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O
rdering Inform

ation

FA
X

 and Phone O
rders accepted.

A
ddress O

rders or Inquiries to:
D

r. R
ichard E

. Furnas
Voice:U

S
A

 1 (607) 272-2188
FA

X
:

U
S

A
 1 (607) 272-0782

M
icrocom

puter P
ow

er
111 C

lover Lane D
ept. W

16
Ithaca, N

Y
  14850  U

S
A

Please include an end-user nam
e

to insure proper notification of
upgrades.

C
learly m

ark all letters A
IR

 M
A

IL
to avoid delays.

A
 charge is added for Shipping,
H

andling, and G
uaranteed D

elivery:
A

dd 10%
 for all shipping locations

in N
orth A

m
erica.

A
dd 20%

 for O
verseas Shipm

ents.

Please send paym
ent w

ith your
order, or ask to be billed. W

e w
ill

also accept purchase orders. O
ur

term
s are 30 days net. A

 late pay-
m

ent fee of U
S$15.00 m

ay be
added to past due accounts. W

e
do not accept C

redit C
ards.

C
hecks or m

oney orders payable
to M

icrocom
puter Pow

er should
be in U

nited States Funds (U
S$)

Payable on a U
nited States Bank 

M
icrocom

puter Pow
er

(Federal E
m

ployer ID
# 16-1324442)

(D
U

N
S

 N
um

ber 19-931-4523)

N
O

TIC
E

: You are responsible for the
paym

ent of any and all applicable
taxes, custom

s or im
port duties.

End-U
ser N

am
e: _________________________________________

PO
#

__________________________D
ate: _______

Bill to:_________________________________________________
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D
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Q
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A
N

O
C

O
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J
o
n
g
m
a
n
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an, ter B

raak, van Tongeren (1995) D
ata A

nalysis
in C

om
m

unity and Landscape Ecology
......______

25.95
_______.__

Executable For: 
n

 PC
;  

n
 O

S/2;  
n

 M
acintosh™

C
A
N
-
3
1
r
l

...R
etail License single copy.......................______

499.00
_______.__

C
A
N
-
3
1
r
a

...
R

etail A
dditionalcopies to a site

.......______
299.00

_______.__
C
A
N
-
3
1
r
s

...
R

etail S
ite 10-seat license / (LA

N
)...______2999.00

_______.__
C
A
N
-
3
1
r
t

...
R

et. S
ite 10-seat A

dd’l (LA
N

/W
A

N
)..______1799.00

_______.__
C
A
N
-
3
1
e
l

...E
ducational License single copy............______

249.00
_______.__

C
A
N
-
3
1
e
a

...
E

d‘l A
dditional copies to a site

..........______
149.00

_______.__
C
A
N
-
3
1
e
s

...
E

d‘l S
ite license / (LA

N
).....................______1499.00

_______.__
FO

RTR
A

N
 source code for:

n
 G

eneric M
ainfram

e;  
n

 IBM
 M

ainfram
e;  

n
 VA

X
;  

n
 PC

*;  
n

 M
ac*; 

n
 O

S/2*—
* A

lso require purchase of single copy executable.
C
A
N
-
3
1
r
c
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A

N
O

C
O

 FO
R

TR
A

N
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ode
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_______.__
C
A
N
-
3
1
e
c
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R
TR

A
N
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C
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raw™3.0 executable (for P
C
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D
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0
r
l
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a
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D
R
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r
s
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3
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e
l
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D
R
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e
a

...
E

d‘l A
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C
D
R
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3
0
e
s

...
E

d‘l S
ite license / (LA

N
).....................______

875.00
_______.__

C
ornell E

cology P
rogram

s(for P
C

 only)
H
G
G
-
P

.........G
auch, H

.G
. (1982) M

ultivariate A
nalysis 

in C
om

m
unity Ecology  (paperbound).....______

29.95
_______.__

C
E
P
-
P
C
e
l

...M
S

-D
O

S
™

M
icrocom

puter P
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C
E
P
-
P
C
e
a
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(all w
ith C

O
M

PO
SE) 

______
175.00

_______.__
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s D
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O
rder F

orm

T
he C

ornell E
cology Program

s
(C

E
P) w

ere d
eveloped

 und
er the

lead
ership of the late D

r. R
obert H

.
W

hittaker to facilitate the analysis of
ecological d

ata. T
hese FO

R
T

R
A

N
 IV

program
s w

ere d
istributed

 by the
d

epartm
ent of E

cology and
 System

a-
tics (E

&
S) at C

ornell to run on m
ain-

fram
e com

puters.

I
n 1986, ed

itor H
ugh G

. G
auch and

D
r. R

ichard
 E

. Furnas arranged
w

ith E
&

S to assure continued
 d

istri-
bution of the C

E
P series.

M
r. G

auch is one of the original
authors of the early program

s in the
series and

 now
 w

orks in C
ornell’s

D
epartm

ent of Soil C
rop and

 A
tm

o-
spheric Sciences. H

is current w
ork is

represented
 by his program

 M
A

T
-

M
O

D
E

L
also featured

 in this catalog. 
D

r. Furnas has a Ph.D
. in E

cology
from

 C
ornell, having taken courses

und
er D

r. W
hittaker, teaches d

uring
the acad

em
ic year in the D

epartm
ent

of M
athem

atics at C
ornell and

 is
proprietor of M

icrocom
puter Pow

er.

O
ur agreem

ent to assure contin-
ued

 d
istribution of the pro-

gram
s has also allow

ed
 us to pro-

d
uce m

icrocom
puter versions. T

he
m

ore im
portant program

s are now
available for M

S-D
O

S com
puters.

T
he C

E
P series em

phasizes tech-
niques of ind

irect ord
ination and

classification. T
ypical input d

ata
consists of species abund

ance infor-
m

ation for a num
ber of sites. 

S
ince 1989, w

e have been happy to
offer the program

 C
A

N
O

C
O

™
  by

D
r. C

ajo J.F. ter B
raak of the A

gri-
cultural M

athem
atics G

roup —
 D

L
O

at W
ageningen in T

he N
etherland

s.
C

A
N

O
C

O
™

 is a m
ajor extension of

D
E

C
O

R
A

N
A

 (available as part of the
C

E
P series) w

hich allow
s the incorpo-

ration of environm
ental inform

ation
d

irectly in the analysis. D
r. ter B

raak
has d

one a rem
arkable service to

ecologists. H
e has d

eveloped
 a

sound
 m

athem
atical found

ation for
m

any of the useful but som
etim

es
rather ad

-hoc m
ethod

s w
hich ecolo-

gists d
eveloped

. H
e has then extend

-
ed

 the m
ethod

s into significant new
areas and

 im
plem

ented
 them

 in his
com

puter program
 C

A
N

O
C

O
™

.

A
n im

portant consequence of this
m

ore recent research is that
C

A
N

O
C

O
™

 is able to d
etect relation-

ships betw
een species and

 external
(environm

ental) variables. T
hese

relationships need
 not be linear, as

w
as required

 for m
any of the old

er
techniques, but can be “unim

od
al”,

rising and
 falling again as the opti-

m
um

 environm
ental cond

itions for a
species are approached

 and
 passed

.
T

he available d
ata can be explored

 to
isolate the m

ore im
portant environ-

m
ental factors. C

A
N

O
C

O
™

 represents
a next generation in softw

are for eco-
logical d

ata analysis. D
r. ter B

raak is
actively d

eveloping it, ad
d

ing new
capabilities, refining existing ones,
and

 im
proving its ease of use.

N
ew

 to this catalog is
C

anoD
raw

™
 3.0, by Petr

Sm
ilauer. C

anoD
raw

™
 3.0 m

akes
the output of C

A
N

O
C

O
™

  accessible in
graphic form

 ad
d

ing significant
exploratory and

 analytical pow
er to

C
A

N
O

C
O

™
 . E

xploring your d
ata has

never been so d
irect.

❦

Introduction

- 2
-

C
anoco™

 rep-

resents a next

generation in

software for

ecological data

analysis.

N
ow,

C
anoD

raw™

m
akes the 

output of

C
A

N
O

C
O

accessible in

graphic form
.

E
xploring your

data has never

been so direct.
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M
A
T
M
O
D
E
L

™
offers new

 and
 excit-

ing possibilities for effective research
strategies involving tw

o-w
ay d

ata
tables, w

ith or w
ithout replication.

T
he A

M
M

I analysis im
plem

ented
 in

M
A
T
M
O
D
E
L™

 offers five substantial
benefits to agronom

ists and
 breed

ers
concerned

 w
ith G

enotype-
E

nvironm
ent interactions:

• Better understanding of the G
enotype-

Environm
ent interaction.

• Substantial im
provem

ent in the accuracy
of yield estim

ates.
• Increased probability of correctly selecting
genotypes w

ith the highest yields.
• Im

puting m
issing data—

U
sually experi-

m
ents can be analysed even if substantial

am
ounts of data are m

issing.
• Increased flexibility and efficiency of
experim

ental designs.
M
A
T
M
O
D
E
L™

 prod
uces ad

justed
m

eans w
hich often have pred

ictive
accuracy equivalent to unad

justed
m

eans based
 upon a few

 or several
ad

d
itional replicates. T

herefore A
M

M
I

analysis can often im
prove accuracy

as m
uch as d

oubling the d
ata collec-

tion effort.

M
ost strategies for im

proving
accuracy require a particular

experim
ental d

esign, or else con-
com

itant variables ranging from
field

 m
aps locating each observation

to ad
d

itional d
ata such as soils, or

w
eather. A

M
M

I has no such require-
m

ents. A
M

M
I is applicable to histori-

cal d
ata, collected

 w
ith w

hatever
experim

ental d
esign. T

hus A
M

M
I is

also useful w
hen past d

ata con-
tribute to ongoing d

ecisions.
M

oreover, the pow
er of A

M
M

I to
extract ad

d
itional inform

ation w
ill

often m
ake hard

-w
on historical d

ata

w
orthy of renew

ed
 attention.

V
ersion 2.0 represents a consid

er-
able im

provem
ent over earlier

versions, allow
ing and

 im
puting

m
issing d

ata. It also provid
es tools

for optim
al m

od
el selection from

am
ong the fam

ily of A
M

M
I m

od
els,

includ
ing assessm

ent of pred
ictive

accuracy using d
ata splitting and

valid
ation. E

fficient m
em

ory utiliza-
tion allow

s for processing about
30,000 observations, d

epend
ing on

system
 configuration and

 d
etails of

the analysis.
M
A
T
M
O
D
E
L™

 is available to run
und

er M
S-D

O
S™

 and
 A

pple™
M

acintosh™
. T

he M
S-D

O
S™

 version
requires at least 512K

 of R
A

M
, a flop-

py d
isk d

rive and
 M

S-D
O

S™
 (PC

-D
O

S™
)

version 2.1 or higher. A
 hard

 d
isk

and
 num

eric coprocessor (8087,
80287, or 80387) are recom

m
end

ed
.

T
he M

ac version requires a M
ac Plus

or later m
od

el. A
 version using a

num
eric coprocessor is includ

ed
 in

the package.
T

he M
A
T
M
O
D
E
L™

 V
ersion 2.0 pack-

age includ
es:

•
The executable program

 running under
M

S-D
O

S™
, distributed on both 720K 3.5"

and Industry Standard 360K (PC) form
at

5.25" floppy disks.
• The ability to com

pute AN
O

VA, PC
A, Finlay-

W
ilkinson linear regression, and joint

regression (concurrence) m
odels.

• Several sam
ple input data files and sam

-
ple output files.
• A detailed m

anual explaining the M
AT-

M
O

D
EL™

 program
 and its application.

M
A
T
M
O
D
E
L

™
 P

rogram
 for A

M
M

Ianalysis

n
M
A
T
-
2
0
r
l

S
ingle L

icense

n
M
A
T
-
2
0
e
l

E
ducational and

U
.S

. G
overnm

ent L
icense

❧

S
ite L

icenses

S
ite licenses are an option m

ore
and

 m
ore of our custom

ers have
requested

. M
any of our custom

ers
have found

 our program
s increas-

ingly im
portant in their w

ork and
have w

anted
 to m

ake the capabilities
available to their colleagues or stu-
d

ents. T
his is often d

one by having a
com

puter set up in a lab w
ith the

softw
are installed

 on it. U
sers com

e
in to analyze their d

ata sets. W
hile

this m
ethod

 w
orks, it is often incon-

venient, especially as ind
ivid

uals
now

 com
m

only have their ow
n com

-
puter on w

hich they w
ork.

W
ith our first im

plem
entation for

m
icrocom

puters w
e offered

 a
red

uced
 price for ad

d
itional copies

of our program
s to help ad

d
ress this

problem
. M

ore and
 m

ore of you are
looking for an even m

ore cost-effec-
tive w

ay to m
ake the program

s
available to a broad

er constituency
at your institutions. Site licenses are
now

 available for each of our m
ajor

program
s for ecologists.

S
ite licenses provid

e, at m
od

est
cost, convenient access to the

program
s and

 near-zero liability for
illegal copying or other unautho-
rized

 use of the softw
are.

T
he site-license/

L
A

N
includ

es 10
copies of the d

ocum
entation and

tw
o sets of m

aster d
isks together

w
ith perm

ission to d
uplicate the

d
isks as d

esired
 for further use at the

site. T
his allow

s ultim
ate freed

om
 to

install on a netw
ork server regard

-
less of copy privileges or require-
m

ents to track num
ber of active

users. Installation on laptops for

field
 use, d

istribution to stud
ents for

classroom
 or laboratory use and

allow
ing for reasonable com

pletion
of m

ore extensive outsid
e d

ata anal-
ysis assignm

ents.

T
o sim

plify the transition to a site
license, your previous purchases

can be applied
 to a site license ord

er.
Y

our total invoice w
ill be red

uced
 by

the current price of any existing cur-
rent licenses. N

ow
 you can buy the

program
s ind

ivid
ually and

 your
investm

ent can later be cred
ited

tow
ard

 a site license. T
he program

s
can be tested

 to your satisfaction,
even ad

d
itional copies ord

ered
 at the

red
uced

 rate, and
 w

hen a final
approval is m

ad
e on your site license

purchase, those existing purchases
can be converted

 into a low
er price

on the site license. W
hen placing

your ord
er you m

ust give serial
num

bers of existing licenses to be
applied

 tow
ard

 the site license pur-
chase.

Exam
ple:

An investigator has purchased a prim
ary

license now
 selling for $300 and an addi-

tional license now
 priced at $200. She

w
ishes to buy a site license priced at

$2000. H
er order show

s the follow
ing:

1
Site License

$2000.
-1

Single C
opy License#232

(300.)
-1

Additional C
opy #232a

(200.)
O

rder Subtotal for Site License
1500.

W
e hope you find

 this an attrac-
tive option as your use of our

program
s increases.

❧

S
ite L

icenses
M

atM
odel™

- 3
-

- 18
-

T
ests with a

N
ew Y

ork

soybean yield

trial show the 

predictive

accuracy of

A
M

M
I

with only two

replicates is

equal to the

predictive

accuracy of

m
eans based

on five 

replicates.

—
G

auch &

Z
obel 

in T
heoretical

and 

A
pplied

G
enetics

(19
8
8
)  76

:1-10

T
o m

ake the

transition to a

site license as

easy as possible

for you, your

previous pur-

chases can be

applied to a

site license

order.
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D
ata A

nalysis in C
om

m
unity

and L
andscape E

cology

by R
.H

.G
. Jongm

an, C
ajo J.F. ter B

raak,
and O

.F.R
. van T

ongeren

C
om

puter techniques are being
used

 increasingly by ecologists
to analyze field

 d
ata on plant and

anim
al com

m
unities and

 their envi-
ronm

ent.
T

his book provid
es a new

 synthesis
of m

ethod
s that have proven to be

m
ost useful for such analyses. T

here
are chapters on d

ata collection,
regression analysis, calibration, ord

i-
nation, cluster analysis and

 spatial
analysis.

E
xam

ples and
 exercises (w

ith solu-
tions) com

plete m
ost chapters. T

hree
case stud

ies are also includ
ed

. O
nly

sim
ple m

athem
atics is used

, m
aking

the m
ethod

s accessible to m
ost ecol-

ogists and
 geographers. In the selec-

tion of m
ethod

s, d
ue attention is

paid
 to the special properties of eco-

logical d
ata:

• num
erous species recorded as

present/absent or on a sem
i-quantitative

abundance scale
• the non-linear relationships betw

een
species and environm

ental variables that
often exist
• the high inter-correlations am

ong species
and am

ong environm
ental variables.

In ad
d

ition to the m
ore trad

itional
ord

ination and
 cluster techniques,

this is the first textbook to explain to
ecologists in an elem

entary w
ay such

pow
erful d

ata-analysis techniques as
logit regression (a regression tech-
nique appropriate for analyzing

presence-absence d
ata), canonical

correspond
ence analysis (a canonical

ord
ination technique especially

d
esigned

 to relate species com
m

uni-
ties to environm

ental variables) and
kriging (a sophisticated

 spatial-inter-
polation technique).

R
ead

ersh
ip

T
he book is prim

arily
d

irected
 to post grad

uate stud
ents in

ecology, geography, and
 environ-

m
ental sciences, and

 to professional
ecologists, w

ho w
ant to better

und
erstand

 the m
ethod

s they are
alread

y using and
 are eager to learn

new
, m

ore pow
erful m

ethod
s.

C
ontents:

1. Introduction
2. D

ata C
ollection

3. R
egression

4. C
alibration

5. O
rdination

6. C
luster Analysis

7. Spatial aspects of ecological data
8. N

um
erical m

ethods in practice
– case studies
9. Literature
10. Index

n
P
u
d
o
c

D
ata A

nalysis in C
om

m
unity

and L
andscape E

cology
❧

E
cology, by H

ugh G
. G

auch, Jr.
(C

am
brid

ge U
niversity Press, 1982).

U
sers of the C

E
P

program
s w

ho are
new

 to m
ultivariate analysis m

ay
find

 this text a useful starting point.

T
he form

at for entering d
ata

m
atrices is explained

 m
ost fully

in the m
anual for O

R
D

IFL
E

X.
N

um
erous convenient form

ats are
allow

ed
. M

ore recent program
s, C

E
P-

30 to C
E

P-41, use a single stand
ard

-
ized

 form
at, but a utility program

,
C

O
N

D
E

N
SE, can copy any O

R
D

IFL
E

X

form
at into the stand

ard
 form

at. T
he

old
er program

s, C
E

P-1 to C
E

P-21, use
a slightly d

ifferent form
at than O

R
D

I-

FL
E

X, involving only a few
 trivial

changes in a few
 lines.

❦

M
A

IN
F

R
A

M
E

P
R

O
G

R
A

M
S

F
O

R
T

R
A

N
 IV

 S
ource

T
his is the FO

R
T

R
A

N
-IV

 source cod
e

as d
istributed

 by C
ornell for

com
pilation by a FO

R
T

R
A

N
-IV

 com
pil-

er on a m
ainfram

e com
puter. T

his
prod

uct has not been altered
 from

that originally d
istributed

 by C
ornell

except to m
ake it available as A

SC
II

files on floppy d
iskettes in either PC

or M
acintosh™

 T
E

X
T

 form
at. T

he
intention is that the source be
upload

ed
 to the m

ainfram
e. T

he
package includ

es source cod
e for:

D
E

C
O

R
A

N
A

, T
W

IN
SPA

N
, O

R
D

IFL
E

X, and
C

O
M

PC
L

U
S as d

escribed
 above. A

lso
includ

ed
 are the d

ata ed
iting utili-

ties, C
O

N
D

E
N

SE
, and

 D
A

T
A

E
D

IT; the

sim
ulation program

s C
oenocline

Sim
ulation, D

ata Screening and
G

aussian O
rdination, Fit G

aussian or
N

orm
al C

urve, and
 C

oenoplane
Sim

ulation; as w
ell as the program

U
N

IV
A

R
 for U

nivariate and
 B

ivariate
statistics for a m

atrix of a few
 vari-

ables and
 m

any ind
ivid

uals (m
any

thousand
s).

T
he package also includ

es the col-
lection of sim

ulated
 d

ata sets w
e sell

separately as C
E
P
-
S
D

.
Please note that the sim

ulation pro-
gram

s have a rand
om

 num
ber gen-

erator w
hich is m

achine specific to
the IB

M
™

 360 and
 370 com

puters for
w

hich the program
s w

ere originally
w

ritten. T
his routine m

ust be
replaced

 w
ith an appropriate alter-

native (typically a library routine
w

ill d
o) in any current installation.

n
C
E
P
-
I
V
r
c

M
achine R

eadable

F
O

R
T

R
A

N
 IV

 source

M
ainfram

e D
ocum

entation P
ackage

B
ecause of the m

ulti-user nature
of M

ainfram
e installations, the

d
ocum

entation for the M
ainfram

e
package is sold

 separately so the
d

esired
 num

ber of copies m
ay be

purchased
 to suit the installation.

T
his package includ

es a com
plete

set of d
ocum

entation for all of the
FO

R
T

R
A

N
-IV

 (m
ainfram

e) C
ornell

E
cology Program

s, includ
ing the

sim
ulation program

s.

n
C
E
P
-
C
P
 

C
om

plete M
ainfram

e

P
rogram

s D
ocum

entation P
ackage

❦

F
O

R
T

R
A

N
 IV

 M
ainfram

e P
rogram

s
T

E
X

T
B

O
O

K

- 17
-

- 4
- S
everal 

chapters

relating to

C
anoco are

found in D
ata

A
nalysis in

C
om

m
unity

and

L
andscape

E
cology

T
he 

F
O

R
T

R
A

N
IV

source code

originally dis-

tributed by

C
ornell
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Introduction to the C
ornell E

dition

C
atalog of the C

ornell E
cology

P
rogram

s

T
he purpose of the C

ornell
E

cology Program
s (C

E
P) series is

to m
ake public a num

ber of com
put-

er program
s used

 in our ecology
research, d

ealing m
ainly w

ith ord
i-

nation and
 classification. T

he follow
-

ing list of program
s is upd

ated
 as

new
 program

s are com
pleted

. It is
hoped

 that this series w
ill save other

ecologists the labor and
 expense of

d
eveloping program

s for these com
-

putations, m
any being rather rou-

tine. A
ll program

s are in IB
M

™
’s

FO
R

T
R

A
N

-IV. A
 subset of FO

R
T

R
A

N
-IV

has been used
, intend

ing to m
ini-

m
ize conversion problem

s w
ith

other com
puters, and

 experience has
ind

icated
 that m

ost com
puter instal-

lations have m
inim

al d
ifficulties.

T
he C

E
P

program
s operate as regu-

lar, ind
ivid

ual FO
R

T
R

A
N

program
s on

m
ainfram

e com
puters. T

here is no
supervisor program

, no com
plex

operating system
, and

 no com
plex

d
isk or tape usage. T

he program
s

place their d
ata in high speed

 m
em

o-
ry rather than on d

isk.
C

onsequently, a m
ainfram

e com
put-

er is required
 to analyze large d

ata
sets having thousand

s of species and
sam

ples, but a sm
all com

puter w
ith

256K
 to 512K

 bytes of m
em

ory can
hand

le sm
all to m

ed
ium

 d
ata sets

having a few
 hund

red
 species and

sam
ples. M

ost m
icrocom

puter com
-

pilers im
plem

ent FO
R

T
R

A
N

-77 or a
m

od
ification of FO

R
T

R
A

N
-77, so som

e

w
ork m

ust be expected
 to convert

these program
s for use w

ith m
icro-

com
puters.[N

ew
er developm

ent:
see our C

E
P

-P
C

 M
S

-D
O

S
™

m
icrocom

-
puter package w

hich is ready to run
and includes F

O
R

T
R

A
N-77 source.-ed]

A
n exceptional feature of several
recent program

s in the C
E

P

series is that the com
puting w

ork-
load

 rises approxim
ately linearly

w
ith the am

ount of d
ata. M

ost m
ulti-

variate algorithm
s and

 program
s

have w
orkload

s rising as the square,
cube, or higher pow

er of the am
ount

of d
ata. B

ecause of their linear w
ork-

load
, these C

E
P

program
s are read

ily
applied

 to enorm
ous d

ata sets hav-
ing thousand

s of species and
 sam

-
ples. Frequently the com

puting tim
e

is on the ord
er of the tim

e required
m

erely to read
 the d

ata, or w
ithin a

sm
all constant tim

es the read
ing

tim
e. T

he robustness and
 quality of

the results have not been com
pro-

m
ised

 in the effort to offer im
proved

com
puting speed

. T
hese program

s
have been tested

 in relation to
num

erous other program
s on a

broad
 test d

ata base w
ith scores of

sim
ulated

 and
 field

 d
ata sets. A

s
show

n in the articles cited
 und

er
each program

, the robustness and
quality of the results are exceptional.

I
nd

ivid
ual topics such as non-hier-

archical classification, hierarchical
classification, and

 ord
ination are

treated
 in the various articles cited

here as w
ell as in the program

 d
ocu-

m
entation. T

he general topic of m
ul-

tivariate analysis, how
ever, is treat-

ed
 in an integrated

 m
anner in

M
ultivariate A

nalysis in C
om

m
unity

C
A

N
O

C
O

™

- a FO
R

T
R

A
N

 program
 for canonical

com
m

unity ord
ination by [partial]

[d
etrend

ed
] [canonical] correspon-

d
ence analysis, principal com

po-
nents analysis and

 red
und

ancy anal-
ysis (version 3.1).by C

ajo J. F. ter B
raak

A
im

A
com

m
on problem

 in com
m

uni-
ty ecology and

 ecotoxicology is
to d

iscover how
 a m

ultitud
e of

species respond
 to external factors

such as environm
ental variables,

pollutants and
 m

anagem
ent regim

e.
D

ata are collected
 on species com

po-
sition and

 the external variables at a
num

ber of points in space and
 tim

e.
Statistical m

ethod
s available so far to

analyze such d
ata either assum

ed
linear relationships or w

ere restrict-
ed

 to regression analysis of the
response of each species separately.
T

o analyze the generally non-linear,
non m

onotone response of a com
-

m
unity of species, one had

 to resort
to the d

ata-analytic m
ethod

s of ord
i-

nation and
 cluster analysis - “ind

i-
rect” m

ethod
s that are generally less

pow
erful than the “d

irect” statistical
m

ethod
 of regression analysis. Five

years ago, regression and
 ord

ination
w

ere integrated
 into techniques of

m
ultivariate

d
irect grad

ient analysis,
called

 canonical (or constrained
)

ord
ination. T

he use of canonical
ord

ination greatly im
proves he

pow
er to d

etect the specific effects
one is interested

 in. O
ne of these

techniques, canonical correspon-

d
ence analysis, escapes the assum

p-
tion of linearity and

 is able to d
etect

unim
od

al relationships betw
een

species and
 external variables. T

he
com

puter program
 C

A
N

O
C

O
 is

d
esigned

 to m
ake these techniques

available to ecologists stud
ying com

-
m

unity responses. C
A

N
O

C
O

 can carry
out m

ost of the m
ultivariate tech-

niques d
escribed

 in T
er B

raak
(1987a) and

 T
er B

raak and
 Prentice

(1988) using a general iterative ord
i-

nation algorithm
.

R
esearchers in other field

s m
ay

find
 C

A
N

O
C

O
 useful as w

ell, for
exam

ple, to analyze percentage
d

ata/
com

positional d
ata, nom

inal
d

ata or (d
is)-sim

ilarity d
ata in rela-

tion to external explanatory vari-
ables. Such use is explained

 in sepa-
rate sections in the m

anual. C
A

N
O

C
O

is particularly suited
 if the num

ber
of response variables is large com

-
pared

 to the num
ber of objects.

V
ersion 3.10 of C

A
N

O
C

O
 extend

s
and

 enhances m
any of the features

for version 2.1. M
ost im

portantly,
the program

 is easier to use for the
novice to ord

ination.

T
echniques covered

1
.C

A
N

O
C

O
is an extension of D

E
C

O
-

R
A

N
A

 (H
ill, 1979). C

A
N

O
C

O
 form

er-
ly stood

 for canonical correspon-
d

ence analysis (T
er B

raak, 1986,
1987b) and

 includ
ed

 w
eighted

 aver-
aging, reciprocal averaging/

[m
ulti-

ple] correspond
ence analysis,

d
etrend

ed
 correspond

ence analysis
and

 canonical correspond
ence analy-

sis. T
he program

 has been extend
ed

to cover also principal com
ponents

C
A

N
O

C
O

™
H

istorical Interlude

- 5
-

- 16
-

S
ee our

C
E
P
-
P
C

M
S

-D
O

S
™

m
icrocom

puter

package which

is ready to run

and includes

F
O

R
T

R
A

N
-77

source

O
ne of these

techniques,

canonical cor-

respondence

analysis,

escapes the

assum
ption of 

linearity and is

able to detect

unim
odal rela-

tionships

between

species and 

external vari-

ables.
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C
ornell E

cology P
rogram

s 

M
S

-D
O

S
™

M
icrocom

puter

P
ackage

prepared by C
harles L. M

ohler
©

1987-1991 M
icrocom

puter P
ow

er

T
he m

ost popular of the C
ornell

E
cology Program

s have been
translated

 into FO
R

T
R

A
N

-77 and
ad

apted
 to run on M

S–D
O

S™
 m

icro-
com

puters. A
rray sizes have been

m
ad

e as large as possible w
ithin the

lim
it of running on a m

achine w
ith

512K
 of R

A
M

. T
his choice is a com

-
prom

ise betw
een the D

O
S lim

it of
640K

 and
 the m

any m
achines read

ily
expand

able to only 512K
 of R

A
M

. For
those of you w

ith 640K
 or m

ore this
m

eans that your favorite R
A

M
-resi-

d
ent utilities and

 d
evice d

rivers can
be installed

 w
hile running the pro-

gram
s w

ithout reconfiguring your
system

.

T
his hand

y package provid
es an

excellent collection of program
s

of value to investigators in E
cology.

If you are interested
 in any one of

the program
s for your research, you

w
ill likely find

 the others of  real
value as your research proceed

s fur-
ther.

T
he package includ

es executable
m

od
ules for: C

O
M

PC
L

U
S, D

E
C

O
-

R
A

N
A

, O
R

D
IFL

E
X

, T
W

IN
SPA

N
, and

 C
O

M
-

PO
SE, d

escribed
 in m

ore d
etail above.

T
he new

 utility, C
O

M
PO

SE, w
ritten

for this release of the program
s by

C
harles M

ohler, totally replaces C
O

N
-

D
E

N
SE

 and
 provid

es som
e of the

functionality of D
A

T
A

E
D

IT
 from

 the

original m
ainfram

e version of the
series.

S
am

ple d
ata sets allow

 you to run
the program

s at once. A
 com

plete
set of printed

 m
anuals is includ

ed
 in

the purchase price along w
ith special

supplem
entary m

anuals w
hich give

specific d
etails for using the m

icro-
com

puter version of the program
s.

T
he executable m

od
ules w

ere
com

piled
 w

ith the M
IC

R
O

SO
FT

™

FO
R

T
R

A
N

optim
izing com

piler for M
S-

D
O

S™
. T

his com
piler allow

s arrays
and

 C
O

M
M

O
N

 blocks larger than 64
K

ilobytes and
 the array sizes in the

executable m
od

ules are larger than
the com

m
on PC

lim
it of 64K

 (see
specifications at left).

S
ource cod

e for the program
s is

also available. U
nfortunately, in

the M
S-D

O
S™

environm
ent, the syntax

for using large arrays and
 C

O
M

M
O

N

blocks is not stand
ard

ized
. E

ven d
if-

ferent versions of the M
IC

R
O

SO
FT

™

com
piler used

 d
ifferent syntax so the

source cod
e w

e ship is “generic” FO
R

-

T
R

A
N

-77 for the PC. N
o arrays or

C
O

M
M

O
N

blocks are larger than 64K
.

T
his should

 provid
e a good

 starting
point for ad

apting the program
s to

w
hichever FO

R
T

R
A

N
 com

piler you
m

ay be using.

C
ornell E

cology P
rogram

s

M
S

-D
O

S
™
 M

icrocom
puter P

ackage

n
C
E
P
-
P
C
e
l

S
ingle L

icense

n
C
E
P
-
P
C
e
a

A
dditional L

icense

n
C
E
P
-
P
C
e
s

S
ite L

icense

❦

C
E

P
 M

S
-D

O
S

™
 M

icrocom
puter P

ackage

- 15
-

T
he m

ost pop-

ular of the

C
ornell

E
cology

P
rogram

s

have been

adapted to run

onM
S

-D
O

S
™

com
puters.

<
tech@

m
icrocom

puterpow
er.com

>
<

http://w
w

w
.m

icrocom
puterpow

er.com
>

perm
utations am

ong sam
ples-w

ith-
in-blocks or sam

ples-w
ithin-loca-

tions. V
alid

 perm
utation m

ethod
s

are includ
ed

 for tim
e series, line

transect and
 rectangular grid

s and
repeated

 m
easurem

ent d
esigns, e.g.

the B
efore-A

fter-C
ontrol-Im

pact
d

esign.

4
.C

A
N

O
C

O
can perform

 a forw
ard

selection of environm
ental vari-

ables in ord
er to d

eterm
ine w

hich
variables best explain the species
d

ata. A
t each step, a M

onte C
arlo

statistical test can be carried
 out to

jud
ge the significance of the selected

variable.

D
ata input 

C
A

N
O

C
O

uses A
SC

IIfiles as input.
C

A
N

O
C

O
can read

 species d
ata,

environm
ental variables and

 covari-
ables that are either in free form

at or
in C

ornell cond
ensed

 form
at or in

full form
at. T

he solution file of the
analysis cannot only be used

 for
graphics program

s, but also be used
as input for subsequent analyses.
T

his possibility allow
s one, for

exam
ple, to use principal com

po-
nents extracted

 from
 environm

ental
d

ata as input for a later canonical
analysis of species d

ata.

O
utput options

T
he C

A
N

O
C

O
 solution file is stan-

d
ard

 input for the program
C

A
N

O
PL

O
T

 that prod
uces printed

ord
ination d

iagram
s or, on M

S-D
O

S

com
puters, for C

anoD
raw

™
 that

prod
uces ord

ination d
iagram

s,
biplots and

 triplots on the screen and

analysis (PC
A) and

 the canonical
form

 of PC
A

, called
 red

und
ancy anal-

ysis (R
D

A
). R

ed
und

ancy analysis is
also know

n und
er the nam

es of
red

uced
-rank regression (D

avies and
T

so, 1982) and
 PC

A
of y w

ith respect
to x (R

obert and
 E

scoufier, 1976). For
these linear m

ethod
s there are

options for centering/
stand

ard
iza-

tion by species and
 by sites and

 for
the m

ethod
 of scaling the species

and
 site scores for use in the biplot.

Principal coord
inates analysis and

canonical variates analysis are also
available.

2
.C

A
N

O
C

O
can also carry out “par-

tial” analyses in w
hich the effects

of particular environm
ental, spatial

or tem
poral “covariables” are elim

i-
nated

 from
 the ord

ination. A
 partial

analysis allow
s one to d

isplay the
resid

ual variation in the species d
ata

and
 to relate the resid

ual variation to
the variables one is specifically inter-
ested

 in. Partial canonical correspon-
d

ence analysis is the appropriate
technique for the analysis of perm

a-
nent plot d

ata or for the joint analy-
sis of d

ata from
 several locations.

3
.C

A
N

O
C

O
allow

s one to test statis-
tically w

hether the species are
related

 to supplied
 environm

ental
variables. T

he test provid
ed

 is a
M

onte C
arlo perm

utation test
(M

anly, 1990). T
he effect of a partic-

ular environm
ental variable can be

tested
 after elim

ination of possible
effects of other (environm

ental) vari-
ables by specifying the latter as
covariables. For the analysis of ran-
d

om
ized

-block experim
ents or d

ata
from

 several locations, there is an
option to restrict the perm

utation to

C
A

N
O

C
O

™

- 6
-

T
est 

statistically

whether the

species are 

related to 

supplied 

environm
ental

variables.
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The C
O

R
N

E
LL E

C
O

LO
G

Y
 P

R
O

G
R

A
M

S
 (C

E
P)

series, edited by H
ugh G

auch, has been dis-
tributed by C

ornell U
niversity since 1971.

These FO
R

TR
AN

-IV program
s are in the public

dom
ain, and have been offered by C

ornell
U

niversity w
ith no w

arranty, express or
im

plied, and w
ith no legal liability or responsi-

bility.
As of Septem

ber, 1986, H
ugh G

auch left
the Section of Ecology and System

atics of
C

ornell U
niversity, and at that tim

e C
ornell

ceased to distribute these program
s.

D
istribution has now

 been undertaken by
M

icrocom
puter P

ow
er, Ithaca, N

ew
 Y

ork,
and 

H
ugh 

G
auch 

is 
w

orking 
w

ith
M

icrocom
puter Pow

er.
M

icrocom
puter Pow

er distributes tw
o ver-

sions of the C
EP program

s:

(1) the original FO
R

TR
AN

-IV version of the
program

s.
(2) a revised FO

R
TR

AN-77 version of the
m

ost popular program
s.

The original version, being in the public
dom

ain, m
ay still be copied or used for any

purpose. M
icrocom

puter Pow
er m

erely offers
custom

ers a convenient source of copies, as
w

ell as som
e technical support.

The FO
R

TR
A

N-77 versions, including the
m

icrocom
puter versions, are proprietary

products of M
icrocom

puter Pow
er and

should not be copied w
ithout express

perm
ission.

M
icrocom

puter Pow
er continues the policy

of offering these program
s w

ith no w
arranty,

express or im
plied, and w

ith no legal liability
or responsibility. M

icrocom
puter Pow

er is an
independent com

pany in no w
ay associated

w
ith C

ornell U
niversity.

❧
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h
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C
o
r
n
e
l
l
 
E
c
o
l
o
g
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P
r
o
g
r
a
m
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w
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t
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C
O
M
P
O
S
E

M
S
-
D
O
S
™

M
i
c
r
o
c
o
m
p
u
t
e
r
 
P
a
c
k
a
g
e
 
S
p
e
c
i
f
i
c
a
t
i
o
n
s
:

©
1
9
8
7
-
1
9
9
1
 
 
M
i
c
r
o
c
o
m
p
u
t
e
r
 
P
o
w
e
r

S
y
s
t
e
m
 
R
e
q
u
i
r
e
m
e
n
t
s
 
a
n
d
 
C
o
m
p
a
t
i
b
i
l
i
t
y
:

•
 
M
S
-
D
O
S
™

O
p
e
r
a
t
i
n
g
 
S
y
s
t
e
m
 
v
e
r
s
i
o
n
 
2
.
0
 
o
r
 
h
i
g
h
e
r
.

•
 
5
1
2
K
 
R
A
M
.

• Numeric Coprocessor optional (will use if present).

•
 
D
O
S
 
t
e
x
t
 
d
i
s
p
l
a
y
 
(
t
h
e
r
e
 
s
h
o
u
l
d
 
b
e
 
n
o
 
p
r
o
b
l
e
m
 
r
u
n
n
i
n
g
 
t
h
e

p
r
o
g
r
a
m
s
 
o
n
 
a
n
y
 
m
o
d
e
l
 
M
S
-
D
O
S
™

m
a
c
h
i
n
e
)
.

A
r
r
a
y
 
D
i
m
e
n
s
i
o
n
s
 
o
f
 
t
h
e
 
E
x
e
c
u
t
a
b
l
e
 
m
o
d
u
l
e
s
:

N
o
n
z
e
r
o

S
p
e
c
i
e
s

S
a
m
p
l
e
s

A
r
r
a
y

P
r
o
g
r
a
m

E
l
e
m
e
n
t
s

D
E
C
O
R
A
N
A

5
0
0

8
0
0

3
8
,
0
0
0

T
W
I
N
S
P
A
N

8
0
0
*

5
0
0

3
0
,
0
0
0

C
O
M
P
C
L
U
S†

3
,
0
0
0

5
,
0
0
0

2
7
,
0
0
0

O
R
D
I
F
L
E
X‡

1
0
0

2
7
0

-
-
-
-

C
O
M
P
O
S
E

1
,
0
0
0

1
,
2
0
0

2
7
,
0
0
0

*
 
P
s
e
u
d
o
s
p
e
c
i
e
s
 
(
s
e
e
 
T
W
I
N
S
P
A
N
 m
a
n
u
a
l
)
.

†  C
O
M
P
C
L
U
S
 i
s
 
a
l
s
o
 
d
i
m
e
n
s
i
o
n
e
d
 
f
o
r
 
2
5
0
0
 
c
l
u
s
t
e
r
s
.

‡ 
O
R
D
I
F
L
E
X
 s
t
o
r
e
s
 
d
a
t
a
 
a
s
 
r
e
c
t
a
n
g
u
l
a
r
 
a
r
r
a
y
s
 
w
h
i
c
h
 
i
n
c
l
u
d
e

z
e
r
o
s
.

on som
e of the m

ost com
m

on hard
-

copy d
evices. 

C
A

N
O

C
O

 can also supply:
• m

eans, variances and correlations of
environm

ental 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 environm

ental variables w
ith

associated t-values,
• correlations of environm

ental variables
w

ith the ordination axes,
• centroids (w

eighted averages) of environ-
m

ental variables in the ordination diagram
.

In particular, classes of nom
inal environ-

m
ental variables are m

ore naturally dis-
played by their centroid in the ordination
diagram

 than by arrow
s. This option is also

useful for displaying the results of a cluster
analysis in an ordination diagram

.

C
A

N
O

C
O

 allow
s interactive d

ata
analysis: results of an analysis

can be d
isplayed

 at the term
inal and

after inspection the analysis can be
pursued

. e.g.:
• by changing from

 an indirect gradient
analysis to a direct gradient analysis,
• by dropping environm

ental variables or by
turning them

 into covariables,
• by reading other environm

ental variables
to be related to the current ordination axes
or to be used in further canonical analyses,
• by extracting m

ore than the default four
ordination axes.

P
C

 and M
acintosh

R
ead

y-to-use versions are avail-
able for M

S-D
O

S
com

puters and

the A
pple M

acintosh. O
n an M

S-D
O

S

PC
w

ith 405 K
b free m

em
ory,

C
A

N
O

C
O

3.1 can analyze 500 sam
ples,

500 species, 100 covariables and
 58

environm
ental variables, but w

ith
som

e ad
d

itional lim
itations on the

num
ber of species occurrences and

environm
ental and

 covariable values
(total d

ata space 45000 reals) A
n

80x87 coprocessor is optional. M
ore

d
em

and
ing in term

s of system
requirem

ents is C
anoD

raw
™

 L
IT

E,
w

hich is includ
ed

 w
ith the PC

 pack-
age. It has the sam

e system
 require-

m
ents as the C

anoD
raw

™
 program

itself d
etailed

 elsew
here in this cata-

log. O
n a PC

w
ith m

ath coprocessor
or on a stand

ard
 A

pple M
acintosh,

C
A

N
O

C
O

3.1 can analyze at m
ost 1000

sam
ples, 700 species, 75 environ-

m
ental variables and

 100 covari-
ables, (total d

ata size <
80000). T

he
M

acintosh version supports the
M

acintosh user interface only in file
launching from

 the Find
er and

 the
stand

ard
 open file d

ialog box from
w

ithin the program
. For use on a PC

or M
acintosh, the source cod

e is also
available at extra cost.

M
ainfram

es and W
orkstations

C
A

N
O

C
O

has been successfully
im

plem
ented

 on various m
ain-

fram
e com

puters. For im
plem

enta-
tion on V

A
Xen or m

ainfram
es, the

FO
R

T
R

A
N

77 source cod
e of C

A
N

O
C

O

can be supplied
 together w

ith
d

etailed
 com

pilation notes and
 a

d
em

onstration version of the pro-
gram

 on a PC
 or A

pple M
acintosh

d
iskette. 

C
A

N
O

C
O

™
C

E
P

 L
icense A

greem
ent

- 7
-

- 14
-

T
he m

icrocom
-

puter versions

are propri-

etary productsof 

M
icrocom

puter

P
ower

A
nalyze at

m
ost 10

0
0

sam
ples, 70

0

species, 75 envi-

ronm
ental vari-

ables and 10
0

covariables,

(total data size

<8
0
,0

0
0

reals).

<
tech@

m
icrocom

puterpow
er.com

>
<

tech@
m

icrocom
puterpow

er.com
>

<
http://w

w
w

.m
icrocom

puterpow
er.com

>
<

http://w
w

w
.m

icrocom
puterpow

er.com
>



L
icense options

T
he one-tim

e costs for single
licenses, m

ultiple licenses and
Site licenses/

L
A

N
(local area net-

w
ork) are specified

 on the ord
er

form
. D

ocum
entation (a m

anual and
a booklet w

ith relevant reprints) is
sent w

ith each license of the pro-
gram

. T
he Site license/

L
A

N
includ

es
10 copies of the d

ocum
entation and

perm
ission to d

uplicate the program
further for use at the site. T

he license
based

 on the FO
R

T
R

A
N

source cod
e

gives perm
ission to install the

Program
 on a single (m

ain fram
e)

processor. If the licensee is unable to
install the program

, a refund
 can be

obtained
 after all the m

aterial has
been returned

. A
n E

d
ucational d

is-
count is also available to U

niversity
shipping ad

d
resses.

C
anoco L

icenses

n
C
A
N
-
3
1
r
l

C
A

N
O

C
O

™
 

n
C
A
N
-
3
1
r
a

additional copies

n
C
A
N
-
3
1
r
s

site license

n
C
A
N
-
3
1
r
c

source code

C
anoco E

ducational L
icenses

n
C
A
N
-
3
1
e
l

educational licenses

n
C
A
N
-
3
1
e
a

additional copies

n
C
A
N
-
3
1
e
s

site license

n
C
A
N
-
3
1
e
c

source code

❦
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C
O

M
P

O
S

E
 

by C
harles L. M

ohler

C
O

M
PO

SE
 is a d

ata m
anagem

ent
program

 w
hich checks errors,

ed
its and

 form
ats d

ata for use by
other program

s in the C
ornell

E
cology Program

s series. A
s w

ith all
program

s in the C
E

P series, C
O

M
PO

SE

is d
esigned

 to operate on a tw
o

d
im

ensional d
ata array. T

ypically
such an array w

ill consist of abun-
d

ance values of species m
easured

 at
a num

ber of sam
ple locations.

O
ccasionally one m

ay have d
ata of

three or m
ore d

im
ensions. In ecolog-

ical applications these are com
m

only
encountered

 w
hen several attributes

are m
easured

 on each species in sev-
eral sam

ples, or w
hen species are

sam
pled

 repeated
ly at several loca-

tions. C
O

M
PO

SE
 has ed

iting capabili-
ties w

hich can red
uce such three

d
im

ensional d
ata to a tw

o d
im

en-
sional structure suitable for process-
ing w

ith the other program
s.

C
O

M
PO

SE
 accepts d

ata in m
any vari-

eties of tw
o basic form

ats: Full
M

atrix and
 C

ond
ensed

. T
hese are

A
SC

II text files w
ith d

ata in colum
ns

such as a L
otus™

 .PR
N

 file, d
B

ase™
or FoxB

ase™
 SD

F file. C
O

M
PO

SE
 con-

verts these to the restricted
 con-

d
ensed

 form
at w

hich is acceptable to
all program

s in the C
ornell E

cology
Program

s M
S-D

O
S™

 m
icrocom

puter
package. In ad

d
ition to prod

ucing
the ed

ited
 and

 reform
atted

 d
ata

m
atrix, the program

 prod
uces a ses-

sion listing w
hich echoes all d

is-
course appearing on the screen, as
w

ell as listing useful inform
ation

about the d
ata.

C
O

M
PO

SE
 has a variety of ed

iting
functions. It autom

atically ad
d

s
together all occurrences of a species
w

ithin each sam
ple. A

t the users
request it w

ill m
erge any num

ber of
d

ata sets. It w
ill elim

inate species
and

 sam
ples at the users request. It

can ad
d

 together species and
 assign

a new
 nam

e to the resulting entity
(if, for exam

ple, you w
ant to m

erge
species w

ithin a genus), and
 it can

form
 com

posite sam
ples from

groups of sam
ples. T

he program
 can

also apply a variety of statistical and
ecological transform

ations to the
d

ata.
C

O
M

PO
SE

 checks for and
 flags errors

in the d
ata and

 accom
panying lists

of nam
es and

 param
eters. For this

reason w
e recom

m
end

 that you run
d

ata sets through C
O

M
PO

SE
 even if

they have been entered
 in a restrict-

ed
 cond

ensed
 form

at and
 no ed

iting
is d

esired
. T

he C
ornell E

cology
Program

s are quite easy to use, but
in the interest of m

axim
izing array

space for analyses, they d
o m

inim
al

checking of the structure of the d
ata

set at run tim
e. M

ost of the problem
s

people encounter w
ith the program

s
involve im

properly structured
 d

ata
sets. C

O
M

PO
SE

 is a valuable tool for
avoid

ing such problem
s.

T
he M

S-D
O

S™
 executable m

od
ule is

d
im

ensioned
 for 1,000 Species, 1,200

Sam
ples, 27,000 non-zero array ele-

m
ents.

C
O

M
PO

SE
 is includ

ed
 w

ith C
E
P
-

P
C

. It is also available separately as:

n
C
L
M
-
C
M
e
l

C
O

M
P

O
S

E
™

program
 for data preparation

❦

C
O

M
P

O
S

E
C

A
N

O
C

O
™
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ptions
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O
ne-tim

e

costs for

licenses are

specified on

the order

form
.

C
O

M
P

O
S

E

is included with

C
E
P
-
P
C

. 

T
o m

inim
ize

problem
s with

C
E

P
 data

sets, we rec-

om
m

end that

you

process data

sets with

C
O

M
P

O
S

E

to be sure

they are 

properly 

form
atted,

even if no fur-

ther editing is

desired.

<
tech@

m
icrocom

puterpow
er.com

>
<

tech@
m

icrocom
puterpow

er.com
>

<
http://w

w
w

.m
icrocom

puterpow
er.com

>
<

http://w
w

w
.m

icrocom
puterpow

er.com
>



m
on d

ata m
atrix transform

ations.
Species and

 sam
ples m

ay be id
enti-

fied
 by user-supplied

 8-character
alphanum

eric nam
es.

O
rd

ination results m
ay be

graphed
. A

lso, the d
ata m

atrix can
be printed

 as one-character d
ecile

values, w
ith row

s and
 colum

ns
arranged

 accord
ing to the rank of

ord
ination scores.

W
A

 and
 PO

 m
ay be d

one by species
or by sam

ples: PC
A

 and
 R

A
 d

o both
sim

ultaneously, PO
 end

points m
ay

be specified
 by the user, or supplied

autom
atically by three alternative

proced
ures.

A
ny num

ber of ord
inations m

ay be
applied

 in a single run to any d
ata

set, but only one ed
iting and

 trans-
form

ation is allow
ed

 for each d
ata

set (although it m
ay be read

 in sever-
al tim

es to allow
 several transform

a-
tions).

T
he m

anual includ
es a chapter on

ord
ination theory, explaining the

purpose and
 process of ord

ination,
w

ith recom
m

end
ations on all steps

from
 collection of field

 d
ata to final

presentation of results.
T

he O
R

D
IFL

E
X

 m
anual also d

escribes
24 supplem

entary d
ata sets for use

in gaining fam
iliarity w

ith R
A

 results
for a variety of d

ata set properties.
T

he M
S-D

O
S™

 executable m
od

ule is
d

im
ensioned

 for 100 Species, 270
Sam

ples, 27,000 array elem
ents.

❦

D
atabase of 

S
im

ulated T
est D

ata

T
he C

E
P Series offers tw

o exten-
sive files of sim

ulated
 test d

ata
sets that have been presented

 and
analyzed

 in num
erous articles.

T
hese sim

ulated
 d

ata sets vary in
several properties, includ

ing level of
heterogeneity, num

ber of und
erlying

grad
ients, noise level, sam

ple num
-

ber and
 d

istribution, and
 the pres-

ence of partial or com
plete d

isjunc-
tion and

 of outliers of tw
o types.

T
he variety of test d

ata sets includ
-

ed
 is d

eliberately intend
ed

 to reveal
the perform

ance of m
ultivariate

m
ethod

s und
er a w

id
e variety of cir-

cum
stances in ord

er to facilitate a
balanced

 assessm
ent of the m

erits of
new

 m
ultivariate m

ethod
s.

A
 file w

ith 24 d
ata sets is d

escribed
in the d

ocum
entation for O

R
D

IFL
E

X

and
 is includ

ed
 w

ith both the m
ain-

fram
e and

 m
icrocom

puter versions
of that program

.
A

 larger group of 30 d
ata sets is

includ
ed

 at no charge w
ith any ord

er
for the m

achine read
able source of

the FO
R

T
R

A
N

-IV
 versions of the C

E
P

program
s. For PC

 users and
 other

interested
 ind

ivid
uals, these d

ata
sets are also available separately.

T
hese d

ata sets are of great inter-
est to und

erstand
 how

 m
ultivari-

ate analyses treat various d
ata sets of

know
n und

erlying structure.

n
C
E
P
-
S
D

D
atabase of S

im
ulated

T
est D

ata

❦

C
anoD

raw™
 3.0

by P
etr Sm

ilauer

C
anoD

raw
™

 3.0 is a PC
program

w
hich intelligently prod

uces
high quality graphics from

 the

num
erical output of C

A
N

O
C

O
. T

his
new

 version sports an all new
 inter-

face w
hich allow

s rapid
 m

ouse selec-
tion of features, intuitive ad

justm
ent

of d
ata and

 sim
plified

 selection of
the m

any new
 presentation options.

PC
users receive a L

IT
E

 version of
C

anoD
raw

™
 3.0 w

ith the C
A

N
O

C
O

package but the exciting d
evelop-

m
ent is the full version 3.0 program

now
 sold

 separately.

O
pen N

ew V
istas as you E

xplore your D
ata

Y
ou w

ill control
m

ore d
etails of

your graphs: suppress
ind

ivid
ual

item
s or

force them
 to appear;

ed
it their labels; assign

item
s to groups on

screen or from
 a file and

 give them
d

ifferent colors or shad
ings.

E
ven m

ore significant for the seri-
ous investigator are the m

od
el-

ing tools and
 new

 types of graphics
available in C

anoD
raw

™
 3.0. Y

ou
can m

od
el species response

curves and
 graph them

. Y
ou

can even generate contour
plots of
d

ata

onto m
ap coord

inates or into ord
ina-

tion space.

C
anoD

raw™
T

he C
ornell E

cology P
rogram

s

- 9
-

- 12
-

T
he

S
im

ulated

D
ata S

ets

are of great

interest to

understand

how m
ultivari-

ate analyses

treat data of

known underly-

ing structure.

R
eveal secrets

in your data

you could only

guess at

before.

<
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m
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S
y
s
t
e
m
 
R
e
q
u
i
r
e
m
e
n
t
s

f
o
r
 
C
a
n
o
D
r
a
w
™

3
.
0

•
 
P
C
 
G
r
a
p
h
i
c
s
 
C
a
r
d
s
:

T
y
p
e

C
o
l
o
r
s

R
e
s
.

E
G
A

16
6
4
0
x
3
5
0

E
G
A

b
/
w

6
4
0
x
3
5
0

V
G
A

16
6
4
0
x
4
8
0

M
C
G
A

b
/
w

6
4
0
x
4
8
0

A
T
T
4
0
0

b
/
w

6
4
0
x
4
0
0

I
B
M
 
8
5
1
4
A

16
1
0
2
4
x
7
6
8

•
 
A
T
 
C
l
a
s
s
 
P
C
 
o
r
 
b
e
t
t
e
r

(
8
0
2
8
6
,
8
0
3
8
6
,
8
0
4
8
6
 
o
r
 
f
u
l
l
y

c
o
m
p
a
t
i
b
l
e
 
p
r
o
c
e
s
s
o
r
 
i
n
c
l
u
d
i
n
g

S
o
f
t
P
C
 
o
r
 
S
o
f
t
W
i
n
d
o
w
s
 
o
n
 
t
h
e
 
M
a
c
)

•
 
M
S
-
D
O
S
 
3
.
1
 
o
r
 
h
i
g
h
e
r

•
 
E
M
S
 
v
e
r
s
i
o
n
 
3
.
0
 
(
L
I
M
 
E
M
S
)

o
r
 
h
i
g
h
e
r
 
 
o
r

X
M
S
 
v
e
r
s
i
o
n
 
2
.
0
 
o
r
 
l
a
t
e
r

•
 
P
C
 
G
r
a
p
h
i
c
s
/
D
e
v
i
c
e
 
F
o
r
m
a
t
s
:

B
rLeaf

E
2C

on
S

lope

E
1

E
xp

R
ocks

A
ltit

1.5

2

2

2.5

2.5

3

3.5

4

A
d
o
b
e

I
l
l
u
s
t
r
a
t
o
r
 
*

E
p
s
o
n
-
F
X

E
p
s
o
n
-
L
Q

H
P
-
L
a
s
e
r
J
e
t

P
o
s
t
S
c
r
i
p
t
*

H
P
G
L
/
7
4
7
0

H
P
G
L
/
7
4
7
5

T
I
F
F
 
F
i
l
e

*
P
C
X
 
F
i
l
e

* T
hese file form

ats are also com
patible w

ith
M

acintosh page layout softw
are (F

ram
eM

aker,
P

ageM
aker, and Q

uarkX
press).
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T
E

X
T

B
O

O
K

: M
ultivariate

A
nalysis in C

om
m

unity E
cology

by H
ugh G

. G
auch.

U
sers of the C

ornell E
cology

Program
s m

ay also w
ant a copy

of M
ultivariate A

nalysis in C
om

m
unity

E
cology, by H

ugh G
. G

auch, Jr., from
the C

am
bridge U

niversity P
ress (1982).

T
here are 298 pages and

 7 chapters:
Introduction, Sam

pling M
ethods, D

irect
G

radient Analysis, O
rdination,

C
lassification, Applications, and

C
onclusions.

T
his book em

phasizes both princi-
ples (ecological and

 m
athem

atical)
and

 applications. Preferred
 m

ulti-
variate m

ethod
s are em

phasized
,

rather than presenting a com
pend

i-
um

 of all the m
ethod

s that have been
suggested

.
T

he book treats the algorithm
s

used
 by each of the C

E
P program

s—
O

R
D

IFL
E

X
, C

O
M

PC
L

U
S, D

E
C

O
R

A
N

A
,

T
W

IN
SPA

N
 and

 D
A

T
A

E
D

IT—
and

 d
evel-

ops an integrated
 research strategy

that em
ploys all these program

s.
R

ead
ersh

ip
ad

vanced
 und

ergrad
u-

ate stud
ents, grad

uate stud
ents, and

professional researchers, prim
arily

in ecology and
 related

 applied
 field

s
(forestry, natural resources, agrono-
m

y, and
 environm

ental m
anage-

m
ent).
Som

e consid
eration is also given to

other field
s such as business, eco-

nom
ics, psychology, ed

ucation,
social and

 political sciences, and
m

ed
icine because of the w

id
e appli-

cability of m
ultivariate m

ethod
s.

n
H
G
G
-
P
Ê
G
a
u
c
h

(19
8
2)

❧

D
escription of T

he M
ajor

P
rogram

s in the C
ornell

E
cology P

rogram
s S

eries

D
E

C
O

R
A

N
A

by M
ark O

. H
ill

M
S-D

O
S™

 adaptation by C
harles L. M

ohler

D
E

C
O

R
A

N
A

 is a FO
R

T
R

A
N

 program
for d

etrend
ed

 correspond
ence analy-

sis. D
E

C
O

R
A

N
A

 im
proves upon recip-

rocal averaging (w
here reciprocal

averaging (R
A) and

 correspond
ence

analysis are synonym
s; Journal of

E
cology 61:237-249, 65:157-174,

69:135-152, and
 V

egetatio 42:47-58)
D

E
C

O
R

A
N

A
 avoid

s the arch or horse-
shoe problem

 of R
A

(the second
 axis

is frequently a quad
ratic d

istortion
of the first axis), and

 it also scales the
ord

ination axis to avoid
 the contrac-

tion of axis end
s in R

A.
O

ur tests ind
icate that in general

D
E

C
O

R
A

N
A

results are superior to R
A

,
m

ultid
im

ensional scaling, and
 prin-

cipal com
ponents analysis, m

aking it
the best general purpose ord

ination,
particularly for very heterogeneous
d

ata sets. D
E

C
O

R
A

N
A

can also com
-

pute R
A

scores.
D

E
C

O
R

A
N

A
uses an exceptionally

fast algorithm
 w

ith alm
ost linear

com
puter requirem

ents w
ith respect

to the am
ount of d

ata; thousand
s of

species and
 sam

ples are practical.
T

he M
S-D

O
S™

executable m
od

ule is
d

im
ensioned

 for 500 Species, 800
Sam

ples, 38,000 non-zero array ele-
m

ents.

T
W

IN
S

P
A

N

by M
ark O

. H
ill

M
S-D

O
S™

 adaptation by C
harles L. M

ohler

T
W

IN
SPA

N
is a FO

R
T

R
A

N
program

 for
tw

o-w
ay ind

icator species analysis.
T

W
IN

SPA
N

is an im
provem

ent upon
the original ind

icator species analy-
sis in that species are classified

 as
w

ell as sam
ples (Journal of E

cology
63:597-603 and

 69:537-557).
T

he result is sim
ilar to that

obtained
 by B

raun-B
lanquet table

arrangem
ent:

T
he com

puter w
orkload

 rises
approxim

ately linearly w
ith the

am
ount of d

ata.

T
he M

S-D
O

S™
 executable m

od
ule is

d
im

ensioned
 for 800 Pseud

ospecies,
500 Sam

ples, 30,000 non-zero array
elem

ents.

C
O

M
P

C
L

U
S

by H
ugh G

. G
auch

M
S-D

O
S™

 adaptation by C
harles L. M

ohler

C
O

M
PC

L
U

S is a program
 for rapid

initial clustering of large d
ata sets. It

is executed
 interactively (see

V
egetatio 42:103-111).
For each cluster a com

posite sam
-

ple is prod
uced

 w
hich is sim

ply the
average of the sam

ples contained
;

these com
posite sam

ples are often
useful for subsequent analysis by
ord

ination or by hierarchical cluster-
ing.

C
om

puting requirem
ents are linear

w
ith respect to the am

ount of d
ata,

and
 thousand

s of species and
 sam

-
ples are practical. T

he com
puting

tim
e for clustering is on the ord

er of
the tim

e required
 m

erely to read
 the

d
ata.
T

he M
S-D

O
S™

 executable m
od

ule is
d

im
ensioned

 for 3,000 Species, 5,000
Sam

ples, 27,000 non-zero array ele-
m

ents.

O
R

D
IF

L
E

X

by H
ugh G

. G
auch

M
S-D

O
S™

 adaptation by C
harles L. M

ohler

O
R

D
IFL

E
X

 is a flexible program
 for

four ord
ination techniques:

• w
eighted averages (W

A)
• polar (Bray-C

urtis) ordination (PO)
• principal com

ponents analysis (PC
A)

• reciprocal averaging (R
A)

A
 sim

ple control line is used
 to

select the com
putations d

esired
 for

each d
ata set. T

he form
at of the

input species-by-sam
ples d

ata
m

atrix is flexible and
 O

R
D

IFL
E

X
 can

apply elem
entary ed

iting and
 com

-

T
he M

ajor C
E

P
 P

rogram
s

T
E

X
T

B
O

O
K

; T
he M

ajor C
E

P
 P

rogram
s

- 11-
- 10

-

T
he book

treats the

algorithm
s

used by each

of the C
E

P

program
s,

em
phasizing

both principles

and 

applications.

E
ach of the

m
ajor pro-

gram
s

described at

left is included

in the
C
E
P
-
P
C

M
S

-D
O

S
™

M
icrocom

puter

P
ackage.
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