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1. Introduction

A nested structure is a basic feature of many
communities spread over a series of islands or
mainland sites (Atmar and Patterson 1993). Nested-
ness measures whether the faunal composition of dif-
ferent study sites form perfect subsamples from a lar-
ger common species pool (a nested pattern) or whether
local peculiarities occur. These peculiarities might
affect several ecological processes like extinction
probabilities, species turnover, competition, or reintro-
duction success in bioconservation (Patterson and At-
mar 2000).

Different mechanisms can cause a nested pat-

tern of species occurrences. Most common seems to be
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a passive sampling (Andren 1994, Cutler 1994). Sites
of different species numbers form subsamples of the
species pool. This situation should predominate for
communities of highly dispersive species and for sites
within a homogeneous area. Next, habitat isolation
might create nested subsets through dispersal limita-
tion and selected immigration or extinction (Patterson
and Atmar 1986, Lomolino 1996, McAbendroth et al.
2005). Further, nested habitat types, disturbance re-
gimes, and patterns of hierarchical niche overlap are
supposed to create nested distributions (Kolasa 1996,
Wright et al. 1998, Honnay et al. 1999, Atmar and
Patterson 2000).

The basic pattern is shown in Figs. 1 and 2.

A B CDEFGHI J KL MNOTFP Sum
1 16
2 16
3 14
4 11
5 10
6 8
7 7
8 6
9 5
10 4
11 4
12 4
13 3
14 3
15 3
16 2
17 2
18 3
19 1
20 1

Sum 15 14 13 1211 111010 9 9 9 9 8 6 5 5Fig. 1 sum2018 1412 9 9 7 6 5 5 4 4 3 3 2 2Fig.2
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Fig. 3 Original matrix
A B CDEFGHI J KL MNOFP Sum

1 16
2 7
3 16
4 9
5 5
6 1
7 12
8 3
9 9
10 1
11 6
12 1
13 9
14 1
15 11
16 2
17 6
18 6
19 1
20 10

Sum 11 610 9 7 9 4 912 6 8 5 10 6 10 10

Fig. 4 Packed matrix

| ACMOPDEFHIKEBJNL G Sum

1 16
3 16
7 12
15 1
20 10
4 9
9 9
13 9
2 7
11 6
17 6
18 6
5 5
8 3
16 2
6 1
10 1
12 1
14 1
19 1

Sum 12 11 10 10 10 10 9 9 9 8 7 6 6 6 5 4

Two presence absence matrices of 20 species (1 to 20)
and 16 sites (A to P) have been sorted according to
species (rows) and site (columns) totals so that species
occurrences (the yellow squares) are concentrated in
the upper left corner. In Fig. 1 this sorting is far from
being perfect. In Fig. 2 a sharp boundary between oc-
cupied and unoccupied sites appears. There is only one
unexpected occurrence and one unexpected absence.
This latter matrix appears to be highly ordered. The
basic idea behind the measuring of nestedness is there-
fore to assess its state of ordering.

Several measures have been proposed to meas-
ure the degree of nestedness (Ulrich and Gotelli
2007a, b). Patterson and Atmar (1986) proposed to
count how often a species is absent from a site more

species richness than the most impoverished site it
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occurs (NO). N1 is the compliment of NO and counts
presences of a species at sites species poorer than the
richest site it occurs (Cutler 1991). NC counts the
number of pairwise species co-occurrences summed
over all combinations of sites (Wright and Reeves
1992). UA, UP, and UT count unexpected absences
(UA) from more species rich sites and presences (UP)
from more depauperate sites (Cutler 1991). UT (the
sum of UA and UP) is the total number of deviations
from perfect nestedness (Wright et al. 1998). Brualdi
and Sanderson (1999) proposed to use the number of
discrepancies (absences or presence) that must be
filled and erased to produce a perfectly nested matrix
(BR). BR is therefore similar to the concept of UT.
The above measures treat all cells of the matrix
equally. Atmar and Patterson (1993, 1995) introduced
a concept that considers also the placement of a cell in
a give matrix. They used an information approach to
define the degree of ordering in a presence absence
matrix and defined a matrix temperature T in the range
between 0° (perfect order) and 100° (perfect disorder)
in a three step process. The first step involves the
rearrangment (the packing) of the matrix in such a way
that the packed matrix has a minimum temperature.
This will be in most cases (but by far not in all cases )
a matrix sorted according to row (species) and column
(sites) totals (Fig. 3, 4). T is now computed in the
following way. A point [X,Y] is chosen that divides

the matrix diagonal according to matrix fill (= number
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of occupied cells divided through the total number of fABCDEFGH s
cells) . Hence X = fill *Sp and Y = fill * Si, with Sp ; 4
and Si being the numbers of species and sites, % 4‘;
respectively. Lines are drawn from the matrix edges to : 4
this point (Fig. 5). Below these are called the border ]‘? g
lines. Atmar and Patterson then constructed an isocline iz é
(red in Fig. 5) that divides these lines and forms areas X :

17| 5

above and below them in such a way that the areas

sum 17 17 17 11 9 9 10 10 Fig. 6
above equal the areas below. The isocline divides Mestedness Calculator

therefore the whole matrix in two parts with the upper || Commands

loaddata | [ print | [ format | systemtemperat

part equaling the matrix fill (fill*Sp*Si) and the lower
part the unoccupied area ([ 1-fill]*Sp*Si).

The distance d; (Fig. 5) of an empty cell [i;]]
(unexpected absence) above the isocline or an “
occupied cell [i;j](unexpected presence) below the

isocline is now a measure of disorder. Because these
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distances rely on matrix size and matrix form, the
relative measure (d;j / Dij)z IERINCORR S NDASTRIICE  note: 2 duplicate ‘all-black’ row(s] and 2 column(s]
were removed from the top and the left of the matrix,
total length of the diagonal through the focal cell [i;]]. BRUEERU T GUAGTE TN R R A LET WL L]
data, :and all row totals will similarly be 2 less than
T is now defined as the original data.
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Commands

(toad data ) [ ptint ) [Tomat ] sentenoersae [EEEE " TN I

Matnix Dperations

notes about the matrx format
maximally pack matrix theomn
calculate matrix temp theomny

E maximize dizplay theom

idiozpncratic temps theom
caleulate probability theomn
shate occupancy theorny

Probability Calculator

please enter -
LN gize

beqin run
theomn
cancel run

monte carlo-denived probability that
matnx was randomly generated

205e-01 [-83a]
rur count; 50
average: 41.12°
shd. dew; 3157
[ I I I l T l T ]
o° o 2’ iy 407 a0 60° o anr o 1a0”
sypstem temperature

PL7<107 = 33604 [-3.41 0] Iging this computer, the estimated time neceszam to draw at least one
Pl 7 ¢ 207 =1.00e-02 [-221a] matri colder than the actual data; 2 seconds.




Sp Si

33w

i=l j=1

100
0 04145 SpSl

It is also possible to define so-called idiosyn-
cratic temperatures for each species (Ts,) and each site
(Ts;) that measure the respective numbers of unex-

pected occurrences and absences.
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The value of Uy, = 0.04145 is approximately
the maximum possible disorder of any given matrix.

To assess, whether T is significant and deviates
from a temperature that would occur in a given matrix
just by chance temperatures have to be compared with
those obtained from an appropriate null model. Atmar
and Patterson used the Random00 model where occur-
rences are randomly assigned to matrix cells irrespec-
tive of the observed total numbers per site and species
(equiprobable row and column constraints). The nest-
edness temperature calculator (NTC) designed by
Atmar and Patterson (1995) to perform all these calcu-
lations is now a standard tool in the analysis of pres-
ence absence matrices.

Unfortunately, the concept used by Atmar and
Patterson and the calculator have some well known
disadvantages (Fischer and Lindenmayer 2002, 2005,
Rodriguéz-Gironés and Santamaria 2006).

First the use of the Random00 model makes
the calculator susceptible to detect nestedness as an
artefact of passive sampling (Fischer and Lindenmayer
2002). Hence, NTC does not take into account that
some species are more ubiquitous than others.

Second, complete rows or columns are elimi-
nated by the calculator because the isocline has to be
constructed from the edges. This leads to the following

undesired situation. The matrix of Fig. 6 contains 17
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| ACMOPDEFHEKEUBUJNLG Sum
1 16
3 D 16
7 12
15 0:P 11
20 10
4 d 9
9 13;J 9
13 9
2 X 7
11 6
17 6
18 6
5 5
8 3
16 D 2
6 1
10 1
12 1
14 1
19 1

Sum 12 11 10 10 1010 9 9 9 8 7 6 6 6 5 4 Fig 7

species in 8 sites. Three species occur at all sites and
three sites are occupied by all species. To construct the
isocline that divides the occupied from the unoccupied
area, two sites and two species have to be eliminated
by the calculator. From the rest the program infers no
significant nestedness although the original matrix
appears to be highly ordered.

Third, the Random00 model tends to homoge-
nize occurrences and points too often to a nested pat-
tern. Further, due to the well known portefolio effect
its variance is negatively correlated with matrix size.
Hence, the model overestimates standardized effects
sizes (Z=[x-p]/c) of larger matrices.

Fourth, NTC behaves poor in cases of abun-
dant checkerboard occurrences (Rodriguéz-Gironés
and Santamaria 2006). Checkerboards form two sites
were one species occurs at one site and the other not
and vice versa.

Lastly the calculator does not allow for a batch
run, necessary to test different null models. This fea-
ture makes it very time consuming to study multiple
models. The present program tries to overcome these
shortcomings by adding several features to the calcula-
tion of matrix temperatures.

Recently, Rodriguéz-Gironés and Santamaria
(2006) published a new nestedness calculator
(BINMATNEST) that overcomes some of these and
other shortcomings of NTC. They implemented a new

equation for the formerly weakly defined isocline and
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Fig.8: A: Comparison of matrix temperatures computed by NTC and by Nestedness. B: The same comparison
using the respective Z-scores. In both cases Random00 was used. The results of this and of the following Figs
are based on ten randomizations of the Random00 null model (due to runtime). Data sets are the 294 presence
absence matrices provided together with the Atmar Patterson calculator.

implemented additional null models.

Recently, Almeida-Neto et al. (2008) intro-
duced a new metric NODF (nestedness based on over-
lap and decreasing fill) that enables to differentiate
between a part of overall nestedness introduced by
species differences (NODFrows) and site differences

(NODFsites). NODF is calculated as follows:

> NPy
| |

n(n—l)}{

2
where n is the number of columns, n the number of

NODF =

m(m—1)
2

sites and NPpaired is the paired nestdedness degree in

the matrix ordered by row and column totals. The lat-
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ter is a standardized count how many joint pairs of
species exist at those combinations of sites and how
many joint pairs of sites exist for those combinations
of species where the marginal total of site/species 2 is
less than the marginal total of site/species 1 (for details

cf. Almeida-Neto et al. 2008).

3. Computing the matrix temperature
Nestedness uses the same principle for defining
the matrix temperature as Atmar and Patterson (1993).
T, Tsp and Tyg; are computed with the above equations.
In contrast to NTC and to BINMATNEST, however,

Nestedness does not use the isocline that divides the
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Fig. 9: A: Differences in the Z-scores of nestedness and NTC (A-Z-score) in dependence on matrix size (A) and

matrix fill (B).
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filled from the empty matrix area. The distances d;;

are based on the border lines from the point [X,Y] to
the matrix edges (Fig. 7). In contrast to NTC Nested-
ness does not eliminate full row and columns from the
matrix in order to construct these lines. The program
uses the last full row/column (if any exists) as end
point of the border lines as shown in Fig. 7. Three spe-
cies occupy all sites. The border line is drawn from the
third full row.

A further difference to NTC and to BINMAT-
NEST is that the user can choose whether cells adja-
cent to the border lines are considered for the calcula-
tion of T or not. The reason for this is that in matrices
with very low or very high fill or in matrices with
striking different numbers of rows and columns, the
small values of djj might sum to significant tempera-

tures although the matrix appears to be highly ordered.

Further, if (as current theory assumes) the degree of

disorder is correlated with extinction or introduction NTC Order

probability, cells near the borderline should be places
with high species turnover. Hence presence or absence
in these cells should be more affected by chance proc-
esses associated with point estimates. The effect on
temperature might be particularly severe at the edges
of the matrix were the values of Dj; are small.
Nevertheless the temperatures computed by
Nestedness are similar to those of NTC (Fig. 8). The

NTC temperatures are nearly always lower than the
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Fig. 10: Standard deviations (StdDev) of mean tem-
perature of the Random00 null model of NTC (red)
and Nestedness (black) in dependence on matrix size.

Tab. 1: A comparison of Z-scores of Nestedness and
NTC. Given are numbers of significant temperatures
(p < 0.05) indicating order or disorder of 291 of the
Atmar Patterson data sets

Nestedness
Order Disor- In_signi- Sum

der ficant
165 5 16 186
Disorder 1 4 17 22
Insignificant 34 4 45 83
Sum 200 13 78 291

Nestedness temperatures (Fig. 8A). However, when
comparing the respective Z-scores (using Random00)
both program give very similar results (Fig. 8B).

Table 1 shows that both programs identified
order in a similar way. They differed in about 11% of
cases while NTC being slightly less conservative (199

significances than Nestedness (186 significances).

30

25

60 80

Fig. 11: Standard deviations (StdDev) of mean temperature of the Random00 null model of NTC (A) and Nest-

edness (B) in dependence on matrix temperature T.
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S1234567891011 12

a 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00
b 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00 1.00
¢ 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
d 1.00 0.00 1.00 0.00 0.00 0.00 0.00 1.00 1.00 0.00 0.00 0.00
e 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00
f 0.00 1.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00 0.00 1.00 1.00
g 1.00 1.00 1.00 0.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00
h 0.00 0.00 1.00 1.00 1.00 1.00 0.00 1.00 0.00 0.00 0.00 0.00
i 1.00 1.00 0.00 1.00 0.00 0.00 0.00 1.00 1.00 0.00 0.00 0.00
j 0.00 0.00 0.00 0.00 0.00 1.00 1.00 1.00 0.00 1.00 1.00 0.00
k 0.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 0.00 0.00 0.00
1 1.00 1.00 0.00 1.00 1.00 1.00 0.00 0.00 1.00 0.00 1.00 1.00
m 0.00 1.00 1.00 1.00 1.00 1.00 0.00 1.00 1.00 0.00 0.00 0.00
n 0.00 1.00 1.00 0.00 0.00 1.00 1.00 1.00 0.00 1.00 0.00 0.00
o 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 0.00 1.00 0.00
p 1.00 1.00 1.00 1.00 0.00 1.00 1.00 1.00 1.00 0.00 1.00 0.00
q 0.00 0.00 1.00 1.00 0.00 0.00 1.00 1.00 0.00 0.00 1.00 0.00
r 1.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00 0.00 0.00 0.00 0.00
s 0.00 1.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 0.00 0.00
t 0.00 1.00 0.00 1.00 0.00 1.00 1.00 1.00 1.00 0.00 1.00 0.00

NTC identified 21 matrices as being disordered while
Nestedness only 13. In total Nestedness and the Atmar
Patterson calculator disagreed in 77 out of 291 cases
(26%).

Of course, the means of RandomOO are for
both calculators correlated with matrix size (R* > 0.3).
The feature makes the model less appropriate for the
study of nestedness. However, the difference in T and
in the detection probability of order and disorder be-
tween Nestedness and NTC are only weakly correlated
with matrix size (Fig. 9A) and matrix fill (Fig. 9B). It
seems that the standard deviation of the simulated
mean temperatures of the Random00 null model af-
fects the results of NTC more than of Nestedness. Sur-

prisingly, the standard deviations computed by NTC

StDevnrc - StDeVnestedness) 1N dependence on the matrix

are in the mean about 75% higher than those of Nest-
edness (Fig. 10, 11). This difference is most pro-
nounced at lower temperature (Figs. 11, 12). A multi-
ple regression with mean T and log transformed matrix
size did also point to mean T as influencing the stan-
dard deviation of the NTC means (p < 0.01). The de-
pendence vanished in the case of Nestedness (p > 0.5).
Hence, NTC is biased towards a rejection of a nested
pattern at smaller matrix temperatures of the Ran-

dom00 model.

3. Data structure

Nestedness needs one main plain Comment

text data file of the following structure. Testl.txt
Test2.txt

Test3.txt

rows species. Hence the matrix above Test4.txt
Test5.txt

The columns of the matrix are sites, the

contains 20 species distributed over 12

sites. The data file has to be a simple ASCII file with
data delimitated by one or more spaces. Accepted are
either abundance or presences absence data of the inte-
ger (In) or real format (fn.k) The first row contains site
names, the first column species names. The file has
therefore the same format that is needed for EcoSim
(Gotelli and Entsminger 2006). The number of species
is not limited, the maximum number of sites is about
150.

Alternatively, you may run Nestedness in a
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e C:\Documents and Settings\WiascicielMoje dokumentyWModelsiMestedness.exe

Program Hestedness: Uersion 2; 11.86.2088
Copuyright Dr. Werner Ulrich

The author does not take responsibhility for correct
program run or any damages caused by the program.

Ok Ok Ok ok ok kX
LI I A I

Mame of dinput file with extension. File haz to have Ecofim format.
If batch run leave blank.
test . txt

Mame of output file <with extension), default = Output.txt

Mame of matrix File {with extension?, default = Hatrix.txt

Mame of cell temperatures file <{with extension?,. default = Unexp.txt
Mull model for rvandomization:

Fixed r»ow and column constraints segquential swap (=2,

no constraints (equiprobable row and columnsi<el.

fixed row and egquiprobable column constraints £,

fixed column and equiprobable row constraints Cck,

random sampling according to ohserved frequencies of occurrence (o,
random sampling according to obhserved species abundances (al.

or random sampling from a lognormal distribution €12

Mumber of iterations for computing standawrd deviations of the null model
Default=1868

Minimum distance to borderline. Cells nearer to the horderline will be
exlcuded from the computation of the matrix temperature Cdefault = B.5>

How to pack the matrix prior to analysis?
According to richness €¢z; default), according to matrix temperature <t
or leaving unsorted <n>

n

test.txt Species: 15 Sites:
Runtime of program: Ahh ®min 8sec
Fortran Pause — Enter command<CR> or <CR>

g Temperature: 22.088

to continue.

batch. In this case the input files must have a structure
as shown above and the driver file contains only the
names of the data files. The first line has to be a com-

ment line.

4. Program run

First, the program asks for the files names. The
default output file names are Output.txt, Unexp.txt, and
Matrix.txt. You get the default values after returning
enter. If you don’t give the name of the data file and
return enter the program expects a batch run and a file
name with the data files.

Next, the program asks for the model for ran-
domization. You have seven possibilities: fixed row
and column constraints (input: s) using the sequential
swap algorithm (Gotelli 2000, 2001), no constraints
(equiprobable row and columns, input: e), or fixed row

(input: f) or fixed column (input: c¢) constraints only.

For details of the null models used see Gotelli (2000,
2001). The sequential swap model uses 25000 single
swaps to generate a randomized matrix.

The fifth null model (o) assigns species with a
probability according to the number of site occur-
rences. This model is therefore identical to the Ran-
dom 1 model of Patterson and Atmar (1986) and
Wright et al. (1998).

The sixth null model is a sampling model,
where the sites are filled with species using a random
sampling of individuals from a common species pool
that is structured according to a lognormal species
abundance distribution. In this case the program asks
for the shape generating parameter a of the lognormal
model. This has the typical form [S=S,Exp(-a(R-R)’]
and is computed using a normally distributed random
number on a log scale. Preston’s canonical lognormal

has the parameter value a = 0.2 (May 1975). In the
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[} Unexp.ixt - Notatnik g@l@l

Plik. Edvcja Faormat  ‘Widok Pomoc
testl.txt Species: 20 Sites: g rs
RowF ColF e N al az ROwWI coll
0 0 9.88 3.95 -2.58 2.44 20.00 5.00
Packed matrix with u-wvalues of unexpectedness: Temperature: 26. 54
1 3 4 2 5 g 8 7
a 0. 0000 0,0000 0.0000 0,0000 0,0000 0.0000 00,0000 0,0000 0. 0000
q 0. 0000 00,0000 0.1563 0,0000 0,0000 0.0901 0.0433 00,0000 0, 2897
c 0. 0000 0,0000 0.0000 0,0000 00,0737 0.0433 0,0000 0,0200 0.148%9
i 0. 0000 0,0000 0.0000 0,0658 0,0433 0.0182 0.0000 0,0501 0.18a3
=] 0.0000 0,0000 00,0000 O0,0000 00,0000 00,0056 0.0000 0.0000 0.0046
g 0.0000 00,0000 0.0000 00,0000 0,0116 0,0000 0.0000 0.0000 0.0116
o 0. 0000 0,0000 0.0314 0,0165 0,0000 0.0000 00,0197 0,0000 0. 0674
i 0. 0000 0,0000 00000 0,0000 0,0000 0.0027 00,0000 0,0000 0. 0027
d 0. 0000 0,0000 0.0000 0,0040 0,0000 0.0068 0,0000 0,0000 0. 0108
m 0. 0000 00,0000 0.0145 0,0015 0,0000 0.0000 00,0000 00,1521 0.1682
T 0.0000 0.0444 00,0094 00,0000 00,0027 0,00177 0.0000 0.0000 0.0742
1 0.0000 00,0352 0.004% 00,0000 00,0000 0,0238 0.0678 0.0000 0.1316
b 0. 0000 0,0257 0.0000 0,0000 0,0113 0.0000 00,0759 0,0000 0.112%9
E 0. 0000 0,0000 0.0000 0,0084 0,0000 0.0000 00,0000 0,0000 0. 0064
0. 0000 00,0000 0.0000 0,0145 0,0000 O.0000 00,0000 0,0000 0. 0145
T 0. 0000 0,0000 0.0077 0,0000 0,0000 0.0000 00,0070 0,0000 0.1047
h 0.0000 0,0000 0,0217 0,0000 00,0000 00,0000 0,0000 0O,0000 0.0217
f 0.0000 00,0113 0.0000 0,0807 00,0000 0,0000 0.0000 0.0000 0.0920
r 0. 0000 0,0000 0.0978 0,0000 0,0000 0.0000 00,0000 0,0000 0. 0978
s 0. 0000 0,0000 0.0000 0,0000 0,2150 0.0000 0,0000 0,0000 0, 2150
0.0000 0,116 0.3438 00,1720 0,2200 0.0354 0.1644 00,1548 w
Lin 1, kal 1

& Output. txt - Notatnik
Pl Edwcja Format  Widok  Pomoc

Hull madel: a Packing type: n Tterations: 100 Minimum distance: 0,500 e
= File HO SimH0  StdDewvHD Z-Ho Z-Ind SkewHO  LSEECHO  USEECHO

HD test. tx=t ) 0. &0 2.03 2.65 10.00 4. 79 0. 00 5. 00

= File H1 SimH1  StdDewHil Z-H1 H1-Ind SkewH1 LIEECHT UIEECH1

H1 test. tx=t 16 0.74 2.03 7.51 28. 26 3.87 0. 00 F.oo

= File HC SimHC  StdDewHC Z-HC MC=Ind SkewHC  LSSECHC  USSECHC

HC test. txt a4 E3. 36 12.22 1.69 38. 22 0.88 49,00 92,00

= File uR SimUA StdDewlA Z-UA URA-TInd SkewlUR  L3SHCUR  USSECUA

UR test. txt 0.00 0.0z 0.14 -0.14 —-0.04 F.o7 0.00 0.00

= File up SimUP  StdDeulp Z-UP UP-Ind SkewUP  LSSHCUP  USSECUP

UP test. txt 0.0o0 0. 0e 0.z28 -0. 22 -0.11 E. 18 0. 00 1.00

= File uT SimUT  StdDewlT Z-UT UT-Ind SkewUT  L9EECUT  USEECUT

UT test. txt 0.0 0.02 0.37 -0. 22 -0.15 4,80 0. 00 2.00

= File ER SimBR  StdDevER Z-ER BR-Ind SkewBR  L9SHECEBR  USSHCER

ER test.txt 23 3.29 4. 58 4,30 36.50 2,34 0,00 18,00

= File MODF  Si mHODF St DewHODF Z-HODOF  MODF-Ind SkewHODF L9SECHODF USSECHODF

HF test. txt 27 11 5.8 5.49 3.88 0.23 0. 51 0. 00 18,97

= File MODFcol  SimMODFC St DeMODFC £-HODFc MODF-Indc SkewMODFc L9SEMODFC USSEMODFC

F1 test. txt 19. 54 17.88 15. 80 0. 11 0.0z 0. 44 0.00 50.00

= File HMODFrow  SimHODFr St DeMODFF Z-HODFr WODF-Indr SkewMODFr L9SX¥MODFr USSEMODFr

F2 test.txt 29.132 2.59 4. 54 E.8t5 0.27 z.87 0,00 17.59

= File Species Sites Mat Fill HMatTemp SimTemp StdDew  Z-score Skewness LISEConf USEECont
MT test. tx=t 15 g 0.45 92,08 I3 E.EB9 1.94 0.54 FO.57 21. 06
Species TotalOcc Temp UnAbsOcc Site TotalOcc Temp UnAbsOcc

1 5 100. 00 3 1 7 100. 00 7

z 3 74.58 4 z =) 31.57 E

3 5 EE. 07 4 3 g E1.25 5

4 =) 45. 31 3 4 =] Z28. 36 4

) & Ed4. 329 2 & 7 79. 61 E

E 4 100. 00 4 & =) 8L, 84 E

7 2 49,3 2 7 3] 7E. 44 4

g 2 100. 00 E = ] 97. 44 E

2 2 E. B0 1

10 3 98,23 4

11 2 5384 3

12 3 100. 00 4

13 z EZ. 96 3

14 4 100. 00 4

15 4 100. 00 <] e

Lin 1, kal 1
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case of the lognormal null model col-

umn (site) species numbers are fixed
to the observed values (fixed column
constraint).

The seventh null model resam-
ples rows according to the observed
species abundance distribution calcu-
lated from row totals of abundance.
This last null model, of course, needs
abundance data as input.

Then the program asks for the
number of randomizations to compute
the null model means and standard
deviations, as well as upper and lower
95% confidence limits. In most cases
100 such randomizations will be
enough. Then you have to give the
minimum distance of a cell to the bor-
der line to be included in the computa-
tion of T. The default is 0.5. That

means cells adjacent to the line will be

B Matrix.txt - Notatnik
Pk Edycja Format  ‘widok Pomoc
Mull model: s

Packed matrix: testl.txt
1 3 4

a 1 1 1
o 1 1 0
c 1 1 1
i 1 01 1
e 1 1 1
g 101 1
u] 1 1 o]
i 1 1 1
d 1 1 1
m 1 1 o]
T 1 o} o]
1 1 o] o]
Ja} 1 o} o]
E 1 1 o]
1 1 o]

f 1 o] 1
h 1 1 1
n 4] 1 o]
r 1 o] 1
s 1 o] o]
1% 14 10

Last packed randomized matrix:

1 3 4
a 101 1
m 1 0 o0
d 1 01 1
i 1 0 1
g 101 1
5 1 0 o0
k 101 1
n 1 0 1
F 101 1
b 1 0 1
e 101 1
j 1 0 o0
t 1 0 1
q 0 1 1
o 1 0 1
c 1 1 1
n 101 1
r 1 0 o0
1 1 0 o0
h 1 0 o

19 14 10

Packing type:

2

2

T

v CcoklFoockPPococoRoRRPoRPRPRE
v PooocoocokRPoRRPRoRFoRPoCoP R

k] 7

w oocklRocoocoocooRPRPRRPREERERECoR
v PRoFoHFoRPocCcCc oo CoRRPORRE

Iterations:

- ocooooooobRPRFOoRFRRERooooR

Testl.

o FPooookFoobRFookRFoRFoolRooH

g 7
1 1 g
4] 1 5
4] 1 5
1 1 5
0 o] 5
4] o] 5
1 o} 5
4] o] 5
0 o} 5
4] 1 4
0 o} 3
1 o] 3
1 o} 3
4] o] 3
4] o] 3
1 o] 3
4] o] 3
4] o] 2
4] o] 2
4] o] 2
4] 5

txt Mo, of

4] 8
1 1 8
4] 1 5
1 o} 5
4] o] 5
4] o] 5
4] 1 5
4] o] 5
4] o] 5
4] o] 5
1 1 4
4] o] 3
4] 1 3
1 o] 3
0 o} 3
4] 1 3
0 o} 3
1 o] 3
o] o} 2
4] o] 2
o] o} 2
7 ]

3 Minimum distance:

Swaps:

Nestedness
FEX

0,500 A

5000

Lin 1, kol 1

excluded.

The next step involves the sorting algorithm. first sorts according to row and column totals and then

Theoretically, the matrix has to be packed as to mini- sorts rows and columns again according to tempera-

mize unexpected occurrences or absences. Hence the ture. This procedure gives in the vast majority of cases

matrix temperature has to become minimal. Nested- a good approximation to the desired state. However,

ness solves this problem in a two step procedure. It while not sorting rows and columns simultaneously, it

Z scores T(totals
minimized)

80
= 70 - y=1.07x
2
ﬁ 60 R = 083 () %
— LN )
€ 50 v
§ o0
£ 40 A ® b °
0 30 A ° [ ]
© e 0‘0
ég~ 20 1 o
o 18 i .. o A
0 20 40 60

T(T minimized)

80

10

5 .
0 .
-5
-10 1
-15 1
220 A
-25 1
230 A
-35 1

40
-70

-20

30

Z scores T(T minimized)

Fig. 13: A: The relation between matrix temperatures after packing according to matrix temperature and ac-
cording to row and column totals. Both values are very similar although some outliners occur. B: The same plot

using the respective Z-scores.
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70 30
60 :
] .
‘e : . * 21
501 H 20
540 >
2 Q15
30 5
20 | 10 4
.
10 4 54 L o
A W B
0 T 0
1 100 10000 1 100 10000
Matrix size Matrix size
80 14
70 4 . 12 4
60 1 10 4
50
=] & 6
30 1 Z
20 4 o
10 21
C D
0 - T 0 - T
1 100 10000 1 100 10000
Matrix size Matrix size
70 20
18 4
60 4
0 16 4
50 4 14 4
540 3121
2 Q10 4
30 o g |
20 61
10] 3]
E F
0 T T 0 - !
1 100 10000 1 100 10000
Matrix size Matrix size
7
61
5
3 41
a
0 3
P
14
G H
0 T :
1 100 10000 1 100 10000

Matrix size Matrix size

Fig. 14: Dependence of mean simulated matrix tem-
perature and its standard deviation on matrix size for
four null models implemented in Nestedness. A, B:
sequential swap; C, D: fixed row equiprobable col-
umn; E, F: equiprobable row, fixed column; G, H:
sampling from a lognormal (a = 0.2).

is not optimal (Rodriguéz-Gironés and Santamaria
2006). Nevertheless, for practical purposes the algo-
rithms appears to be sufficient.

Unfortunately, sorting time increases exponen-
tially with matrix size (a feature of NTC too). There-
fore, for larger matrices it might be desirable to ap-
proximate the optimal stage by a simple sorting ac-
cording to column and row totals. Fig. 13 shows that
the matrix temperatures after sorting according to row
and column totals are very similar to those obtained
from a sorting according to temperature. As expected
they are slightly larger than those obtained from tem-
perature minimalization. However, in about 5% of
cases (particularly at very low temperatures) the algo-

rithm runs into troubles and the simple sorting accord-

70 30
60 25
50 2
=40 é
2 15
£30 4 7]
20 A 101
10 51
e A
0 * & 0
0 02 04 06 08 1 0 02 04 06 08 1
Matrix fill Matrix fill
80 14
70 4 ¢ 12
60 1 104
50 -
3 a>> 8 1
Z 40 Q
30 n 8
20 41
10 27 ’
D
0 . : n_C 0 : : . .
0 02 04 06 08 1 0 02 04 06 08 1
Matrix fill Matrix fill
70 20
18
60 4
0 16 4
50 - 14 4
540 3121
Faoq 591
i . & a8l
B 8 of P
20 4 o 6 1 oo
10 ] 445 ‘] agnt .
' E 29 gt 11‘3*1 ‘e F
0 . . . ; 0 . : : :
0 02 04 06 08 1 0 02 04 06 08 1

Matrix fill

0.4 0.6
Matrix fill

04
Matrix fill

0.6 0.8 1

Fig. 14: Dependence of mean simulated matrix tem-
perature and its standard deviation on matrix fill for
four null models implemented in Nestedness. A, B:
sequential swap; C, D: fixed row equiprobable col-
umn; E, F: equiprobable row, fixed column; G, H:
sampling from a lognormal (a = 0.2).
ing to row and column totals gives better results.

You can also leave the matrix unsorted. This

feature is particularly helpful in studies of gradients

that might influence the degree of nestedness.

5. The output files

Nestedness produces three output files. The
first file (Unexp.txt) gives the packed matrix together
with the djj values for each cell as well as row and col-
umn totals (Xd; and 2d;). From this file you can exactly
infer the degree of unexpectedness of each cell and its
contribution to total unexpectedness. The file gives
further the total numbers of filled rows (RowF) and
columns (ColF), the point [X,Y] where the border

lines intersect the matrix diagonal, the slopes of the
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two borderlines and the theoretical intercepts of these

lines. If there is not more than one full column or row
the borderlines origin at the matrix edges (RowN =
species; ColN = sites) (cf. Fig. 7, there ColN will be >
sites, because the borderline intersects outside the ma-
trix).

The next file (Output.txt) contains basic infor-
mation about the matrix and the measurements. For
NO, N1, N¢, UA, UP, UT, NODF, and BR observed
counts, simulatede counts, standard deviations, Z-
scores, skews of the null model distribution, and lower
and upper 95% confidence limits of this distribution
are provided. Note that for NC the fixed - fixed null
model cannot be applied while giving always the same
number of counts. Note further that for all measures
except NC negative Z-scores point to nestedness. For
NC a positive score indicates nestedness.

Next the program gives the results for the ma-
trix temperature (MT). Numbers of species and sites,
and the matrix fill are basic properties. Given are also
the observed matrix temperature and the simulated
temperatures according to the predefined null model,
the standard deviation and the respective Z-score.
Again, the program prints the skewness of this distri-
bution and the respective lower and upper 95% confi-
dence limits.

Next the program gives total occurrences
(TotalOcc) and unexpected occurrences/absences
(UnAbsOcc) and idiosyncratic temperatures for each
species and each site. Note that the total number of
unexpected occurrences/absences might be higher than
the total number of occurrences. In theory, the total
number of unexpected occurrences should equal the
total number of unexpected absences. However, occur-
rences or absences close to the border lines are omit-
ted. Note also that the quotient of unexpected occur-
rences/absences to the total number of occurrences is
only weakly correlated to the idiosyncratic tempera-
ture.

The third file Matrix.txt contains the packed

Nestedness
original data matrix and the last randomized packed

matrix. The examples above show these matrices.
Note that the matrices are sorted according to matrix
temperature. Hence reversals in species and site rich-

ness occur.

6. Null model properties

Fig. 14 shows that the null models used
(RandomO0 is omitted because it was discussed ear-
lier) depend more or less on matrix size and fill. Hence
there might be biases in detecting order or disorder
with respect to size and fill. Least affected seems to be
the fixed row - fixed column model (sequential swap).
However, standard deviations of this model are mostly
smaller than those of the other models increasing thus
the probability of pointing to order or disorder. Fixed
row - equiprobable column and fixed column - equi-
probable row constraints behave quite similar, which
is not surprising due to the theoretical equivalence of
matrix rows and columns. The sampling model ap-
pears to be robust against matrix fill but not against
matrix size. Theoretically this model should behave
similar to the fixed row - fixed column model.

There is no consensus about the question
which null model is best suited to account for passive
sampling. Because the lognormal model is a passive
sampling model it should theoretically be preferred.
However, we seldom know the underlying abundance
distribution from which the individuals are drawn. It is
sometimes argued (McAbendroth et al. 2004) that the
fixed row equiprobable column constraints account
best for passive sampling. However, there is still no
comparative study and the presence results (Fig. 13,
14) do not corroborate this conclusion. In my view the
lognormal model and the sequential swap should be

preferred.
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7. Citing Nestedness

Nestedness is freeware but nevertheless if
you use Nestedness in scientific work you should cite
Nestedness as follows:
Ulrich W. 2006 - Nestedness — a FORTRAN program
for calculating ecological matrix temperatures.

www.uni.torun.pl/~ulrichw

8. System requirements
Nestedness is written in FORTRAN 95 and runs under
Windows 9.x, XP, and Vista. Computation abilities are

only limited by the computer’s memory.
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