions, for plotting and labelling as per
entages;a data are pollen a

umulation rate data (grains 
m-2 year-1);b data are as for 
 (below), but are to be 
onverted to a

umulation rate data.A C14 �le must be present;
 data are pollen 
on
entration data by volume (grains 
m-3);g data are pollen 
on
entration data by weight (grains g-1);22



l data are values of the Lomb periodogram (the �le was probably written fromFourier analysis within a previous run of the program: see menu Me(p. 69));m data are non-pollen data, where sample thi
kness is large, and variesbetween samples. The data will be plotted as histograms. Ea
h samplevalue must be the mid-value of the histogram, and must be followed by avalue for the histogram width. For example, a sample extending from310 
m to 320 
m should be given as 315 10. If the sample width is thesame for all samples, then this 
an be given more easily in menu Dg(p. 40). A label giving the x-axis units must follow ea
h taxon name;x data are non-pollen data. A label giving the x-axis units must follow ea
htaxon name.5.9 Item 4: Se
ond 
hara
tera data presented by age (years);d data presented by depth (
m);f data presented as frequen
ies (
y
les kyr-1), probably output from Fourieranalysis in a previous run of the program: see menu Me (p. 69));m data presented by depth (m);s data are surfa
e samples, presented by sample numbers;t data are surfa
e samples, presented by sample labels.
5.10 Pre�xes of taxon names for taxa with spe
ial inputrequirements! Pollen rarefa
tion data (palynologi
al ri
hness: see Birks & Line 1992). Thedata here must in
lude, immediately after the name, the 
ount size ofstandardization, then three values per sample (estimate, lower limit,upper limit, in that order). All three values must be present, even if thesample is 
onsidered a missing value (by entering it as (by default) -1:see menu Bg (p. 35)). Plots are labelled `E(Tn)', where n is a subs
riptgiving the 
ount size for standardization;< (by itself, or a line beginning with <) Data for summary diagram. May,optionally, be followed (on the same line, and separated by spa
es) byvalues for the grey level or 
olours to be used in shading the summarydiagram. Must be followed, on the next line, by number of taxa in thesummary, then the data for ea
h, in the usual format (name, values).Summary 
ounts as one taxon in input Item 2, however many types itin
ludes. By default, taxa in this summary are plotted in a 
umulative23



style, with 
hanging shades of grey at even intervals from solid bla
k(�rst type, shade 0.0) towards white (last type, shade 1.0). So, with fourtaxa in the summary, the default grey shades are 0, 0.33, 0.67, and 1.0.Providing grey values after the < over-rides this default behaviour.Colours for ea
h of the summary taxa 
an be spe
i�ed by giving their
olour identi�ers after the <, ea
h pre�xed by a '-'; There 
an only beone summary diagram in an input �le. ps
omb 
an be used to 
ombinesummary diagrams from the output of multiple input �les.- Ignore this taxon;* Data are pollen sums, to be printed as values (not labelled), and used toobtain 
on�den
e intervals on per
entages. Values are printed in a single
olumn, unless there are more than 50 samples or the option in menu Bd(p. 34) is sele
ted, in whi
h 
ase the values are printed in two 
olumns.5.11 Pre�xes that a�e
t labelling and presentation ofaxesn Use as a �rst 
hara
ter to prevent the se
ond 
hara
ter from beinginterpreted as indi
ating a parti
ular taxon type. For example, `�'swit
hes text between Symbol en
oding and ISO Latin-1 en
oding (seeTe
hni
al matters (p. 85)), but is also used to indi
ate a 
har
oal:pollen`ratio' (see below). If a taxon name is to be printed entirely in Symbolen
oding, it should be pre�xed with `n�';# Print this taxon at a di�erent s
ale from the others. Useful with
on
entration and a

umulation rate data;& Char
oal data, labelled `
m2 
m-3';% Char
oal data, labelled `
m2 
m-2 year-1';' Char
oal data, labelled `
m2 g-1';� Char
oal:pollen `ratio', labelled `
m2 grain-1';+ a

umulation rate data if �rst 
hara
ter of input Item 4 is `
', or
on
entration data if �rst 
hara
ter of input Item 4 is `a'. Use for a total
urve of the other type of data from the main one for the dataset. Plotsare labelled `grains 
m-3' or `grains 
m-2 year-1', as appropriate;= Data are rate of 
hange data between adja
ent pairs of samples (so the lastdata value will always be missing, and should be given as (by default) -1:see menu Bg (p. 35)), in rate of 
hange units per 
entury. Values plothalfway between adja
ent pairs of samples, and are labelled `
ent.-1';* Data are pollen sums, to be printed as values (not labelled);: data are ratio values (dimensionless), labelled `ratio'.24



6 Format of asso
iated input �les6.1 TSExample (p. 105).Item 1 Number of sediment unitsItems 2 onwards (for ea
h unit) The Troels-Smith 
ode for the sedimentin the form of sediment type (e.g., Ld), then the value for that type (aninteger, 1�4, on the next line). Only types s
ored as 1-4 (not `+') 
an beshown. Then give the basal depth for the unit. Ea
h unit will thus
onsist of between 1 and 4 types plus values, then a depth. PossibleTroels-Smith symbols are: Ld, Lso, Th, Tbs, Sh, Tb, Ag, As, Ga, Gs,Gg, Dh, Dl, Tl, L
, ptm, Dg, plus others found useful: Tuf (blank), H
(Helen's 
lay), Hs (Helen's silt), Tep (solid bla
k), los (laminated oilshales) and l
s (laminated 
lays and silt). Other symbols 
an be addedas and when needed.Items 3 onwards (for ea
h unit) [Optional℄ A 
olour for the ba
kgroundof the unit, written as text, one 
olour per line. Any 
olour in the 
olourpalette is allowed, though it is expe
ted that Munsell 
olours willnormally be used.6.2 C14Needed for 
onverting depths to ages in radio
arbon years, or for 
al
ulatinga

umulation rates from 
on
entrations. This �le is sear
hed for by default.Example (p. 105).Item 1 Number of radio
arbon agesItems 2 onwards (for ea
h age) Upper depth of dated sample, lower depthof dated sample, age, standard deviation of the age. Ea
h value must beon a separate line. Ea
h age plots as a blo
k labelled with age �standard deviation. If the upper and lower depths are the same (e.g., foran AMS date on material from a pre
isely known depth), a 
ross in a
ir
le is plotted instead. This same symbol is also used to indi
ate agelo
ations when plotting against age. The `age' and `standard deviation'are read in as text, not numbers. Ages that you might want in
luded inthe age 
olumn of a depth plot, but do not want used for 
al
ulation ofages from depths (e.g., a tentative tephra marker, or a reversed age)should be pre�xed with a non-numeri
 
hara
ter (e.g., present the age as`(4000)'). Give a single spa
e 
hara
ter for the standard deviation tohave it ignored and avoid the plotting of a '�' symbol.25



6.3 CALNeeded for 
onverting depths to ages in 
alendar years derived from BCal10
alibration), or for 
al
ulating a

umulation rates from 
on
entrations. This�le is sear
hed for if requested in menu Lj (p. 59) (as an alternative to the C14�le). Note that this �le a
ts as a 
ontrol �le, listing the �les that themselves
ontain the 
alibration results (CAL input �les).Example (p. 106).Item 1 Number of 
alibrated agesItems 2 onwards (for ea
h age) Upper depth of dated sample, lower depthof dated sample, and the name of a �le that 
ontains the full 
alibratedresults. Ea
h value must be on a separate line. The use of 
alibratedages is 
omplex, and dis
ussed more fully under menu L (p. 53). Ea
hage plots as a blo
k labelled with age, and (if available) � standarddeviation. If the upper and lower depths are the same (e.g., for an AMSdate on material from a pre
isely known depth), a 
ross in a 
ir
le isplotted instead. This same symbol is also used to indi
ate age lo
ationswhen plotting against age. It is not 
urrently possible to in
lude other,non-age, items in the CAL �le in the way that is possible for the C14 �le.6.4 CAL inputThese �les should be probability distribution �les output from BCal11. SeeExample (p. 106) for more details.6.5 ZONEExample (p. 107).Item 1 Number of zones;Items 2 onwards (for ea
h zone) Labels, from the top downwards. Use a`_' on both sides of a se
tion of text whi
h should be printed in obliquestyle (e.g., `_Betula_-Gramineae'), and the same 
onventions forsupers
ripts and subs
ripts as for taxa names (see menu I (p. 43)).Maximum length of label is 39 
hara
ters;Items 3 onwards (for ea
h zone) Basal depths or ages, ex
ept thelowermost. The top of the highest zone is assumed to be the highestsample, and the base of the lowest zone is assumed to be the same as thelowest sample of the dataset.10See URL http://b
al.shef.a
.uk11See URL http://b
al.shef.a
.uk 26



Items 4 onwards (for ea
h zone) [Optional℄ A 
olour for the ba
kgroundof the zone, written as text, one 
olour per line. . Any 
olour in the
olour palette is allowed. The 
olour will repla
e the default ba
kground
olour for the diagram.
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7 Running the programs7.1 Contents� Running psimpoll (p. 28)� Running ps
omb (p. 29)7.2 Running psimpollOn DOS and UNIX, ensure that you are in the same dire
tory as the program(normally psimpoll, then enter psimpoll at the prompt followed by <Enter>.On Ma
intosh, open the psimpoll folder, and sele
t the psimpoll appli
ation.A name for the dataset �le is then requested, and must be given. You will seea menu allowing several parameters to be 
hanged. If a �lename is in
luded onthe 
ommand line (psimpoll filename), psimpoll runs with that �lenameright through without allowing sele
tions from the menu but using a .CFG �le,if present without any more attention from the user (unless any menu optionsthat themselves require prompts are set (e.g., K (p. 50), Ld.3 (p. 56)).psimpoll 
ommands are not generally 
ase-sensitive: `Y' = `y'. Ex
eptionsare the 
odes used to indi
ate Troels-Smith symbols and 
olours: these 
odesmust be given exa
tly as indi
ated in the Format of asso
iated �les (p. 25) andin psimpoll.COL (p. 110), respe
tively. Titles, taxa names, et
, will appearexa
tly as you enter them (w.r.t. 
ase). However, �lenames andoperating-system 
ommands (su
h as those given through menu Ud (p. 80))must follow operating system 
onventions and may or may not be
ase-sensitive: UNIX is, DOS/Windows is not.In all menus, any program default settings are en
losed within `()', and 
urrentsettings are en
losed within `[℄'. Available menu options are detailed below.At all menus, you must press <Enter> after the letter or number of your
hoi
e. This is a 
hange from versions of psimpoll before 2.00, and makes theprogram more portable.psimpoll produ
es a main PostS
ript output �le with a name that by defaultis file.PS, where file was the name of the input �le, and (after makingage-depth transformations) a PostS
ript �le (default name fileAD.PS) thatdisplays the age-depth relationship graphi
ally. These output �les are text �lesand 
an be easily moved around between 
omputers, in
luding mainframes,and via e-mail. They 
an also be edited: try looking at an output �le with aneditor (e.g., non-do
ument mode of WordStar). In order to produ
e eitherdiagram, an output devi
e with a PostS
ript interpreter is needed. The output�les 
an be printed from a PC 
onne
ted to a LaserWriter with the 
ommand:PRINT filename <Enter> (answer COM1 if asked for a `list devi
e')If running psimpoll on any PC 
onne
ted to a LaserWriter, the step ofprodu
ing an output �le 
an be avoided by sending output dire
tly to the28



LaserWriter. This is done by 
hanging the name of the output �le to COM1: seemenu Ea (p. 41).PostS
ript �les 
an be printed using the GhostS
ript and GhostView12 familyof programs on Windows, Apple, and Unix environments (and others).7.3 Running ps
ombAs with psimpoll, 
hange to the dire
tory that in
ludes the program, and runit by entering or sele
ting ps
omb [filename1 filename2 ...℄. If the�lenames are omitted, or 
annot be given on the 
ommand line (e.g., onMa
intosh), the names of input �les 
an also be entered from menu Eb (p. 41).The program then o�ers a menu, where several options 
an be 
hanged, andthen reads in filename1, filename2, et
, sequentially until all have been read.The program 
he
ks ea
h �le to ensure that it is a PostS
ript �le, and that itwas written by psimpoll 2.20 or later. Output is dire
ted to a �le as forpsimpoll, and is in the same format. ps
omb output is thus valid ps
ombinput, and so on, ad in�nitum.The same general 
omments about menus and produ
tion of plotted outputapply as for psimpoll (des
ribed above).

12See URL http://www.
s.wis
.edu/.ghost/index.html29



8 psimpoll menusAfter you have entered a �lename, psimpoll attempts to read that �le,determining whether it is a psimpoll input �le or a TILia-type (TILIA (ver.2) general format �le or a NOAA13 .p15 �le)If it is a psimpoll input �le the title, number of taxa, and number of samplesare read, and the main menu appears.If it is a TILIA-type �le, additional information is required. The followingmessage will appear:(Tilia general format dete
ted)Enter 
ode for dataset type:'%' for per
entage data'
' for 
on
entration data'r' for raw data (
onverted to per
entages)Answer appropriately, and a se
ond prompt appears:Enter 
ode for sample type:'d' for depths (
m)'m' for depths (m)'a' for agesThe main menu will then be displayed.In the main menu, and the submenus, one of two a
tions will result fromentering the key letter (or number) of your 
hoi
e. A further sele
tion willappear, the value of the item will 
hange from one mode to another (des
ribedas `toggling'), or the value will 
hange through a series (des
ribed as`s
rolling').13See URL http://www.ngd
.noaa.gov/paleo/paleo.html
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8.1 Main menuA Dimensions and s
ale fa
tors for PostS
ript plotsB S
aling of taxa and samplesC Changing 
oloursD Diagram styleE Change or enable filesF Font family (Helveti
a) [Helveti
a℄G Size of sele
ted font (7.1) [℄H Depth or age range for plot (off) [off℄I Add/
hange titlesJ Print dataset to fileK Intera
tive plotting (off) [off℄L Conversion of depths to agesM Data analysesN Plot 
onfiden
e intervals (off) [off℄O Save 
onfiguration to a:\dallb.CFGP Read from s
ript file (off) [off℄U UtilitiesX Run programSele
t an item from this list by entering the key letter. Details of the result ofea
h 
hoi
e, together with the permitted values for any modi�able parameters,may be found by following the links.8.2 Menu A: s
ale plot widthA Dimensions and s
ale fa
tors for PostS
ript plotsa S
ale fa
tor for main output file (1.0) [1.00℄b S
ale fa
tor for age-depth output file (1.0) [1.00℄
 Length of print area (mm) (240) [240℄d Height of diagram (mm) (127) [127℄e Paper size (A4) [A4℄9 Leave this menuThe layout of a plotted page is dis
ussed in Te
hni
al matters (p. 85). Thismenu 
hanges two aspe
ts of the shape of the diagram: s
ale and dimensions.S
aling is used to adjust plots so that they 
an be stret
hed or 
ompressed bya desired amount (e.g. to �t a parti
ular number of pages).8.2.1 Menu Aa: main output �leThe widths of 
olumns for sediment units, zones, radio
arbon ages, and sumvalues are not a�e
ted; 31



[Allowed range 0.1-10℄.8.2.2 Menu Ab: age-depth output �leA value of 1 �lls the page 
ompletely, and is therefore the maximum allowed.Smaller values may be espe
ially useful if the resulting plot is going to be
ombined with other data via ps
omb.[Allowed range 0.1-1℄.8.2.3 Menu A
: lengthChanges the length of the diagram, and then also 
hanges the height and fontsize to maintain the same proportions. I suggest using 240mm with A4 paper(the default), 339 mm with A3, 226 mm with US Letter, and 287 mm with USLegal. Paper height 
hanges automati
ally, but 
an be over-ridden: see MenuAd (p. 32). Use with 
aution;[Allowed range 10-420℄.8.2.4 Menu Ad: heightChanges the height of the diagram, measured along the length of the plotted
urve, independently of the diagram length. Ordinarily, height 
hangesautomati
ally when 
hanges are made to paper width (see Menu A
 (p. 32)),but this 
an be over-ridden here. Suggested sizes are 127 mm for A4 (thedefault), 180 mm for A3 and 131 mm with US Letter and US Legal, to allowroom for labelling. Use with 
aution;[Allowed range 10-297℄.8.2.5 Menu Ae: paper sizeAllows 
hange of paper size, 
urrently between A4 paper (297x210mm), A3(420x297mm), US Letter (279x216mm) and US Legal (356x216). Followingsele
tion of a size, diagram width and diagram height are given default values.These 
an then be overridden in Menu A
 (p. 32) and Menu Ad (p. 32)respe
tively;S
rolls between `A4', 'A3', `Letter' and `Legal'.
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8.3 Menu B: diagram s
alingB S
aling of taxa and samplesa Independent s
aling for ea
h taxon (off) [off℄b S
aling 
overs ex
luded samples (off) [off℄
 Use defaults for marks on age/depth s
ale (on) [on℄d Use two 
olumns for sum values (off) [off℄e Skip every nth sample (0) [0℄f Interpolate to 
onstant sample intervals (off) [off℄g Threshold for missing data values (-0.99) [-0.99℄9 Leave this menuAllows 
hanges to fa
tors that 
ontrol various s
aling properties:8.3.1 Menu Ba: independent s
alingBy default, a s
ale is found that will work for all taxa in the dataset, ex
eptthat for those spe
i�
ally marked as separate (e.g., 
har
oal, rarefa
tion data).This option disables the sear
h for a 
ommon s
ale, and sear
hes for a separates
ale for ea
h taxon;Toggles from `on' to `o�'.8.3.2 Menu Bb: s
ale ex
luded samplesBy default, if samples have been ex
luded, either be
ause they were markedwith an `x' (see Data preparation (p. 16)) or be
ause they are outside a se
tionof the sequen
e that has been sele
ted (menu H (p. 43)), then data values inthose samples are not 
onsidered when s
aling plots. This option allows thedata values in ex
luded samples to be 
onsidered. It means that when se
tionsof the diagram are pi
ked out, ea
h su
h se
tion will have plots with the sames
aling as the others;Toggles from `on' to `o�'.8.3.3 Menu B
: labelling on age-depth s
aleBy default, psimpoll determines an appropriate s
ale with major and minormarks for the age-depth axis. This option enables the user to turn o� thedefault and spe
ify an interval for both major and minor marks. Interval mustbe given in the same units as those in e�e
t for the age-depth s
ale (allowingfor any 
onversion to ages). If the default is turned o�, the 
urrent settings formajor and minor marks are shown, and then prompts for new values;
33



8.3.4 Menu Bd: double 
olumn for sumsValues for pollen sums, identi�ed by marking the taxon `name' with `*', arenormally printed as a single 
olumn with upto 50 samples, but as a double
olumn for more than 50 samples. Sele
ting this option for
es double-
olumnprinting however many samples there are;Toggles from `on' to `o�'.8.3.5 Menu Be: skip every nth sampleAllows omission of samples, regularly spa
ed. This is in
luded to permitexploration of the sensitivity of 
ertain analyses (notably zonation) to thenumber of samples in the dataset. A value of `2' 
auses every other sample tobe sele
ted for omission, `3' every third sample, et
. A negative value 
ausesthe sele
ted samples to be in
luded, and the rest omitted: a value of -3 
ausesonly every third sample to be in
luded. Thus, `2' and `-2' would both sele
tevery other sample, but the two series would have alternating samples. Valuesof `1' and `-1' are not allowed;[Allowed range -100-100℄.8.3.6 Menu Bf: interpolate to 
onstant sample intervalsSele
ting this item produ
es the following display:6 Interpolate to 
onstant sample intervals (off) [on℄Enter '0' for on, or '1' for offAllows a new dataset to be generated, based on the input data set, but withinterpolated samples evenly spa
ed. The values at the interpolated samplesare based solely on the pair of original samples either side of the interpolatedsample (or on one original sample if there is one with exa
tly the same age ordepth value as the desired interpolated sample). If 0 is sele
ted, you will seethe following submenu:A Interpolation interval in age-depth units (1) [100℄B Start level for interpolation (0) [0℄C Stop level for interpolation (0) [10000℄D Interpolation method (nearest pair) [nearest pair℄9 Leave this menuQ Return to main menuHere you 
an sele
t the interpolation interval, using the same units as theinput dataset or age units (if a 
onversion to age is being done), spe
ify where34



the interpolation should start and stop, and determine the interpolationmethod. The two available methods are `nearest pair', and `line �tting'. The�rst �nds a pair of samples that lie either side of the interpolated level(however far away they are), and interpolates between them. The se
ond usesall levels upto half of the interpolation interval either side of the interpolatedlevel, �ts a line through these points, and obtains the desired value for theinterpolated level from the line. For the line-�tting method only, if there isonly 1 (or 0) level available, the value for the interpolated level is given as fora missing data (-1, by default: see Menu Bg (p. 35)).8.3.7 Menu Bg: threshold for missing dataAllows 
hange to the value of the negative number used to identify missingvalues. By default, this is -0.99. Anything more negative than this (e.g. -1) isused to mark a missing value. The value 
an be 
hanged to any other negativenumber. This may, however, 
ause undesirable results for existing data setsthat use -1, so use with 
aution.[Allowed range: any negative real number℄.8.4 Menu C: 
hanging 
oloursThis menu has two forms, one for ea
h of the two PostS
ript output �les, main(p. 35) and age-depth (p. 37). Toggling item a swit
hes between the two forms.Available 
olours for any part of either diagram are those stored in the 
olourpalette.8.5 First form: for main output �leC Changing 
oloursa Output file (main) [MAIN℄b Ba
kground 
olour (white) [white℄
 Foreground 
olour (bla
k) [bla
k℄d Colour of plots (bla
k) [bla
k℄e Colour of title (bla
k) [bla
k℄f Colour of age-depth axis (bla
k) [bla
k℄g Colour of 14C 
olumn (bla
k) [bla
k℄h Colour of sediment 
olumn foreground (bla
k) [bla
k℄i Colour of zone 
olumn foreground (bla
k) [bla
k℄j Colour of x-axes (bla
k) [bla
k℄k Use 
olours for sediment units (on) [on℄l Use 
olours for zones (on) [on℄9 Leave this menu 35



8.5.1 Menu Ca: ba
kground 
olourToggles from 
olours for main output �le to 
olours for age-depth output �le.8.5.2 Menu Cb: ba
kground 
olourColours the entire ba
kground of both plots. Default is `white', whi
h does notprint.8.5.3 Menu C
: foreground 
olourColour of `ink' for the lines and lettering of the plot, establishing the defaultthat may be over-ridden for any parti
ular part. Default is `bla
k'.8.5.4 Menu Cd: 
olour of plotsColour of the foreground of plots. Colours 
an also be sele
ted for individualtypes: see menu K (p. 50). Default is `bla
k'.8.5.5 Menu Ce: 
olour of titleColour of the title. Default is `bla
k'.8.5.6 Menu Cf: 
olour of age-depth axisColour of the foreground of the age-depth axis, at both sides of the plot.Default is `bla
k'.8.5.7 Menu Cg: 
olour of the 14C 
olumnColour of the foreground of the 14C 
olumn, in
luding the 
olour used to �llthe blo
ks marking the position of dated samples.8.5.8 Menu Ch: 
olour of the sediment 
olumn foregroundColour of the foreground of the sediment 
olumn: the `ink' used to mark theTroels-Smith symbols. Colours for the ba
kground of ea
h sediment unit areread from the TS �le, and are used if the swit
h at menu Ck (p. 37) is `on'.
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8.5.9 Menu Ci: 
olour of the zone 
olumn foregroundColour of the foreground of the zone 
olumn: the `ink' used to mark the labelsand zone lines. Colours for the ba
kground of ea
h zone are read from theZONE �le, and are used if the swit
h at menu Cl (p. 37) is `on'.8.5.10 Menu Cj: 
olour of x-axesColour of the foreground of all the x-axis s
ales and labelling of the diagram.8.5.11 Menu Ck: use 
olours for sediment unitsControls whether the 
olours for sediment units, read from the TS �le, areused. These 
olours �ll the ba
kground of the sediment 
olumn, repla
ing themain ba
kground 
olour (menu Cb (p. 36)).Toggles from `on' to `o�'.8.5.12 Menu Cl: use 
olours for zonesControls whether the 
olours for zones, read from the ZONE �le, are used.These 
olours �ll the ba
kground a
ross the entire width of the diagram,repla
ing the main ba
kground 
olour (menu Cb (p. 36)). The 
oloured zonesare (invisibly) divided into blo
ks 
orresponding to the part of ea
h zone thatforms the ba
kground for ea
h taxon. This means that a taxon sele
ted byps
omb from a plot with 
oloured zones will also have a 
oloured ba
kground.Toggles from `on' to `o�'.8.6 Se
ond form: for age-depth output �lea Output file (main) [AGE-DEPTH℄b Ba
kground 
olour (white) [white℄
 Colour of main 
urve (bla
k) [bla
k℄d Colour of 
onfiden
e interval 
urves (bla
k) [bla
k℄e Colour of points (bla
k) [bla
k℄f Colour of depth axis (bla
k) [bla
k℄g Colour of x-axis (bla
k) [bla
k℄9 Leave this menu8.6.1 Menu Ca: ba
kground 
olourToggles from 
olours for age-depth output �le to 
olours for main output �le.37



8.6.2 Menu Cb: ba
kground 
olourColours the entire ba
kground of both plots. Default is `white', whi
h does notprint.8.6.3 Menu C
: 
olour of main 
urveColour of the main plotted 
urve. Default is `bla
k'.8.6.4 Menu Cd: 
olour of 
on�den
e interval 
urveColour of both 
on�den
e interval 
urves. Default is `bla
k'.8.6.5 Menu Ce: 
olour of pointsColour of the points (
rosses) marking the lo
ation of data used in the
al
ulation of the 
urve. Default is `bla
k'.8.6.6 Menu Cf: 
olour of depth axisColour of the y-axis, labelled with the depth s
ale. Default is `bla
k'.8.6.7 Menu Cg: 
olour of x-axis axisColour of the x-axis, labelled with the 
al
ulated time-s
ale. Default is `bla
k'.
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8.7 Menu D: diagram styleD Diagram stylea <Experimental> Tufte style (off) [off℄b Diagram type (outline) [outline℄
 x10 exaggeration (off) [off℄d Shade of grey for filling plots (0) [0.000℄e Angle of rotation for taxa names (45) [45℄f Join-up a
ross missing levels (off) [off℄g Width of bars for histograms (0) [0.0℄h Pla
e a dot next to low values (off) [off℄i Upper value for pla
ing dot (0.5) [0.5℄j In
lude radio
arbon age lo
ations (on) [on℄k Fa
tor to adjust width of lines (1) [1.0℄l Resolution of 
urve in age-depth plots (1000) [1000℄9 Leave this menuChanges aspe
ts of the style of the diagram:8.7.1 Menu Da: Tufte styleExperimental approa
h to the layout of pollen diagrams, following the ideas ofTufte(1983). In
omplete;Toggles from `on' to `o�'.8.7.2 Menu Db: typeThe diagram type may be `outline' (lines along 
urves, with data points
onne
ted ba
k to the base line), or `�lled' (shaded between 
urve andbaseline). Curves plotted with 
on�den
e intervals (in
luding rarefa
tionvalues) 
annot be plotted `�lled'. This option 
an be sele
ted for individualtypes: see menu K (p. 50);Toggles from `outline' to `�lled'.8.7.3 Menu D
: � 10 exaggerationAdds a 
urve at � 10 beyond the prin
ipal 
urve. This option 
an be sele
tedfor individual types: see menu K (p. 50);Toggles from `on' to `o�'.
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8.7.4 Menu Dd: shadingAllows sele
tion of the grey shade used in plots that are �lled. This option hasno e�e
t if `outline' plots are sele
ted (menu Db (p. 39)). The available shadesrun 
ontinuously from 0.0 (bla
k) to 1.0 (white). Plots are outlined in bla
k,so 
ompletely white will be `visible'. This option 
an also be sele
ted forindividual types: see menu K (p. 50);[Allowed range 0-1℄.8.7.5 Menu De: name angleChanges the angle for names of taxa and headings, in degrees anti
lo
kwisefrom horizontal;[Allowed range 0-90℄.8.7.6 Menu Df: join-up a
ross samplesControls whether 
urves are joined up a
ross missing samples;Toggles from `on' to `o�'.8.7.7 Menu Dg: histogram widthChanges the width of histogram bars, using the same width for all samples.This should be used merely as a graphi
al devi
e, ex
ept in the rare situationthat all samples really did have the same width. For varying histogram widths,the widths have to be entered with the sample values (using `m' or `x' as the�rst 
hara
ter of the two-
hara
ter 
ode in Item 4 of the input (see Datapreparation (p. 16)). The units for histogram width are the same as the unitsof the samples, allowing for any 
onversion to ages;[Allowed range 0-1000℄.8.7.8 Menu Dh: bulletAdds a solid dot next to low values that are non-zero but less than a defaultvalue of 0.5% (or equivalent after s
aling for non-per
entage data). The defaultvalue 
an be 
hanged from menu Di (p. 41). These symbols are not pla
ed by
ertain spe
ial 
urves (su
h as sums, rarefa
tion, rate-of-
hange, 
har
oal, et
).This option 
an also be sele
ted for individual types: see menu K (p. 50);Toggles from `on' to `o�'.
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8.7.9 Menu Di: bullet thresholdChanges the value of the upper limit for pla
ing a solid dot next to a 
urve(see menu Dh (p. 40)). The value 
an also be sele
ted for individual types: seemenu K (p. 50);[Allowed range 0-1,000,000℄.8.7.10 Menu Dj: In
lude radio
arbon age lo
ationsBy default, the lo
ations of radio
arbon age determinations are plotted alongside the left hand age or depth s
ale (if they are available). This option togglesthis feature o�.Toggles from `on' to `o�'.8.7.11 Menu Dk: Fa
tor to adjust width of linesFa
tor to vary widths of lines from the default (taken to be 1). This value isdevi
e dependent, and some experimentation may be needed to a
hieve thedesired output. High-resolution devi
es are 
apable of �ner lines, and the linewidth may need to in
reased 
onsiderably before there is mu
h noti
eabledi�eren
e in the output;[Allowed range 0-100℄.8.7.12 Menu Dl: Resolution of 
urve in age-depth plotsThe graph in age-depth plots is made up of a series of short straight linesegments. This option 
ontrols how many there are. The default is 1000, butthis may be time-
onsuming to generate. Fewer segments means lowerresolution: the graph may be
ome visibly step-like. More segments means asmoother 
urve.[Allowed range 10-10000℄.
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8.8 Menu E: �lesE Change or enable filesa Main PostS
ript output file [a:\dallb.ps℄b Output file for age-depth 
onversion [a:\dallAD℄
 Output file for data analyses [a:\dallSTAT℄d Input file with zone details [a:\dallZONE℄e Input file with 14C ages [a:\dallC14℄f Input file for BCal 
alibrated ages [a:\dallCAL℄g Input file with sediment des
ription [a:\dallTS℄h Output file for data [a:\dallDAT℄i PostS
ript output file for age-depth plot [a:\dallAD.ps℄9 Leave this menuSele
ting Ea-Ei allows you to add or 
hange the name of an output or input�le. Defaults based on the input �le name are used (here based on an input�le 
alled a:ndallb).File names given under Eb, E
, Eh and Ei are only used if appropriate optionsare requested in menus L (p. 53), M (p. 59), and J (p. 50).File names given must be legal under the operating system you are using(DOS, UNIX, whatever). If the input �les 
annot be found, the program will
ontinue without using them. If output �les already exist, they will beoverwritten with new data.For Ea, when using a PC 
onne
ted to a LaserWriter, the main output �lename may be given as COM1, whi
h 
auses output to be dire
ted straight to theprinter.8.9 Menu F: font familyF Font family (Helveti
a) [Helveti
a℄Serif fonts: Sans serif fonts:B ITC Bookman A ITC AvantGardeC Courier H Helveti
aN New Century S
hoolbook E Helveti
a NarrowP PalatinoT TimesEnter letter indi
ating new font nameChoose one of the letters to determine whi
h font family you want to use forlabelling diagrams. Plain text style is used by default, but itali
s 
an besele
ted by using a `_' before and after the text 
on
erned (see Datapreparation (p. 16)). It is normal to use a sans serif font for labelling42



diagrams intended for publi
ation.8.10 Menu G: font sizeG Size of sele
ted font (7.1) [℄May 
ause text and diagram to overlapEnter new font size (units of 1/72 in
hes) <Enter>Font size is adjusted depending on the 
hosen font. Use this option to makefurther 
hanges. The �rst �gure given is the default for the 
urrent font, andthe �gure in the square bra
kets is any value sele
ted by the user to over-ridethe default. You may get undesirable e�e
ts from a 
hange to a size whi
h istoo large or too small. The size 
hosen applies to taxa names and labellingtext. The title is larger by a fa
tor of 1.73. Font size is also adjustedproportionately to the length of diagram sele
ted in menu A
 (p. 32).[Allowed range 0-36℄8.11 Menu H: extreme values for depth or age in plotsH Depth or age range for plot (off) [off℄Enter '0' for on, or '1' for offHere you 
an spe
ify minimum and maximum values for depths or ages ofsamples that you would like to sele
t for plotting. After entering 0, you will beprompted �rst for a minimum value, and then a maximum value. These valuesmust be in the units (age or depth) that will appear on the plot. Thus,Dalli
an Water sediments have a depth range of 390 
m to 720 
m, so thedepth range 400-600 
an be sele
ted for depth plots. But if the depths arebeing 
onverted to ages by psimpoll, then the values sele
ted would have tobe in radio
arbon years (3000-7000, for example), and if the ages are to beplotted in 
alendar years AD or BC (menu Li (p. 58)), then the values sele
tedwould have to be negative (years AD) or positive (years BC) as appropriate.The program 
he
ks that the maximum value given is greater than theminimum value, but nothing more. Values given 
an be part of the range ofthe dataset, or overlap it. Thus, it is possible to obtain plots from di�erentsites with the same age or depth s
ale to fa
ilitate 
omparison. Datasets fornumeri
al analyses (menu M (p. 59)) are a�e
ted by this option. Analyses willbe 
arried out only on the sele
ted portion of the sequen
e.The allowed range for both maximum and minimum values is -2000-10,000,000.
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8.12 Menu I: labellingThis menu has allows a

ess to di�erent headings depening on the settingsfrom menu L (p. 53), a�e
ting items e, f, g, h ,i. The default, below, shows themenu with default settings in menu L (p. 53) (i.e. plotting by depth). Thealternatives appear if plotting against age menu La (p. 54) by radio
arbondates or by 
alibrated dates menu Li (p. 58). These must be set �rst to givea

ess to the appropriate headings here.I Add/
hange titlesa Label for base of diagram [℄b Subtitle [℄
 Zonation heading [℄d Dendrogram heading [℄e Sediment 
olumn heading [℄f Age 
olumn heading [℄g Age-depth 
olumn heading (line 1) [Depth℄h Age-depth 
olumn heading (line 2) [
m℄i Times
ale 
olumn heading [℄j Age-depth plot x-axis [℄k Age-depth plot y-axis [Depth (
m)℄l Modify graph unit labels9 Leave this menuAdds or modi�es pie
es of text around the diagram. All are printed in thesame font and at the same size as taxa names. All text on the diagram 
an be
ontrolled by the user, either through input within any of the input �les orfrom this menu. All 
hara
ters alphabet are available, plus the Greekalphabet. The following 
hara
ters may be used to a
hieve useful e�e
ts in anylabel (in
luding text read from input �les):_ Use to mark se
tions (beginning and [optionally℄ end) of a se
tion of textthat you wish to appear in oblique style. The default font at the start ofprinting ea
h label is roman style, and this default 
omes into e�e
t forea
h one: there is therefore no need to 
an
el the oblique style at the endof a label, (e.g., `_Betula');{} Use to bra
ket any pie
e of text that should appear as a supers
ript;[℄ Use to bra
ket any pie
e of text that should appear as a subs
ript;n Use to modify the pre
eding 
hara
ter with a following 
hara
ter, to enableuse of a

ented 
hara
ters and a few spe
ial 
hara
ters (see Table(p. 47)). These 
hara
ters should 
over all those used by Europeanlanguages: please inform KDB of any missing 
hara
ters that should bein
luded;� Use to bra
ket se
tions of text that should appear with Symbol en
oding(see Te
hni
al matters (p. 85)). This is intended to enable the use ofGreek 
hara
ters, but may be useful for 
ertain other e�e
ts.44



Equivalen
e between lower 
ase plain text 
hara
ters and the Greekalphabet is shown in a separate Table (p. 48). Other symbols are alsoavailable, in
luding mathemati
al symbols, arrows, et
., and these 
an bein
luded by entering 
odes dire
tly: see Table (p. 48);# Swit
hes font to normal size, roman style. Used (automati
ally) betweentitle and subtitle in psimpoll, but may be useful in ps
omb titles toprodu
e the same e�e
t;$ Use to in
lude the name of the main input �le within a label. I like thisin
orporated in the subtitle (I1) for test plots;j Use to in
lude the time and date within a label. I like this in
orporated inthe subtitle (I1) for test plots.The labels that 
an be modi�ed are:Ia Text at base of diagram e.g., `Per
entages of total ...'. Default is `%'for per
entage diagrams, but nothing for other types of plot;Ib Subtitle, appended to the main title. Default is nothing;I
 Labelling for 
olumn of zonation (if any), printed 
entrally, at the sameangle as for taxa names. Default is nothing;Id Labelling for dendrogram produ
ed by CONISS or CONIIC (if any),printed 
entrally, at the same angle as for taxa names. Default isnothing;Ie Labelling for 
olumn of sediment stratigraphy (if any), printed 
entrally, atthe same angle as for taxa names. Default is nothing;If Labelling for 
olumn with radio
arbon ages (if any), printed 
entrally, atthe same angle as for taxa names. Defaults depend upon settings inmenu L (p. 53):La = `o�'; se
ond 
hara
ter of 
ode on fourth input line is not `a';(p. 23) No value (unused)La = `on' or se
ond 
hara
ter of 
ode on fourth input line is `a'; Li = `o�'; Lh = `o�'(p. 58) Default `{14}C ages (yr BP)' (whi
h prints with asupers
ripted `14').La = `on' or se
ond 
hara
ter of 
ode on fourth input line is `a'; Li = `o�'; Lh = `on'(p. 58) Default `{14}C ages (yr AD/BC)' (whi
h prints with asupers
ripted `14').La = `on' or se
ond 
hara
ter of 
ode on fourth input line is `a'; Li = `on'; Lh = `o�'(p. 58) Default `Cal. ages (yr BP)'.La = `on' or se
ond 
hara
ter of 
ode on fourth input line is `a'; Li = `on'; Lh = `on'(p. 58) Default `Cal. ages (yr AD/BC)'.Ig First line of label for age-depth 
olumn printed 
entrally and horizontally.Defaults depend upon settings in menu L (p. 53):45



La = `o�'; Li = `o�' (p. 58) Depends upon the se
ond 
hara
ter of
ode on fourth input line (p. 23):a `Age';d, m `Depth';s `Sample';f `Cy
les';t Default is no label;La = `on'; Li = `o�' or 'on'; Lh = `o�' or 'on' (p. 58) Default`Age'.Ih Se
ond line of label for age-depth 
olumn printed 
entrally andhorizontally. Defaults depend upon settings in menu L (p. 53):La = `o�'; Li = `o�' (p. 58) Depends upon the se
ond 
hara
ter of
ode on fourth input line (p. 23):a `yr BP' or yr AD/BC, depending on whether AD/BC option hasbeen sele
ted (see menu Lh (p. 58));d `
m';f `kyr{-1}' (prints with supers
ripted '-1')';m `m';s, t Default is no label;La = `on'; Li = `o�' or 'on'; Lh = `o�' (p. 58) Default `yr BP'.La = `on'; Li = `o�' or 'on'; Lh = `on' (p. 58) Default `yrAD/BC'.Ii Labelling for time-s
ale 
olumn heading (if any), printed 
entrally, at thesame angle as for taxa names. Defaults depend upon settings in menu L(p. 53):Lh = `o�' (p. 58) No value (unused)Lh = `on'; Lj = `o�'; Li = `o�' (p. 58) Default `Age ({14}C yrBP)' (whi
h prints with a supers
ripted `14').Lh = `on'; Lj = `on'; Li = `o�' (p. 58) Default `Age (Cal. yrBP)'Lh = `on'; Lj = `o�'; Li = `on' (p. 58) Default `Age ({14}C yrAD/BC)' (whi
h prints with a supers
ripted `14').Lh = `on'; Lj = `on'; Li = `on' (p. 58) Default `Age (Cal. yrAD/BC)'Ij Labelling for x-axis of age-depth plot, printed 
entrally. Defaults dependupon settings in menu L (p. 53):Lh = `o�' (p. 58) No value (unused)Lh = `on'; Lj = `o�'; Li = `o�' (p. 58) Default `Age ({14}C yrBP)' (whi
h prints with a supers
ripted `14').Lh = `on'; Lj = `on'; Li = `o�' (p. 58) Default `Age (Cal. yrBP)' 46



Table of a

ented and other spe
ial 
hara
ters for use in labelsWhat to type in order to have the indi
ated 
hara
ter displayed on the �naldiagram. Examples are shown where this is possible within the limitations ofLATEX.Type: to get:an' á a
ute a

ent on any letteranu   breve a

ent on any letterznv º 
aron a

ent on any letter
n, ç 
edilla with any letteran� â 
ir
um�ex on any letteran" ä dieresis on A, a, E, e, I, i, O, o, U, uan` à grave a

ent on A, a, E, e, I, i, O, o, U, uan- 	a ma
ron a

ent on any letteren; � ogonek with any letternn ñ tilde on A, a, N, none ÷ Fren
h ligature (lower
ase)OnE × Fren
h ligature (upper
ase)sns ÿ German sharp Son* ® long Hungarian umlaut on any letterdnh ð I
elandi
 ethDnh � I
elandi
 Ethpnh þ I
elandi
 thornPnh Þ I
elandi
 Thornln/ ª Polish suppressed-lLn/ � Polish suppressed-Lane æ S
andinavian ligatureAnE Æ S
andinavian ligatureano å S
andinavian a-ringAno Å S
andinavian A-ringon/ ø S
andinavian o-slashOn/ Ø S
andinavian O-slashn251 

 Copyright symboln261 � Plus-minus symbolLh = `on'; Lj = `o�'; Li = `on' (p. 58) Default `Age ({14}C yrAD/BC)' (whi
h prints with a supers
ripted `14').Lh = `on'; Lj = `on'; Li = `on' (p. 58) Default `Age (Cal. yrAD/BC)'Ik Labelling for y-axis of age-depth plot, printed 
entrally, rotated verti
ally.Default `Depth (
m)';Il Modi�es the labels for the units of plots, a�e
ting both general footnotes(menu Ia (p. 45)), and labelling of individual 
urves. After sele
ting thisoption, a submenu (p. 48) allows a 
hoi
e of labels for modi�
ation.
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Table of Greek equivalents of English alphabet 
hara
ters in Symbolen
oding for use in labelsWhat to type in order to have the indi
ated 
hara
ter displayed on the �naldiagram. Examples are shown where this is possible within the limitationsofLATEX, or names of 
hara
ters otherwise.Type: to get:A a A �B b B �G g � 
D d � ÆE e E �Z z Z �Q q � �I i I �K k K �L l � �M m M �N n N �X x � �O o O oP p � �R r R �S s � �T t T �U u � �F f � �C 
 X �Y y 	  W w 
 !8.12.1 Menu Ik: submenu for 
hoi
e of labels to be modi�edA Con
entration (volume) units [ grains 
m{-3}℄B Con
entration (weight) units [ grains g{-1}℄C A

umulation rate units [ grains 
m{-2} year{-1}℄D Char
oal 
on
entration units (volume) [ 
m{2} 
m{-3}℄E Char
oal a

umulation rate units [ 
m{2} 
m{-2} year{-1}℄F Char
oal 
on
entration units (weight) [ 
m{2} g{-1}℄G Char
oal:pollen units [ 
m{2} grain{-1}℄H Rate of 
hange units [ 
ent.{-1}℄I Ratio label [ ratio℄J Fourier output values [ power℄K Total dispersion [ Total dispersion℄9 Leave this menuSele
t the letter or number 
on
erned to 
hange a label. The new label 
an48



Table of 
hara
ter 
odes in Symbol en
oding for use in labelsWhat to type in order to have the indi
ated 
hara
ter displayed on the �naldiagram. Examples are shown where this is possible within the limitations ofnLATEX, or names of 
hara
ters otherwise.Type: to get:� 8 ' 3n243 � n2451n247 | n250 }n251 ~ n252 �n253 $ n254 n255 " n256!n257 # n260 Æn261 � n263 �n264 � n265 /n266 � n267 �n270 � n271 6=n272 � n273 �n274 . . . n275 jn276 � n277 
arriage returnn300 � n301 =n302 < n303 }n304 
 n305 �n306 ; n307 \n310 [ n311 �n312 � n313 6�n314 � n315 �n316 2 n317 62n320 6 n321rn322 registered serif n323 
opyright serifn324 trademark serif n325Qn326 p n327 �n330 : n331 ^n332 _ n333,n334 ( n335 *n336 ) n337 +n340 � n341 hn342 registered sans serif n343 
opyright sans serifn344 trademark sans serif n345Pn361 i
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in
lude any of the usual e�e
ts, as des
ribed in menu I (p. 43).8.13 Menu J: print datasetJ Print dataset to filea Print dataset to file (off) [off℄b Spe
ify format of output [psimpoll℄9 Leave this menuControls whether to print the main dataset to the data output �le (menu Eh(p. 41)) in order to provide output of values 
al
ulated during a run ofpsimpoll. The dataset may be in a form to be used immediately as psimpollinput, or for input to WACALIB (Line et al 1994). It in
ludes all 
hangesmade during the 
urrent psimpoll run (
onversion of depths to ages,
on
entrations to a

umulation rates, 
al
ulation of palynologi
al ri
hness andrates of 
hange, sums 
al
ulated during 
onversion of TILIA raw data �les toper
entages).If radio
arbon dates have been read from a TILIA raw data �le, these will bewritten to a C14 �le in the right format to be read in to psimpoll. However,an existing C14 �le will not be over-written.Sele
t `a' to toggle printing of a dataset between `on' and `o�', and sele
t `b'to determine the dataset type.8.14 Menu K: intera
tive plottingK Intera
tive plotting (off) [off℄Controls whether the user 
an sele
t taxa individually for plotting (on), ortaxa are plotted in the order found in the data �le (o�);Toggles from `on' to `o�'.When running under this option, the program provides a s
reen listing of alltaxa in the dataset, ea
h pre
eded by a number. Any initial `-' (to mark ataxon that should be skipped by non-intera
tive plotting) is removed. The�rst six 
hara
ters of ea
h taxon name are given where the dataset in
ludesless than 110 taxa, the �rst three 
hara
ters for less than 153 taxa, and thenumber only for less than 237 taxa. The option is not available for 238 ormore taxa (be
ause there is not enough room on the s
reen). Previously`plotted' taxa are marked by a hyphen between the taxon name and itsnumber, and listed by number beneath the display of taxa names.For example: 50



Dalli
an Water, Lunnasting, Shetland0-_Betul 1-_Coryl 2-_Pinus 3 _Quer
 4 _Ulmus 5 _Alnus 6 _Fraxi7 _Junip 8 _Salix 9 _Empet 10-_Callu 11 Cypera 12 Gramin 13 _Filip14 _Poten 15 _Artem 16 Cru
if 17 Caryop 18 _Jasio 19 _Rumex 20 _Polyp21 _Pteri 22 Fili
a 23 _Huper 24 :AP:NA 25 <> 26 !Palyn 27 =Rate28 *Main 29 Potamo 30 _Isoet 31 _Isoet 32 _Myrio 33 *Aquat 34 _Sphag35 *Sphag 36 *IndetEnter 'Q', 'N', or 'number[Bx℄[Cx℄[D℄[E℄[F℄[Gx℄[Hx℄[O℄[Px℄[Sx℄[T℄'Taxa plotted so far: 0.50 pages plotted0 1 2 10You sele
t a taxon for plotting by entering its number, or a number range,followed [optionally℄ by the 
hara
ters indi
ated above in square bra
kets. Anyother 
hara
ters, in
luding spa
es, are ignored. E�e
ts are 
umulative alongthe sequen
e if 
ontradi
tory options are given. For example, 0fo is equivalentto 0o. A number range is given by entering n1-n2, where n1 and n2 are the�rst and last numbers of the desired range. The optional 
hara
ters enable youto over-ride defaults set for the dataset for a parti
ular taxon (or all taxa in arange):B plot a solid dot next to the 
urve where values are non-zero but less than adefault value of 0.5% (or equivalent after s
aling for non-per
entagedata). A value `x' 
an be added to 
hange the default value. This shouldbe in per
entage units or the same units as the taxon being plotted;Cx Change 
olour for 
urrent plot. The value given after the letter must beeither a number whi
h is a 
olour identi�er from the 
olour palette �le(p. 16) (e.g. C142), or a question mark (C?). If the identi�er is given, the
orresponding 
olour is used. If a question mark is given, a promptdisplays the 
urrent 
olour, and a asks for a new one (whi
h should bethe name of a 
olour in the palette �le);D swit
h o� � 10 exaggeration (menu D
 (p. 39));E swit
h on � 10 exaggeration (menu D
 (p. 39));F swit
h on plotting of �lled 
urves (menu Db (p. 39)), using the grey shadeof �lling sele
ted in menu Dd (p. 40), or solid as default. If a 
olour hasbeen sele
ted, the 
urve will be �lled in that 
olour mixed with anamount of bla
k a

ording to the value of the grey shade;Gx swit
h on plotting of �lled 
urve and sele
tion of grey shade (menu Dd(p. 40)), with `x' set to a real number. Available shades range from 0.0(bla
k) to 1.0 (white). The value is given immediately after the letter(e.g., G0.75. The way that de
reasing grey shades for the defaultsummary diagram are 
al
ulated is given in Data preparation (p. 16),51



and 
an be extended to the taxa that make up the summary types byusing this option. Shaded plots are outlined, so pure white is visible evenwith a white ba
kground. If a 
olour has been sele
ted, the grey value isadded to the 
olour. A value of 0.0 always produ
es a bla
k plot;Hx swit
h on plotting of 
urrent 
urve as a histogram. The value for thehistogram width is given immediately after the letter (e.g., H0.25), inthe 
urrent age-depth units. This value over-rides any settings made inmenu Dg (p. 40). This option is ignored if applied to a sum value. Sumvalues 
an be plotted as histograms if the '*' that de�nes them as sumsis removed from the taxon name. This 
an be done by 
ombining ahistogram swit
h with a 
hange of taxon name (e.g. H0.25T);O swit
h on plotting of outline 
urves (menu Db (p. 39));Px Change the line thi
kness for the 
urrent plot. The value is givenimmediately after the letter (e.g., P10). The default value is 1, unless
hanged in menu Dk (p. 41). The result is dependent on the resolution ofthe output devi
e, so some experimentation may be needed to get adesired e�e
t;S smooth the data before plotting. The default is 3-point smoothing by �ttinga regression line (2-term polynomial) through ea
h data point, plus onepoint on either side. If a value is given for `x', immediately after `S', thenthat value is used for the number of points to smooth a
ross. `x' shouldbe an odd number. If it is 5 or more, then a 4-term polynomial (
ubi
) is�tted to the points. As with any smoothing, data points are lost at bothends of the sequen
e. The smoothed data repla
e the original values inmemory, so do not use this option with the same taxon more than on
eper run of psimpoll. Smoothed values are printed to the data analysis�le, if this is available. Values at the ends of the sequen
e appear as `-1'.If 
on�den
e intervals have been requested (menu N (p. 75)), these willnot be 
al
ulated;T 
hange the `name' of the taxon. This is intended for use in the produ
tionof PostS
ript output �les that will be used in ps
omb. For example, ifyou want a plot that 
ompares the Betula re
ord from several sequen
es,you might produ
e a PostS
ript output �le using this option to repla
ethe name `Betula' by the site name, and then add a main title in ps
ombwhi
h indi
ates that all the plots are of Betula from the named sites.X extend the plotting limits for the taxon. By default, these are themaximum and minimum values found in the data for the taxon
on
erned. These values 
an be extended to higher and lower values,respe
tively. This feature 
an be used to produ
e plots of a given taxonto the same s
ale as plots for the same taxon in other datasets, forexample. The 
ode 'X' is saved in the .SCR �le, but the new values arenot (and so will be prompted for even when reading from a s
ript �le).Alternatively, instead of a number, enter `N' to for
e the start of a new page,or `Q' to end the plot. As usual, psimpoll is not 
ase-sensitive about any ofthese 
hara
ters. 52



By default, all options sele
ted are written to a .SCR �le. If option P (p. 79)was sele
ted from the main menu, then options will be read from a previous.SCR �le, and not from the keyboard.Setting intera
tive plotting to `o�' does not ne
essarily make psimpoll
ompletely non-intera
tive. Some options from other menus require a
tionfrom the user. These are:� Age-depth modelling by least-squares (L4.3 (p. 56)) or SVD (L4.4(p. 56)) with the number of terms set at 0 (L5 (p. 57));� Zonation (M
 (p. 62)) with the desired number of zones set at 0 (M
.1(p. 64));� Data analyses with the threshold for in
lusion of a taxon set to be <=0(Mi (p. 74)).8.15 Menu L: age-depth 
onversionEnables 
al
ulation of sediment ages from depths, provided data are presentedby depth, and either a 14C or CAL�le is available. This menu allows 
ontrol ofthe pro
ess of 
onstru
ting an age-depth model. The model is 
onstru
tedbefore the writing of any `plotting' results to the main output �le, and theresults are plotted on an age-depth PostS
ript output �le (menu E (p. 41))and summarized in a plain text �le (menu E (p. 41)) suitable for in
orporationinto a spreadsheet. It is thus possible to run your model with the program inintera
tive mode (menu K (p. 50)), quit when the list of taxa appears for`plotting', and examine the results in either output �le.Age-depth models may be based on either radio
arbon age determinations(the default) or 
alibrated ages. Use with radio
arbon ages dire
tly is simpler,and their input is des
ribed under Format of asso
iated input �les (p. 25).8.15.1 Calibrated agesUse with 
alibrated ages is more 
omplex, be
ause of the nature of these ages.There is no one-to-one 
onversion of radio
arbon ages onto a 
alibrated
alendar year times
ale. The 
alibration 
urve is irregular, and the result ofmapping a radio
arbon age, with its symmetri
al normal probabilitydistribution, onto the irregular 
alibration 
urve is an irregular probabilitydistribution, whi
h 
annot be treated statisti
ally in the same way asradio
arbon ages. psimpoll apprao
hes the problem through the outputgenerated by the BCal14 
alibration system. Other 
alibration programs areavailable (see Radio
arbon Web-info15), but BCal o�ers two advantages:14See URL http://b
al.shef.a
.uk15See URL http://www.
14dating.
om/ 53



� It uses a statisti
al approa
h that makes it possible to take a

ount ofother dates during the 
alibration of ea
h individual date. For example,if it is known that one date is younger then the other, be
ause of theirstratigraphi
 relationship, it is possible to use this restri
tion to redu
ethe range of probabilities for 
alibrating either date. Individual dates
an also be 
alibrated, with essentially the same result as from any other
alibration program.� It provide output in a 
onvenient tabulated form, for further use.The probability distribution of a 
alibrated date is irregular. psimpollhandles this by using either the mode or the weighted average mean as thevalue for the 
alibrated age. The mode has no standard deviation asso
iatedwith it, but the weighted average does. If 
on�den
e intervals are requested(menu N (p. 75)), these are obtained by drawing random numbers from theirregular distribution, if the mode is being used, or from the normaldistribution de�ned by the weighted mean and its standard deviation.The use of 
alibrated ages is determined here, in menu L, but some of thedetails are 
ontrolled in menu N (p. 75), and dis
ussed there.When menu L is sele
ted, the following submenu appears:L Conversion of depths to agesa Convert depths to ages (off) [off℄b Spe
ify an age for the top sample [0+/-50℄
 Spe
ify an age for the basal sample [℄d Sele
t an age model [1℄e Sele
t number of terms for polynomial age model [0℄f Change laboratory error multiplier (1.00) [1.00℄g In
lude times
ale with depth axis (off) [off℄h Convert all ages to AD-BC s
ale (off) [off℄i Use 
alibrated ages from BCal (off) [off℄j Mode or weighted average with 
alibrated dates [MODE℄9 Leave this menuLb-Lf, Lh and Li are relevant only if La is `age', Lg is `on', or the se
ond letterof the 
ode in input Item 4 of input is `b' (
onversion of 
on
entration data toa

umulation rate data). Lj is relevant only if Li is `on'. If sample values arenot 
onverted to ages, any output �le for age-depth data (menu Eb (p. 41)) isnot used.8.15.2 Menu La: 
onvert depths to agesEnables 
onversion of sample values given as depths to ages, using the agemodel 
hara
teristi
s set up in the rest of the menu. The program then worksas if the original data were age data in all respe
ts. If values are to be plotted54



as depths, the age modelling is still relevant for the 
al
ulation ofa

umulation rates and their 
on�den
e intervals. Headings for age or depths
ales are 
hosen automati
ally here, but may be over-ridden in menu I(p. 43). This option and the addition of a times
ale to diagrams plotted bydepth (menu Lg (p. 58)) are mutually in
ompatible: setting one of them onwill 
ause the other to be turned o�.This option toggles between `o�' and `on'.8.15.3 Menu Lb: top ageThe user is prompted for values for an estimated age and then estimated errorfor the top sample of the sequen
e. A value for the age of the top sample maybe given, but the default (0�50) will 
over most purposes, and a value of <-2000 (I suggest using -9999) means that there is no age estimate available (orthat a radio
arbon age falls exa
tly at the top sample). This usage is di�erentfrom that for the basal age (L
 (p. 55)) for histori
al reasons: it may 
hange.The allowed range is -10000 to 100,000, with an error between 0 and 2000. Ifno value is given for the top sample, ages 
al
ulated for samples above theuppermost age are obtained by extrapolation.A value 
an still be entered here, and will be used, even if 
alibrated dates arebeing used (menu Lj (p. 59)). It will always be treated statisti
ally as anormal distribution.8.15.4 Menu L
: basal ageThe user is prompted for values for an estimated age and then estimated errorfor the basal sample of the sequen
e. No age is assumed for the basal sample,unless one is given here: the allowed range is 0 to 10,000,000, with an errorbetween 0 and 20,000. If no value is given for the basal sample, ages 
al
ulatedfor samples below the lowermost age are obtained by extrapolation.A value 
an still be entered here, and will be used, even if 
alibrated dates arebeing used (menu Lj (p. 59)). It will always be treated statisti
ally as anormal distribution.8.15.5 Menu Ld: age modelO�ers the following 
hoi
es for the age model to be used:
55



1 Linear interpolation between dates2 Cubi
 spline interpolation3 General linear line-fitting by weighted least-squares4 General linear line-fitting by singular value de
omposition5 Curve-fitting by Bernshtein polynomial6 Loess smoothingEnter age modelLd.1 Linear interpolation is a good standby, and surprisingly hard to beat,but 
on�den
e intervals are poor.Ld.2 Cubi
 spline is a form of 
urve �tting, based on 4-term polynomials,that passes through all the given points. It 
an be interesting, but ishighly sus
eptible to wild swings even short distan
es outside the rangeof given dates.Ld.3 The age-depth model is a polynomial 
urve, �tted using `normal'equations, of the typey = a+ bx+ 
x2 + dx3 et
.,where y is estimated age, and x is sediment depth. Having sele
ted oneof these options, you may need to indi
ate how many terms you want inthe polynomial (menu Le (p. 57)). A two-term model (i.e., y = a + bx) isidenti
al to linear regression. The number should be in the range from 2up to the number of age estimates available, in
lusive, or else 0 to obtainthe results of �2 from attempts to �t 
urves using �rst 2, then 3, up tothe maximum number of terms in turn. You then need to 
hoose whi
hnumber of terms to use. In general, the idea is to use as few terms aspossible, 
onsistent with a low value for �2. To help evaluate �2, ameasure of the goodness-of-�t is also given. This number is theprobability that results as bad as yours would have been obtained if thesele
ted model and number of terms is the right one. This value should,ideally, ex
eed 0.05, but often the best available value will be mu
h lessthan this. You should noti
e that �2 values be
ome lower with moreterms used: a better �t with more terms. O

asionally, thegoodness-of-�t will in
rease slightly as the number of terms in
reases.This is be
ause the number of degrees of freedom de
reases within
reasing numbers of terms.Ld.4 As for Ld.3 (p. 56), ex
ept that 
urves are �tted using singular valuede
omposition (SVD): see Press et al. (1992) for details. SVD shouldalways give results at least as good as the normal equations: with somedatasets it may do better. Try both.Ld.5 The age-depth model is 
onstru
ted using a Bernshtein polynomial, alsoknown as a Bézier 
urve. This is a 
urve that passes smoothly throughor near all the points, and is �tted by su

essive approximation. It is
onstrained so that it must pass through both endpoints (the highest56



and lowest ages). It will always fall within a polygon that bounds all thepoints. The 
urve uses all points for estimating an age for any givendepth, so 
hanging any point in�uen
es the entire 
urve. I �nd that ittends to �t 
lose to most points, but will e�e
tively bypass an outlier.The 
urve also tends to be rather sti�, but this has the advantage that itdoes not behave wildly in extrapolated portions (
f. the spline in menuLd.2 (p. 56), for example). Newman and Sproull (1981) dis
uss theproperties of these 
urves in more detail.Gradients on this 
urve are obtained by numeri
al di�erentiation, usinga 
entral di�eren
e formula.Ld.6 The age-depth model is 
onstru
ted by lo
al regression. This is anapproa
h that �ts 
urves to noisy data by a multivariate smoothingpro
edure: �tting a linear or quadrati
 fun
tion of the variables in amoving fashion that is analogous to how a moving average is 
omputedfor a time series. The method is des
ribed by Cleveland (1979) andCleveland and Devlin (1988).Do not use age models blindly. Some �tted 
urves 
an do strange things(espe
ially the spline), others will simply not provide reasonable �ts (usuallythrough inadequate estimation of errors on ages, or pe
uliarly variablesediment a

umulation patterns). Before using these models to interpretpollen data, 
he
k the PostS
ript output �le. Is it reasonable? Are thereportions where the 
urve provides a negative a

umulation rate? Whathappens in extrapolated portions of the 
urve? Use the 
on�den
e intervaloption with 
on
entration data to see the sample standard deviations of the
al
ulated sediment a

umulation rates. Compare 
urve output with linearinterpolation output.Graphi
al and data output is provided even where a

umulation rates arenegative. This may look strange, espe
ially on the main pollen diagram.8.15.6 Menu Le: number of terms for polynomial age modelsThis enables 
hoi
e of the number of terms for the age models of Ld.3 (p. 56)and Ld.4 (p. 56).8.15.7 Menu Lf: laboratory error-multiplierUse to in
rease the errors on the age estimates by a 
onstant fa
tor(`laboratory multiplier'). Experiment with this to see the 
onsequen
es for thegoodness of �t through age models Ld.3 (p. 56), Ld.4 (p. 56), or Ld.6 (p. 57).A good start would be to use a fa
tor of 2.0.[Allowed range 0-5℄ 57



8.15.8 Menu Lg: times
ale with depth s
aleEnables the addition of a times
ale next to a depth s
ale. The time-s
ale isobtained via the age models set elsewhere in menu L. Times
ales are obtainedby an iterative pro
ess for all age models ex
ept linear interpolation, and maybe slow (espe
ially with the Bernshtein polynomial). During 
al
ulation,numbers are printed to the s
reen to indi
ate progress, 
ounting up towardsthe number of ti
k marks on the s
ale. This option and the plotting ofdiagrams by age (menu La (p. 54)) are mutually in
ompatible: setting one ofthem on will 
ause the other to be turned o�. However, a separate age-depthplot will be produ
ed, displaying the model used to determine the times
ale.This option toggles between `o�' and `on'.8.15.9 Menu Lh: AD/BC s
aleEnables plotting of age s
ale in AD/BC units without 
hanging the C14 �le.Age input for all variables is assumed to be in years before AD 1950, and 1950years are subtra
ted from the input. The s
ale heading is adjusted, but 
an beover-ridden from menu I (p. 43).This option toggles between `o�' and `on'.If sediment a

umulation rates are found to be negative, the program stopsafter writing the output �le for age-depth data (if any was requested). This isto enable the user to examine the output, and �nd out exa
tly how theline-�tting went wrong.You may �nd that no model produ
es, by itself, a reasonable approximation ofthe age-depth relationship in your sequen
e. In this 
ase, produ
e your list ofages, perhaps by 
ombining output from two or more models over di�erentse
tions of the 
ore, and in
orporate it into your main input �le, presentingthe data by age rather than depth. However, if you do this, the program willnot be able to 
al
ulate a

umulation rates: you would also have to do thatyourself, and no error estimates would be possible.8.15.10 Menu Li: CalibrationEnables reading of BCal 
alibrated data, instead of the default radio
arbondata. The dire
t e�e
t is that the program sear
hes for a CAL �le instead of aC14 �le, and pre
eeds from there.This option toggles between `o�' and `on'.Details of the input format of the CAL �le are des
ribed under Format ofasso
iated input �les (p. 26). The name of the CAL �le 
an be 
hanged inmenu E (p. 41). 58



8.15.11 Menu Lj: Mode or weighted average with 
alibrated datesCalibrated dates have an irregular probability distribution, and are thusdi�
ult (impossible) to represent with a single number, unlike radio
arbondates. Two possibilities are available: to use the mode (year with the highestprobability), or a weighted average of the distribution as a single value for useon plots. Menu Lj, here, allows the 
hoi
e of whi
h to use.Toggles from `MODE' to `WTAVE'.Results of modelling are always presented graphi
ally as a 95% 
on�den
einterval band either side of their mean (whi
h will be identi
al, or nearly so, tothe weighted average). If menu Lj is set to `MODE', the dates will beapparently o�-
enter from this distribution,.8.16 Menu M: data analysesM Data analysesa Rate-of-
hange analysis (off) [off℄b Rarefa
tion analysis (off) [off℄
 Zonation (off) [off℄d Prin
ipal 
omponents analysis (off) [off℄e Corresponden
e analysis (off) [off℄f Fourier analysis (off) [off℄g Statisti
al des
ription of data (off) [off℄h Independent splitting of taxa (off) [off℄i Minimum value for in
lusion of a taxon [0.05℄j Re
al
ulation of dataset proportions (on) [on℄9 Leave this menuEnables various numeri
al analyses on the input data, ranging from summarystatisti
s to 
omplex multidimensional analyses. Ex
ept for independentsplitting, analyses are 
arried out before the writing of any `plotting' results tothe main output �le. It is thus possible to run these analyses with theprogram in intera
tive mode (menu K (p. 50)), and then quit when the list oftaxa appears for `plotting'. Where appropriate, results will be in the dataanalysis �le sele
ted in menu E
 (p. 41).For analyses other than rarefa
tion analysis and independent splitting, theprogram sear
hes through the dataset for taxa that have a maximum valuethat ex
eeds a 
ertain threshold (menu Mg (p. 74)), and (optionally) then asksthe user whether to in
lude that taxon or not. Answering `A' at any point inthe sequen
e of taxa 
auses all remaining taxa with values that ex
eed thethreshold to be in
luded. Answering `M' in
ludes all taxa until a sum value isen
ountered (identi�ed by a * as the �rst 
hara
ter): the sum value itself andall following taxa are ex
luded. If the threshold value is zero, the user is askedabout ea
h taxon in the dataset. I 
annot think of a less 
umbersome way to59



eliminate taxa from 
onsideration. The resulting redu
ed dataset may then bere
al
ulated as proportions of the taxa in
luded (the default) or left in thesame form as input (menu Mi (p. 75)).8.16.1 Menu Ma: rate of 
hangeRate-of-
hange analysis produ
es this display:0 Rate-of-
hange analysis (off) [off℄Enter '0' for on, or '1' for offRate-of-
hange analysis was introdu
ed by Ja
obson et al. (1987) andJa
obson and Grimm (1988), and further explored by Bennett & Humphry(1995). It involves measuring the dissimilarity between adja
ent pairs ofsamples, and then relating that to the temporal di�eren
e between thesamples. The methods of Ja
obson et al. (1987) and Ja
obson and Grimm(1988) are not well-explained, but it appears that they �rst smoothed theirpollen data, then interpolated to give pollen spe
tra at even intervals of timealong the sequen
e, then measured dissimilarities. The method used here is tomeasure the dissimilarity between adja
ent samples, and divide this measureby the temporal di�eren
e between the samples (Bennett et al. 1992). This issimpler, and involves mu
h less tinkering with the data. However, dissimilaritymeasures are non-linear (in a sequen
e of three samples, the dissimilaritybetween samples 1 and 3 will not be the same as the sum of the dissimilaritiesbetween 1 and 2 and between 2 and 3). This should not be a serious problemwhere the time di�eren
e between samples is approximately 
onstant, or
hanging smoothly and slowly.The dataset 
an be smoothed before doing the analysis. The number of pointssmoothed 
an be 3, 5, 7, or 9. Smoothing is 
arried out by a least-squaresline-�t, with 2-terms (straight line) for 3 points, or 4-terms (
ubi
 polynomial)for the others.Results are available for immediate plotting, and will be in
luded with the restof the dataset for saving to the data analysis �le (menu J (p. 50)). The `taxonname' given is name of the dissimilarity measure used (see below). Depthsmust be either presented as ages (see Data preparation (p. 16)) or 
onverted toages (menu La (p. 54)) in order to obtain rates of 
hange. This means that onthe psimpoll run that does the 
al
ulations, the output will have to beplotted against age.If 0 is sele
ted, the following display appears:
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1 Dissimilarity measure (1) [1℄2 Smoothing parameter (0) [0℄3 Modelling of rate of 
hange (off) [off℄9 Leave this menuQ Return to main menuMa.1 enables 
hoi
e of dissimilarity measures:1 Chord distan
e2 Information statisti
3 Chi-squared 
oeffi
ient 14 Chi-squared 
oeffi
ient 25 Manhattan metri
6 Eu
lidian distan
e7 Angular separation8 Standardized Eu
lidian distan
eEnter number <Enter>There are many dissimilarity measures (Prenti
e 1980), but 
urrently Ihave implemented just these eight after experiments by Roger Humphry(Bennett & Humphry 1995). Choi
e 1 is the 
lassi
 measure, and the oneused by Ja
obson et al. (1987), Ja
obson & Grimm (1988), and Bennettet al. (1992). Try them all.Ma.2 allows 
hoi
e of the number of points smoothed (see above).Ma.3 allows modelling of rates of 
hange in order to assess 
on�den
e in theresults. A submenu (see menu M
.7 (p. 66)) allows 
hange of variousparameters 
onne
ted with this. Results, printed to the data analysis �le,give the standard deviation for ea
h 
al
ulated rate of 
hange based onlyon the un
ertainty of the original pollen 
ounts. Errors asso
iated withthe age-depth modelling are in
orporated if available (request 
on�den
eintervals in menu N (p. 75)), but there is not yet any plotted output.8.16.2 Menu Mb: rarefa
tionRarefa
tion analysis produ
es this display:1 Rarefa
tion analysis (off) [off℄Enter '0' for on, or '1' for off61



It is a matter of 
ommon observation that di�erent pollen spe
tra havedi�erent numbers of pollen types, but it is also obvious that the number oftaxa must have some relation to the number of pollen grains 
ounted, and thisnumber is never 
onstant from one sample to another. Rarefa
tion analysis(introdu
ed to pollen analysis by Birks & Line [1992℄) provides a way ofdetermining the palynologi
al ri
hness of a given pollen spe
trum if a 
ertainother number of grains had been 
ounted (whi
h must be less than the a
tualnumber 
ounted). The pollen 
ount is thus e�e
tively standardized to a singlesum, and it is then possible to 
ompare the ri
hness between samples. If thesize of standardized 
ount is kept 
onstant between sequen
es, and other
onditions hold (similarity of pollen taxonomy between analysts, for example),then it may be possible to 
ompare ri
hness between sequen
es.In order to use this option, the main input �le must:� in
lude all pollen types 
ounted within the main sum;� in
lude values for the pollen sums (distinguished by a `*' in the usualmanner), pla
ed immediately after the last pollen type from within thatsum;� not in
lude any types outside the sum earlier in the main input �le thanthe sum values.If 0 is sele
ted, you will be prompted:Spe
ify the 
ount size for standardization [0℄Enter number <Enter>The default value is the lowest pollen sum in the dataset. Otherwise, 250 is agood number, and should be a
hievable for all datasets.Results are available for immediate plotting, and will be in
luded with the restof the dataset for saving to the data analysis �le (menu J (p. 50)). If samplesare marked for skipping, the results for those samples are set as -1. Whenplotted, the 
urve will be joined up a
ross them, or a break left, depending onthe setting of menu Df (p. 40).8.16.3 Menu M
: zonationZonation produ
es this display:2 Zonation (off) [off℄Enter '0' for on, or '1' for off62



This se
tion 
arries out zonation of pollen stratigraphi
 data, by splittingusing binary or optimal te
hniques (ea
h by minimizing sum-of-squares orinformation 
ontent 
riteria for making the splits), or by agglomeration using
onstrained 
luster analysis, based on squared Eu
lidian dissimilarity(CONISS), developed by Grimm (1987), or on information 
ontentdissimilarity (CONIIC).The binary approa
h splits the data set into su

essively small groups bysplitting existing zones. Results for any given number of zones are thus anextension of results for all results with fewer zones. The optimal approa
hstarts afresh for ea
h su

essive number of splits, and thus there will notne
essarily be any 
orresponden
e between results for division into diferentnumbers of zones. The prin
iples are dis
ussed fully in Birks & Gordon (1985).Optimal splitting 
an be very time-
onsuming. However, in prin
iple and inpra
ti
e it is more satisfa
tory than binary splitting, and I now use it routinely(Bennett et al. 1992).CONISS and CONIIC are based on 
luster analysis, with the 
onstraint that
lusters must be based on agglomeration of stratigraphi
ally adja
ent samples.See Grimm (1987) for details of CONISS. CONIIC di�ers in using theinformation 
ontent statisti
 (see Prenti
e (1980) instead of sqaured Eu
lidiandistan
e to form the initial dissimilarity matrix.Results, as de�ned zones, are written to the ZONE �le, unless the data havebeen shu�ed (see menu M
.6 (p. 65)), and will be used and plotted on the
urrent diagram. If the data are not being shu�ed and a ZONE �le is notavailable, zonation will not be 
arried out. A data analysis �le may be set up(menu E
 (p. 41)) and, if so, will in
lude details of the numeri
al side of thezonation. Results from CONISS are laid out more or less as in Grimm (1987,Appendix), ex
ept that depth labels are used instead of markers for depths.No judgement is made about subzones: that remains a subsequent matter forthe analyst (Grimm 1987).For CONISS and CONIIC, a dendrogram showing the formation of the
lusters, is drawn at the end of the plot, after the �nal 
olumn of zones. Ifthere is insu�
ient room on the �nal page, it will be plotted on a new page. It
an be moved and (re-)
ombined with other plot 
omponents using ps
omb.It would be usual to apply a threshold value (menu Mi (p. 74)), andre
al
ulate the dataset for analysis to proportions of the sum of types in
luded(menu Mj (p. 75)).The output tables mark, with `*', zonations with varian
es 
onsidered to beinterpretable by ex
eeding values generated by a broken-sti
k model of thedistribution of varian
e amongst the various 
omponents, as has been donewith the eigenvalues of a PCA (Legendre & Legendre 1983; Ja
kson 1993).The idea is that ea
h su

essive `split' a

ounts for part of the total varian
ein the dataset, and this part is tested against the portion expe
ted from abroken-sti
k model. Stri
tly, I suspe
t that this may not be appli
able tooptimal splitting, sin
e ea
h level of zonation is begun anew, and is not part ofa previous level of zonation. The zonations marked may thus be 
onsidered to63



have some statisti
al validity. See Bennett (1996) for more details.If 0 is sele
ted, you will see the following submenu:1 Number of zones wanted [10℄2 Method for obtaining zones [1℄3 Name for output file with zone details [a:\dallZONE℄4 Prefix for zone labels [D-℄5 Data transformation [0℄6 Use a randomized dataset (off) [off℄7 Modelling of zonation (off) [off℄9 Leave this menuQ Return to main menuFollow the links shown for more details.M
.1 enables you to 
hoose how many zones you want. If 0 is given, theprogram prints summary results. For the splitting methods, these are in termsof the de
reasing varian
e with su

essive numbers of zones, and allows a
hoi
e of whi
h the user wants. The program 
ontinues splitting until 10 splitshave been made, and then o�ers a 
hoi
e of sele
ting one of those, or lookingat the next 10. For CONISS, summary results are in terms of the in
rease in`dispersion' after 
ombining two 
lusters. This should be large for the divisioninto two zones (a
tually the last agglomeration), and de
rease for more zones(earlier agglomerations). Again, results are presented in bat
hes of 10`
lusterings' with a 
hoi
e of using one, or 
ontinuing with the next bat
h.[Allowed range 0-(number of samples - 2)℄M
.2 enables 
hoi
e from the �ve possible methods for making splits:1 Binary splitting by sums-of-squares2 Binary splitting by information 
ontent3 Optimal splitting by sums-of-squares4 Optimal splitting by information 
ontent5 Constrained 
luster analysis by sum-of-squares (CONISS)6 Constrained 
luster analysis by information 
ontent (CONIIC)Enter methodI re
ommend M
.2.4 (optimal splitting by information 
ontent) as �rst 
hoi
e,but try them all. CONISS and CONIIC are faster, but note that they work byagglomeration rather than splitting. Comparison of results betweenCONISS/CONIIC and the splitting methods may give an indi
ation of therobustness of results.M
.3 allows a 
hange of output �le for zonation results. This is the same as64



the �le used to read in zonation details, whi
h is done by the program afterany zonation 
al
ulation. So, the �le name given here will 
ontain results fromthe 
urrent run of the program, overwriting any existing results in that �le,and will then be used to label diagrams. The �le name should be 
hanged here(or in menu Ed (p. 41)) if you do not want to lose previous results.M
.4 determines the pre�x to be used for zone labels. The default is `X-',where `X' is the �rst 
hara
ter of the title (Item 1 of the main input �le). Zonelabels are 
entred verti
ally and horizontally in boxes at the end of the plot.M
.5 allows data transformations before the zonation (by any method) is
arried out. Sele
ting this option produ
es the menu:Transformations available:0 None1 Square-root2 Standardization to zero mean and unit varian
e3 Normalization of variables to unit length4 Centred log ratio / logarithmEnter number <Enter>The �rst three options are from CONISS (Grimm 1987), whi
h should be
onsulted for details of their use. For proportional data, M
.5.4 uses thetransformation re
ommended by Ait
hison (1986) for 
ompositional data, butotherwise uses the transformation log(x+ 1). If the program 
rashes, you maybe using a form of transformation that is in
ompatible in some way with themethod used for zonation.M
.6 produ
es a shu�e of the samples in the dataset being analysed. Theshu�ing of samples is e�e
tive only for zonation, and not for other analyses
arried out in the same run of psimpoll, nor for the main dataset. Thepurpose of doing it is to establish what the ba
kground 
hange in varian
e isbetween 
onse
utive splits. You should �nd that the varian
e 
hange is moreor less 
onstant, and similar to the 
hange between splits in the unshu�eddataset when the number of splits is large. It 
an thus be used to helpdetermine how many splits are worth 
onsidering, and where the splitting isworking on variation that is really noise. Results are written to the dataanalysis �le, but not to the ZONE �le.Shu�ing may be used for all types of zonation in menu M
.2 (p. 64), but I amnot 
onvin
ed of its usefulness for CONISS.The shu�e is 
ontrolled by random numbers pi
ked using a minimal standardrandom number generator (menu N3.1 (p. 77)), and uses the same initial seedas would be used in obtaining random numbers for the purpose of estimating
on�den
e intervals (menu N4 (p. 78)).65



M
.7 enables modelling of zonation, 
ontrolled by the following menu:Options to 
ontrol modelling:0 Swit
h on/off (off) [off℄1 Number of models to generate (10) [10℄2 Random number generator to use (1) [1℄3 Seed for random number generator [TIMER℄9 Leave this menuQ Return to main menuEnter number <Enter>The results of zonation depend to some extent on the reliability of the inputdata. However, if it is possible to obtain any kind of 
on�den
e interval for theresults, I am unaware of it, although the broken sti
k model (dis
ussed above)helps. One solution is to `model' the data, using the un
ertainties asso
iatedwith the input data (whi
h 
an be expressed as 
on�den
e intervals) togenerate alternative datasets, and 
arrying out zonation on those. I haveimplemented this in a simple way for proportional data. Su
h data aredistributed binomially, so I draw random numbers from a binomialdistribution, whi
h requires knowledge of the observed proportion for a giventype in a given sample, and the sum on whi
h that 
al
ulation was based. Inorder to 
arry out the modelling, therefore, a sum must be available (markedby `*' at the beginning of the `taxon' name: see Data preparation (p. 16)),whi
h must follow in the dataset all types in
luded within the sum.Types sele
ted for in
lusion in the sum are re
al
ulated, and the sum itselfredu
ed in proportion to the total abundan
e of the types ex
luded. Then thezonation is run a number of times whi
h should be as many as possible (e.g.,100): the default is 10 (menu M
.7.1). Results are then a

umulated andprinted to the data analysis �le (whi
h must be available). A parti
ularnumber of zones must be designated via menu M
.1 (i.e., the number of zones
annot be set to 0). Output varies depending on whether zonation is binary oroptimal splitting: CONISS output resembles that from binary splitting. Forbinary splitting, the output shows whi
h zones boundaries are indi
ated and atwhat proportion of the number of models, in order of o

urren
e. For optimalsplitting, the output shows whi
h 
omplete patterns of splits o

urred, and theproportion of the models that these were found with. In all 
ases, the output
on
ludes with results of zonation from the a
tual data for 
omparison.Zonation is expensive in 
omputer time anyway: running many models maytake an inordinately long time. Run this option overnight, or use a mainframe.Menu M
.7.2 allows 
hoi
e of random number generator, and menu 2.7.3allows 
hoi
e of the seed used. These submenus are identi
al to thosedes
ribed under menu N3, and the same variables are used to store the 
hoi
eof random number generator and seed.
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8.16.4 Menu Md: prin
ipal 
omponentsPrin
ipal 
omponents analysis produ
es this display:3 Prin
ipal 
omponents analysis (off) [off℄Enter `0' for on, or `1' for offThis is the 
lassi
 way to redu
e multidimensional data to a low number ofdimensions (Birks & Gordon 1985). First, the method measures the similaritybetween taxa (
orrelations or 
ovarian
es), then the resulting matrix issubje
ted to the PCA pro
edure, looking for major dire
tions of variationwithin the data set.Results are printed out to the data analysis �le (see menu E
 (p. 41)), if one isavailable. The output in
ludes the basi
 matrix, eigenvalues, taxa loadings,and sample s
ores. These 
an, of 
ourse, be extra
ted and plotted in someappropriate manner. It would be usual to apply a threshold value (menu Mi(p. 74)), and re
al
ulate the dataset for analysis to proportions of the sum oftypes in
luded (menu Mj (p. 75)).The table of eigenvalues marks, with `*', those eigenvalues 
onsidered to beinterpretable by ex
eeding eigenvalues generated by a broken-sti
k model ofthe distribution of varian
e amongst the various 
omponents (Legendre &Legendre 1983; Ja
kson 1993).If 0 is sele
ted, the following submenu appears:1 Spe
ify the matrix to use [3℄2 Spe
ify the number of axes for output [6℄3 Data transformation [0℄4 Modelling of p
a (off) [off℄9 Leave this menuQ Return to main menuWhile PCA is running, just so that you know something is happening, somenumbers are printed to the s
reen. During 
al
ulation of the basi
 matrix,these are the numbers of the 
urrent taxon being analysed. During the PCAitself, the number is the number of `sweeps' through the input matrix toa
hieve 
onvergen
e. This number ought to in
rement to between 6 and 10.The output �le in
ludes a �gure for the number of `ja
obi rotations': thisshould be between 3n2 and 5n2, where n is the number of taxa in the inputmatrix.Md.1 produ
es this submenu:
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Spe
ify the matrix to use [3℄1 Linear 
orrelation2 Rank 
orrelation3 Covarian
eEnter number <Enter>Allows 
hoi
e of basi
 matrix. Md.1.3 (
ovarian
e matrix) is the usualfavourite, but the others work as well. Rank 
orrelation is experimental: seeany statisti
al text for how this di�ers from linear 
orrelation.Md.2 produ
es this submenu:Spe
ify the number of axes for output [6℄Enter number <Enter>There are as many axes as there are taxa in the dataset, but usually only the�rst few are useful. Use this option to 
hoose how many you would like to see.Md.3 produ
es the submenu for data transformations: this is identi
al to thatdes
ribed for zonation (menu M
.5 (p. 65)). Square-root transformation isroutinely used with 
ovarian
e matri
es for the standard pollen data PCA. Forproportional data, 
entred log ratio) is probably the most desirablestatisti
ally, using a method re
ommended by Ait
hison (1986) spe
i�
ally for
ompostional data su
h as pollen per
entages. It works by transforming thedata values to log(value / geometri
 mean of all values in thesample), and then 
al
ulating 
ovarian
es in the usual way to derive the basi
matrix. I know of no use of this in the palynologi
al literature (yet!). Be
ausethis method takes log values, zero data entries 
annot be used. Forproportional data, I treat zeroes as `tra
e zeroes': values that are not absolutezero, but only seen as zero at the dete
tion level of the 
ount. I use a value of0.001 as the rounding error (0:5� 1500 ), assuming that 500 is a typi
al pollen
ount. For other data types, the 
entred log ratio method 
al
ulateslog(x+ 1). I have not yet tried PCAs with the other two transformationmethods (taken from CONISS [Grimm 1987℄: see under zonation (p. 62)).Md.4 produ
es the same submenu as menu M
.7 (p. 66), 
ontrolling optionsfor modelling prin
ipal 
omponents analysis. The same general 
onsiderationsapply with respe
t to running a number of models with data drawn frombinomial distributions 
orresponding to the observed data.Output is 
urrently 
on�ned to in
luding a standard deviation to ea
heigenvalue, obtained from the eigenvalues from modelling runs. As withzonation, modelling prin
ipal 
omponents analysis may be extremelyexpensive in 
omputer time 68



8.16.5 Menu Me: Corresponden
e analysisCorresponden
e analysis produ
es this display:e Corresponden
e analysis (off) [off℄Enter `0' for on, or `1' for offThis type of multivariate analysis was developed to 
ope with enumerateddata. It resembles prin
ipal 
omponents analysis, but is based on a di�erenttype of similarity matrix. Like other forms of ordination, results from
orresponden
e analysis often plot along a marked 
urve, or horseshoe, whenseen in two dimensions. Detrended Corresponden
e Analysis is 
orresponden
eanalysis with a subsequent pro
edure to remove this tenden
y (i.e. detrend it).This part of the program is based on the FORTRAN program DECORANA,written by Hill 1979), with 
orre
tions from Oksanen & Min
hin 1997).Results are printed out to the data analysis �le (see menu E
 (p. 41)), if one isavailable. The output in
ludes eigenvalues, taxa loadings, and sample s
ores.These 
an, of 
ourse, be extra
ted and plotted in some appropriate manner.It is often desirable to apply a threshold value (menu Mi (p. 74)), andre
al
ulate the dataset for analysis to proportions of the sum of types in
luded(menu Mj (p. 75)).If 0 is sele
ted, the following submenu appears:a Detrended 
orresponden
e analysis (off) [off℄b Downweighting of rare types (off) [off℄
 Res
aling of axes [off℄d Number of times to res
ale axes [4℄e Res
aling threshold [0℄f Number of segments [26℄g Data transformation [0℄h Modelling of 
a (off) [off℄9 Leave this menuQ Return to main menuMenu Mea: Detrended 
orresponden
e analysis The default form ofanalysis is 
orresponden
e analysis (also known as re
ipro
al averaging). Thisoption turns on detrending to remove the `horeshoe' e�e
t and allow res
alingof the axes.This option toggles `on' and 'o�'. 69



Menu Meb: Downweighting of rare types This option enables atransformation that gives rare types a lower value, redu
ing their signi�
an
ein the analysis. All values for a taxon are redu
ed if the overall level of thefrequen
y if the taxon is less than 0.2 times the overall frequen
y of the mostabundant taxon. The measure of frequen
y used here is the square of the sumof all the values for the taxon divided by the sum of the squares of the values.This option toggles `on' and 'o�'.Menu Me
: Res
aling of axes This deals with the 
ompression e�e
t ofpoints at the ends of the axes, and res
ales to remove the 
ompression. Thenumber of times to res
ale is set in Med (p. 70)This option toggles `on' and 'o�'.Menu Med: Number of times to res
ale axes This deals with the
ompression e�e
t of points at the ends of the axes. The e�e
t of re-s
alingmay be in
omplete at the �rst attempt, but 4 attempts have been found (byM. Hill) to work well. It is not advised to 
hange this parameter (withoutreading Hill's DECORANA manual).Res
aling must be turned `on' for this option to take e�e
t (see Me
 (p. 70)).[Allowed range 0-20℄Menu Mee: Res
aling threshold The res
aling threshold is the length ofan axis, in standard deviation units, above whi
h it will be res
aled: there isprobably no need to 
hange this.[Allowed range 0.0-100.0℄Menu Mef: Number of segments CA axes are detrended by dividingthem into segments, and then equalizing the s
ores in ea
h segment. Thedefault number of segments to use is 26. Users are not advised to 
hange thisparameter. However, if detrending is not fully e�e
tive (visible as a systemati
relation between the �rst and se
ond axes), try raising the parameter to themaximum (46).[Allowed range 10-46℄Meg produ
es the submenu for data transformations: this is identi
al to thatdes
ribed for zonation (menu M
.5 (p. 65)). Square-root transformation70



e�e
tively upweights minor taxa relative to more abundant taxa.Within 
orresponden
e analysis itself, an additional transformation isavailable, the downweighting of rare types. See Meb (p. 69)Standardization and 
entred log ration produ
e negative values, whi
h 
annotbe used in 
orresponden
e analysis. These transformations should not besele
ted (the program will exit with an error message su
h as sqrte:Assertion `x>=0' failed).Meh produ
es the same submenu as menu M
.7 (p. 66), 
ontrolling options formodelling 
orresponden
e analysis. The same general 
onsiderations applywith respe
t to running a number of models with data drawn from binomialdistributions 
orresponding to the observed data.Output is 
urrently 
on�ned to in
luding a standard deviation to ea
heigenvalue, obtained from the eigenvalues from modelling runs. As withzonation, modelling 
orresponden
e analysis may be extremely expensive in
omputer time8.16.6 Menu Mf: FourierFourier analysis produ
es this display:4 Fourier analysis (off) [off℄Enter '0' for on, or '1' for offFourier analysis 
onverts the data from the time domain to the frequen
ydomain. This form of time series analysis is normally only available forsamples that are evenly spa
ed in time, whi
h is far from true for most pollendata. However, a te
hnique devised by Lomb to generate a periodogram workswith unevenly sampled data. I have implemented this, on an experimentalbasis, from Press et al. (1992). Results are written to the data analysis �le,giving a string of values for the importan
e of ea
h taxon at a range offrequen
ies. The numbers 
an be plotted by `
utting' the results out of that�le and 
reating a new �le that 
an be presented to psimpoll. The number oftaxa depends on how many you sele
ted when the program ran. The numberof `samples' (now `frequen
ies') is 5 � the number of samples in the originaldataset. The 2-
hara
ter 
ode for input Item 4 is `lf', resulting in appropriatelabelling (see Data preparation (p. 16)).This option may run slowly on older 
omputers, perhaps 10 minutes per taxonfor a dataset with 80 samples on a 386 pro
essor. The length of time in
reasesas n2 where n is the number of samples.If 0 is sele
ted, you will see the following submenu:71



1 Data transformation [0℄9 Leave this menuQ Return to main menuMe.1 allows a data transformation before Fourier analysis is 
arried out. Thesubmenu is the same as that des
ribed for zonation (menu M
.5 (p. 65)), anddis
ussed for prin
ipal 
omponents analysis (menu Md.3 (p. 68)).8.16.7 Menu Mg: statisti
al des
riptionSix basi
 analyses are available:� 
al
ulation of mean, standard deviation, skewness, and kurtosis for thevalues presented for ea
h pollen type, with results written to the dataanalysis �le (menu E
 (p. 41)). Values of skewness and kurtosissigni�
antly di�erent from zero (the value for a perfe
t normaldistribution) are marked;� 
al
ulation of a weighted average, or `optimum' lo
ation of ea
h pollentype in time (or depth), together with a standard deviation, or`toleran
e'. This is a measure that 
ombines the extent of o

urren
e ofa taxon over time, weighted by its abundan
e. It is in
luded here,experimentally, as a potentially better statisti
 for the lo
ation of ataxon in a sequen
e than su
h subje
tive measures as `rational' or`empiri
al' limits et
. The idea is borrowed from the statisti
s used tode�ne optima of diatoms along pH gradients: I have substituted time(depth) for the environmental gradient (Birks et al. 1990). Output inthe data analysis �le gives, for ea
h taxon, the optimum, the toleran
e,and the lo
ation (depth or age) of the taxon's maximum value, and thevalue of that maximum;� 
al
ulation of a `runs' test. If abundan
es of a pollen type along asequen
e were randomly distributed with time, then the length of `runs'(series of samples all su

essively greater (or lower) than the previoussample) will follow a predi
table pattern. We 
an 
ount the lengths ofobserved runs (how many runs of a single sample, runs of two samples,et
), and 
ompare the resulting distribution with the distribution forrandom samples. The result is a runs test, and gives a measure ofwhether the overall pattern of 
hange is, or is not, signi�
antly di�erentfrom random. The output gives the runs statisti
, udr, and thegoodness-of-�t, q. q greater than 0.05 indi
ates that the sequen
e of runsfor the taxon is not signi�
antly di�erent from random.� 
al
ulation of a Linear Correlation Coe�
ient. This is a statisti
 that
an be used for dete
ting trends in the values for taxa. If a taxon'svalues in
rease 
ontinuously along the sequen
e, its 
orrelation 
oe�
ient72



(r) will be high and signi�
ant. If there are no trends in the data, r willbe low (near zero). The sign of r indi
ates the dire
tion of the trend. Inthe normal situation where depth (time) values in
rease numeri
allydown a sequen
e, r will be positive for taxa whose values are highesttowards the base (i.e., de
rease upwards). Conversely, r will be negativefor taxa whose values in
rease up the sequen
e. Results (in the dataanalysis �le) in
lude for ea
h taxon r, the signi�
an
e level for thedi�eren
e between r and zero, and Fisher's z, whi
h 
an be used furtherto investigate di�eren
es between values of r. For 95% 
on�den
e values,look for values of 'signif' that are less than 0.05. See Press et al. (1992)for further details.� 
al
ulation of Spearman's Rank Correlation Coe�
ient for ea
h taxon.This is a non-parametri
 statisti
, making no assumptions about theunderlying distribution of the data. It is a means of dete
ting 'trend' inthe dataset. The 
oe�
ient is based on the rank order of the values forthe taxon 
on
erned and assessing the degree to whi
h the rank order isthe same as the ordering of the samples (by depth or time). If the taxonvalues in
rease 
ontinuously along the sequen
e, the 
orrelation
oe�
ient will be high and signi�
ant. If there are no trends in the data,the 
oe�
ient will be low (near zero). The sign of the 
orrelation
oe�
ient indi
ates the dire
tion of the trend. In the normal situationwhere depth (time) values in
rease numeri
ally down a sequen
e, the
oe�
ient will be positive for taxa whose values are highest towards thebase (i.e., de
rease upwards). Conversely, the 
oe�
ient will be negativefor taxa whose values in
rease up the sequen
e. Results (in the dataanalysis �le) in
lude for ea
h taxon the Correlation Coe�
ient 'r(s)', itssigni�
an
e 'signif.', the sum-squared di�eren
e of ranks 'D', the numberof standard deviations by whi
h D di�ers from zero 'num of sd', and thesigni�
an
e level for the di�eren
e from zero. For 95% 
on�den
e values,look for values of 'signif' that are less than 0.05. See Press et al. (1992)for further details, and Gauthier (2001) for some simple examples of usein environmental resear
h.� 
al
ulation of Kendall's Tau. This is another statisti
 that 
an be usedfor dete
ting trends in the values for taxa. It is even morenon-parametri
 than Spearman's, being based only on the relativeordering of values: higher, lower, or the same. If the taxon valuesin
rease 
ontinuously along the sequen
e, Tau will be high andsigni�
ant. If there are no trends in the data, Tau will be low (nearzero). The sign of Tau indi
ates the dire
tion of the trend. In the normalsituation where depth (time) values in
rease numeri
ally down asequen
e, Tau will be positive for taxa whose values are highest towardsthe base (i.e., de
rease upwards). Conversely, Tau will be negative fortaxa whose values in
rease up the sequen
e. Results (in the data analysis�le) in
lude for ea
h taxon Kendall's Tau, the number of standarddeviations by whi
h Tau di�ers from zero 'num of sd', and thesigni�
an
e level for the di�eren
e from zero. For 95% 
on�den
e values,look for values of 'signif' that are less than 0.05. See Press et al. (1992)for further details. 73



Output from all three analyses is sent to the data analysis �le (sele
ted frommenu E
 (p. 41));This option toggles `on' and `o�'.8.16.8 Menu Mh: independent splittingWalker & Wilson (1978) argued that individual 
urves for pollen types shouldbe 
onsidered independently of ea
h other, espe
ially where the data werepollen a

umulation rates, and therefore statisti
ally independent. Theypresented an approa
h, with FORTRAN programs by Y. Pittelkow, formaking independent splits of the re
ords for individual taxa in a sequen
e.The approa
h involves �rst identifying portions of the re
ord that aree�e
tively non-zero sequen
es, distinguishing them from other portions ofe�e
tively zero sequen
es. This may be termed presen
e-absen
e splitting. Theapproa
h then looks at the non-zero sequen
es, and splits them quantitativelywith a maximum likelihood method (Walker & Wilson 1978). Pittelkow'sprograms implemented the approa
h in two stages. In psimpoll I have
ombined these, making presen
e-absen
e splits �rst, and then looking forquantitative splits within non-zero sequen
es. The dete
tion of either sort ofsplit is a statisti
al matter, depending on a level of signi�
an
e that is afun
tion of the number of samples (Walker & Wilson 1978, Table 2) and theremay be no splits of either sort for any given taxon. Splits are ignored if theywould 
reate `zones' of less than 4 samples. Walker & Pitelkow (1981) presentresults using the method from three late Quaternary sequen
es. Walker &Wilson (1978) present 
urves �tted to portions of the re
ord of parti
ular taxa,identi�ed from presen
e-absen
e and quantitative splitting. However, this wasnot in
luded in Pittelkow's programs, and I have not implemented it inpsimpoll. Instead, I give means and standard deviations for ea
h identi�edsegment of the re
ord for ea
h taxon.Results are printed to the s
reen (possibly too fast to read when plottingintera
tively), and to the data analysis �le (whi
h must have been spe
i�ed:menu E
 (p. 41)). Lines marking the lo
ation of splits are marked a
ross theplot of ea
h taxon. These are normal lines for quantitative splits, but dashedlines for presen
e-absen
e splits. If pollen zones are also being in
orporated,these are indi
ated only by boxes at the righthand end of the plot: markerlines for the zones are not drawn a
ross the plot.Independent splitting is 
arried out as the program is `plotting' ea
h taxon tothe main output �le. It is thus ne
essary to go through with this stage inorder to get any output in the data analyses �le. As presently set up, thepro
ess will be 
arried out on all `taxa' ex
ept summary data, pollen sums,and rate-of-
hange results. I leave it to the user to de
ide whether it is usefulor reasonable for items su
h as palynologi
al ri
hness!This option toggles `on' and `o�'. 74



8.16.9 Menu Mi: threshold valuesMost types in a typi
al full pollen dataset o

ur at low frequen
ies,
ontributing little that is statisti
ally-useful (Birks & Berglund 1979). It is
ustomary, therefore, to limit datasets to those types that rea
h a 
ertainminimum value somewhere within the sequen
e. This option enables you tosele
t what that value should be. For proportional data, 0.05 (= 5%) is set asa default. No default is set for other data types. If the value is negative, theintera
tive sele
tion of types to in
lude in analyses is disabled. Use a verysmall negative number to in
lude everything without being asked (e.g.,-0.00001). Note that if the re
al
ulation option is set on (menu Mj (p. 75)),the dataset used in analyses will be a proportion of the sum of everythingthat you allow to be in
luded: sums, palynologi
al ri
hness, aquati
s, et
. Ifa

umulation rates are being 
al
ulated by the program, this is done beforeprodu
ing the redu
ed dataset for any analysis. A

ordingly, the threshold setshould be appropriate for the 
al
ulated a

umulation rates, not the input
on
entrations values.8.16.10 Menu Mj: re
al
ulationThis option 
ontrols whether the redu
ed dataset used for analyses isre
al
ulated as proportions of the sum of types in
luded, or left in the sameform as the original dataset. It would be normal to re
al
ulate for zonation orprin
ipal 
omponent analyses, for example, but the approa
h of Walker &Wilson (1978) for independent splitting of ea
h taxon was intended to workwith pollen a

umulation rate data. Re
al
ulation would also render thestatisti
al summary (menu Mg (p. 72)) useless;This option toggles `on' and `o�'.8.17 Menu N: 
on�den
e intervalsN Plot 
onfiden
e intervals (off) [off℄Enter '0' for on, or '1' for offThis menu 
ontrols the 
al
ulation of 
on�den
e intervals for age estimatesand sediment a

umulation rates, and also allows the 
al
ulation of 
on�den
eintervals for data values (whi
h, in 
ertain 
ases, need the 
on�den
e intervalsfor sediment a

umulation rates). Certain extra information must be availableto obtain 
on�den
e intervals. For % data, pollen sums must be available(marked `*': see above), and must be positioned in the input �le after all of thetaxa in
luded in those sums. If no sum is found among the pollen taxa after aparti
ular pollen type in the �le, no 
on�den
e intervals will be 
al
ulated forthat pollen type. Note that separate sums must be given for taxa in the main75



sum, aquati
s, Sphagnum, indeterminables et
, if separate sums were used to
al
ulate their per
entages. The method of 
al
ulation follows Maher (1972).For 
on
entrations (`
' in input Item 4 of main input �le), additional data areneeded (input Items 7-13, as above), and for a

umulation rates (`b' in inputItem 4), a C14 �le must be present, and additional data for Items 7-14. TheseItems are des
ribed in Data preparation (p. 16).Con�den
e intervals for sediment age estimates and sediment a

umulationrates are obtained, mostly, by simulation from the available radio
arbon datesand their asso
iated errors (Bennett 1994), or 
alibrated dates. Values areobtained using means and standard deviations of radio
arbon ages, from 100simulations by default, or by modelling from the irregular distributions ofprobabilities of 
alibrated ages. These may take a few minutes to 
al
ulate.The output �le (see E2 (p. 41)) in
ludes sample standard deviations of ageand a

umulation rates. These need to be divided by the square root of thenumber of simulations to obtain standard deviations of the mean, for
omparison with radio
arbon age errors.Con�den
e intervals are `exa
t' (i.e., obtained by 
al
ulation, rather thansimulation) for age estimates from linear interpolation, and for the gradientwith 2-term polynomial line-�tting.Using the linear interpolation method (menu L1 (p. 54)), you should �nd thatyou get wider 
on�den
e intervals where the radio
arbon dates are 
losesttogether. The line-�tting methods should not show this e�e
t.If 0 is sele
ted, the following submenu, given below in full, appears (option 1only appears for a

umulation rate data):1 Fine-s
ale variation in sediment a

umulation [0.30℄Default = 0.3 per 5 years2 Method for 
al
ulating 
onfiden
e intervals [1℄3 Method for generating random numbers [1℄4 Seed for random number generator [TIMER℄5 Number of simulations [100℄6 In
lude negative a

umulation rates in models [off℄7 Attempts to model dates without -ve a

. rates [1000000℄9 Leave this menu8.17.1 Menu N1: �ne-s
ale variationFor a

umulation rate data (`b' in input Item 4) only, the program promptsfor a sample standard deviation of the rate of sediment a

umulation over thevery short time periods for a

umulation of the sediment thi
kness representedin individual samples. This value is 
ompletely unknowable, but someassumptions 
an be made. The default is 30% of the 
al
ulated sedimenta

umulation rate. You 
an a

ept this, enter another value, or disable it by76



entering 0.[Allowed range 0-1℄8.17.2 Menu N2: methodThis option a�e
ts the method of 
al
ulating 
on�den
e intervals for
on
entrations and a

umulation rates:1 Modifi
ation of Maher's lognormal distributions2 Propagation of errorsN2.1 this method follows Maher (1981), with additional use of propagation oferrors methods (Parratt 1961). It produ
es 
on�den
e intervals that areasymmetri
 (i.e., wider above the 
al
ulated value).N2.2 this method follows a propagation of error method (Parratt 1961;Squires 1985) throughout the 
al
ulation. Con�den
e intervals arealmost identi
al to those obtained by Maher's method, but aresymmetri
 about the 
al
ulated point. This means that the lowerinterval may extend to the negative side of the axis.8.17.3 Menu N3: random number generationThis option 
hanges the method used to generate random numbers needed toprodu
e 
on�den
e intervals by simulation:1 Minimal standard generator2 Combination of three 
ongruential generators3 Single 
ongruential generator4 Subtra
tive generator5 Pseudo-DES generator6 FSU ULTRA generator7 Qui
k and dirty generator8 long-period generatorThese methods produ
e uniform random variates between 0 and 1, whi
h arethen transformed into the desired distribution. Press et al. (1992) dis
uss thegeneration of the uniform variates. Here, they are transformed into the normaldistribution using the method of Leva (1992). Method 2 is probably the bestfor general use, 7 is the fastest, 5 is the slowest, but very good, in terms of theproperties of the numbers it generates. Method 6 is 
laimed to be best77



generator ever (Zaman & Marsaglia 1991), and method 8 to have anex
eptionally long period (Marsaglia & Zaman 1994). (The time taken takento generate these numbers is small relative to the time doing other
al
ulations.) Although 7 is the fastest, it is the generator provided by the
ompiler, and should be viewed with deep mistrust (Press et al. 1992). It isin
luded be
ause it is fast, and may be good enough for most purposes. Thegenerators work by di�erent methods, so between them they should 
over awide range of likely behaviour. Try di�erent ones to satisfy yourself thatresults are not an artefa
t of a parti
ular generator.8.17.4 Menu N4: random number seedThis option 
hanges the initial seed for random number generation. Bydefault, the seed is taken from the system date and time, and is the number ofse
onds sin
e the beginning of 1970. The value used for ea
h run is in
luded inthe output (menu Eb (p. 41)) so a run 
an then be repeated exa
tly by givinghere the seed used previously with the same generator and same number ofsimulations. Enter either `TIMER' (to use the default) or any positive numbernot greater than 2147483647.8.17.5 Menu N5: number of simulationsThis option 
hanges the number of simulations. The number of simulationsa�e
ts the a

ura
y of estimates of 
on�den
e intervals for ages and depositiontimes. The standard error of the sample standard deviations obtained (andlisted in the output �le) is 0:5s� p2pnwhere s is the sample standard deviation,and n is the number of simulations: this works out as 0.071s for 100simulations.[Allowed range 10-1000℄8.17.6 Menu N6: In
lude negative a

umulation rates in modelsRadio
arbon ages and 
alibrated dates both have a probability distribution,normal in the �rst 
ase, irregular in the se
ond. Although the dates are knownto be in order, be
ause of a stratigraphi
al relationship, these distributionsmay (often) overlap. This means that drawing from these distributions 
anprodu
e modelling sequen
es of ages that in
lude negative a

umulation rates.We 
an allow this, or we 
an require that all the modelled series of ages arealways positive all the sequen
e (i.e. ea
h lower modelled date is older thanthe previous one). Menu N6, here, either allows negative a

umulation rates,or prevents them (the default). There 
an be problems when they are turnedo�, dis
ussed further in menu N7 (p. 79).78



Toggles from `o�' to `on'.8.17.7 Menu N7: Attempts to model dates without -ve a

. ratesAs dis
ussed under menu N6 (p. 78), there 
an be a problem with ex
ludingnegative a

umulation rates from modelled age-depth sequen
es. Ea
hmodelled age must be older than the one below it. If, by 
han
e, an age istaken from the old tail of the one of the age distributions, then next downmust be older still, and this 
an get in
reasingly more di�
ult, espe
iallywhere age probability distributions overlap substantially. The default a
tion isto try 1,000,000 times at ea
h age to obtain a kodelled value older than theprevious value. If this fails, that parti
ular modelled sequen
e is abandoned,and the whole sequen
e re-done. The number of attempts should be as high aspossible, limited by the amount of time available, whi
h is dependent on thespeed of the 
omputer system being used. The default works well for me, but Ire
ommend trying other values, espe
ially if your sequen
e of ages hassubstantial overlaps. The upper allowed value is the maximum allowed valuefor a `long integer', and may be even higher (but not lower) than the valueshown below.[Allowed range 1-2147483647 (at least)℄8.18 Menu O: save 
on�guration �leO Save 
onfiguration to a:\dallb.CFGSele
ting this option saves the 
urrent 
on�guration of items in the menu to a.CFG �le. The .CFG �le is spe
i�
 for a parti
ular input �le and is saved on thesame dis
(ette). It is read automati
ally when that dataset is run again. The.CFG is text, and 
an be altered with an editor. I don't re
ommend it, but seethe example (p. 107) for details. Any previous .CFG is overwritten.8.19 Menu P: read s
ript �leP read from s
ript fileSele
ting this option, in asso
iation with menu K (p. 50), reads the details of aprevious run of intera
tive plotting from a .SCR �le, in
luding any 
hanges oftaxa names. The .SCR �le is spe
i�
 for a parti
ular input �le and is saved onthe same dis
(ette). If the �le 
annot be found, then the option is swit
hed o�,and a .SCR �le is written instead. A .SCR �le is written by default for ea
hintera
tive run of psimpoll, so you must use the usual �le manipulation tools79



if you wish to prote
t a .SCR �le from overwriting. The .SCR �le is text, and
an be altered with an editor: see the example (p. 107). After this option hasbeen sele
ted, the plotting part of the program runs without further attentionfrom the user, but the s
reen updates in the same way.8.20 Menu U: utilitiesU Utilitiesa Leave program without writing output fileb Display psimpoll version and 
ompilation date/time
 Make 
offeed Show memory usage in psimpoll.LOG [off℄e Display referen
es for this program9 Leave this menuThis menu allows sundry useful pie
es of behaviour.Ua Leave the program. No output �le is 
reated, and no analyses 
arried out;Ub Display lines su
h as:psimpoll version 4.25
ompiled by ANSI C 
ompiler 11:07:54 Jul 1 2005If the phrase in
ludes `non-ANSI', 
ertain aspe
ts of the behaviour of theprogram may not be as expe
ted;U
 Self-explanatory;Ud Show memory usage in psimpoll.LOG. This 
an be (very) verbose, andthus 
reate large �les. It 
an be useful when problems o

ur, but isturned o� by default.Toggles from `o�' to `on'.Ue Display a list of referen
es used in writing the program.8.21 Menu X: run programX Run programEntering `X' runs the program. It 
an then be stopped by typing the relevantbreak 
hara
ters for the system being used (e.g., CTRL-C on DOS) or, more
rudely, resetting the system. 80



9 ps
omb menusA main menu appears immediately after running ps
omb, with nointermediary prompts. This menu, and asso
iated submenus, are based onthose used by psimpoll, and wherever possible have the same key letters.Fewer options are available in ps
omb be
ause most of the work of preparingdatasets for output has already been done by psimpoll. In all menus, theterm `box' refers to a distin
t unit of PostS
ript 
ode, and may be any of ageor depth axes, sediment 
olumns, radio
arbon age 
olumns, zonation 
olumns,or plots of individual taxa. ps
omb sele
ts `boxes' from psimpoll output,and allows the user to pi
k and mix them into a new PostS
ript �le.9.1 Main menuE Change or enable filesF Font family (Helveti
a) [Helveti
a℄G Size of sele
ted font (7.1) [℄I Add/
hange titlesK Intera
tive plotting (on) [on℄U UtilitiesX Run programSele
t an item from this list by entering the key letter. Details of the result ofea
h 
hoi
e, together with the permitted values for any modi�able parameters,may be found by following the links.9.2 Menu E: �lesE Change or enable files1 Main PostS
ript output file [
omb.PS℄2 Input file(s)9 Leave this menuE1 modi�es the main output �le. The default is 
omb.ps, whi
h will be in thesame dire
tory as the program. This will normally need to be 
hanged.Any �le of the same name that already exists will be overwritten.E2 allows addition of input �le names, in addition to any that have been givenon the 
ommand line, up to a total of no more than 10. Some operatingsystems (e.g., DOS, UNIX), permit 
ommand line arguments, and onthese systems input �le names may be given by either route (or both).On operating systems that do not support 
ommand line arguments (e.g.,Ma
intosh), using this menu is the only way to provide input �le names.81



All �le names given must be legal under the operating system that you areusing.9.3 Menu I: labellingI Add/
hange titles1 Title [℄2 Label for base of diagram [℄9 Leave this menups
omb deals with the main pie
es of diagrams (`boxes'), extra
ted from oneor more input �les. It 
annot, therefore, know or make assumptions aboutgeneral diagram 
hara
teristi
s su
h as titles. This menu provides fa
ilities foradding a main title (I1), and adding a general footnote (I2). The text given foreither of these items may in
lude spe
ial 
hara
ters to a
hieve useful e�e
ts,just as for psimpoll menu I (p. 43) Note espe
ially the use of `#' within amain title to separate it into large and normal font se
tions (title andsubtitle), as is possible in psimpoll.The default for both labels is to print nothing.9.4 Menu K: intera
tive plottingK Intera
tive plotting (on) [on℄Controls whether the user 
an sele
t taxa individually for plotting (on), ortaxa are plotted in the order found in the input �les, running sequentiallythrough ea
h input �le in the order given on the 
ommand line (o�).Toggles from `on' to `o�'.When running under this option, the program provides a s
reen listing of allboxes in the dataset, ea
h pre
eded by its number. The �rst six 
hara
ters ofea
h box name are given where the dataset in
ludes less than 110 boxes, the�rst three 
hara
ters for less than 153 boxes, and the number only for lessthan 237 boxes. The option is not available for 238 or more boxes (be
ausethere is not enough room on the s
reen). Previously `plotted' boxes aremarked by a hyphen between the box number and the box name, and listed bybox number beneath the display of names. Numbers in the extreme leftmargin indi
ate a �le whi
h is started within the row, or the last �le to bebegun within the row if more there is more than one.Box names are derived from the names of the taxa in the original psimpolldatasets, ex
ept for: 82



C14C Radio
arbon age 
olumn;Dend Dendrogram from zonation by CONISS or CONIIC.LSS
 Depth or age s
ale from the left hand side of the plot;LTS
 Times
ale from the left hand side of the plot;RSS
 Depth or age s
ale from the right hand side of the plot;SedC Troels-Smith sediment des
ription 
olumn;Zone Zonation 
olumn.Ea
h input Posts
ript �le will thus have a `LSS
' and either a `RSS
' box or a`Zone' box on every page. There will be one 
opy per page of any of thoseboxes on this list that o

ur at all.For example:ps
omb 1.0074 boxes1 0-LS
a 1 SedC 2 C14C 3-_Betul 4 _Coryl 5 _Pinus 6 _Quer
7 _Ulmus 8 _Alnus 9 _Fraxi 10 _Junip 11 _Salix 12 _Empet 13 _Callu14 Cypera 15 Poa
ea 16 _Filip 17 _Poten 18 _Artem 19 Brassi 20 Caryop21 _Jasio 22 Zone 23 LS
a 24 SedC 25 C14C 26 _Rumex 27 _Polyp28 _Pteri 29 Fili
a 30 _Huper 31 <> 32 _Sphag 33 &Char
 34 Zone2 35 LS
a 36 SedC 37 C14C 38-_Betul 39 _Coryl 40 _Pinus 41 _Quer
42 _Ulmus 43 _Alnus 44 _Junip 45 _Salix 46 _Empet 47 _Callu 48 Cypera49 Poa
ea 50 _Filip 51 _Poten 52 _Artem 53 Caryop 54 _Jasio 55 _Campa56 RS
a 57 LS
a 58 SedC 59 C14C 60 _Rumex 61 _Ranun 62 Apia
e63 _Sedum 64 _Saxif 65 _Plant 66 _Polyp 67 _Pteri 68 Pterop 69 !Palyn70 <> 71 _Sphag 72 &Char
 73 RS
aEnter 'Q', or 'N': see do
umentation for detailsTaxa plotted so far: 0.31 pages plotted0 3 38You sele
t a box for plotting by entering its number, or a number range. Anyother 
hara
ters, in
luding spa
es, are ignored. A number range is given byentering n1-n2, where n1 and n2 are the �rst and last numbers of the desiredrange. Alternatively, instead of a number, enter `N' to for
e the start of a newpage, or `Q' to end the plot. As usual, ps
omb is not 
ase-sensitive abouteither of these 
hara
ters.
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9.5 Menu U: utilitiesU Utilitiesa Leave program without writing output fileb Display ps
omb version and 
ompilation date/time
 Make 
offeed Show memory usage in ps
omb.LOG [off℄9 Leave this menuThis menu allows sundry useful pie
es of behaviour.Ua Leave the program. No output �le is 
reated, and no analyses 
arried out;Ub Display lines su
h as:ps
omb version 1.03
ompiled by ANSI C 
ompiler 11:07:54 Aug 07 1993If the phrase in
ludes `non-ANSI', 
ertain aspe
ts of the behaviour of theprogram may not be as expe
ted;U
 Self-explanatory;Ud Show memory usage in ps
omb.LOG. This 
an be (very) verbose, andthus 
reate large �les. It 
an be useful when problems o

ur, but isturned o� by default.Toggles from `o�' to `on'.
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10 Te
hni
al matters10.1 Contents� Programming language (p. 85)� Computers (p. 85)� PostS
ript (p. 86)� Fonts and 
hara
ter en
oding (p. 87)� Compatibility (p. 88)� Page layout (p. 88)� Known problems and limitations (p. 90)10.2 Programming languagepsimpoll and ps
omb are written in ANSI C. The C language has beenaround sin
e about 1972, developed �rst of all in the Bell Laboratories byDennis Rit
hie. Several diale
ts appeared subsequently, but the language isnow standardized around the re
ommendations of the Ameri
an NationalStandards Institute (ANSI) and the International Standards Organization(ISO). This should mean that the sour
e 
ode 
an be 
ompiled to run on anyhardware that has an ANSI-
onforming C 
ompiler. The sour
e 
ode wasprepared with text �les on an IBM PC, and has been 
ompiled using the stri
tANSI-
ompliant options of the following 
ompilers:Borland Turbo C++ 3.0 on IBM-
ompatible PCFree Software Foundation g

 under SunOS 4.1 UNIX on Sun4m

 under IRIX 5.1 UNIX on IP22

 under SCO Development System on IBM-
ompatible PCSymante
 THINK C on Ma
intoshLinux 2.0.18 - 2.2.24Ma
 Os X 10.1-10.3The use of ANSI C rather than Qui
kBASIC (as versions of psimpoll before2.00) produ
es a smaller exe
utable �le that runs faster and has sour
e 
odethat is portable.10.3 Computerspsimpoll has been installed su

essfully under DOS on IBM PS/2 30, Viglen386SX20, Viglen 486DX266, Elonex 386 SX-T, Toshiba T1200XE, and severalPentium PCs, under Ma
intosh on Ma
 Plus, Ma
 Classi
, Ma
 LC II, andPerforma 
omputers, and under UNIX on Sun, IRIX, and AIX ma
hines. Ithas also been installed to run under UNIX through SCO Open Desktop /85



Open Server on a Viglen 486DX266, and Linux on Pentium-based ma
hines. Iwould be interested to hear of other installations.10.4 PostS
riptThe plotting of pollen diagrams has always been a highly individual pro
ess,dependent on lo
ally available hardware and software. Be
ause di�erentprinters and plotters run from di�erent sets of 
ontrol sequen
es, it has notbeen possible to transport the information needed to plot a pollen diagramex
ept as the data itself or as a �nished, 
amera-ready diagram. In prin
iple,two users with identi
al hardware and software 
ould ex
hange a plotter �le,but in pra
ti
e this is rarely done.The PostS
ript language provides a way to des
ribe any pie
e of graphi
s ortext in a text �le (with ASCII 
oding) that 
an be read and interpreted onmany printers (espe
ially, but not ex
lusively, laser printers). Softwarepa
kages now often in
lude a PostS
ript driver whi
h 
an either send outputdire
tly to the printer/plotter, or generate an ASCII �le with the 
ommandsto generate the work on any output devi
e with a PostS
ript interpreter. Sin
ea driver is available in many pa
kages, and the interpreter is available in manyoutput devi
es, the ASCII �le provides a useful way to link the two withoutboth being present at the same site. As an ASCII �le, a PostS
ript �le 
an beeasily moved by e-mail.PostS
ript is probably most readily available, as standard, in the AppleLaserWriter printers, but 
an added to many other printers by pur
hase of anadditional 
ard. The Apple LaserWriter is an ex
ellent laserprinter, and it 
anbe 
onne
ted to PC-
ompatibles through a COM port, but it may bene
essary to tinker with the wiring to over
ome the in
ompatibility of Appleand IBM (see, for example, Glover 1989, Fig. 5).PostS
ript is a `simple interpretative programming language' (Adobe 1990, pp.345-678), whi
h des
ribes the appearan
e of a page, whether text, graphi
s, orboth. Adobe own the 
opyright in the operators and spe
i�
ation ofPostS
ript, but allow anyone to use them, under 
ertain 
onditions. A typi
al�le will have a header, su
h as %!PS-Adobe-3.0, de�nition of sundryparameters for the page (e.g., font, 
hara
ter size), and de�nition of operators(to redu
e repetition in the body of the page). %%, followed by a keyword,introdu
es a standard set of `do
ument stru
turing 
onventions', whi
h areusually 
omments. Campbell (1993) gives a brief introdu
tion to some
ommonly used 
ommands. Operands pre
ede their operators, so (ABC) showprints ABC at the 
urrent lo
ation. showpage prints the 
urrent page andprepares for the next. For graphi
s, 20 40 lineto is one segment of a `path',from the lo
ation 0 0 to 20 40 in the 
urrent 
o-ordinates. Text and graphi
salike 
an be moved around on the page, rotated, and s
aled. PostS
ript �lesare ASCII, so they 
an be edited using an appropriate editor (e.g., EDIT inDOS 5, or `non-do
ument' mode of WordStar), and I do this with text �les toin
lude spe
ial 
hara
ters, but there is not too mu
h that 
an be done withthis kind of �ddling. More signi�
ant is the possibility of writing PostS
ript86



drivers in any programming language, and thus produ
ing output from almostany software that 
an be printed on any output devi
e with a PostS
riptinterpreter.Use of PostS
ript thus has 
onsiderable potential for improving the readyportability of pollen diagrams, whether for publi
ation or as part ofinformation ex
hange, and that is why psimpoll and ps
omb produ
e theiroutput as PostS
ript �les.10.5 Fonts and 
hara
ter en
odingChara
ters are stored in 
omputer systems as numbers, usually integers of lessthan 256 (using base 10). The 
hara
ter number 
oding is reasonably stablefor numbers less than 128, using the ASCII system, although other 
odings doexist. Beyond 128, matters be
ome 
omplex, and vary between systems.PostS
ript 
an use several types of en
oding, of whi
h two are important fortext 
hara
ters. The default is `Adobe Standard' en
oding, and the other is`ISO Latin 1' en
oding. These produ
e identi
al output 
hara
ters up tonumber 128 (ex
ept that a hyphen in `Standard' is a dash in `ISO Latin 1'),but are di�erent for higher numbers. psimpoll uses ISO Latin 1 en
oding,be
ause this has most of the a

ented 
hara
ters needed. But Standarden
oding is needed for Polish suppressed-l and Fren
h ligature 
hara
ters (seeTable (p. 47)). In the beginning se
tion of the PostS
ript �le, there is a se
tionthat de�nes a series of fonts (F1, F2, et
) in terms of the font sele
ted by theuser, and 
onverts the en
oding from the default into ISO Latin 1. Thenanother series of fonts (Fa, Fb, et
) are de�ned without 
onversion, thus usingthe default Standard en
oding. When a pie
e of text is written, one of thefonts is sele
ted, and this will nearly always be from the F1 series. But if youneed Polish suppressed-l or Fren
h ligature, the appropriate font from theother series will be used automati
ally.The exa
t amount of spa
e taken up by printed 
hara
ters needs to be knownin order to 
al
ulate the spa
e needed for text in labels (e.g., zone labels).This is done with data from Adobe font metri
s (AFM) �les, using theversions in
luded with WordStar 5, Sun UNIX, and via anonymous ftp fromunix.hensa.a
.uk. These �les also give the heights of 
hara
ters, and thisinformation is used for 
orre
tly lo
ating 
ertain a

ents.Many a

ented 
hara
ters are available as single 
hara
ters in ISO Latin 1en
oding, but others need to be 
reated by 
ombining the una

ented
hara
ter with the a

ent (e.g., the long Hungarian umlaut). Positioning thea


ent a

urately needs information on the width of the 
hara
ter and a

ent,height of the 
hara
ter, and the height of the base of the a

ent when printednormally. With these data, the 
hara
ter is printed, then the 
urrent positionof the `pen' is `ba
k-spa
ed' to the point where it should start drawing thea

ent 
entred over (or under) the 
hara
ter, raising the `pen' position ifne
essary so that the a

ent will not overprint the 
hara
ter, and �nally thea

ent is drawn. Then the pen position updates to the lo
ation it had afterdrawing the 
hara
ter. 87



The di�erent fonts in the two series are for di�erent sizes (title size, basi
, andsubs
ript / supers
ript), and for roman style and oblique style.psimpoll uses `Symbol' to obtain spe
ial 
hara
ters, notably the
ir
le-and-
ross 
hara
ter in radio
arbon age 
olumns, and also the Greekalphabet.10.6 CompatibilityThe format of main data �les has not 
hanged from previous versions ofpsimpoll, and the C14, TS, and ZONE asso
iated �les are also un
hanged. TheZONA �le has been abandoned, from psimpoll version 2.21 onwards, sin
epsimpoll 
an now 
al
ulate zones itself, and generate a zonation �le with agedata in
luded. However, the s
ope of the .CFG �le has been extended
onsiderably, so that old versions will no longer work, and may 
ause theprogram to 
rash, or at least work in unexpe
ted ways. .CFG �les 
reated byversions of psimpoll earlier than 2.20 should be deleted before running the
urrent version. ps
omb requires input from PostS
ript �les 
reated bypsimpoll version 2.20 or later.10.7 Page layoutThe default layout for a page des
ribed with PostS
ript is des
ribed in termsof 
o-ordinates with an origin (0, 0) in the bottom left 
orner of a page heldverti
ally (`portrait'). The default units are 1/72 in
h. Diagrams produ
edwith psimpoll are laid out along the long axis of a page, so the diagram`origin' is the upper left 
orner when the page is held horizontally(`lands
ape').It is assumed, by default that the paper being used is A4, with length 297 mm,and width 210 mm (this 
an be 
hanged in menu Ae (p. 32). Lo
ations on thepage are measured in units of 0.01 mm, ne
essitating a s
ale fa
tor in thePostS
ript �le. The default usable area of the page is 240 mm long and 240 /square-root(2) = 169.7 mm high, 
entred on the page. The length 
an be
hanged in menu A
 (p. 32). The height is adjusted automati
ally to maintainthe same proportion, but 
an be 
hanged itself (menu Ad (p. 32)). For USpaper, with dimensions 11" � 8", the usable paper length should be given as226 mm, and the usable height as 123 mm.Within this usable area, psimpoll �lls the spa
e with `boxes', building upfrom left to right until the spa
e is full (at a rate that depends on the s
alefa
tor from menu A). A `box' may be an axis, a des
riptive 
olumn (e.g.,sediment), or a plotted 
urve. Ea
h box is pre
eded by a translation thatshifts the origin along the page. The instru
tions for the image of ea
h box arethen given relative to this new origin. The default proportion of the width ofthe paper o

upied by the diagram height is 75% of the usable area, or 127mm. This �gure 
an be modi�ed in menu Ad (p. 32). The lo
ation of 
aptionsis �xed relative to the diagram, so they will move 
loser in if the height of the88



diagram is redu
ed.Within the program, all text is rotated 90Æ to bring it from the naturalhorizontal position of portrait orientation to the 
orre
t natural position forlands
ape orientation. Rotations spe
i�ed in menu De (p. 40) (default 45Æ) areadditional to this rotation, and 
ontrol the angle of rotation from thehorizontal position of lands
ape orientation.The numbers in the PostS
ript output �le giving lo
ations on the page arethus in units of 0.01 mm. The �rst of ea
h pair is the x-axis 
o-ordinate,in
reasing from the left edge of a page held in portrait lo
ation (i.e., in thedire
tion of down the depth axis of the resulting diagram). The se
ondnumber of ea
h pair is the y-axis 
o-ordinate, in
reasing from the lower edge ofa page held in portrait lo
ation (i.e., in the dire
tion of along the resultingdiagram). The 
o-ordinate origin shifts along the page, in the y-axis dire
tion,for the plotting of ea
h box.Within the PostS
ript output �le, boxes are demar
ated by a series of
omments that enable ps
omb to break the �le ba
k into boxes and rebuild anew �le by 
ombining boxes from di�erent �les. The 
omment lines begin with`%', whi
h means that the PostS
ript interpreter ignores them, and they areinterpreted by ps
omb as follows:%e Stop interpreting the input �le. Further lines are read in, but ignored until%s is en
ountered. Used to ex
lude the original setup and new pageinstru
tions;%i O

urs within a box, and marks the beginning of lines that ps
ombshould ignore. Used to ex
lude the instru
tions that draw zone linesa
ross the page, for example;%j O

urs within a box, and marks the end of lines that ps
omb shouldignore.%n Marks the start of a new box (ending the previous box), and is followed onthe same line by six 
hara
ters that give the name of the box, asdisplayed on the s
reen while the �le is being read and in the intera
tivemenu;%s Start interpreting the input �le. Lines at the beginning of the �le, andafter %e are ignored until %s is en
ountered;%t Immediately followed by a number that gives values for the translationalong the page of the box in units of 0.01 mm. This enables ps
omb toa

umulate the proportion of a page that it has �lled with boxes, and todetermine whether it has enough room for the next one.ps
omb produ
es a new output �le by 
ombining boxes from the input �leswith new set of the do
ument stru
turing 
onventions, instru
tions for endingand starting pages, and adding titles and general footnotes.89



10.8 Known problems and limitations� (DOS only) ps
omb will 
rash, 
omplaining about 
allo
 or reallo
memory allo
ation problems if the size of the input �les plus the size ofthe program ex
eeds available 
onventional memory (normally about500kB). It may be possible to work around this by using ps
omb onindividual input �les to redu
e them to the minimum size ne
essary.� Smoothing works after printing of dataset to a �le, so smoothed data
annot be output.� The program does not assume that it is being run on a 
omputer thatsupports ASCII 
hara
ter 
oding. However, PostS
ript interpreters doassume that input �les are ASCII. So, output from a non-ASCII
omputer might need to be translated before presentation to aPostS
ript printer.� The handling of output to s
reens assumes that s
reens are 25 lines high,with 80 
hara
ters per line. The program should work 
orre
tly withs
reens of other dimensions, but the appearan
e may be odd.� It is not possible to have more than two 
olumns of numbers in sum
olumns.� Sediment 
olumns 
annot be plotted against age.� S
ript �le names are asso
iated with input �le names. In future, theymay be asso
iated with output �le names in order to 
onne
t aparti
ular output �le more dire
tly with the 
ommands used to 
reate it.� The anglo 'point' is used as de
imal separator. Arguably, psimpollshould be able to use the European '
omma', depending on lo
ale, butunfortunately this is not 
urrently possible.
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11 Error messages11.1 Contents� General information on errors (p. 91)� List of messages (p. 92)� Explanation of messages (p. 96)11.2 General information on errorsRunning psimpoll involves an intera
tion between a user and the software,and an intera
tion between a 
omputer and the software. It is the aim inwriting the software to be aware of problems that might arise in either of theseintera
tions and anti
ipate them. Where possible, some 
orre
tive a
tion istaken, and the program will 
ontinue. In other situations, this is not possible,and the program will stop with a Program ending message. The se
tionsbelow in
lude messages that might arise when the program stopsunexpe
tedly, and give more detail of why they might have o

urred. Othermessages may be given by the operating system, depending on why the failureo

urred, and whi
h operating system is being used. Problems also o

ur inother ways, but enabling psimpoll to 
ontinue. These may give anexplanatory message on the s
reen if the program realised something odd washappening, or else may be evident as unsatisfa
tory output.Errors are likely to fall into one or more of the following 
ategories:� The program 
ould not interpret the input �le(s) in some way: in
orre
tspe
i�
ation of numbers of taxa or samples, wrongly ordered,in
omplete. This is by far the 
ommonest sour
e of problems. Failure byuser, or failure to 
ommuni
ate what the program expe
ted. Please
he
k the former �rst!� The program did not anti
ipate some (perfe
tly legitimate) 
ombinationof options or some type of (perfe
tly legitimate) data input. Programin
omplete: 
omplain;� The program failed to do something this do
umentation 
laimed itshould do. This may be evident as a 
rash, or erroneous output.Complain.If you en
ounter an error, whether it produ
es a 
rash, or just wrong output,please follow the following steps:1. Try to repli
ate the error, to ensure that the problem was not simplythrough a typing mistake at the terminal;91



2. Note 
arefully when the error appears, by reading messages that appearon the s
reen, and taking a look in any output �les. psimpoll ismoderately verbose, and this is one of the uses for all that stu�. Notethe message itself, espe
ially any pre
eding information on �le and linenumber(see below);3. Che
k all data input;4. Explore the behaviour of the problem: does it o

ur with other inputs?If so, when does it appear, and when not?5. Bring eviden
e to KDB: in
lude all input �les.Crashes 
an appear in several ways. Wherever possible, you will get an errormessage, usually from the program, o

asionally from the operating system.However, it is also possible that the 
omputer will just `lo
k up': no a
tionevident at all. I have made psimpoll verbose to help dete
t this. Or otherstrange things 
an happen: unexpe
ted rebooting, running of dis
 drives, et
.Wat
h for s
reen output that in
ludes garbage 
hara
ters as a warning of aproblem. All these 
ir
umstan
es should be reported to KDB. If the programdoes 
rash, you may need to reboot your 
omputer.11.3 List of messagesA list of messages that pre
ede an unexpe
ted ending follows. It is orderedstri
tly alphabeti
ally, in some 
ases starting from after a phrase of the form`ppmain.
 288', whi
h gives information on the program �le and line numberthat dete
ted the error. To see this, run psimpoll, but give an erroneous �lename. Unless otherwise stated, any of these messages might o

ur with eitherpsimpoll or ps
omb. Sele
t the message of interest to get more information.� agedepth (times
ale): failed to 
onverge on a value for t after 10000iterations (p. 96)� asin (p. 96)� atan (p. 96)� atan2 (p. 96)� bernshtein: failed to 
onverge on a value for t after 10000 iterations(p. 96)� bus error (p. 96)� CA: residual bigger than toleran
e (p. 96)� 
allo
: memory allo
ation error (p. 96)� 
ore dump (p. 96)� Data set for analyses has zero samples (p. 96)92



� Error estimates on ages must be greater than zero, 
annot 
ompleteanalysis. Che
k values in C14 �le (p. 97)� exp (p. 97)� Fatal error dete
ted by operating system: please report to KDBSIGABRT: Abnormal termination (p. 97)� Fatal error dete
ted by operating system: please report to KDBSIGFPE: Floating point ex
eption (p. 97)� Fatal error dete
ted by operating system: please report to KDBSIGILL: Invalid fun
tion image (p. 97)� Fatal error dete
ted by operating system: please report to KDBSIGSEGV: Invalid a

ess to storage (p. 97)� Fatal error dete
ted by operating system: please report to KDBSIGTERM: Termination request re
eived (p. 97)� f
lose: error in 
losing a �le (p. 98)� fget
: no 
hara
ter read (end of �le?) (p. 98)� fgets: no string read (end of �le?) (p. 98)� First 
hara
ter of two-
hara
ter 
ode on line 4 of input must be one of%, A, B, C, G, L, M, or X. See do
umentation for details. The 
hara
terin your �le is '
' (p. 98)� fopen: failed to open �le (p. 98)� fs
anf: unexpe
ted end of �le (p. 98)� getbuf: bu�er is overfull. Che
k that individual input items do notex
eed allowed number of 
hara
ters. (p. 98)� getbuf: unexpe
ted end of �le. (p. 98)� get
: reading error (end of �le?) (p. 99)� indsplit: more than the allowed maximum of 20 splits found. Pleasereport to KDB (p. 99)� Input box is greater than 63000 
hara
ters long (p. 99)� int 
onversion: �oating point number 
annot be represented as integer(p. 99)� l�t (gaussj): singular matrix, 
annot 
omplete analysis (p. 99)� linint_s: two depths are identi
al or reversed (p. 99)� loess: extrapolation beyond date limits is not allowed. De�ne an age fortop and basal samples in menu L. (p. 99)� log10 (p. 99) 93



� log (p. 99)� Memory allo
ation error. Cannot load COMMAND, system halted(p. 99)� Number of samples is zero or negative (p. 99)� Number of sum taxa is greater than 10 (p. 99)� Number of taxa is zero or negative (p. 100)� pow (p. 100)� ran4_s: this fun
tion is somewhat non-portable Output on your
omputer appears unreliable Use one of the other random numbergenerators (p. 100)� Rate of 
hange analysis: the dissimilarity measure in use has ex
eededits theoreti
al maximum upper limit (p. 100)� reallo
: attempt to reallo
ate to a negative amount of spa
e (p. 100)� reallo
: memory allo
ation error (p. 100)� s
anf: input failure (p. 100)� Se
ond 
hara
ter of two-
hara
ter 
ode on line 4 of input must be one ofA, D, M, S, or T. See do
umentation for details. The 
hara
ter in your�le is '
' (p. 100)� Sediment a

umulation rate(s) have been 
al
ulated as negativeThis will result in age reversals, and/or negative pollen a

umulationrates. Che
k output �les for details, and re
onsider age model (p. 100)� Segmentation fault (p. 101)� SIGINT: intera
tive attention signal from user (p. 101)� spline_s: two depths are identi
al or reversed (p. 101)� splint: bad xa[℄ input, 
annot 
omplete analysis. Che
k depths in C14�le (p. 101)� sqrt (p. 101)� str
at: total string length too long (p. 101)� strftime: failed to �ll array (p. 101)� svd�t (svd
mp): no 
onvergen
e in 30 iterations of its, abnormal exit(p. 101)� svd�t (svd
mp): zu() needs augmenting with extra zero rows, abnormalexit (p. 101)� swit
h: unexpe
ted value (p. 101)� SYSTEM: (p. 101) 94



� TILIA format: line-length unexpe
tedly short. Che
k input �le! (p. 102)� time: 
alendar time not available (p. 102)� Unexpe
ted end-of-�le rea
hed: data set is in
omplete (p. 102)� unget
: error pushing 
hara
ter ba
k (p. 102)� vprintf/vfprintf: output error (p. 102)
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11.4 Error messages11.4.1 Explanation of messages� agedepth (times
ale): failed to 
onverge on a value for t after 100iterations Times
ales are generated by an iterative pro
ess that shouldhave 
onverged to give an answer within a spe
i�ed a

ura
y after 16-20iterations. In this 
ase, the pro
ess has not 
onverged after 100iterations. Please report to KDB.� asin Program tried to obtain ar
 sine of a number < -1 or > +1.Probably a program error: report to KDB.� atan Program tried to obtain ar
 tangent of a number < -pi / 2 or > pi/ 2. Probably a program error: report to KDB.� atan2 Program tried to obtain ar
 tangent of y / x < -pi or > pi.Probably a program error: report to KDB.� bernshtein: failed to 
onverge on a value for t after 100 iterationspsimpoll message. Bernshtein polynomials are solved by 
onvergen
ethat should be 
omplete within 20 iterations. This one has failed. Che
kthe output �le, and if the problem o

urred with samples beyond therange of the radio
arbon age points, trying �xing the end points withage estimates from linear interpolation. It is also possible that the initialguesses psimpoll makes for t were too far out, so the way these areobtained needs to be modi�ed, or an age-depth range given in menu H(p. 43) 
aused problems. See KDB.� bus error UNIX error message. The program has 
rashed 
ompletely.Report to KDB.� CA: residual bigger than toleran
e Corresponden
e analysis errormessage. The program has failed to 
onverge on a solution. Che
k allinput values and transformation options.� 
allo
: memory allo
ation error Program was unable to make theallo
ation of memory for an array. Che
k that you have given thenumbers for taxa, samples, zones, radio
arbon ages, et
, 
orre
tly (thesenumbers determine the size of memory requested from the 
omputer forarrays). Consider the possibility that your 
omputer's memory is notadequate, then report to KDB.� 
ore dump UNIX error message. The program has 
rashed 
ompletely.Report to KDB.� Data set for analyses has zero samples psimpoll message. The programprodu
es a redu
ed dataset for numeri
al analysis by eliminating samplesoutside any de�ned se
tion (menu H (p. 43)), and samples marked foromission. After doing this, there were no samples left. The most likelyproblem is that you requested a se
tion of the dataset by age, but thesamples are presented by depth and were not 
onverted. Please rerun.96



� Error estimates on ages must be greater than zero, 
annot 
ompleteanalysis. Che
k values in C14 �le psimpoll message. The program hasread a standard deviation for an age from your C14 �le as 0 or negative,and this 
aused a problem in the 
al
ulation of an age model. If youwant an `age' to be ex
luded from analysis, make sure it begins with anon-numeri
 
hara
ter (i.e., (4000) not 4000). Otherwise, 
he
k the �le
arefully.� exp Attempt to 
al
ulate an exponential failed be
ause the value was toohigh. Probably a program error: please report to KDB.� Fatal error dete
ted by operating system: please report to KDBSIGABRT: Abnormal termination This is a serious 
rash, brought aboutby the program trying to do something that the 
omputer 
ould nothandle. All su
h 
onditions should be trapped by the program, so pleasereport this one to KDB immediately, even if you know of somethinghorrible you did that might have 
aused it to behave this way. The
omputer may need rebooting to 
lear memory.� Fatal error dete
ted by operating system: please report to KDBSIGFPE: Floating point ex
eption This is a serious 
rash, brought aboutby the program trying to use a number outside the range that the
omputer 
an handle (too large or divide by zero). All su
h 
onditionsshould be trapped by the program, so please report this one to KDBimmediately, even if you know of something horrible you did that mighthave 
aused it to behave this way. The 
omputer may need rebooting to
lear memory.� Fatal error dete
ted by operating system: please report to KDBSIGILL: Invalid fun
tion image This is a serious 
rash, brought about bythe program trying to do something that the 
omputer 
ould not handle.All su
h 
onditions should be trapped by the program, so please reportthis one to KDB immediately, even if you know of something horribleyou did that might have 
aused it to behave this way. The 
omputermay need rebooting to 
lear memory.� Fatal error dete
ted by operating system: please report to KDBSIGSEGV: Invalid a

ess to storage This is a serious 
rash, broughtabout by the program trying to do a

ess memory in some way that the
omputer 
ould not handle. All su
h 
onditions should be trapped bythe program, so please report this one to KDB immediately, even if youknow of something horrible you did that might have 
aused it to behavethis way. The 
omputer may need rebooting to 
lear memory.� Fatal error dete
ted by operating system: please report to KDBSIGTERM: Termination request re
eived This is a serious 
rash, broughtabout by the program trying to do something that the 
omputer 
ouldnot handle. All su
h 
onditions should be trapped by the program, soplease report this one to KDB immediately, even if you know ofsomething horrible you did that might have 
aused it to behave this way.The 
omputer may need rebooting to 
lear memory.97



� f
lose: error in 
losing a �le An error was reported to the program whenit tried to 
lose a �le. May o

ur if a dis
 that you are writing to is full(so please 
he
k this), but probably a program error: report to KDB.� fget
: no 
hara
ter read (end of �le?) An error was reported to theprogram when it tried to read a 
hara
ter from a �le. Che
k that yourinput �les are 
omplete.� fgets: no string read (end of �le?) An error was reported to the programwhen it tried to read text from a �le. Probably a program error: reportto KDB.� First 
hara
ter of two-
hara
ter 
ode on line 4 of input must be one of%, A, B, C, G, L, M, or X. See do
umentation for details. The 
hara
terin your �le is '
' psimpoll message. Che
k line 4 of your main input �le,and ensure that the �rst 
hara
ter on the line mat
hes one on this list.The 
hara
ter read by the program is indi
ated at the end of themessage. And 
he
k that the �le name you entered was the main input�le you intended.� fopen: failed to open �le An error was reported to the program when ittried to open a �le. Usually through mistyping the name of the maininput �le, but might o

ur if two �les had the same name (from menu E(p. 41)).� fs
anf: unexpe
ted end of �le An error was reported to the program whenit tried to read from a �le. Probably a program error: report to KDB.� getbuf: bu�er is overfull. Che
k that individual input items do notex
eed allowed number of 
hara
ters. This mesage is pre
eded by moredetail of what the program was trying to read when the problemo

urred, what it a
tually did read, and, where possible, suggestion ofwhat needs to be 
orre
ted. This information should help to lo
ate theproblem, but note that the 'real' problem may lie earlier in the �le thanthe input line that was the immediate sour
e of the di�
ulty. getbuf is afun
tion that handles the reading of many input items. Its internalbu�er is 160 
hara
ters long, whi
h is ample for all reasonable and
orre
tly formatted input. The `individual input items' referred to maybe values or labels, whi
h may o

upy lines by themselves or be parts oflines with other values. Che
k your input �les 
arefully to make surethat you haven't omitted spa
es (to separate numbers) or 
ommas (toseparate labels), and that the values given for the number of taxa,number of samples, and the two-
hara
ter 
ode on main input line 4 are
orre
t for the data given. See the output �le psimpoll.LOG for the
ontents of the bu�er, whi
h may help work out where the problemo

urred, along with information on the s
reen at the time.� getbuf: unexpe
ted end of �le. The end of a �le was rea
hedunexpe
tedly. This messge should have been pre
eeded by message withdetails of the �le and line number 
on
erned. Che
k that the �le has allthe input items expe
ted. 98



� get
: reading error (end of �le?) An error was reported to the programwhen it tried to read from a �le. Probably a program error: report toKDB.� indsplit: more than the allowed maximum of 20 splits found. Pleasereport to KDB psimpoll message. Your data set has generated morethan 20 splits in one of the taxa. This is more than anti
ipated wouldever o

ur. Report to KDB and ask for the program to be modi�ed.� Input box is greater than 63000 
hara
ters long ps
omb message. Thereis a limit of 63000 
hara
ters for the size of an input box, and one ofthose in your PostS
ript input �le ex
eeds this. Please report to KDB,and this will en
ourage him to provide a greater limit.� int 
onversion: �oating point number 
annot be represented as integer A�oating point number was too large to be 
onverted to an integer.Probably a program error: please report to KDB.� l�t (gaussj): singular matrix, 
annot 
omplete analysis psimpollmessage. One of the matri
es generated during 
onstru
tion of an agemodel by weighted least-squares 
annot be analysed. This may be a dataerror, or just bad lu
k. Che
k the data, and if that doesn't work, tryusing singular value de
omposition (menu Ld.4 (p. 56)).� linint_s: two depths are identi
al or reversed psimpoll message.Problem o

urred while trying to obtain linearly interpolated ages.Che
k depth values in C14 �le, and ensure that the ages given for the topsample (defaults to $0�50$), and basal sample (no default) arereasonable (see menu L (p. 53)).� loess: extrapolation beyond date limits is not allowed. De�ne an age fortop and basal samples in menu L This te
hnique for age-depth modelling
annot extrapolate. Che
k and, if ne
essary de�ne, ages for the top andbottom sample (whi
h then get treated as if they were dates) so thatthere will be no extrapolated vales.� log10 Program tried to obtain base 10 logarithm of 0 or a number < 0.Probably a program error: report to KDB.� log Program tried to obtain base e logarithm of 0 or a number < 0.Probably a program error: report to KDB.� Memory allo
ation error. Cannot load COMMAND, system halted DOSerror message, probably o

urring after one of the program messages.The 
omputer will need to be rebooted before you 
an do anything else.Probably a program error: report to KDB.� Number of samples is zero or negative The number of samples spe
i�edon line 3 of the main input �le (or elsewhere in a Tilia �le) has beengiven as zero or negative. This needs to be 
orre
ted.� Number of sum taxa is greater than 10 The number of taxa in
luded in asummary diagram is limited to 10, whi
h was expe
ted to be enoughunder all 
ir
umstan
es. If you really want more than 10, and 
an99




onvin
e me that this will work when plotted, I will make the ne
essary
hange.� Number of taxa is zero or negative The number of taxa spe
i�ed on line2 of the main input �le (or elsewhere in a Tilia �le) has been given aszero or negative. This needs to be 
orre
ted.� pow Program tried to obtain x to the power of y with x negative and ynot an integer, or an over�ow o

urred (number too large for the
omputer to handle). Probably a program error: report to KDB.� ran4_s: this fun
tion is somewhat non-portable Output on your
omputer appears unreliable Use one of the other random numbergenerators The `pseudo-DES' random number generator (ran4_s) is not
ompletely portable. It works �ne on Ma
intosh, IBM PCs, and theUNIX systems that I have tried, but the version of psimpoll you areusing has been 
ompiled on some other system. As the message says, useanother generator. This one may be unreliable on your system.� Rate of 
hange analysis: the dissimilarity measure in use has ex
eededits theoreti
al maximum upper limit psimpoll message. Some of thedissimilarity measures used in rate of 
hange analysis have a theoreti
alupper bound, and this will never be ex
eeded with 
orre
t input and
orre
t programming. There has been a failure in one of these areas.Che
k that you are using only proportional data as input. Then reportto KDB.� reallo
: attempt to reallo
ate to a negative amount of spa
e Failure ofattempt to reallo
ate memory that was previously allo
ated be
ause thenew size of memory requested is negative. Probably a program error:report to KDB.� reallo
: memory allo
ation error Failure of attempt to reallo
ate memorythat was previously allo
ated. Che
k the lengths of text items that youhave in
luded in (espe
ially) the main input �le to see if they are reallyex
essive. In ps
omb it may mean that a box from one of the input �lesis more than 31,000 
hara
ters long. But probably a program error:report to KDB.� s
anf: input failure An error was reported to the program when it triedto read from the keyboard. Probably a program error: report to KDB.� Se
ond 
hara
ter of two-
hara
ter 
ode on line 4 of input must be one ofA, D, M, S, or T. See do
umentation for details. The 
hara
ter in your�le is '
' psimpoll message. Che
k line 4 of your main input �le, andensure that the se
ond 
hara
ter on the line mat
hes one on this list.The 
hara
ter read by the program is indi
ated at the end of themessage. And 
he
k that the �le name you entered was the main input�le you intended.� Sediment a

umulation rate(s) have been 
al
ulated as negativeThis will result in age reversals, and/or negative pollen a

umulationrates. Che
k output �le (if any) for details, and re
onsider age model100



psimpoll message. The program was asked to 
al
ulate a

umulationrates, and �nds that the model in use produ
es negative rates. Theprogram 
ontinues, and the full gory details will be in the age-depthoutput �les if you requested them. Note that the pollen diagram will stillbe plotted against age, but will have overlapping samples.� Segmentation fault UNIX error message. The program has 
rashed
ompletely. Report to KDB.� SIGINT: intera
tive attention signal from user User has interruptednormal running of program.� spline_s: two depths are identi
al or reversed psimpoll message.Problem o

urred while trying to obtain an age model with a spline.Che
k depth values in C14 �le, and ensure that the ages given for the topsample (defaults to 0�50), and basal sample (no default) are reasonable(see menu L (p. 53)).� splint: bad xa[℄ input, 
annot 
omplete analysis. Che
k depths in C14�le psimpoll message. Spline 
urve-�tting is a two stage pro
ess. splintis the se
ond stage, and it has found that two input depth values areidenti
al. Che
k input from your C14 �le.� sqrt Program tried to obtain the square-root of a number < 0. Probablya program error: report to KDB.� str
at: total string length too long A 
on
atenated `string' of 
hara
tershas be
ome too long for the amount of memory allo
ated for it.Probably a program error: report to KDB.� strftime: failed to �ll array A fun
tion that formats representations ofdata and time for output has failed. Probably a program error: report toKDB.� svd�t (svd
mp): no 
onvergen
e in 30 iterations of its, abnormal exitpsimpoll message. The program 
ould not 
omplete analysis of yourproposed age-depth model using singular value de
omposition. Che
kthe data in your C14 �le, and try using a weighted least-squaresage-depth model. If this fails, report to KDB.� svd�t (svd
mp): zu() needs augmenting with extra zero rows, abnormalexit psimpoll message. Program error, failing to trap analysis ofage-depth model by singular value de
omposition with more terms in themodel than ages. Report to KDB.� swit
h: unexpe
ted value Program does not allow for all possible 
ases ina `swit
h' statement. This is one likely error message if your .CFG �le isout of date. If deleting any .CFG �le does not remove the problem,report to KDB.� SYSTEM: The text on lines beginning like this is an error message fromthe 
omputer system, and is therefore spe
i�
 to that system. Note whatit says, and report to KDB. Information from psimpoll or ps
ombshould be on the next line down, and more details may be found bylooking up that message elsewhere in this se
tion.101



� TILIA format: line-length unexpe
tedly short. Che
k input �le! Theprogram re
ognised a �le as TILIA format, but found that one of thelines with taxa names was too short. There should be at least 16
hara
ters on these line, with a letter indi
ating the (sub)sum group as
hara
ter 16. Taxon names begin at 
hara
ter 18. It is a

eptable (butstrange?) to have no taxon name, but the (sub)sum value must bepresent. Che
k the input �le, make sure that it is indeed TILIA format,and look at the 
ontents of the list of taxa names.� time: 
alendar time not available The program attempts to obtain the
alendar time from the operating system, but this appears not to beavailable for some (unknown) reason. Please report to KDB.� Unexpe
ted end-of-�le rea
hed: data set is in
omplete An input �le doesnot have as many items as it should have. If the �le named immediatelyabove this message is a .CFG �le, it is probably out of date. Use theexample (p. 107) .CFG �le in to work out whi
h features are set in your�le, then delete it, and reset them from the menus on a new run ofpsimpoll. If the named �le is not a .CFG �le, 
he
k its length againstthe number of items that are indi
ated at the top (number of taxa,number of samples, number of zones, et
., as relevant).� unget
: error pushing 
hara
ter ba
k This fun
tion is used when reading`garbage' 
hara
ters from a �le. The �rst non-garbage 
hara
ter is`pushed ba
k', so that it 
an be read by the next input routine. Therehas been a problem with the `push ba
k' pro
ess, probably aprogramming error. Report to KDB.� vprintf/vfprintf: output error An error has been reported by a fun
tionthat `prints' data from a variable length list of parameters. Programerror: report to KDB.
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12 Sample input �les12.1 Contents� Data presented as 
on
entrations for 
onversion to a

umulation rates(p. 104)� Data presented as proportions (p. 104)� TS �le (p. 105)� C14 �le (p. 105)� CAL �le (p. 106)� CAL input �le (p. 106)� ZONE �le (p. 107)� .SCR �le (p. 107)� .CFG �le (p. 107)� psimpoll.COL �le (p. 110)The sample psimpoll input �les below illustrate most of the featuresdes
ribed above. Items are numbered on the left to 
orrespond to the itemnumberings used in Data preparation (p. 16), and should be 
ompared withthem. Item numbering should, of 
ourse, be omitted from a
tual �les.
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12.2 Data presented as proportions1 Dalli
an Water, Lunnasting, Shetland2 83 44 %d5 720 716 712 7086 _Betula, 0.2004 0.0674 0.1635 0.30016 -_Juniperus 
ommunis, 0.0118 0.0019 0.0115 0.00586 Cypera
eae, 0.1886 0.0520 0.1885 0.09966 _Potentilla_ t., 0.0000 0.0058 0.0096 0.00296 <4Sum Trees & Shrubs, 0.4401 0.2505 0.2788 0.4286Sum Eri
ales, 0.0255 0.0039 0.0654 0.1400Sum Herbs, 0.5226 0.7380 0.5058 0.2771Sum Fili
ales, 0.0118 0.0077 0.1500 0.15446 !Palynol. ri
hness25020.1672 17.0265 23.307919.4393 15.7504 23.128320.3516 17.5684 23.134814.7937 12.1803 17.40706 =Rate of 
hange, 0.366249 0.420106 0.236846 -16 *Main sum, 509 519 520 69312.3 Data presented as 
on
entrations for 
onversion toa

umulation rates1 Dalli
an Water, Lunnasting, Shetland2 33 44 bd5 720 716 712 7086 _Betula, 6595 2702 10670 481756 #Sum Trees & Shrubs, 14095 9882 18202 687886 &Char
oal, 0 0.399084 0.055816 0.0646297 -493338 -19 -0.510 -111 763 639 393 21312 -0.513 -114 -1 104



12.4 TS �le1 32 Ld47082 Ld2Ag27182 Ag3Ga17203 5YR6/45YR3/45Y5/112.5 C14 �le1 42 4334391565652 4784863350702 504504Hekla?2 698710935090
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12.6 CAL �le1 42 433439dallCL012 478486dallCL022 698710dallCL0312.7 CAL input �leNormally written by BCal (so line-numbering omitted). But 
an be 
reated inby hand. Content 
onsists solely of a series of pairs of values. The �rst of ea
hpair is an age in 
alendar years (negative earlier than 0BP), and the se
ond isa probability. The pairs and the values by separated by spa
es, TABs ornewlines. A very simple (but useful) 
an be:-1200 1.0whi
h means that the age is 1200 with 100% probability. More usually, the �lewill look like this (topmost lines only):-6868 1.982710762154017E-5-6867 1.982710762154017E-5-6866 0.0-6865 0.0-6864 0.0-6863 0.0-6862 0.0-6861 0.0-6860 0.0-6859 1.982710762154017E-5-6858 1.982710762154017E-5-6857 0.0-6856 1.982710762154017E-5-6855 0.0-6854 1.982710762154017E-5-6853 3.965421524308034E-5-6852 1.982710762154017E-5
106



12.8 ZONE �le1 42 D-4D-3D-2D-13 436.000547.000706.0004 redyellowgreenblue12.9 .SCR �le01b2e3f4g.25g.2eb12.10 .CFG �leA .CFG �le in
ludes the 
urrent values for all variables that 
an be modi�ed bythe menus. An example is shown below, 
ontinuing on the next page. Numbersand text beginning down the left margin of the page are the �le 
ontents.Labels at the right are the names of the psimpoll variables that hold thesenumbers. Some string variables may be empty, and where that happens in thisparti
ular �le there is no entry in the left margin. Lines beginning `...' shouldbe read as 
ontinuing from the line above. A separate list of the variables(p. 113) gives more information about the type of quantity ea
h 
ontains.0.002000 gl.page.minpl24000.000000 gl.page.wide0.750000 gl.page.propO 
oll.style0 
oll.ix10a:\dallAD agedep.fnamea:\dallp.PS outmain.fnameH gl.font.
ode0.000000 gl.font.ufa
45 
oll.rot107



head.basehead.subtitlehead.zonehead.sed0 -1 
oll.join intfg-1 0.000000 50.000000 0.000000 50.000000 3 5 1.000000... age.flag age.up age.upsd age.base... age.basesd age.model age.npterm age.
14ka:\dallZONE zone.fnamea:\dallC14 inage.fnamea:\dallTS ints.fname0 0.300000 1 
i.flag 
i.
vsed 
i.n1 gl.mranTIMER gl.seed100 
i.nran0 0 rarer.flag rarer.n-1 0.050000 5 5 D- zoner.flag num.thresh zoner.n zoner.meth zoner.pre0 1 ro
.flag ro
.diss{14}C ages (yr BP) head.age[C14BP℄Depth head.ps1[DEPTH℄
m head.ps2[DEPTH℄0 num.stata:\dallSTAT stat.fname0 p
a.flag3 p
a.matrix6 p
a.naxes0 four.flag0 lev.ads
0 p
a.tran0 zoner.tran-1 
oll.indspl0 zoner.ransam-1 gl.re
al
0.500000 
oll.shade-1 400.000000 700.000000 lev.udata lev.umax lev.umin0 
oll.all0 ipdat0 ro
.smooth0.000000 0 
oll.hist 
oll.inds
alegrains 
m{-3} sunit[0℄grains g{-1} sunit[1℄grains 
m{-2} year{-1} sunit[2℄
m{2} 
m{-3} sunit[3℄
m{2} 
m{-2} year{-1} sunit[4℄
m{2} g{-1} sunit[5℄
m{2} grain{-1} sunit[6℄
ent.{-1} sunit[7℄ratio sunit[8℄power sunit[9℄0 four.tran108



0 
oll.s
ript0 
oll.bull0.500000 
oll.lval0 age.timxAge ({14}C yr BP) head.time[C14BP℄0 gl.sum2
ol0 10 ro
.model.
i ro
.model.n0 10 p
a.model.
i p
a.model.n0 10 zoner.model.
i zoner.model.n0.000000 0.000000 lev.majmark lev.minmark0 
oll.skip0 age.adb
0 gl.tufte-1 
oll.
14s
alea:\dallDAT dat.fname0 ipform1.000000 
oll.penwid0 
oll.interp1.000000 lev.interp0.000000 lev.intstart0.000000 lev.intstopa:\dallAD.ps adplot.fname0.002 gl.adpage.minplAge ({14}C yr BP) head.adxaxis[C14BP}Depth (
m) head.adyaxis1 gl.palette.ba
k0 gl.palette.fore0 
oll.
olpl0 
oll.
oltit0 
oll.
oldep0 
oll.
ol14
0 
oll.
olts0 
oll.
olzone0 
oll.
olxax-1 gl.
olts-1 gl.
olzone-0.99 gl.neglev0 agerange.
olpl0 agerange.
olsdpl0 agerange.
ol14
0 agerange.
oldep0 agerange.
olxax0 lev.inttype21000.000000 gl.papwid29700.000000 gl.papht0 
a.flag0 
a.tran0 
a.iweigh0 
a.ires
fg4 
a.ires
109



0 
a.d
a26 
a.mk0.000000 
a.resth0 10 
a.model.
i 
a.model.ndallCAL in
al.fname0 age.
alAge (Cal. yr BP) head.adxaxis[CALBP℄Cal. ages (yr BP) head.age[CALBP℄{14}C ages (yr AD/BC) head.age[C14AD℄Cal. ages (yr AD/BC) head.age[CALAD℄Age ({14}C yr AD/BC) head.adxaxis[C14AD℄Age (Cal. yr AD/BC) head.adxaxis[CALAD℄Age head.ps1[C14BP℄yr BP head.ps2[C14BP℄Age head.ps1[CALBP℄yr BP head.ps2[CALBP℄Age head.ps1[C14AD℄yr AD/BC head.ps2[C14AD℄Age head.ps1[CALAD℄yr AD/BC head.ps2[CALAD℄0 
i.negar-1 gl.
alval1000000 
i.looplimAge (Cal. yr BP) head.time[CALBP℄Age ({14}C yr AD/BC) head.time[C14AD℄Age (Cal. yr AD/BC) head.time[CALAD℄head.dendroTotal dispersion sunit[10℄1000 gl.adres0 age.ngterm0 gl.showmem12.11 psimpoll.COL �leThis �le 
ontains the 
olour palette used by the program, and 
onsists of
olours de�ned using the CMYK system, and keyed to an identi�er and aname. Subsequent use of the 
olours needs only the name (in most 
ases) orthe identi�er (rarely).# psimpoll 3.00 
olour palette# K.D. Bennett 1998## Colours are made up of the four 
omponents of the CMYK s
heme# (Cyan Magenta Yellow bla
K) on a s
ale from 0.0 (none of that 
omponent)# to 1.0 (full expression of that 
omponent)## The first line of values must 
ontain a single value giving the number110



# of 
alours des
ribed## Then ea
h 
olour is des
ribed on a line by itself, identified by a number,# whi
h may be of any positive value from 0 to 2147483647## The order of values is:# identifier 
yan magenta yellow bla
k name## All lines beginning '#' are ignored (
omment lines)## It is re
ommended that the default settings are not 
hanged#2200 0.0 0.0 0.0 1.0 bla
k1 0.0 0.0 0.0 0.0 white2 1.0 0.0 0.0 0.0 
yan3 0.0 1.0 0.0 0.0 magenta4 0.0 0.0 1.0 0.0 yellow5 0.0 1.0 1.0 0.0 red6 0.0 1.0 0.4 0.0 ruby7 0.0 0.4 1.0 0.0 orange8 1.0 0.0 1.0 0.0 green9 0.4 0.0 1.0 0.0 lime10 1.0 0.4 0.0 0.0 blue11 0.4 1.0 0.0 0.0 purple12 1.0 1.0 0.0 0.0 violet13 1.0 0.0 0.4 0.0 turquoise14 0.5 0.75 1.0 0.0 brown15 0.0 0.0 0.0 0.5 grey# Munsell 
olours follow, taken from the Munsell to CMYK 
onversion program# available from Munsell (R) at http://www.munsell.
om180 0.20 0.21 0.20 0.17 N8/0171 0.19 0.20 0.20 0.34 N7/0160 0.19 0.20 0.20 0.48 N6/0150 0.19 0.20 0.20 0.59 N5/0140 0.19 0.20 0.20 0.67 N4/0130 0.19 0.20 0.20 0.73 N3/0120 0.19 0.20 0.20 0.75 N2.5/010068 0.20 0.64 0.74 0.12 10R6/810066 0.20 0.53 0.61 0.21 10R6/6# Many lines 
ut out for 
on
iseness in this the manual5253 0.19 0.24 0.35 0.54 5Y5/35252 0.19 0.23 0.30 0.56 5Y5/25251 0.19 0.21 0.25 0.57 5Y5/15244 0.19 0.24 0.33 0.63 5Y4/45243 0.19 0.23 0.30 0.64 5Y4/35242 0.19 0.22 0.27 0.65 5Y4/25241 0.19 0.21 0.24 0.66 5Y4/1 111



5232 0.19 0.21 0.24 0.71 5Y3/25231 0.19 0.20 0.22 0.72 5Y3/152252 0.19 0.21 0.23 0.74 5Y2.5/252251 0.19 0.20 0.21 0.74 5Y2.5/1
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13 Variables saved in .CFG �lesA list of the variables saved in .CFG �les follows, in alphabeti
al order,explaining: what the variable does; whi
h part of the menu sets the variable;type of quantity (integer [int℄, real number [real℄, or multiple 
hara
ters[string℄); default setting when psimpoll is run without a .CFG �le; andallowed range. Variable names that in
lude a period are members ofstru
tures. Integer variables that 
an take only values 0 or -1 are `ON' (i.e.,the relevant a
tion is performed) when set at -1.adplot.fname: output �le for age-depth plots; Eh; string; a:ndallAD.ps; anytext [must be legal on the operating system being used, but that is not
he
ked by the menu℄.age.adb
: �ag for plotting age s
ale in AD/BC units rather than BP; Li; int;0; 0 or -1.age.base: age for base of lowest sample in sequen
e; L
; real; 0; 0-107.age.basesd: standard deviation for age of lowest sample in sequen
e; L
; real;50; 0-2000.age.
14k: laboratory error multiplier for radio
arbon ages; Lg; real; 1; 0-5.age.
al: �ag for reading ages from CAl �le instaead of C14 �le; Lj; int; 0; 0or -1.age.flag: �ag for 
onversion of depths to ages; La; int; 0; 0 or -1.age.model: sele
tion of age model; Ld; int; 1-5 (see menu).age.ngterm: number of terms used in Gaussians for age.model 6; Lf; int; 0-12.age.npterm: number of terms used in polynomials for age.model 3 or 4; Le;int; 0-12.age.timx: �ag for addition of a times
ale next to the depth s
ale; Lh; int; 0; 0or -1.age.up: age for uppermost sample; Lb; real; 0; -1000-100000.age.upsd: standard deviation for age of uppermost sample; Lb; real; 50;0-2000.agedep.fname: output �le for age-depth 
onversion results; Eb; string;a:ndallAD; any text [must be legal on the operating system being used, butthat is not 
he
ked by the menu℄.agerange.
oldep: 
olour identi�er for depth axis; Cf (age-depth); long; 0;none.agerange.
olpl: 
olour identi�er for main 
urve; C
 (age-depth); long; 0;none. 113



agerange.
olsdpl: 
olour identi�er for 
on�den
e interval 
urves; Cd(age-depth); long; 0; none.agerange.
ol14
: 
olour identi�er for data points; Ce (age-depth); long; 0;none.agerange.
olxax: 
olour identi�er for x-axis; Cg (age-depth); long; 0; none.
a.d
a: �ag for detrended 
orresponden
e analysis; Mea; int; 0; 0 or -1,entered as 1 or 0, respe
tively.
a.flag: �ag for 
orresponden
e analysis; Me.0; int; 0; 0 or -1, entered as 1 or0, respe
tively.
a.ires
: number of times to res
ale axes in 
orresponden
e analysis; Med;int; 4; 0-20.
a.ires
fg: �ag for res
aling axes in 
orresponden
e analysis; Me
; int; 0; 0or -1, entered as 1 or 0, respe
tively.
a.iweigh: �ag for downweighting rare taxa in 
orresponden
e analysis; Meb;int; 0; 0 or -1, entered as 1 or 0, respe
tively.
a.mk: number of segments used in detrended 
orresponden
e analysis; Mee;int; 25; 10-46.
a.model.
i: �ag for modelling 
orresponden
e analysis; Meh.0; int; 0; 0 or-1, entered as 1 or 0, respe
tively.
a.model.n: number of models to 
arry out for 
orresponden
e analysis;Meh.1; int; 10; 1-1000.
a.tran: method of transformation of dataset before CA; Meg; int; 0; 0-4 (seemenu).
i.
vsed: annual sediment variability; N1; real; 0, but 0.03 if the data ispresented as 
on
entrations for 
onversion to a

umulation rates; 0-1.
i.flag: �ag for 
al
ulation of 
on�den
e intervals; N; int; 0; 0 or -1, enteredas 1 or 0, respe
tively.
i.looplim: number of attempts to a
hieve an age-depth model withoutnegative a

umulation rates before restarting; N7; long int; 1000000;1-LONG_MAX (whi
h is at least 2147483647).
i.n: method for 
al
ulating 
on�den
e intervals; N2; int; 1; 1 or 2 (see menu).
i.negar: �ag for allowing negative a

umulation rates in age-depthmodelling; N6; int; 0; 0 or -1, entered as 1 or 0, respe
tively.
i.nran: number of simulations for 
al
ulation of 
on�den
e intervals; N5; int;100; 10-1000.
oll.all: �ag for 
onsidering all samples for s
aling; Bb; int; 0; 0 or -1,entered as 1 or 0, respe
tively. 114




oll.bull: �ag for pla
ing a solid dot (bullet) next to samples with lowvalues; Dh; int; 0; 0 or -1, entered as 1 or 0, respe
tively.
oll.
14s
ale: �ag for enabling or disabling the in
lusion of a 
olumn ofradio
arbon age lo
ations; Dj; int; -1; 0 or -1, entered as 1 or 0 respe
tively.
oll.
oldep: 
olour identi�er for age-depth axis; Cf (main); long; 0; none.
oll.
olpl: 
olour identi�er for plots; Cd (main); long; 0; none.
oll.
oltit: 
olour identi�er for title; Ce (main); long; 0; none.
oll.
olts: 
olour identi�er for sediment 
olumn; Ch (main); long; 0; none.
oll.
olxax: 
olour identi�er for x-axes; Cj (main); long; 0; none.
oll.
olzone: 
olour identi�er for zone 
olumn; Ci (main); long; 0; none.
oll.
ol14
: 
olour identi�er for 14C 
olumn; Cg (main); long; 0; none.
oll.hist: value for histogram widths for all samples; Dg; real; 0; 0-1000.
oll.inds
ale: �ag to enable independent s
aling; Ba; int; 0; 0 or -1, enteredas 1 or 0, respe
tively.
oll.indspl: �ag for independent splitting; Mh; int; 0; 0 or -1.
oll.interp: �ag for interpolating samples; Bf; int; 0; 0 or -1.
oll.ix10: �ag for ntimes 10 exaggeration; D
; int; 0; 0 or -1, entered as 1 or0, respe
tively.
oll.join: �ag for join-up a
ross missing samples; Df; int; 0; 0 or -1.
oll.lval: upper value for pla
ing a solid dot (bullet) next to a 
urve; Di;real; 0.5; 0-106.
oll.penwid: width of pen lines; Dk; real; 0; 0-100.
oll.rot: angle of rotation for taxa names; De; int; 45; 0-90.
oll.s
ript: �ag for reading from a s
ript �le; P; int; 0; 0 or -1.
oll.shade: value set for the grey shade in �lled plots; Dd, K; real; 0; 0-1.
oll.skip: value of n for omission of every nth sample; Be; int; 0; -100-100.
oll.style: diagram style; Db; int; 0; 0 or 1.dat.fname: output �le dataste; Eg; string; none; any text [must be legal onthe operating system being used, but that is not 
he
ked by the menu℄.four.flag: �ag for Fourier analysis; Mf; int; 0; 0 or -1.four.tran: method of transformation of dataset before Fourier analysis; Mf.1;int; 0; 0-4 (see menu). 115



gl.adpage.minpl: distan
e on y-axis of age-depth plot for unit time; Ab; real;0.002; 0.0002-0.02 [appears as 0.1-10 on menu℄.gl.adres: resolution of age-depth 
urve; Dl; int; 1000; 10-10000.gl.
alval: �ag for using mode or weighted average with 
alibrated dates; Lk;int; -1; 0 or -1, entered as 1 or 0, respe
tively.gl.
olts: �ag for 
olouring sediment units; Ck (main); int; -1; 0 or -1,entered as 1 or 0, respe
tively.gl.
olzone: �ag for 
olouring zones; Cl (main); int; -1; 0 or -1, entered as 1or 0, respe
tively.gl.font.
ode: 
ode for font to use for lettering; F; int; `H'; any of A, B, C, E,H, N, P, or T (see menu).gl.font.ufa
: user-imposed size for font; G; real; 0; 0-36 (units of 1 / 72in
hes).gl.mran: method for obtaining random numbers; N3, M
.7.2, Md.4.2; int; 1;1-6 (see menu).gl.neglev: threshold for ex
luding missing data; Bg; real; -0.99; any negativereal number between 0 and -FLT_MAX.gl.page.minpl: distan
e on y-axis for 1%; Aa; real; 0.002; 0.0002-0.02[appears as 0.1-10 on menu℄.gl.page.prop: height of diagram as a proportion of page height; Ad; real;0.75; 1000 / gl.page.high to gl.papht / gl.page.high, wheregl.page.high = gl.page.wide / square-root(2) [appears on menu as 10-297℄.gl.page.wide: page width in units of 0.01mm; A
; real; 24000; 1000-42000[appears as 10-420 on menu℄.gl.papht: paper height in units of 0.01mm; Ae; real; 29700; 29700, 42000,27940 or 35560 [appears as A4, A3, Letter or Legal on menu℄.gl.papwid: paper width in units of 0.01mm; Ae; real; 21000; 21000, 29700,21590 or 21590 [appears as A4, A3, Letter or Legal on menu℄.gl.palette.ba
k: ba
kground 
olour identi�er; Cb (both); long; 1; none.gl.palette.fore: foreground 
olour identi�er; C
 (main); long; 0; none.gl.re
al
: �ag for whether datasets should be re
al
ulated to proportions ofthe sum of the values in
luded before analysis; Mj; int; -1; 0 or -1.gl.seed: seed for random number generator; N4, M
.7.3, Md.4.2; string;`TIMER'; either `TIMER' or a positive number of 10 digits or fewer, and lessthan 2147483647.gl.showmem: �ag for wrting details of memory allo
ation to log�le; Ud (main);int; -1; 0 or -1, entered as 1 or 0, respe
tively.116



gl.sum2
ol: �ag for printing sum values in a double 
olumn; Bd; int; 0; 0 or-1. gl.tufte: �ag for swit
hing to Tufte diagram style; Da; int; 0; 0 or -1.head.adxaxis[C14BP℄: label for x-axis of age-depth plot in radio
arbon yearsBP; Ij (but a

ess depends on settings in menu L); string; `Age ({14}C yrBP)'; any text up to 75 
hara
ters.head.adxaxis[CALBP℄: label for x-axis of age-depth plot in 
alendar years BP;Ij (but a

ess depends on settings in menu L); string; `Age (Cal. yr BP)'; anytext up to 75 
hara
ters.head.adxaxis[C14AD}: label for x-axis of age-depth plot in radio
arbon yearsBP; Ij (but a

ess depends on settings in menu L); string; `Age ({14}C yrAD/BC)'; any text up to 75 
hara
ters.head.adxaxis[CALAD℄: label for x-axis of age-depth plot in 
alendar yearsAD/BC; Ij (but a

ess depends on settings in menu L); string; `Age (Cal. yrAD/BC)'; any text up to 75 
hara
ters.head.adyaxis: label for y-axis of age-depth plot; Ik; string; `Depth (
m)'; anytext up to 75 
hara
ters.head.base: text at base of diagram; Ia; string; none; any text up to 75
hara
ters.head.age[C14BP℄: heading for age 
olumn in radio
arbon years BP; If (buta

ess depends on settings in menu L); string; `{14}C ages (yr BP)'; any textup to 75 
hara
ters.head.age[CALBP℄: heading for age 
olumn in 
alibrated years BP; If (buta

ess depends on settings in menu L); string; `Cal. ages (yr BP)'; any text upto 75 
hara
ters.head.age[C14AD℄: heading for age 
olumn in radio
arbon years AD/BC; If(but a

ess depends on settings in menu L); string; `{14}C ages (yr AD/BC)';any text up to 75 
hara
ters.head.age[CALAD℄: heading for age 
olumn in 
alibrated years AD/BC; If (buta

ess depends on settings in menu L); string; `Cal. ages (yr AD/BP)'; anytext up to 75 
hara
ters.head.dendro: heading for dendrogram produ
ed by CONISS or CONIIC; Id;string; none; any text up to 75 
hara
ters.head.ps1[DEPTH℄: �rst line of heading for depth axis; Ig (a

ess depends uponsettings in menu L); string; `Depth' if data are presented by depth, `Sample' ifdata are presented as surfa
e samples; any text up to 75 
hara
ters.head.ps1[C14BP℄: �rst line of heading for age axis (if present) for ages inradio
arbon years BP; Ig (a

ess depends upon settings in menu L); string;`Age'; any text up to 75 
hara
ters.head.ps1[CALBP℄: �rst line of heading for age axis (if present) for ages in
alendar years BP; Ig (a

ess depends upon settings in menu L); string; `Age';117



any text up to 75 
hara
ters.head.ps1[C14AD℄: �rst line of heading for age axis (if present) for ages inradio
arbon years AD/BC; Ig (a

ess depends upon settings in menu L);string; `Age'; any text up to 75 
hara
ters.head.ps1[CALAD℄: �rst line of heading for age axis (if present) for ages in
alendar years Ad/BC; Ig (a

ess depends upon settings in menu L); string;`Age'; any text up to 75 
hara
ters.head.ps2: se
ond line of heading for depth axis; Ih; string; `
m' or `m', asappropriate, if data are presented by depth, none if data is presented assurfa
e samples; any text up to 75 
hara
ters.head.ps1[C14BP℄: se
ond line of heading for age axis (if present) for ages inradio
arbon years BP; Ih (a

ess depends upon settings in menu L); string; `yrBP'; any text up to 75 
hara
ters.head.ps1[CALBP℄: se
ond line of heading for age axis (if present) for ages in
alendar years BP; Ih (a

ess depends upon settings in menu L); string; `yrBP'; any text up to 75 
hara
ters.head.ps1[C14AD℄: se
ond line of heading for age axis (if present) for ages inradio
arbon years AD/BC; Ih (a

ess depends upon settings in menu L);string; `yr AD/BP'; any text up to 75 
hara
ters.head.ps1[CALAD℄: se
ond line of heading for age axis (if present) for ages in
alendar years Ad/BC; Ih (a

ess depends upon settings in menu L); string;`yr BP'; any text up to 75 
hara
ters.head.sed: heading for sediment 
olumn; Ie; string; none; any text up to 75
hara
ters.head.time[C14BP℄: heading for times
ale 
olumn in radio
arbon years BP; Ii(but a

ess depends upon settings in menu L); string; 'Age ({14}C yr BP)';any text up to 75 
hara
ters.head.time[CALBP℄: heading for times
ale 
olumn in 
alendar years BP; Ii (buta

ess depends upon settings in menu L); string; 'Age (Cal. yr BP)'; any textup to 75 
hara
ters.head.time[C14AD℄: heading for times
ale 
olumn in radio
arbon yearsAD/BC; Ii (but a

ess depends upon settings in menu L); string; 'Age ({14}Cyr AD/BC)'; any text up to 75 
hara
ters.head.time[CALAD℄: heading for times
ale 
olumn in 
alendar years AD/BC; Ii(but a

ess depends upon settings in menu L); string; 'Age (Cal. yr AD/BC)';any text up to 75 
hara
ters.head.subtitle: subtitle text, printed on diagram immediately after maintitle, but with smaller lettering; Ib; string; none; any text up to 75 
hara
ters.head.zone: heading for zonation 
olumn; I
; string; none; any text up to 75
hara
ters. 118



inage.fname: input �le with radio
arbon (or other) age details; Ee; string;
C14, where 
 is the drive and path (if any) plus �rst four 
hara
ters of theinput �lename; any text [must be legal on the operating system being used,but that is not 
he
ked by the menu℄.in
al.fname: input �le with 
alibratedage details; Ef; string; 
CAL, where 
 isthe drive and path (if any) plus �rst four 
hara
ters of the input �lename; anytext [must be legal on the operating system being used, but that is not
he
ked by the menu℄.intfg: �ag for intera
tive plotting; K; int; 0; 0 or -1.ints.fname: input �le with sediment des
ription details; Ef; string; 
TS,where 
 is the drive and path (if any) plus �rst four 
hara
ters of the input�lename; any text [must be legal on the operating system being used, but thatis not 
he
ked by the menu℄.ipform: �ag for format of dataset output �le; Jb; int; 0; 0 or 1.ipdat: �ag for printing dataset to �le; Ja; int; 0; 0 or -1, entered as 1 or 0,respe
tively.lev.ads
: �ag for turning o� the default interval between major and minormarks on the age-depth s
ale; B
; int; 0; 0 or -1.lev.interp: interval between interpolated samples; Bf; real; 1; 1-107.lev.intstart: level at whi
h to start interpolating samples (highest level);Bf; real; -2000; 1-107.lev.intstop: level at whi
h to stop interpolating samples (lowest level); Bf;real; 0; -2000-107.lev.inttype: method for interpolating samples; Bf; int; 0; 0 or 1.lev.majmark: interval between major marks on age-depth axis; B
; real; 0;0-107.lev.minmark: interval between minor marks on age-depth axis; B
; real; 0;0-107.lev.udata: �ag for whether maximum and minimum values for age or depthvalues have been given; H; int; 0; 0 or -1.lev.umax: maximum value for age or depth to be plotted; H; real; -2000-107.lev.umin: minimum value for age or depth to be plotted; H; real; -2000-107.num.stat: �ag for statisti
al des
ription; Mg; int; 0; 0 or -1.num.thresh: minimum value for the abundan
e of a taxon that must berea
hed for the in
lusion of that taxon in most data analyses (negative todisable); Mi; real; 0.05% for data presented as proportions, or 0 for other datatypes; -1-1 for data presented as proportions, or -10,000,000-10,000,000 for119



other data types.outmain.fname: main PostS
ript output �le; Ea; string; 
.PS, where 
 is theinput �lename; any text [must be legal on the operating system being used,but that is not 
he
ked by the menu℄.p
a.flag: �ag for prin
ipal 
omponents analysis; Md.0; int; 0; 0 or -1, enteredas 1 or 0, respe
tively.p
a.matrix: sele
tion of matrix for prin
ipal 
omponents analysis; Md.1; int;3; 1-3 (see menu).p
a.model.
i: �ag for modelling prin
ipal 
omponents analysis; Md.4.0; int;0; 0 or -1, entered as 1 or 0, respe
tively.p
a.model.n: number of models to 
arry out for prin
ipal 
omponentsanalysis; Md.4.1; int; 10; 1-1000.p
a.naxes: number of prin
ipal axes for output from PCA; Md.2; int; 6;1-(number of taxa).p
a.tran: method of transformation of dataset before PCA; Md.3; int; 0; 0-4(see menu).rarer.flag: �ag for rarefa
tion analysis; Mb; int; 0; 0 or -1, entered as 1 or 0,respe
tively.rarer.n: standardization 
ount for rarefa
tion analysis; Mb; int; 0-1000.ro
.diss: sele
tion of dissimilarity measure for rate-of-
hange 
al
ulations;Ma.1; int; 1; 1-3.ro
.flag: �ag for rate-of-
hange 
al
ulations; Ma; int; 0 or -1, entered as 1 or0, respe
tively.ro
.model.
i: �ag for modelling rates of 
hange; not yet implemented; int; 0or -1, entered as 1 or 0, respe
tively.ro
.model.n: number of models to 
arry out for rates of 
hange; not yetimplemented; int; 10; 1-1000.ro
.smooth: �ag for smoothing data before rate-of-
hange analyses; Ma.2; int;0; 0, 3, 5, 7 or 9.stat.fname: output �le for data analyses; E
; string; none; any text [must belegal on the operating system being used, but that is not 
he
ked by the menu℄.sunit[0℄: text for labelling pollen 
on
entration (volume) data; Il; string; `grains 
m{-3}'; any text up to 39 
hara
ters.sunit[1℄: text for labelling pollen 
on
entration (weight) data; Il; string; `grains g{-1}'; any text up to 39 
hara
ters.sunit[2℄: text for labelling pollen a

umulation rate data; Il; string; ` grains
m{-2} year{-1}'; any text up to 39 
hara
ters.120



sunit[3℄: text for labelling 
har
oal 
on
entration (volume) data; Il; string; `
m{2} 
m{-3}'; any text up to 39 
hara
ters.sunit[4℄: text for labelling 
har
oal a

umulation rate data; Il; string; ` 
m{2}
m{-2} year{-1}'; any text up to 39 
hara
ters.sunit[5℄: text for labelling 
har
oal 
on
entration (weight) data; Il; string; `
m{2} g{-1}'; any text up to 39 
hara
ters.sunit[6℄: text for labelling 
har
oal:pollen quotient values; Il; string; ` 
m{2}grain{-1}'; any text up to 39 
hara
ters.sunit[7℄: text for labelling rate of 
hange data; Il; string; ` 
ent.{-1}'; any textup to 39 
hara
ters.sunit[8℄: text for labelling ratio data; Il; string; ` ratio'; any text up to 39
hara
ters.sunit[9℄: text for labelling Fourier analysis output values; Il; string; ` power';any text up to 39 
hara
ters.sunit[10℄: text for labelling dendrogram; Il; string; ` Total dispersion'; anytext up to 39 
hara
ters.zone.fname: input �le with zone details; Ed and M
.3; string; 
ZONE, where 
is the drive and path (if any) plus �rst four 
hara
ters of the input �lename;any text [must be legal on the operating system being used, but that is not
he
ked by the menu℄.zoner.flag: �ag for zonation; M
; int; 0 or -1, entered as 1 or 0, respe
tively.zoner.meth: method for 
arrying out zonation; M
.2; int; 1-6 (see menu).zoner.model.
i: �ag for modelling zonation; M
.7.0; int; 0 or -1, entered as 1or 0, respe
tively.zoner.model.n: number of models to 
arry out for zonation; M
.7.1; int; 10;1-1000.zoner.n: number of zones to be obtained by zonation; M
.1; int; 0-(numberof samples - 2).zoner.pre: pre�x for zone labels; M
.4; string; �rst 
hara
ter of dataset titlefollowed by a hyphen; any 
hara
ters, up to a maximum of 24.zoner.ransam: �ag for shu�ing samples before zonation; M
.6; int; 0; 0 or -1.zoner.tran: method of transformation of dataset before zonation; M
.5; int;0; 0-4 (see menu).
121



14 Examples of psimpoll outputTwo diagrams generated by psimpoll are in
luded to show something of therange of output available. The program output is PostS
ript images. Thesehave been 
onverted to EPS with gsview, and are shown on the next two pages.1. Pollen diagram from Dalli
an Water, Shetland2. Mollus
an diagram from Courteenhall A, Northamptonshire, produ
edby Ri
h Meyri
k (e-mail: ram23�
us.
am.a
.uk).
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