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he Cornell Ecology Programs

(cep) were developed under the
leadership of the late Dr. Robert H.
Whittaker to facilitate the analysis of
ecological data. These FORTRAN IV
programs were distributed by the
department of Ecology and Systema-
tics (E&S) at Cornell to run on main-
frame computers.

n 1986, editor Hugh G. Gauch and

TiisOLcoToj

DECORANA (available as part of the
CEP series) which allows the incorpo-
ration of environmental information
directly in the analysis. Dr. ter Braak
has done a remarkable service to
ecologists. He has developed a
sound mathematical foundation for
many of the useful but sometimes
rather ad-hoc methods which ecolo-
gists developed. He has then extend-

Q%L@% ﬁ orm

End-User Name: PO# Date:
Bill to: Ship to:

Phone: Phone:

Fax: Fax:

Address: Address:

OﬁLm.‘\:j& TﬁOiEQTOj

FAX and Phone Orders accepted.
Address Orders or Inquiries to:
Dr. Richard E. Furnas

Item Description

CANOCO"s1

Jongman ....Jongman, ter Braak, van Tongeren (1995) Data Analysis

in Community and Landscape Ecology ...... 25.95

Executable For: ] PC; [J 0S/2; ] Macintosh™

Quantity X Price = Extent

Dr. Richard E. Furnas arranged ed the methods into significant new Voice: USA 1 (607) 272-2188 CAN-31rl. Retail License single copy . 499.00

- with E&S to assure continued distri- areas and implemented them in his FAX: USA 1 (607) 272-0782 CAN-3lra.. Il Additional copies 0 a site...... ____ 299.00

Canoco™ rep . R - Microcomputer Power CAN-31lrs.. Retail Site 10-seat license / (LAN) ... 2999.00

I bution of the CEP series. computer program CANOCO™. 111 Clover Lane Dept. W16 CAN-31rt.. Ret. Site 10-seat Add'l (LANWAN).. 1799.00

resenE a e Mr. Gauch is one of the original n important consequence of this Ithaca, NY 14850 USA CAN-31lel..Educational License single copy......... 249,00
generation in| 5uthors of the early programs in the more recent research is that Emm.mm include an m:awc.mma.bmgm CAN-3lea.. Ed'Additional copies to a site. 149.00 )
software for to insure proper notification of | CAN-3les.. EdiSitelicense/(LAN).... 1499.00 )

CANOCO™ is able to detect relation-
ships between species and external

series and now works in Cornell’s

; FORTRAN source code for: (] Generic Mainframe; [J IBM Mainframe; [ <>M.
Department of Soil Crop and Atmo-

0 pC* O Mac*; 11 OS/2*—* Also require purchase of single copy executable.

upgrades.
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mOOiOQ,ODi LD#D

ngfﬁn

Zo?
CanoDrav™
makes the
output of

CANOCO
accessible n
graphic form
Exploring your
dota has never

been so direct

spheric Sciences. His current work is
represented by his program MAT-
MODEL also featured in this catalog.
Dr. Furnas has a Ph.D. in Ecology
from Cornell, having taken courses
under Dr. Whittaker, teaches during
the academic year in the Department
of Mathematics at Cornell and is
proprietor of Microcomputer Power.
OE. agreement to assure contin-
ued distribution of the pro-
grams has also allowed us to pro-
duce microcomputer versions. The
more important programs are now
available for MS-DOS computers.
he CEP series emphasizes tech-
niques of indirect ordination and
classification. Typical input data
consists of species abundance infor-
mation for a number of sites.
mwbnm 1989, we have been happy to
offer the program cANOCO™ by
Dr. Cajo J.F. ter Braak of the Agri-
cultural Mathematics Group — DLO
at Wageningen in The Netherlands.

(environmental) variables. These
relationships need not be linear, as
was required for many of the older
techniques, but can be “unimodal”,
rising and falling again as the opti-
mum environmental conditions for a
species are approached and passed.
The available data can be explored to
isolate the more important environ-
mental factors. CANOCO™ represents
a next generation in software for eco-
logical data analysis. Dr. ter Braak is
actively developing it, adding new
capabilities, refining existing ones,
and improving its ease of use.

ew to this catalog is

CanoDraw™ 3.0, by Petr
Smilauer. CanoDraw™ 3.0 makes
the output of CANOCO™ accessible in
graphic form adding significant
exploratory and analytical power to
caNoco™ . Exploring your data has
never been so direct.

O

to avoid delays.

A charge is added for Shipping,
Handling, and Guaranteed Delivery:

Add 10% for all shipping locations
in North America.

Add 20% for Overseas Shipments.

Please send payment with your
order, or ask to be billed. We will
also accept purchase orders. Our
terms are 30 days net. A late pay-
ment fee of US$15.00 may be
added to past due accounts. We
do not accept Credit Cards.

Checks or money orders payable
to Microcomputer Power should
be in United States Funds (US$)
Payable on a United States Bank

Microcomputer Power
(Federal Employer ID# 16-1324442)
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CDR-30r1...Retail License single copy.......coc.vevvennee 179.00

299.00

CDR-30ra.. Retail Additional copies to a site....... 129.00
CDR-30rs... Retalil Site license / (LAN) . 1290.00
CDR-30e1l...Educational License single copy............ 119.00
CDR-30ea.. Ed'Additional copies to a site .......... 87.50
CDR-30es... EdSite license / (LAN) .....ccceevrerrennee 875.00
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HGG-P ... Gauch, H.G. (1982) Multivariate Analysis

in Community Ecology (paperbound)..... 29.95

CEP-PCel...MS-DOS™ Microcomputer Package..... 295.00
CEP-PCea.. additional copies (all with COMPOSE) 175.00
CEP-PCes... Sitelicense / (LAN) ....cccouwrmerrrmrrernns 1750.00
CEP-SD....... Database of Simulated Test Data ......... 49.00
CEP-IVrc..Mainframe FORTRAN IV Source Code.... 250.00
CEP-CP........ Mainframe Programs Documentation ... 119.95

Other [tems
CLM-CMel...COMPOSE 97.50
MAT-20r1..MATMODEL v.2.0 AMMI analysis pkg. . 995.00
MAT-20el...MATMODEL v.2.0 AMMI analysis package

educational and US.Government. 495.00
Uimgwm vao,? _UigjﬁOﬁE O Macintosh
O PC (MS-DOS™)
SUBTOTAL SUBTOTAL
Shipping 10% for destinations in North America
20% for Overseas Shipments................cco...... SHIPPING
Sales Tax (New York State only) TaxRate_____._ %
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MATMODEL™ offers new and excit-
ing possibilities for effective research
strategies involving two-way data
tables, with or without replication.

The AMMI analysis implemented in
MATMODEL™ offers five substantial
benefits to agronomists and breeders
concerned with Genotype-
Environment interactions:

* Better understanding of the Genotype-

Environment interaction.

+ Substantial improvement in the accuracy

of yield estimates.

* Increased probability of correctly selecting

genotypes with the highest yields.

* Imputing missing data—Usually experi-

ments can be analysed even if substantial

amounts of data are missing.

* Increased flexibility and efficiency of

experimental designs.

MATMODEL™ produces adjusted
means which often have predictive
accuracy equivalent to unadjusted
means based upon a few or several
additional replicates. Therefore AMMI
analysis can often improve accuracy
as much as doubling the data collec-
tion effort.

Zoﬂ strategies for improving
accuracy require a particular
experimental design, or else con-
comitant variables ranging from
field maps locating each observation
to additional data such as soils, or
weather. AMMI has no such require-
ments. AMMI is applicable to histori-
cal data, collected with whatever
experimental design. Thus AMMI is
also useful when past data con-
tribute to ongoing decisions.
Moreover, the power of AMMI to
extract additional information will
often make hard-won historical data

<http://www.microcomputerpower.com>
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worthy of renewed attention.
<mamwob 2.0 represents a consider-

able improvement over earlier
versions, allowing and imputing
missing data. It also provides tools
for optimal model selection from
among the family of AMMI models,
including assessment of predictive
accuracy using data splitting and
validation. Efficient memory utiliza-
tion allows for processing about
30,000 observations, depending on
system configuration and details of
the analysis.

MATMODEL™ is available to run
under MS-DOs™ and Apple™
Macintosh™. The MS-DOS™ version
requires at least 512K of RAM, a flop-
py disk drive and MS-DOS™ (PC-DOS™)
version 2.1 or higher. A hard disk
and numeric coprocessor (8087,
80287, or 80387) are recommended.
The Mac version requires a Mac Plus
or later model. A version using a
numeric coprocessor is included in
the package.

The MATMODEL™ Version 2.0 pack-

age includes:
* The executable program running under
Ms-pos™, distributed on both 720K 3.5"
and Industry Standard 360K (pc) format
5.25" floppy disks.
* The ability to compute ANOVA, PCA, Finlay-
Wilkinson linear regression, and joint
regression (concurrence) models.
* Several sample input data files and sam-
ple output files.
* A detailed manual explaining the MAT-
MODEL™ program and its application.

MATMODEL™ Program for AMMI andlysis

D _<_ > .._.. = m D r ”_. m,j&m h,omjnm
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m:m licenses are an option more
and more of our customers have
requested. Many of our customers
have found our programs increas-
ingly important in their work and
have wanted to make the capabilities
available to their colleagues or stu-
dents. This is often done by having a
computer set up in a lab with the
software installed on it. Users come
in to analyze their data sets. While
this method works, it is often incon-
venient, especially as individuals
now commonly have their own com-
puter on which they work.

With our first implementation for
microcomputers we offered a
reduced price for additional copies
of our programs to help address this
problem. More and more of you are
looking for an even more cost-effec-
tive way to make the programs
available to a broader constituency
at your institutions. Site licenses are
now available for each of our major
programs for ecologists.

m:m licenses provide, at modest
cost, convenient access to the
programs and near-zero liability for

illegal copying or other unautho-
rized use of the software.

he site-license/LAN includes 10

copies of the documentation and
two sets of master disks together
with permission to duplicate the
disks as desired for further use at the
site. This allows ultimate freedom to
install on a network server regard-
less of copy privileges or require-
ments to track number of active
users. Installation on laptops for

<tech@microcomputerpower.com>
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field use, distribution to students for
classroom or laboratory use and
allowing for reasonable completion
of more extensive outside data anal-
ysis assignments.

o simplify the transition to a site

license, your previous purchases
can be applied to a site license order.
Your total invoice will be reduced by
the current price of any existing cur-
rent licenses. Now you can buy the
programs individually and your
investment can later be credited
toward a site license. The programs
can be tested to your satisfaction,
even additional copies ordered at the
reduced rate, and when a final
approval is made on your site license
purchase, those existing purchases
can be converted into a lower price
on the site license. When placing
your order you must give serial
numbers of existing licenses to be
applied toward the site license pur-
chase.

Example:

An investigator has purchased a primary
license now selling for $300 and an addi-
tional license now priced at $200. She
wishes to buy a site license priced at
$2000. Her order shows the following:

1 Site License $2000.
-1 Single Copy License#232  (300.)
-1 Additional Copy #232a 200.
Order Subtotal for Site License  1500.

Em hope you find this an attrac-

tive option as your use of our
programs increases. U

<http://www.microcomputerpower.com>
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by R.H.G. Jongman, Cajo ].F. ter Braak,
and O.F.R. van Tongeren

nogﬁgma techniques are being
used increasingly by ecologists

to analyze field data on plant and
animal communities and their envi-
ronment.

This book provides a new synthesis
of methods that have proven to be
most useful for such analyses. There
are chapters on data collection,
regression analysis, calibration, ordi-
nation, cluster analysis and spatial
analysis.

Examples and exercises (with solu-
tions) complete most chapters. Three
case studies are also included. Only
simple mathematics is used, making
the methods accessible to most ecol-
ogists and geographers. In the selec-
tion of methods, due attention is
paid to the special properties of eco-
logical data:

* numerous species recorded as

present/absent or on a semi-quantitative

abundance scale

« the non-linear relationships between

species and environmental variables that

often exist

« the high inter-correlations among species

and among environmental variables.

In addition to the more traditional
ordination and cluster techniques,
this is the first textbook to explain to
ecologists in an elementary way such
powerful data-analysis techniques as
logit regression (a regression tech-
nique appropriate for analyzing

<http://www.microcomputerpower.com>

TEXTBOOK

Data analysis in
community and
landscape ecology

R H G Jongman C J F ter Braak and O F R van T

presence-absence data), canonical
correspondence analysis (a canonical
ordination technique especially
designed to relate species communi-
ties to environmental variables) and
kriging (a sophisticated spatial-inter-
polation technique).

Readership The book is primarily
directed to post graduate students in
ecology, geography, and environ-
mental sciences, and to professional
ecologists, who want to better
understand the methods they are
already using and are eager to learn
new, more powerful methods.

Contents:

1. Introduction

2. Data Collection

3. Regression

4. Calibration

5. Ordination

6. Cluster Analysis

7. Spatial aspects of ecological data

8. Numerical methods in practice

— case studies

9. Literature

10. Index

D t u Q ocC UQ#Q }jgfﬂn n OOSSCE‘E
QBL hgjLnOQﬁm mooiOQL D
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Ecology, by Hugh G. Gauch, Jr.
(Cambridge University Press, 1982).
Users of the CEP programs who are
new to multivariate analysis may
find this text a useful starting point.

he format for entering data

matrices is explained most fully
in the manual for ORDIFLEX.
Numerous convenient formats are
allowed. More recent programs, CEP-
30 to CEP-41, use a single standard-
ized format, but a utility program,
CONDENSE, can copy any ORDIFLEX
format into the standard format. The
older programs, CEP-1 to CEP-21, use
a slightly different format than ORDI-
FLEX, involving only a few trivial
changes in a few lines.

O

MAINFRAME
PROGRAMS

FORTRAN IV Source

his is the FORTRAN-IV source code

as distributed by Cornell for
compilation by a FORTRAN-IV compil-
er on a mainframe computer. This
product has not been altered from
that originally distributed by Cornell
except to make it available as AsCII
files on floppy diskettes in either PC
or Macintosh™ TEXT format. The
intention is that the source be
uploaded to the mainframe. The
package includes source code for:

DECORANA, TWINSPAN, ORDIFLEX, and

COMPCLUS as described above. Also
included are the data editing utili-
ties, CONDENSE, and DATAEDIT; the

<tech@microcomputerpower.com>

simulation programs Coenocline
Simulation, Data Screening and
Gaussian Ordination, Fit Gaussian or
Normal Curve, and Coenoplane
Simulation; as well as the program
UNIVAR for Univariate and Bivariate
statistics for a matrix of a few vari-
ables and many individuals (many
thousands).

The package also includes the col-
lection of simulated data sets we sell
separately as CEP - SD.

Please note that the simulation pro-
grams have a random number gen-
erator which is machine specific to
the IBM™ 360 and 370 computers for
which the programs were originally
written. This routine must be
replaced with an appropriate alter-
native (typically a library routine
will do) in any current installation.

D A” m ﬂ = H < rc zgovﬁjm EmngIm
FORTRAN IV cource

KQ:QP\.QSm UOGCS@I&Q‘TOI UQOTQ@m

wmnm:mm of the multi-user nature
of Mainframe installations, the
documentation for the Mainframe
package is sold separately so the
desired number of copies may be
purchased to suit the installation.

This package includes a complete
set of documentation for all of the
FORTRAN-IV (mainframe) Cornell
Ecology Programs, including the
simulation programs.

D A” m U = A” ﬂ mowjlm‘wm zgéﬁagw:m
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he purpose of the Cornell
Ecology Programs (CEP) series is

to make public a number of comput-
er programs used in our ecology
research, dealing mainly with ordi-
nation and classification. The follow-
ing list of programs is updated as
new programs are completed. It is
hoped that this series will save other
ecologists the labor and expense of
developing programs for these com-
putations, many being rather rou-
tine. All programs are in IBM™'s
FORTRAN-IV. A subset of FORTRAN-IV
has been used, intending to mini-
mize conversion problems with
other computers, and experience has
indicated that most computer instal-
lations have minimal difficulties.

The CEP programs operate as regu-
lar, individual FORTRAN programs on
mainframe computers. There is no
supervisor program, no complex
operating system, and no complex
disk or tape usage. The programs
place their data in high speed memo-
ry rather than on disk.
Consequently, a mainframe comput-
er is required to analyze large data
sets having thousands of species and
samples, but a small computer with
256K to 512K bytes of memory can
handle small to medium data sets
having a few hundred species and
samples. Most microcomputer com-
pilers implement FORTRAN-77 or a
modification of FORTRAN-77, so some

<http://www.microcomputerpower.com>
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work must be expected to convert
these programs for use with micro-
computers. [Newer development:
see our CEP-PC MS-DOS™ microcom-
puter package which is ready to run
and includes FORTRAN-77 source.-ed]

.>.5 exceptional feature of several
recent programs in the CEP
series is that the computing work-
load rises approximately linearly
with the amount of data. Most multi-
variate algorithms and programs
have workloads rising as the square,
cube, or higher power of the amount
of data. Because of their linear work-
load, these CEP programs are readily
applied to enormous data sets hav-
ing thousands of species and sam-
ples. Frequently the computing time
is on the order of the time required
merely to read the data, or within a
small constant times the reading
time. The robustness and quality of
the results have not been compro-
mised in the effort to offer improved
computing speed. These programs
have been tested in relation to
numerous other programs on a
broad test data base with scores of
simulated and field data sets. As
shown in the articles cited under
each program, the robustness and
quality of the results are exceptional.
H—”b&imcm_ topics such as non-hier-
archical classification, hierarchical
classification, and ordination are
treated in the various articles cited
here as well as in the program docu-
mentation. The general topic of mul-
tivariate analysis, however, is treat-
ed in an integrated manner in
Multivariate Analysis in Community

<tech@microcomputerpower.com>

CANOCO"

- a FORTRAN program for canonical
community ordination by [partial]
[detrended] [canonical] correspon-
dence analysis, principal compo-
nents analysis and redundancy anal-
ysis (version 3.1).

by Cajo . F. ter Braak

Aum

.>.85505 problem in communi-
ty ecology and ecotoxicology is
to discover how a multitude of
species respond to external factors
such as environmental variables,
pollutants and management regime.
Data are collected on species compo-
sition and the external variables at a
number of points in space and time.
Statistical methods available so far to
analyze such data either assumed
linear relationships or were restrict-
ed to regression analysis of the
response of each species separately.
To analyze the generally non-linear,
non monotone response of a com-
munity of species, one had to resort
to the data-analytic methods of ordi-
nation and cluster analysis - “indi-
rect” methods that are generally less
powerful than the “direct” statistical
method of regression analysis. Five
years ago, regression and ordination
were integrated into techniques of
multivariate direct gradient analysis,
called canonical (or constrained)
ordination. The use of canonical
ordination greatly improves he
power to detect the specific effects
one is interested in. One of these
techniques, canonical correspon-

<tech@microcomputerpower.com>

CANOCO™

dence analysis, escapes the assump-
tion of linearity and is able to detect
unimodal relationships between
species and external variables. The
computer program CANOCO is
designed to make these techniques
available to ecologists studying com-
munity responses. CANOCO can carry
out most of the multivariate tech-
niques described in Ter Braak
(1987a) and Ter Braak and Prentice
(1988) using a general iterative ordi-
nation algorithm.

Researchers in other fields may
find CANOCO useful as well, for
example, to analyze percentage
data/compositional data, nominal
data or (dis)-similarity data in rela-
tion to external explanatory vari-
ables. Such use is explained in sepa-
rate sections in the manual. CANOCO
is particularly suited if the number
of response variables is large com-
pared to the number of objects.

Version 3.10 of CANOCO extends
and enhances many of the features
for version 2.1. Most importantly,
the program is easier to use for the
novice to ordination.

H@OTD,&C@W OO<®§®L

.CANOCO is an extension of DECO-

RANA (Hill, 1979). cCANOCO former-
ly stood for canonical correspon-
dence analysis (Ter Braak, 1986,
1987b) and included weighted aver-
aging, reciprocal averaging /[multi-
ple] correspondence analysis,
detrended correspondence analysis
and canonical correspondence analy-
sis. The program has been extended
to cover also principal components
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analysis (PCA) and the canonical
form of Pca, called redundancy anal-
ysis (RDA). Redundancy analysis is
also known under the names of
reduced-rank regression (Davies and
Tso, 1982) and rca of y with respect
to x (Robert and Escoufier, 1976). For
these linear methods there are
options for centering /standardiza-
tion by species and by sites and for
the method of scaling the species
and site scores for use in the biplot.
Principal coordinates analysis and
canonical variates analysis are also
available.
Nh>zomo can also carry out “par-
tial” analyses in which the effects
of particular environmental, spatial
or temporal “covariables” are elimi-
nated from the ordination. A partial
analysis allows one to display the
residual variation in the species data
and to relate the residual variation to
the variables one is specifically inter-
ested in. Partial canonical correspon-
dence analysis is the appropriate
technique for the analysis of perma-
nent plot data or for the joint analy-
sis of data from several locations.
w.m>zomo allows one to test statis-
tically whether the species are
related to supplied environmental
variables. The test provided is a
Monte Carlo permutation test
(Manly, 1990). The effect of a partic-
ular environmental variable can be
tested after elimination of possible
effects of other (environmental) vari-
ables by specifying the latter as
covariables. For the analysis of ran-
domized-block experiments or data
from several locations, there is an
option to restrict the permutation to

<http://www.microcomputerpower.com>

CANOCO™

permutations among samples-with-
in-blocks or samples-within-loca-
tions. Valid permutation methods
are included for time series, line
transect and rectangular grids and
repeated measurement designs, e.g.
the Before-After-Control-Impact
design.
%.QVZOOO can perform a forward
selection of environmental vari-
ables in order to determine which
variables best explain the species
data. At each step, a Monte Carlo
statistical test can be carried out to
judge the significance of the selected
variable.

Ug_g input

ANOCO uses ASCII files as input.
mn>zomo can read species data,
environmental variables and covari-
ables that are either in free format or
in Cornell condensed format or in
full format. The solution file of the
analysis cannot only be used for
graphics programs, but also be used
as input for subsequent analyses.
This possibility allows one, for
example, to use principal compo-
nents extracted from environmental
data as input for a later canonical
analysis of species data.

Qcﬁvc& options

he CANOCO solution file is stan-

dard input for the program
CANOPLOT that produces printed
ordination diagrams or, on MS-DOS
computers, for CanoDraw™ that
produces ordination diagrams,
biplots and triplots on the screen and

<tech@microcomputerpower.com>
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Cornell mooiomf Uﬁo&%géw
MS-DOS™ z,ﬁsoooBvcﬁm%
Ugoiuﬂg&m

prepared by Charles L. Mohler
© 1987-1991 Microcomputer Power

he most popular of the Cornell

Ecology Programs have been
translated into FORTRAN-77 and
adapted to run on MS-DOS™ micro-
computers. Array sizes have been
made as large as possible within the
limit of running on a machine with
512K of RaM. This choice is a com-
promise between the DOS limit of
640K and the many machines readily
expandable to only 512K of RAM. For
those of you with 640K or more this
means that your favorite RAM-resi-
dent utilities and device drivers can
be installed while running the pro-
grams without reconfiguring your
system.

his handy package provides an

excellent collection of programs
of value to investigators in Ecology.
If you are interested in any one of
the programs for your research, you
will likely find the others of real
value as your research proceeds fur-
ther.

he package includes executable

modules for: COMPCLUS, DECO-
RANA, ORDIFLEX, TWINSPAN, and COM-
POSE, described in more detail above.

The new utility, COMPOSE, written

for this release of the programs by
Charles Mohler, totally replaces CON-
DENSE and provides some of the
functionality of DATAEDIT from the

<tech@microcomputerpower.com>

original mainframe version of the
series.
mmgvrw data sets allow you to run
the programs at once. A complete
set of printed manuals is included in
the purchase price along with special
supplementary manuals which give
specific details for using the micro-
computer version of the programs.
he executable modules were
compiled with the MICROSOFT™
FORTRAN optimizing compiler for Ms-
Dos™. This compiler allows arrays
and COMMON blocks larger than 64
Kilobytes and the array sizes in the
executable modules are larger than
the common Pc limit of 64K (see
specifications at left).
mo_.:.nm code for the programs is
also available. Unfortunately, in
the MS-DOs™ environment, the syntax
for using large arrays and COMMON
blocks is not standardized. Even dif-
ferent versions of the MICROSOFT™
compiler used different syntax so the
source code we ship is “generic” FOR-
TRAN-77 for the pC. No arrays or
COMMON blocks are larger than 64K.
This should provide a good starting
point for adapting the programs to
whichever FORTRAN compiler you
may be using.

mo%jm: mooiomi Uﬂo&ﬂgsn
KW\UOWE z,o%ooozﬁcwmﬂ Ugofg&m
D A” m ﬂ = t A” e ”_. w,jaim ﬁ,omjnm
D A” m ﬂ = t A” ea }LLEO;L h,omjnm
Dhmﬂlthmm winm h,omjnm
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The CORNELL ECOLOGY PROGRAMS (CEP)
series, edited by Hugh Gauch, has been dis-
tributed by Cornell University since 1971.
These FORTRAN-IV programs are in the public
domain, and have been offered by Cornell
University with no warranty, express or
implied, and with no legal liability or responsi-
bility.

As of September, 1986, Hugh Gauch left
the Section of Ecology and Systematics of
Cornell University, and at that time Cornell
ceased to distribute these programs.
Distribution has now been undertaken by
Microcomputer Power, Ithaca, New York,
and Hugh Gauch is working with
Microcomputer Power.

Microcomputer Power distributes two ver-
sions of the CEP programs:

The Cor nel |
Ms-DO8™ M cr ocomnput er

mm p ﬁ,omjwm >®%@m3m3_ﬁ

(1) the original FORTRAN-IV version of the
programs.

(2) a revised FORTRAN-77 version of the
most popular programs.

The original version, being in the public
domain, may still be copied or used for any
purpose. Microcomputer Power merely offers
customers a convenient source of copies, as
well as some technical support.

The FORTRAN-77 versions, including the
microcomputer versions, are proprietary
products of Microcomputer Power and
should not be copied without express
permission.

Microcomputer Power continues the policy
of offering these programs with no warranty,
express or implied, and with no legal liability
or responsibility. Microcomputer Power is an
independent company in no way associated
with Cornell University. [

Ecol ogy Programs with OCOMPGSE
Package Specifi cati ons:

© 1987-1991 M croconput er Power
System Requi rements and Conpatibility:
e M5-DOB™ (perating Systemversion 2.0 or higher.

e 512K RAM

e Nuneric Qoprocessor optional (wll use if present).
e DOS text display (there shoul d be no probl emrunning the

prograns on any nodel

MB- DOB™ machi ne) .

Array Dinensions of the Executabl e nmodul es:

Nonzer o

Speci es Sanpl es Array

Pr ogram El enent s
DECCRANA 500 800 38, 000
TW NSPAN 800* 500 30, 000
COVPCLUST 3, 000 5, 000 27,000
CRD FLEX# 100 270 ----
COVPCBE 1, 000 1, 200 27,000

* Pseudospeci es (see TwWNSPAN nanual ) .
t cowcLus i s al so di nensi oned for 2500 clusters.
¥ ORDIFLEX stores data as rectangul ar arrays whi ch incl ude

Zer os.
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on some of the most common hard-
copy devices.
CANOCO can also supply:
* means, variances and correlations of
environmental variables,
* eigenvalues and percentages of variance
accounted for,
+ diagnostics for the fit of species and sam-
ples in the ordination,
+ canonical coefficients or regression coeffi-
cients of environmental variables with
associated t-values,
« correlations of environmental variables
with the ordination axes,
« centroids (weighted averages) of environ-
mental variables in the ordination diagram.
In particular, classes of nominal environ-
mental variables are more naturally dis-
played by their centroid in the ordination
diagram than by arrows. This option is also
useful for displaying the results of a cluster
analysis in an ordination diagram.

ANOCO allows interactive data
mmbm_%mwm“ results of an analysis
can be displayed at the terminal and
after inspection the analysis can be
pursued. e.g.:

* by changing from an indirect gradient
analysis to a direct gradient analysis,

* by dropping environmental variables or by
turning them into covariables,

* by reading other environmental variables
to be related to the current ordination axes
or to be used in further canonical analyses,
* by extracting more than the default four
ordination axes.

Um gjL KQQ{SLJ

— " eady-to-use versions are avail-
able for Ms-DOs computers and
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CANOCO™

the Apple Macintosh. On an MS-DOS
pC with 405 Kb free memory,
CANOCO 3.1 can analyze 500 samples,
500 species, 100 covariables and 58
environmental variables, but with
some additional limitations on the
number of species occurrences and
environmental and covariable values
(total data space 45000 reals) An
80x87 coprocessor is optional. More
demanding in terms of system
requirements is CanoDraw™ LITE,
which is included with the PC pack-
age. It has the same system require-
ments as the CanoDraw™ program
itself detailed elsewhere in this cata-
log. On a rC with math coprocessor
or on a standard Apple Macintosh,
CANOCO 3.1 can analyze at most 1000
samples, 700 species, 75 environ-
mental variables and 100 covari-
ables, (total data size <80000). The
Macintosh version supports the
Macintosh user interface only in file
launching from the Finder and the
standard open file dialog box from
within the program. For use on a PC
or Macintosh, the source code is also
available at extra cost.

zgémﬁgjg@w gjL go%r%mgfo;w

ANOCO has been successfully
mwgﬁ_mgmbﬁma on various main-
frame computers. For implementa-
tion on VAXen or mainframes, the
FORTRAN 77 source code of CANOCO
can be supplied together with
detailed compilation notes and a
demonstration version of the pro-
gram on a PC or Apple Macintosh
diskette.

<http://www.microcomputerpower.com>
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he one-time costs for single

licenses, multiple licenses and
Site licenses/LAN (local area net-
work) are specified on the order
form. Documentation (a manual and
a booklet with relevant reprints) is
sent with each license of the pro-
gram. The Site license /LAN includes
10 copies of the documentation and
permission to duplicate the program
further for use at the site. The license
based on the FORTRAN source code
gives permission to install the
Program on a single (main frame)
processor. If the licensee is unable to
install the program, a refund can be
obtained after all the material has
been returned. An Educational dis-
count is also available to University
shipping addresses.

mgjono h,mmjnmn

OCAN-3LrlcaNOCO™
OCAN-31ra addtond copes
OCAN-31rs atelcence
OCAN-31rC cource code

mgjooo mLcogTozgi h,omjnmn
] A” > —/_ = u “_._ el educational licenses
] A” > —/_ = u “_._ e a sdditiondl copies
] A”>—/_Iu“_._mw site license
] A”>—/_Iu“_._mn source code

O
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COMPOSE

by Charles L. Mohler

OMPOSE is a data management
mﬁnommwg which checks errors,
edits and formats data for use by
other programs in the Cornell
Ecology Programs series. As with all
programs in the CEP series, COMPOSE
is designed to operate on a two

dimensional data array. Typically
such an array will consist of abun-
dance values of species measured at
a number of sample locations.
Occasionally one may have data of
three or more dimensions. In ecolog-
ical applications these are commonly
encountered when several attributes
are measured on each species in sev-
eral samples, or when species are
sampled repeatedly at several loca-
tions. COMPOSE has editing capabili-
ties which can reduce such three
dimensional data to a two dimen-
sional structure suitable for process-
ing with the other programs.

COMPOSE accepts data in many vari-
eties of two basic formats: Full
Matrix and Condensed. These are
ASCII text files with data in columns
such as a Lotus™ .PRN file, dBase™
or FoxBase™ sDF file. COMPOSE con-
verts these to the restricted con-
densed format which is acceptable to
all programs in the Cornell Ecology
Programs MS-DOS™ microcomputer
package. In addition to producing
the edited and reformatted data
matrix, the program produces a ses-
sion listing which echoes all dis-
course appearing on the screen, as
well as listing useful information
about the data.

<tech@microcomputerpower.com>

COMPOSE

COMPOSE has a variety of editing
functions. It automatically adds
together all occurrences of a species
within each sample. At the users
request it will merge any number of
data sets. It will eliminate species
and samples at the users request. It
can add together species and assign
a new name to the resulting entity
(if, for example, you want to merge
species within a genus), and it can
form composite samples from
groups of samples. The program can
also apply a variety of statistical and
ecological transformations to the
data.

coMPOsE checks for and flags errors
in the data and accompanying lists
of names and parameters. For this
reason we recommend that you run
data sets through COMPOSE even if
they have been entered in a restrict-
ed condensed format and no editing
is desired. The Cornell Ecology
Programs are quite easy to use, but
in the interest of maximizing array
space for analyses, they do minimal
checking of the structure of the data
set at run time. Most of the problems
people encounter with the programs
involve improperly structured data
sets. COMPOSE is a valuable tool for
avoiding such problems.

The Ms-DOS™ executable module is
dimensioned for 1,000 Species, 1,200
Samples, 27,000 non-zero array ele-
ments.

coMPOsE is included with CEP -
PC . Itis also available separately as:

OCLM-CMel COMPOSE™
ﬁ.ﬁ.O&q\.Q:\j ﬁOJ\. LQWQ gmﬂ&.‘ag‘roﬁj

O
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mon data matrix transformations.
Species and samples may be identi-
fied by user-supplied 8-character
alphanumeric names.

Ordination results may be
graphed. Also, the data matrix can
be printed as one-character decile
values, with rows and columns
arranged according to the rank of
ordination scores.

WA and PO may be done by species
or by samples: PCA and RA do both
simultaneously, PO endpoints may
be specified by the user, or supplied
automatically by three alternative
procedures.

Any number of ordinations may be
applied in a single run to any data
set, but only one editing and trans-
formation is allowed for each data
set (although it may be read in sever-
al times to allow several transforma-
tions).

The manual includes a chapter on
ordination theory, explaining the
purpose and process of ordination,
with recommendations on all steps
from collection of field data to final
presentation of results.

The ORDIFLEX manual also describes
24 supplementary data sets for use
in gaining familiarity with RA results
for a variety of data set properties.

The Ms-DOS™ executable module is
dimensioned for 100 Species, 270
Samples, 27,000 array elements.

O
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he CEP Series offers two exten-
sive files of simulated test data
sets that have been presented and
analyzed in numerous articles.
These simulated data sets vary in
several properties, including level of
heterogeneity, number of underlying
gradients, noise level, sample num-
ber and distribution, and the pres-
ence of partial or complete disjunc-
tion and of outliers of two types.
The variety of test data sets includ-
ed is deliberately intended to reveal
the performance of multivariate
methods under a wide variety of cir-
cumstances in order to facilitate a

balanced assessment of the merits of
new multivariate methods.

A file with 24 data sets is described
in the documentation for ORDIFLEX
and is included with both the main-
frame and microcomputer versions
of that program.

A larger group of 30 data sets is
included at no charge with any order
for the machine readable source of
the FORTRAN-1V versions of the CEP
programs. For PC users and other
interested individuals, these data
sets are also available separately.

hese data sets are of great inter-

est to understand how multivari-
ate analyses treat various data sets of
known underlying structure.

D A” m t = M U Ugwgfgnm Oﬁ w?jcigwmm_
Test Data

O
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by Petr Smilauer

anoDraw™ 3.0 is a PC program
which intelligently produces
high quality graphics from the

™
ano Uﬂgé

.. . . i

RS

numerical output of CANOCO. This
new version sports an all new inter-
face which allows rapid mouse selec-
tion of features, intuitive adjustment
of data and simplified selection of
the many new presentation options.
PC users receive a LITE version of
CanoDraw™ 3.0 with the caNoco
package but the exciting develop-
ment is the full version 3.0 program

Syst em Requi renent s
for CanoDraw™ 3.0

 PC G aphics Cards:
Type Glors Res.
EGA 16 640x350
EGA b/w 640x350
VGA 16 640x480
MOCGA b/w 640x480
ATT400 b/w 640x400
| BM 8514A 16 1024x768

» AT dass PC or better
(80286, 80386, 80486 or fully

<tech@microcomputerpower.com>

now sold separately.

Ovmj Zm% <,n‘w§n as you mxlo.‘am your UQ&Q

ou will control

more details of -
your graphs: suppress -
individual L
items or
force them to appear;
edit their labels; assign
items to groups on
screen or from a file and give them
different colors or shadings.
m<m: more significant for the seri-

ous investigator are the model-
ing tools and new types of graphics
available in CanoDraw™ 3.0. You
can model species response
curves and graph them. You
can even generate contour
plotsof e -

data -

onto map coordinates or into ordina-
tion space.

conpati bl e processor including
Sof t PC or Soft W ndows on the Mac)
e M5-DCS 3.1 or higher
e EMB version 3.0 (LI M EM)
or higher or
XMB version 2.0 or later
e PC G aphi cs/ Devi ce Fornats:

Adobe Post Scri pt *

Il'lustrator * HPGL/ 7470
Epson- FX HPGL/ 7475
Epson- LQ TIFF File *
HP- Laser Jet PCX File

* These file formats are also compatible with
Macintosh page layout software (FrameMaker,
PageMaker, and QuarkXpress).

<http://www.microcomputerpower.com>
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by Hugh G. Gauch.

sers of the Cornell Ecology
Programs may also want a copy
of Multivariate Analysis in Community
Ecology, by Hugh G. Gauch, Jr., from
the Cambridge University Press (1982).

There are 298 pages and 7 chapters:

Introduction, Sampling Methods, Direct

Gradient Analysis, Ordination,

Classification, Applications, and

Conclusions.

This book emphasizes both princi-
ples (ecological and mathematical)
and applications. Preferred multi-
variate methods are emphasized,
rather than presenting a compendi-
um of all the methods that have been
suggested.

The book treats the algorithms
used by each of the CEP programs—
ORDIFLEX, COMPCLUS, DECORANA,
TWINSPAN and DATAEDIT—and devel-
ops an integrated research strategy
that employs all these programs.

Readership advanced undergradu-
ate students, graduate students, and
professional researchers, primarily
in ecology and related applied fields
(forestry, natural resources, agrono-
my, and environmental manage-
ment).

Some consideration is also given to
other fields such as business, eco-
nomics, psychology, education,
social and political sciences, and
medicine because of the wide appli-
cability of multivariate methods.

[JHGG-P Gauch(os) O
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DECORANA

by Mark O. Hill
MS-DOS™ adaptation by Charles L. Mohler
DECORANA is a FORTRAN program
for detrended correspondence analy-
sis. DECORANA improves upon recip-
rocal averaging (where reciprocal
averaging (RA) and correspondence
analysis are synonyms; Journal of
Ecology 61:237-249, 65:157-174,
69:135-152, and Vegetatio 42:47-58)
DECORANA avoids the arch or horse-
shoe problem of RA (the second axis
is frequently a quadratic distortion
of the first axis), and it also scales the
ordination axis to avoid the contrac-

tion of axis ends in RA.

Our tests indicate that in general
DECORANA results are m:@mEoH to RA,
multidimensional scaling, and prin-
cipal components analysis, making it
the best general purpose ordination,
particularly for very heterogeneous
data sets. DECORANA can also com-
pute RA scores.

DECORANA uses an exceptionally
fast algorithm with almost linear
computer requirements with respect
to the amount of data; thousands of

<tech@microcomputerpower.com>
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species and samples are practical.

The Ms-DOs™ executable module is
dimensioned for 500 Species, 800
Samples, 38,000 non-zero array ele-
ments.

TWINSPAN

by Mark O. Hill
MS-DOS™ adaptation by Charles L. Mohler

TWINSPAN is a FORTRAN program for
two-way indicator species analysis.

TWINSPAN is an improvement upon
the original indicator species analy-
sis in that species are classified as
well as samples (Journal of Ecology
63:597-603 and 69:537-557).

The result is similar to that
obtained by Braun-Blanquet table
arrangement:

The computer workload rises
approximately linearly with the

amount of data.
11 1
21980763 1245

9 SOLI SEM 211-3====~ 2000
5 PHRA COM 534 15—~ 2001
3 IVA FRU 452113===-~ 2010
11 SPAR PAT 3254-5-=--—~ 2011
8 SCIR OLN = 1===-53-~-~ a1
2 DIST SPI —5414545-424 100
L ATRI PAT 231--3221411 191

6 SALT EUR ——==22-23411 1100
19 SPAR ALT -—142-135553 1101
7 SALT VIR —======mm 34 1110
12 SUAE MAR  —==—==——= 54 1110
4 JUNC GER  ————= 51— 1111

200000111111

200001001111

20011 910011

20131 2101

a1

The Ms-DOs™ executable module is
dimensioned for 800 Pseudospecies,
500 Samples, 30,000 non-zero array
elements.
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COMPCLUS

by Hugh G. Gauch
MS-DOS™ adaptation by Charles L. Mohler

COMPCLUS is a program for rapid
initial clustering of large data sets. It
is executed interactively (see
Vegetatio 42:103-111).

For each cluster a composite sam-
ple is produced which is simply the
average of the samples contained;
these composite samples are often
useful for subsequent analysis by
ordination or by hierarchical cluster-
ing.

Computing requirements are linear
with respect to the amount of data,
and thousands of species and sam-
ples are practical. The computing
time for clustering is on the order of
the time required merely to read the
data.

The Ms-DOs™ executable module is
dimensioned for 3,000 Species, 5,000
Samples, 27,000 non-zero array ele-
ments.

ORDIFLEX

by Hugh G. Gauch
MS-DOS™ adaptation by Charles L. Mohler

ORDIFLEX is a flexible program for
four ordination techniques:

* weighted averages (wa)

+ polar (Bray-Curtis) ordination (po)

* principal components analysis (PCA)

* reciprocal averaging (RA)

A simple control line is used to
select the computations desired for
each data set. The format of the
input species-by-samples data
matrix is flexible and ORDIFLEX can
apply elementary editing and com-
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