Community Matrix (iii).mws: qualitative and symbolic analysis of communitytrixa Revision 2 ofEcological Archives
E083-022-S1, Supplement 1Egology 83:1372-1385.

To remove input code while printing, select "Viewde Content/Hide Input" from program menu.

Matrix Input: Input nnumber of species or system variables, aiflcommunity matrix elements & 1, or -1.

n3qn
0 -1 0
A=l-1 0 1
0 1 -1

Qualitative Stability Analysis
"Criterion i"

poly coef FO to Fn=[-1, -1, 2, ]]
positive_feedback=[0, 0, 2, 1]
negative feedback =[-1, -1, 0,
absolute feedback=[1, 1, 2, 1
wkn=[-1, -1, 1, 1]
"Criterion ii"
wD, =-0.33
ratio to_model_C =-1.
"Class Il Model"
Qualitative Press Perturbation Analysis
"Change in Abundance from Positive Input"
"From Increased Birth or Immigration or from Decred®eath or Emigration”
"adjoint (-A)"

-1 -1 -1
-1 0 O
-1 0 -1

"absolute feedback (T)"

1 1 1
1 0 O
1 0 1

"weighted predictions (W)"
[1. 1. 1]
1. 1. 1.
1. 1. 1.

"Change in Life Expectancy (E) from Positive Input”
"Increased Rate of Birth or Immigration”
"delta E"
1 0 0
1 1 1
L1 0 1
"absolute feedback"
1 0 0
1 1 1
L1 0 1
"weighted delta E"

1. 1. 1
1. 1. 1.
1. 1. 1.

"Decreased Rate of Death or Emigration”
"delta E"

0 0 O
1 0 1
1 0 O

"absolute feedback"




[l

Symbolic Analyses

[ Qualitative Stability Analysis

[ Qualitative Press Perturbation Analysis

0 0 O
1 0 1
1 0 O

"weighted delta E"

1. 1. 1.
1. 1. 1.
1. 1. 1.

"Symbolically Specified Community Matrix"

0 -a, O
8 0 3
0 &y T8
"system feedback”
Fs
Q285 1833
F,
A 383,13 3
F
833
Fo
-1
"adjoint (-A)"
T8 383, T8 283 T 83
T8 183 3 0 0
8183, 0 a8,
ngom
0o -1 -
A=1 1 -
-1 0 Q0
"Criterion i"

poly coef FO_to Fn=[-1,1, 0, -2
positive_feedback=[0, 1, 1,
negative feedback =[-1, O, -1, -2
absolute feedback=[1, 1, 2, 2|
wFn=[-1, 1, 0, -1]
"Criterion ii"
wD, =-0.50
ratio_to_model_C=-1.5
"Class Il Model"

"Change in Abundance from Positive Input"

"From Increased Birth or Immigration or from Decre@®eath or Emigration”

"adjoint (-A)"

0 0 2
1 -1 -
1 1 1

"absolute feedback (T)"

0 0 2
1 1 1
1 1 1

"weighted predictions (W)"



m

Symbolic Analyses

1
PP
ol
R =
| |

"Change in Life Expectancy (E) from Positive Input”

"Increased Rate of Birth or Immigration”
"delta E"

-2 0 O
-1 -1 -1
0 0 -2

"absolute feedback"

2 0 0
1 11
0 0 2

"weighted delta E"

1. 1. 1.
1. 1. 1.
1. 1. 1.

"Decreased Rate of Death or Emigration”
"delta E"

00 O
1 1 -
0 0 0

"absolute feedback"

0 0 O
1 11
0 0 O

"weighted delta E"
1. 1. 1.
[1. 1. 1]
1. 1. 1.

"Symbolically Specified Community Matrix"

0 -a, -a;,
B &y T3
a3, O 0
"system feedback"
Fs
81 28 383 178 38 283
F,
T 5,3 113 383
Fy
o
Fo
-1
"adjoint (-A)"

0 0 A 2313 38,
3831 T 383 8 38
o281 8,83, 28

ngg

A=

0o 0 -
1 0 O

o -1 -



[ Qualitative Stability Analysis
i "Criterion i"
poly coef FO to Fn=[-1,-1, 0, ]
positive_feedback=[0, 0, O, 1]
negative feedback =[-1, -1, 0,
absolute feedback=[1, 1, 0, 1
wkn=[-1, -1, 1, 1]
"Note: absence of feedback at one or more levedgstem.
"Criterion ii"
wD, =1.
ratio_to_model_C=3.
"Class Il Model"

[ Qualitative Press Perturbation Analysis

i "Change in Abundance from Positive Input"

"From Increased Birth or Immigration or from Decre@®eath or Emigration”
"adjoint (-A)"

01 O
1 0 -1
-1 0 O

"absolute feedback (T)"

01 0
1 0 1
1 0 O

"weighted predictions (W)"
[1. 1. 1]
1. 1. 1.
1. 1. 1.

"Change in Life Expectancy (E) from Positive Input
"Increased Rate of Birth or Immigration”
"delta E"
1 0 0
0 0 O
L0 0 1
"absolute feedback"
1 0 0
0 0 O
L0 0 1
"weighted delta E"

1. 1. 1
1. 1. 1.
1. 1. 1.

"Decreased Rate of Death or Emigration
"delta E"
[0 0 0
0 -1 0
L0 0 0O
"absolute feedback"
[0 0 O
0 1 0
L0 0 O
"weighted delta E"

1. 1. 1
1. 1. 1.
1. 1. 1.
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Symbolic Analyses

Qualitative Stability Analysis

"Symbolically Specified Community Matrix"

0 0 -a;
a, 0 0
0 -8, —g
"system feedback”
F3
a 3818,
F2
0
Fl
& 3
FO
-1
"adjoint (-A)"

0 383, 0
& 183 3 0 8 38

183, 0 0
ng g
[o -1 o]
A=l0 1 -
-1 0 0
"Criterion i"

poly coef FO_to Fn=[-1, 1, O, -]
positive_feedback=[0, 1, 0,
negative feedback=[-1, 0, 0, -1
absolute feedback=[1, 1, 0, 1
wkn=[-1, 1, 1, -1]

"Note: absence of feedback at one or more levedgstem."

"Criterion ii"
wD, =-1.
ratio_to_model_C =-3.
"Class Il Model"

Qualitative Press Perturbation Analysis

"Change in Abundance from Positive Input"

"From Increased Birth or Immigration or from Decre@®eath or Emigration”

"adjoint (-A)"
[0 0 1]

1 00
L1 1 0
"absolute feedback (T)"
0 0 1]

1 0 O
L1 1 QO
"weighted predictions (W)"

1. 1. 1.
1. 1. 1.
1. 1. 1.

"Change in Life Expectancy (E) from Positive Input"
"Increased Rate of Birth or Immigration”




"delta E"

-1 0 O
-1 -1 0
0 0 -1

"absolute feedback"

1 0 O
1 10
0 0 1

"weighted delta E"

1. 1. 1.
1. 1. 1.
1. 1. 1.

"Decreased Rate of Death or Emigration”
"delta E"
[0 0 O
-1 00
LO 0 0
"absolute feedback"
0 0 O
1 0 O
L0 0 Q
"weighted delta E"

1. 1. 1.
1. 1. 1.
1. 1. 1.
"Symbolically Specified Community Matrix"
0 -a, O
0 o 83
a3, 0 0
"system feedback”
I:3
828,385
I:2
0
I:1
o
I:0
-1
"adjoint (-A)"
0 0 & 283

383 0 0
L 2831 @285, 0

L Symbolic Analyses

[ Qualitative Stability Analysis
"Criterion i"
poly coef FO to Fn=[-1,0, 2, 1]
positive_feedback=[0, 0, 2, 1
negative feedback=[-1, 0, O, (]
absolute feedback=[1, 0, 2, 1




m

wkn=[-1, 1, 1, 1]
"Note: absence of feedback at one or more levedgstem.
"Criterion ii"
wD, =1.
ratio_to_model_C =3.
"Class Il Model"

Qualitative Press Perturbation Analysis
"Change in Abundance from Positive Input"
"From Increased Birth or Immigration or from Decred®eath or Emigration”
"adjoint (-A)"

0 1 O
0 -1 1
1 1 -1

"absolute feedback (T)"

01 0
01 1
1 1 1
"weighted predictions (W)"
1. 1. 1.

1. 1. 1
1. 1. 1.

"Change in Life Expectancy (E) from Positive Input”
"Increased Rate of Birth or Immigration”
"delta E"
[0 0 O
0 0 O
L0 0 O
"absolute feedback"
0 0 0
0 0 O
L0 0 O
"weighted delta E"

1. 1. 1
1. 1. 1.
1. 1. 1.

"Decreased Rate of Death or Emigration”
"delta E"

-1 0 O

0 -1 0

0 0 -1
"absolute feedback"

1 0 O
0 1 0
0 0 1

"weighted delta E"
1. 1. 1
[1. 1. 1]
1. 1. 1.

"Symbolically Specified Community Matrix
0 &, a;,
a, O 0
1 8, O
"system feedback"

Symbolic Analyses



Fs
& 38, 18
F,
A 28,13 383,
F

Fo
-1
"adjoint (-A)"
0 8,38 0
0 85,3851 4,38,
185, 8,8, T8,
ng1n

O OO
= O OO

[l

Qualitative Stability Analysis
"Criterion i"
poly coef FO to Fn=[-1,-1,0, -1, 1
positive_feedback=[0, 0, 0, 0, 1
negative_feedback=[-1, -1, 0, -1, Q
absolute feedback=[1,1,0, 1, J
wFn=[-1, -1, 1, -1, 1]
"Note: absence of feedback at one or more levedgstem."
"Criterion ii"
wD, =0.
ratio to_ model C=0.
"Class Il Model"

[ Qualitative Press Perturbation Analysis
i "Change in Abundance from Positive Input"
"From Increased Birth or Immigration or from Decred®eath or Emigration”

"adjoint (-A)"
0 010
-1 1 0 1
0 -1 00O
-1 0 0 Q
"absolute feedback (T)"
0 010
110 1
01 0O
1 0 0 Q
"weighted predictions (W)"

1.

PPEPRPRE
=

1.
1.
1

ol e

"Change in Life Expectancy (E) from Positive Input”
"Increased Rate of Birth or Immigration”
"delta E"




o O P
o~ O
o O O
© O O O

11 0 0 Q
bsolute feedback
1 0 0 O

Q

o o
o -
o o
o O o

[E
o
o
(=]

1. 1. 1. 1
1. 1. 1. 1
1. 1. 1. 1.
1. 1. 1. L
"Decreased Rate of Death or Emigration”
"delta E"
00 O O
00 O O
00 -1 O
1 0 0 -1
"absolute feedback"
0 0 0O
0 0 0O
0 010
1 0 0 1
"weighted delta E"
1. 1
1. 1
1. 1
1. 1

m

Symbolic Analyses
"Symbolically Specified Community Matrix"
0 0 0 -a,
0 0 -a,; O
8, 0 0 0
0 &, a3 3
"system feedback”
F,
A 48318538,
Fs
83185 483
F,
0
Fi
Y
Fo
-1
"adjoint (-A)"
0 0 a4, 2 al, 4 a2, 3 0
831838, 4 8318 483 0 83181483
0 85181 48, 0 0
8318538 0 0 0
ngom




01 0 1
|0 0 -1 0
A=lo 1 0 0
L 1 0 0 Q
[ Qualitative Stability Analysis
i "Criterion i"

poly coef FO to Fn=[-1,0,0,0, ]
positive_feedback =[0, 0, 1, O, 1
negative feedback=[-1, 0, -1, O, 4
absolute feedback=[1,0,2 0, ]
wkFn=[-1,1, 0, 1, 1]
"Note: absence of feedback at one or more levedgstem."

"Criterion ii"
Error, nuneric exception: division by zero

[ Qualitative Press Perturbation Analysis
i "Change in Abundance from Positive Input”
"From Increased Birth or Immigration or from Decre@®eath or Emigration”

"adjoint (-A)"

0 0 0 1

0 0 1 0

0 -1 0O

1 0 -1 0

"absolute feedback (T)"

0 0 01
0 010
01 00
1 010
"weighted pr
1.

edictions (W)"

=

1
1. 1
1. 1
1. 1

e

"Change in Life Expectancy (E) from Positive Input”
"Increased Rate of Birth or Immigration”

"delta E"
[0 0 0 O
01 00
0 00O
L0 0 0 Q
"absolute feedback"
0 0 0 O
01 00
0 0 0O
0 0 0 qQ
"weighted delta E"
1. 1. 1. 1
1. 1. 1. 1
1. 1. 1. 1
1. 1. 1. 1
"Decreased Rate of Death or Emigration"
"delta E"
-1 0 0 O
00 0 O

0 0 -1 O
0 0 0 -1




m

Symbolic Analyses

"absolute feedback"
1 000
0 00O
0 010
0 0 0 1
"weighted delta E"

BN
(BN

==

rPPEPRPE
il el

"Symbolically Specified Community Matrix"
0 &, 0 a,
0 0 -4, O
0 a, O 0
8, 0 0 0

"system feedback"

Qualitative Stability Analysis

F,
838, 18 4837
Fs
0
F,
T8, 383,73, 1 4
F
0
Fo
-1
"adjoint (-A)"
0 0 0 A28 483
0 0 18 48, 3 0
0 T8 18 483 5 0 0
1838, 0 T84181 2,8 3 0
"3
0 0 0 1
101 1
A=l 0 0
01 0 0
"Criterion i"

poly coef FO to Fn=[-1,0, -1, -2 1]
positive_feedback=[0, 0, 0, 0, ]
negative_feedback=[-1, 0, -1, -2 Q
absolute feedback=[1,0,1, 2 J
wFn=[-1, 1, -1, -1, 1]

"Note: absence of feedback at one or more levedgstem."
"Criterion ii"
wD, =-1.
ratio_ to_model_C =-11.

"Class Il Model"

[ Qualitative Press Perturbation Analysis

"Change in Abundance from Positive Input"
"From Increased Birth or Immigration or from Decre@®eath or Emigration”



m

Symbolic Analyses

1 01
0 0O
2 11
1 00

1. 1. 1.
1. 1. 1.
1. 1. 1.
1. 1. 1.

"Change in Life Expectancy (E) from Positive Input”

"Increased Rate of Birth or Immigration"
"delta E"
0 0 O
2 0 -1
-1 0 0
0 0 0O
"absolute feedback"
0 00O
2 010
1 0 0O
0 0 0 O
"weighted delta E"
1. 1. 1. 1,
1. 1. 1. 1,
1. 1. 1. 1,
1. 1. 1. 1.
"Decreased Rate of Death or Emigration”
"delta E"
-1 0 O
2 -1 -1
-1 0 -1 O
0 0 0 -1
"absolute feedback"
1 0 0O
2 0
1 0

o o o

11
0 1
0 0 0 1
"weighted delta E"

[
[

PR PEPE
i

ol .

"Symbolically Specified Community Matrix"
0 0 0 a,
“a, 0 a; a8,

81 0 0 83 4
0 a,, 0 0

"system feedback”



m

F,
& 483 18 38,
Fs
T8y 28 383 478 18y 43y,
F,
8 48y
F

Fo

"adjoint (-A)"
28 38 4 0 A28 483 0
0 0 0 83185 48,3
818348 21818 48,5 83181482 813 43, 0
831838, 0 0 0
naqn

1 0 O
1 -1 1
11 -1
-1 -1 0

A=

o O o

Qualitative Stability Analysis

"Criterion i"
poly coef FO to Fn=[-1,-1,1, -3
positive_feedback =[0, 1, 3, 1, 3
negative feedback =[-1, -2, -2, -4, -4
absolute feedback=[1, 3,5, 5, 4
wFn=[-1,-0.33 0.20 -0.60 0.
"Criterion ii"
wD, =-0.088
ratio_to_model_C =-0.97
"Class Il Model"

[ Qualitative Press Perturbation Analysis

"Change in Abundance from Positive Input”
"From Increased Birth or Immigration or from Decre@®eath or Emigration”

"adjoint (-A)"
0 -1 -1 0
0 1 10
0 2 20
0 1 1 0
"absolute feedback (T)"
01 1 2
01 1 2
0 2 2 2
4 1 1 2
"weighted predictions (W)"
1. 1. 1.
1. 1. 1.
1. 1. 1.
0. 1. 1.

"Change in Life Expectancy (E) from Positive Input”
"Increased Rate of Birth or Immigration”
"delta E"



0 0 OO
0 -1 -1 0
0 -1 -1 0
0O 0 0 O
"absolute feedback"
0 0 0O
01 1 2
01 3 2
0 0 0 4
"weighted delta E"
1. 1. 1. 1L
1. 1. 1. O.
1. 1. 033 0
1. 1. 1. O.
"Decreased Rate of Death or Emigration”
"delta E"
0 0 OO
0 -1 -1 0
0 -1 -1 0
0 0 O O
"absolute feedback"
4 0 0 O
0 3 1 2
01 1 2
0 0 0O
"weighted delta E"
0. 1. 1. 1,
1. 033 1. 0
1. 1. 1. O
L 1. 1. 1. L

m

Symbolic Analyses
"Symbolically Specified Community Matrix"
a 0 0 a,
B, R, 3 0
85, &, "85 0
L 8,1 ", O 0
"system feedback”
F,
T 28y 18 483378 38 18 483,783 38 1 48 T 4 13 38y,
Fs
A 185285378 1838, 378 18 48,78 18 483378, 18 48,
F,
T8 28337 A 3,18 183378 18,78 18y
Fi
833 &t 8
Fo
-1
"adjoint (-A)"
0, 828 4853, T8 28 48, 3, 28 48337 8,8 18 3
0, 8,189,485 3, 8,181,483, 185483378 18 48 3
0, 8318y 48 278,18 4855, 8518 48 278,18 485, 18548327818 18,
L T8 18538, 2T A 18 38,78 18 ;%318 18 38 5, a1,1a3,3a4,2va1,132,3a4,2v_al,l(az,zas,a_az3as,2)
ng5




0 0 -1 1

0 0 1 1
A=l4 0 0 1
L 0 -1 0 Q
[ Qualitative Stability Analysis
i "Criterion i

poly coef FO to Fn=[-1,0,0, -1, Q
positive_feedback =[0, 0, 1, O, 1
negative feedback =[-1, O, -1, -1, -1
absolute feedback=[1,0, 2 1, 3
wFn=[-1, 1, 0, -1, Q]
"Note: absence of feedback at one or more levedgstem."
"Criterion ii"
wD, =-1.
ratio_to_model_C =-11.
"Class Il Model"

[ Qualitative Press Perturbation Analysis
i "Change in Abundance from Positive Input”
"From Increased Birth or Immigration or from Decre@®eath or Emigration”
"adjoint (-A)"
1 1
0 O
-10-1
1 1
"absolute feedback (T)"
1120

0 O
0 0
0 0
0 Q

0 0 0 2
11 00
1100
"weighted pr
1.

edictions (W)"

il

1.
1.
1

"Change in Life Expectancy (E) from Positive Input”
"Increased Rate of Birth or Immigration"
"delta E"

0O 0 0 O

0O 0 0O

-1 -1 00

0O 0 0 0

"absolute feedback"

2 0 0 O

0 0 0 O

1120

0 0 0 2
"weighted delta E"

e
BN
(BN

"Decreased Rate of Death or Emigration”
"delta E"




[l

0 0
0 0
-1 -1
0 O 0]
"absolute feedback"

0 0 0 O
0 2
11

o O oo
o o o

0 0
00

0 0 0 O
"weighted delta E"

PR PRPPE
PP ot
il

Symbolic Analyses
"Symbolically Specified Community Matrix"
0 0 -a,; -3,
0 0 a5 a,
3, 0 0 3 4
0 -a, 0 0
"system feedback"
F,
Q383 18 482,78 483 18 38,
Fs
T8 28 385 4
F,
8548278318 3
F

Fo
-1
"adjoint (-A)"
Q28,384 4,8 385, 8 ,(7838,78 48, ,) 0
0 0 0 a5 1 (-8 38, 4+ 8y 48, 5)
T8 1848, 783185 48y, 0 0
8318538, 8318538, 0 0

>

I
oo oo

o K

~ oo
ocor oo
ook o

Qualitative Stability Analysis
"Criterion i"
poly coef FO to Fn=[-1,0,0,0, -1, ]
positive_feedback=1[0,1, 1,1 0 1]
negative feedback=[-1, -1, -1, -1, -1,
absolute feedback=[1,2,2 2 1, ]
wFn=[-1,0, 0, 0, -1, 1]
"Criterion ii"
wD, =-0.030
ratio_to_model_C=-3.2
"Class Il Model"



[ Qualitative Press Perturbation Analysis
i "Change in Abundance from Positive Input”
"From Increased Birth or Immigration or from Decre@®eath or Emigration”
"adjoint (-A)"
0 00 O
-1 00 O
1 00 -1
-1 01 1
1 -1 0 O
"absolute feedback (T)"
0 0 0 0 1
1 00 00O
1 0010
1 0110
110 00
"weighted predictions (W)"
1. 1. 1. 1. 1

[olelol

I
PP PEP
[
PEPEe
e

"Change in Life Expectancy (E) from Positive Input"
"Increased Rate of Birth or Immigration”

"delta E"
(1 0 0 0 0
01 0 0 O
0 0 0 0 O
0 0 0 1 O
1O 0O 0 0 Q
"absolute feedback"
(1 0 0 0 0
01 0 0 O
0 0 0 0 O
0 0 0 1 O
1O O 0 0 Q
"weighted delta E"
1. 1. 1. 1. 1
1. 1. 1. 1. 1
1. 1. 1. 1. 1
1. 1. 1. 1. 1
1. 1. 1. 1. 1
"Decreased Rate of Death or Emigration”
"delta E"
0 0O 0 0 O
0 0 00 O
0 0 -1 0 O
0 0 0 0 O
0 0 0 0 -1
"absolute feedback"
0 0 0 0 O
0 0 0 0 O
0 01 0 O
0 0 0 0 O
0 0 0 0 1

"weighted delta E"
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Symbolic Analyses
"Symbolically Specified Community Matrix"
0 -4, O 0 0
0 CPW) 0 0 & 5
0 0 &3 3, O
0 -a, 35 O 0
| a, O 0 0 0
"system feedback"
Fs
Ay 285184 38 583 4
F,
8518 ,8, 5853
Fs
T 283 48,318 13 23 5
F,
T8 48313 233 3
Fi
37,
Fo
-1
"adjoint (-A)"
0 0 Ay 28438, 583 4
8518, 38,585 4 0 0 0
8518 28, 583 4 0 8518 28, 583 4 0
8518, 28,583 3 8518 28,58, 3 85,8 ,8 5853 0
L 85185285 48,3 85,8 83483 0 0 0

0

O O o

o

[ Qualitative Stability Analysis
"Criterion i"
poly coef FO to Fn=[-1,-1,3,3 1
positive_feedback =10, 1, 4, 6, 6 3
negative feedback=[-1, -2, -1, -3 -5 -3
absolute feedback=[1, 3,5, 9, 11, 4
wFn=[-1, -0.33 0.60 0.33 0.091 D.
"Criterion ii"
wD, =-0.00024
ratio_to_model_C =-0.025
L "Class Il Model"
[ Qualitative Press Perturbation Analysis
"Change in Abundance from Positive Input"
"From Increased Birth or Immigration or from Decre@®eath or Emigration”
"adjoint (-A)"




0 -1 1 0 0
0 0 0 0O
0 1 -1 00
0 1 -1 0 0

0O 0 0 0 Q
"absolute feedback (T)"
011 20
02 2 2
4 3 3 4
0112
0 2 2 2 4

"weighted predictions (W)"

o b O

R ROk R
©

P w P
@
o
w
w
o

"Change in Life Expectancy (E) from Positive Input”
"Increased Rate of Birth or Immigration”
"delta E"
101

O OO oo
o
o O oo
O O oo
o O o o

0 Q
"absolute feedback"
4 1 2 0

O O oo
o
o b~ O
o

0
0
00
0 0 0 4
"weighted delta E"
1. 1. 0. 1

[l e
o
=

il

[

1. 1. 1. 0
"Decreased Rate of Death or Emigration”
"delta E"
-1 10

o O oo
o
o O oo

0 Q
"absolute feedback"
01 20

O O oo
o
O OO
o

0
0
0
0 0 0 Q

"weighted delta E"
1. 1. 0. 1

PR PP PE

PP PP
[ ol el
= oPrk
e
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Symbolic Analyses
"Symbolically Specified Community Matrix"
0 0 -a5 a, —a5;
B, &, 0 -3, 0
a4, 3, 0 -a, O
3y 1 0 0 3y 4 0

L 0 -a, O 0 -a
"system feedback"
Fs
83185 281 38 485518y 183, 38 485578 48y 18328 3855785 48,18, 58 3855
F4
T8y,185 281 585 478y 18528 38, 4T 8y 18 385 485518y 18 28 383 418 18 28 485578318 38 485
T8 18 28 385578318 28 384,78, 18328 385518, 183,838 478,185,858 4
Fs
8528 485578 183,81 37 & 185 ,8) 5+ 8318 385578518138 47818 38,18 18 38,1818 4855
1818284
F,
818047818 378 28 418 485578 285
Fi
8551 8,,7 8,
Fo
-1
"adjoint (-A)"
[0, -85 ,8) 38, 485 5,8 8 38 4855, 8 28 383 4855~ 8528 38 4855, 0]
[0,8518) 38 4855~ 8, 18) 385 4855, ~8, 184 38 4855+ 8 18y 38, 4855, ~, 18y 385 4855+ 8318 38, 4855, 0]
[0, 185 58 485 5+ 8518 58 4855~ 8 18 285 485518 183 ,8, 4855,
8318528y 58 478 18328 485578 18528 5834, 78 18528158 478 1828 485578 185,858, 4,
818328 485578 18528 583478318 28 4855185 185,858 4,
By 18558 58 48518 58 5 4+ 18 8 583,78 185,858, 4]
(0,8, 18,8 3855~ 18 58 3855, 8, 18558 385578518, 58 385 5,0]
(o, "85 185281 38 478y 185,28 383 4,8, 18585 38478 185,81 38 4,8, 1858 383,785 185,838 4,
L _az,1a3,2a1,3a4,4+as,1a2,2a1,3a4,4_a4,1a2,2al,3a3,4+a4,1a3,2a1,3a2,4]

53
0 001 O
1 0 0 0 -1
A=0 0 0 1 O
-11 00 O
L -1 0 1 1 -1
[ Qualitative Stability Analysis
i "Criterion i"

poly coef FO to Fn=[-1,-1,-1, -1, 1
positive_feedback=[0, 0, 0, 1, 2 (
negative feedback =[-1, -1, -1, -2, -1, Q
absolute feedback=[1,1,1, 3 3 Q
wkFn=[-1, -1, -1, -0.33 0.33 ].
"Note: absence of feedback at one or more levedgstem."
"Criterion ii"
wD, =-0.022
ratio to model C=-2.4




\ "Class Il Model"
[ Qualitative Press Perturbation Analysis
i "Change in Abundance from Positive Input"

"From Increased Birth or Immigration or from Decre@®eath or Emigration”
"adjoint (-A)"
0 -1 0
0 -1 0
0 -2 0
0 0O

10 -1 0
"absolute feedback (T)"
1 01 00
1 010
2 020
0 0 0O
1 01 0 Q
"weighted predictions (W)"
1. 1. 1. 1. 1

ON - -
o O o o

I
PP PEPE
o oo

[l
PEPEe
e

"Change in Life Expectancy (E) from Positive Input”
"Increased Rate of Birth or Immigration”

"delta E"

0 00O

o
o
NP~ OB
o
o O o o

0 Q
"absolute feedback"
00 00

o
= O Fr O
o

0
0
0 O
0 2 0 Q
"weighted delta E"
1. 1. 1. 1

N - O P
o

PR PePe
[ ol ol o
e

1. 1. 1. 1
"Decreased Rate of Death or Emigration”
"delta E"
0

o
o O oo
NP~ OB
O O O o
o O o o

-2 0 0 Q
"absolute feedback"
00 0 0

N~ OB
o
= O Fr O
o

0
0
0
0 2 0 Q
"weighted delta E"




[ e
PP PEPPPE
PP PPPE
PP
e

[l

Symbolic Analyses
"Symbolically Specified Community Matrix"
0 0 0 &, O
a1 0 0 0 &5
0 0 0 &, O
—8,, &, O 0 0
L 3, 0 a3 &, &
"system feedback"

Fs
0
F,
T8 28538, 5% 4t 18, 28 48557851828 45
Fs
T8 28 585 478 18 2,8 47818 4855
F,
818 4
Fy
85 5
Fo
-1
"adjoint (-A)"
8y 28538, 583 4 0 T8y 28538 48,5 00
818538 583 4 0 8y 18538 48,5 00
B 18 283 485578518, 585834 0 818, 4855785188 485 0 0
0 0 0 0 0
L 8184285 4853 0 T8 18,28 4853 00
i "54"
-1 -1 0 1 0
1 0 0 -1 0
A={0 -1 1 0 O
0O 0 0 0 1
L 0 0 1 -1
[ Qualitative Stability Analysis
i "Criterion i"

poly coef FO to Fn=[-1,0,-1, 1 1 ]
positive_feedback=1[0, 1, 1, 2 2 3
negative feedback =[-1, -1, -2, -1, -1, -1
absolute feedback=[1,2, 3,3 3 3
wFn=[-1, 0, -0.33 0.33 0.33 0.33
"Criterion ii"
wD, =0.0041
ratio_to_model_C=0.44
L "Class Il Model"
[ Qualitative Press Perturbation Analysis
"Change in Abundance from Positive Input”
"From Increased Birth or Immigration or from Decre@®eath or Emigration”
"adjoint (-A)"




-1 01 0 -1
-1 -1 0 0 O
-1 -1 1 0 O
-1 -1 1 0 -1

0 00 1 0

1 21 0 1
1120
1110
1110
0 0 0 3 Q

"weighted predictions (W)"
1. 0. 1. 1. 1

= NN

1. 1. 0. 1. O
1. 1. 1. 1. O
1. 1. 1 1. 1
1. 1. 1. 033 1

"Change in Life Expectancy (E) from Positive Input”
"Increased Rate of Birth or Immigration”

"delta E"
21 -1 01
11 -1 01
11 0 0O
0 0 0 0 O
11 -1 01
"absolute feedback"
211 01
11101
112 0 2
0 00 O0O
1110 1
"weighted delta E"
1. 1. 1. 1. 1
1. 1. 1. 1. 1
1. 1. 0. 1. 0
1. 1. 1. 1. 1
1. 1. 1. 1. 1
"Decreased Rate of Death or Emigration”
"delta E"
11 -1 0 1
1 0 -1 0 1
11 -1 00
0 0 0 -1 0
11 -1 0 Q
"absolute feedback"
11101
121 01
1110 2
0 00 30
111 0 2
"weighted delta E"
1. 1. 1. 1. 1
1. 0. 1. 1. 1
1. 1. 1. 1. O
1. 1. 1. 033 1
1. 1. 1. 1. O



[l

Symbolic Analyses
"Symbolically Specified Community Matrix"
a1 &y, 0 & 4 0
a, 0 0 -a,, O
0 -a, a3 O 0
0 0 0 0 a5
- 0 0 83 8,4 O
"system feedback"
Fs
Q183 28538 48,578 28 18338585478 48 18 28,583
F,
8328538, 4 5+ & 1833858547818 28,585,
Fs
8338585478 18585473 18 2,83
F,
T8 585418 183378, 18
Fy
83378
Fo
-1
"adjoint (-A)"
83285 38, 48y 5, 8y 28338 585 47 83 28538 48 5, Q28538 48 5, 0,

T8 28338, 4% 5

_a2,1a3,3a4,5a5,4’_a1,1a3,3a4,5a5,4’_al,1a5,3a2,4a4,5+az,1a5,3a1,4a4,5rO 18y 183 38 48, 578 183 33 48y 5

T8 18328 585 4, 818528, 585 4, W18 28585y, 0, Q 183 28 48,578, 183,88 485
81838585 3, 818328535 3, 18 28,58 3, 0, 818 28338 5
L 0, 0, 0, Ay 183285 485378 18 285385 478,183,843 3, 0
i "55"
01 0 -1 0
01 0 -1 0
A=0 0 0 -1 O
00 -1 0 -1
| 11 0 O

[ Qualitative Stability Analysis
"Criterion i"
poly coef FO to Fn=[-1,1,1 1 0
positive_feedback=1[0, 1, 1,2 1 Q
negative feedback=[-1, 0, 0, -1, -1, g
absolute feedback=[1,1,1,3 2 (4
wFn=[-1,1,1, 033 0, 1.
"Note: absence of feedback at one or more levedgstem."
"Criterion ii"
wD, =0.
ratio_to_model_C=0.
L "Class Il Model"
[ Qualitative Press Perturbation Analysis

"Change in Abundance from Positive Input”

"adjoint (-A)"

"From Increased Birth or Immigration or from Decre@®eath or Emigration”



0 0 0 OO
0 0 0 0O
-1 10 00
0 0 0 0O
1 -1 0 0 0
"absolute feedback (T)"
0 0 0 0O
0 0 0 0O
112 00
0 0 0 0O
112 00

"weighted predictions (W)"
1. 1. 1. 1. 1

I
il
oropr
e
e

"Change in Life Expectancy (E) from Positive Input”
"Increased Rate of Birth or Immigration”
"delta E"
0

O O oo

o O oo
o O oo

O O oo
oS O O O O

L0 O 0
"absolute feedback"
[0 0
0
0
0 0

L0 0O 0 O

"weighted delta
1. 1. 1.

0

O O oo
o O oo
o
oS O O O O

PR PRE

E
1
1
1
1
1

il e

1. 1. 1.
"Decreased Rate of Death or Emigration”
"delta E"

0 0O

O O oo
o o
o O oo
o
o O O O O

L0 O
"absolute feedback"
[0 0

0 0

o O oo

0 0
0 0O

"weighted delta
1. 1. 1.

O O oo
o
o O O O O

PEREPRPPE
PP PP
e e i L

il e
Ll e



[l

Symbolic Analyses
"Symbolically Specified Community Matrix"
0 a 0 =3 4 0
0 ) 0 8 4 0
0O 0 0 -a, O
0 0 _a4v 3 0 _a4v 5
L a8, a8, O 0 0
"system feedback"

Fs
0
F,
85181 28 48,57 8518 48,58
Fs
_a2,233,4a4,3+as,2az,4a4,5+as,1a1,4a4,5
F,
8348 3
Fi
a2
Fo
-1
"adjoint (-A)"
0 0 0 00
0 0 0 00
8518, 585 485 85181 28348, 5 85 1(78 58 48,578 ,8 ,8,5) 0 O
0 0 0 0 O
L 85185283 48,3 8518 283483 as,1(3-1,232,434,3_&2,2a1,4a4,3) 00
i "61"
0O 0 0 -1 O
0 1 0 0 -1
0 -1 1 1 1
A=l 01 0 o
1 0 0 -1 -1
L -1 1 1 0 -1
[ Qualitative Stability Analysis
i "Criterion i"

poly coef FO to Fn=[-1,1,-1, 1 5 -5 Q
positive feedback=[0, 2, 3,7, 13 1Q 7

negative feedback =[-1, -1, -4, -6, -8 -15 -7
absolute feedback=1[1, 3, 7, 13 21 25 1}
wFn=[-1, 0.33 -0.14 0.077 0.24 -0.20]0.

"Criterion ii"

wD; = 0.
ratio_to_model_C=0.
L "Class Il Model"
[ Qualitative Press Perturbation Analysis
i "Change in Abundance from Positive Input”
"From Increased Birth or Immigration or from Decre@®eath or Emigration”
"adjoint (-A)"




0 2 0 -2 0 -2
0 3 0 -3 0 -3
0 2 0 -2 0 -2
0 -1 0 1 0 1
0 3 0 -3 0 -3
0 -1 0 10 1
"absolute feedback (T)"
2 4 2 6 4
2 9 2 3 4
2 4 2 8 4
4 5 4 5 6
2 52 3 4
10 5 4 5 6
"weighted predictions (W)"
0. 050 0. 033 0. 05
0. 033 0. 1. 0. 1.
0. 050 0. 0.25 0. 0.5
0. 0.20 0. 0.20 0. 0.3
0. 060 0. 1. 0. 1.
0. 020 0. 020 0. O.

"Change in Life Expectancy (E) from Positive Input”
"Increased Rate of Birth or Immigration”
"delta E"

1 0 -1 -1

O OO o oo
O O oo
NN W W
O OO oo

O DN W W

5 0 5 0
"absolute feedback"

5 4 5 6
4
4
4
10
7 2 4
"weighted delta E"
0.20 0. 0.20 0. 0.3
0.60 1. 0. 1.
0.33 1. 0. 1
0
0

NDNDNNDN D
A A OO
NNDNDN

~N O 00 W Ww

0.50 0.25 0.5
0.50 0.33 0. 05
0. 071 0. 0.71 0. 0.7

"Decreased Rate of Death or Emigration”

©cocooo

0
0.
0.
0

"delta E"
0 1 0 -1 0 -1
0 30 3 0 3
0 -3 0 3 0 3
0 -2 0 2 0 2
0 2 0 2 0 2
0 50 5 0 5

"absolute feedback"



m

10 5 4 5 6

2 9 2 3 4 3

2 9 12 3 4

2 4 2 6 4

2 4 2 6 4

2 7 2 7 4 71

"weighted delta E"
0. 020 0. 020 0. 0.3
0. 033 0. 1. 0. 1.
0. 033 0. 1. 0. 1.
0. 050 0. 0.33 0. 0.5
0. 050 0. 033 0. 05
0. 0712 0. 0.71 0. 0.7

Symbolic Analyses
"Symbolically Specified Community Matrix"
[ o 0 0 -a, 0 a4
0 3 0 0 -a5 O
0 -85, &3 3, &s e
3, 0 -8, O 0 0
a, 0 0 -a, a5 O
|"@1 8, 83 0 -85 O]
"system feedback"
Fe
8548185 23 38 68 5+ 85 48 18 28538 68578548 183 2863 68,5785 481852833 65
8548518 28,38 68351 A5 485 183 28381 68 5 A5 58,13 28533 48367 855818 28538 693 4
T 585 18 2838 48367 A5 585 13 2838 683 478558513 28 38 483673553513, 28,38 6834
T 83485 185,838 68, 5783685 18,838 4% 5

Fs
86,284,385 48 583 67 8 28 385 483 685 8y 185385 481 685 8y 18538 483685518 185385486855
T8y 186385 48 68 57 8518 38 485 6857 8518383 48 68557 8518 38 483685578518 38348 6% 5
81838548 6835 8 18 28538 18367 A 18 28533 683 41 818 2838 48361 8518 28386834
85185 2838 683 51 85183 78538 68 5T 8518528338 68 578518 28338 685578518 28338 6855
T8y 185 283 38 485578518, 98, 38 483 5T 85 183 28 38 4B 5T 8 2 58 18543 6781854 6858, 7
Fs
T8y 385 483 685578 285 3% 68557 A 28 383585 41 8 8y 383 48551 83 28 38 585 4T 18538 486
Y8 186383 48 67818 38 48367 818,383 48 678 18548 68578558, 18 48337855818 4
Y8518 38 483578338 2818 47828, 58518 678538358518 678558518 6833785851363
8518 68558378518 68558, ,78513,6% 3%
Fs
"85 585 18y 67 818 68551 8181 683318518 6821853868557 8538368 218548 3857 8558181 4
T 855834837 8558 38 T8 18y 483318 18 48 2T 83483
F,
8518 67 38 6T A5 58331 8558, 278 18 47848378338,
F
855t 318,
Fo
-1
"adjoint (-A)"
(85 58, 385 485 68 5% 85 284 38548, 5836
8328385 48 68651 85 28, 38 483 68551 8528, 383 48 6855 8528385 48 69 5



m

8528, 385 48 6855~ 85 28 385 48 685 5,85 285 385 48 68557 8 58538 483 68557 8 28538348 6855
18528538548 6835 83285385 43 6% 57 8283385 48 68 55

852838 483 6855178 28 38 48 685578528 38 18, 58 67 828,384 6T 55

~85 8 38 485 685 57 8y 28y 385 48 685 5T By 8y 38548 68557 85 28 385,48 68, 5]

[~y 186385 48, 585 6+ 85 18 385 48 583684185385 48 68,5~ 84,186,381 483685, 5~ &, 18538548 65
18y 18638548 68 518518 38 4836857 8518383 48 685781838 483685518518, 38348 6355
85 18,385 48 683 5,8 18385 48 68 578518 385,38, 6 5,

85 18638 48 583 6785185383 48 68 57 8518338548 6855

818638 48 583 678y 185383 481 6857 818,381 48 583 67 818438343 6% 5:

8,185 385 48 685 8518 38 48 58567 8518, 3854 (8 5]

(-2, 1(8; 585 485 6855~ 8 285 48, 583.6) »

8y, 1(85 585 48 685 5% 85 58 485 685 5% g 583 48 6855~ 8585 48 6835) »

—8y 1 (8, 285 48 685 5% 8285 48y 8y 5) » 8518 2 485 686,57 85,18 285 481 6857 85185281 48 586
5185283 48 68,57 8518 28 18368557 8518 283 48 68551 818 28548 68357 818328543 685,
a1 (828 485 6855+ 8 283 48 68657 8628 4858567 8528348 68 5) »

=8, 1 (8, 28 485 685 5% 8, 285 4 85578 28541 68357 83 285 4 68y 5)]

(8,185 285 385 685585 1@ 28 385 68 51 5 185 28 38 585 6~ 8518 28 383 6855

T8y, 183 28538 68557 818528338 685578518328, 38 68,57 851852838 68 57851838, 38 685
T84, 185 28638 685518518, 28, 38 68,57 8518528, 38 68578518 28,38 69 5,

8518 283 38 685518518 28 38 68357 85183 2853 685 8518528338 6% 578518 28338 68555
T8y 18 283 38 685578 18 2838 683518 185283 68 51T 8 18578338 65T 182838 %5
T8 185 58, 38 68518y 18, 28538 855+ 8518, 28, 38 68557 85185 28 38y 6 5]

(-84 18, 285385 685 47 85 185 28 385 685, 4>

8,183 28638 685478y 18528338 685478518528, 38 483678518528, 381 683473818328, 38 685 4>
8,18 28638 68547 8518 28 38 685 4, 78518 38538 485678518 28538 685 478518, 283 38 685 4,
84,18 2838 483618y 18 2838 683478518 28,3 48367 8518 28,33 683 4>

T8y 18, 583 38 85 47 8518, 8 38 485678518, 58 38 685 4]

(818, 285 385 4855~ 8y 18, 285385 485578y 18, 585385 585 4~ 8y, 183 85 38, 5854, 185 285 38, 5854
18518, 28383 4855 851858, 38 583 478518 28 385 4855785 18 28 3835854185 183,838 5854,
T8y, 183 28538 485578 185 283 38 48551 85185 28, 38 4857 8518578 38 48357 8183838 485,
T8y, 18 28638 4855185 18,8 38 485578518528, 3% 48 5T 8518 28,38 485,

8518 28338 485578518 28538 48 5785 18328538 48 578518528338 48 5T 81 28338 4855,
T8y 185 28338 48557818, 28538 483578 18328538 48 5T 8y 18528338 48 5T 8518 28,38 485
T8 185 8,38 48,58 18 58538 485 5T 8518, 58 38 48357 85 183,838 43 g

ngo"
0O 00 -1 0 -1
-1 0 0 -1 1 1
-1 00 0O
A=l1 10 10
0O -1 1 -1 1
1 11 00
Qualitative Stability Analysis
"Criterion i"

poly coef FO to Fn=[-1,2, -2, 3 -9 1Q -3
positive feedback=1[0,2,2 7 2 12 1
negative feedback=[-1, O, -4, -4, -11, -2 -4
absolute feedback=[1, 2, 6, 11, 13 14 §
wkFn=[-1, 1, -0.33 0.27 -0.69 0.71 -0.§0



"Criterion ii"
wD, = 0.0034
ratio to model C=5.1
"Class Il Model"
[ Qualitative Press Perturbation Analysis
i "Change in Abundance from Positive Input”
"From Increased Birth or Immigration or from Decred®eath or Emigration”
"adjoint (-A)"
0O 0 3 0 O
-1 -1 1 -1 1 -
1 1 4 1 -1 -
1 1 2 -2 -1 1
101 7 -4 -2
2 -1 -2 2 1 -1
"absolute feedback (T)"

0 05 00
115 3 11
118 31
114 2 1 1
3 3 9 4 2 2

4 1 4 2 1 1
"weighted predictions (W)"

1. 1. 060 1. 1. 1.
1. 1. 0.20 0.33 1.
1. 1. 050 0.33 0.5
1. 1.

0.33 0.33 0.78 1. 1.

1
1.
050 1. 1. 1.
1
050 1. 050 1. 1 1.

"Change in Life Expectancy (E) from Positive Input”
"Increased Rate of Birth or Immigration"

"delta E"
-3 0 00O
-1 -1 5 2 1 -1
0 0 -3 00
0 0 3 00
0 0 -3 3 0

0O 0 00O
"absolute feedback"
0 0 0 O

ONOORFR WU
N O O
~N ool N
WoonN
N OO

0 00O
"weighted delta E"
060 1. 1. 1. 1.

1. 1. 071 1. 1
1. 1. 060 1. 1
1. 1. 060 1. 1
0. 0. 043 1. 0.

1. 1. 1. 1. 1. 1
"Decreased Rate of Death or Emigration”
"delta E"




O O oOoON O
o

W woNOo

W o ok o

W o o o o

O OO or o

0O 0 0O
"absolute feedback"
0 00O

4
0
0
2

oONO Ok Oo
~N 01O N
W oonN

0 0O
"weighted delta E"
1. 1. 1.

050 0.71 1.
1. 1.

S
PO

O ¢

=

w

=

[ Symbolic Analyses
"Symbolically Specified Community Matrix"

0 0 0 -a, 0 -a5
-a,, O 0 -3, a5 a5
2, 0 0 0 0 0
8, &, 0 a, 0 0
0 -a, a5; a5, a5 O
L L3 1 8., 83 O 0 0 |
i "system feedback”
Fe
Ay 483184 283 685 578 483 18 28533 63855185 48318 2853 A 57852831833 43635
T8 68318528538, 58 4
Fs

86,385 184 48 28, 618528, 58538 683 1T 8538 6831828 478538 683185 ,8, 5185 18538 48 6855
T8y 18628 48 685518518 28 48 685578518 28, 48 685578 18285 481 685185 185,848 685
1818628 48 68558 1858, 4 685578 18 28538 418 578528 58 185 436
Fs
86,181, 48y 28 6T 86285 48y 189 67 852818 685578528 181 68 47 8538 683 18557 8538 685184
818 68528, 57818 68558 47813 68 28 4T85 28 4 6855785 28 68,1 4F 8528 58,18 4
T8558, 5,8, 18, 4
Fs
8528, 18 6785381683118 18 685518518 6847852868557 828 68,47 854828 5185 ,8, 58, 4
8558 18y 4T 855828 4T 8 28,18 4
F,
8518 6T 85 28 67 8528, 578558, 418 18 478,84
Fi
855+ 8y 4
Fo
-1
"adjoint (-A)"
[0,0,8,,8538) 48 68 5+ 8 28538 48 6855~ & 8385 481 68 5% 852853848 68 5+ 858538 48 68 5




0,0, 0]

(85185 38 4@, 6855, 78318538, 48 5855,

8y 18638, 481 685517 8 18538 48 685578 18538 481 6855784185385 4816857 818538, 4868 5:
83186 3( 78y 48 68557 8 48 68557 8548 68, 5) 1 83 186,38 481 685, 8185 38y 48y 63 5]
(85186 28 48 68550 B3 185 284 481 68550~ 18628 48 6855~ 4 18628 43 6855~ 8 18628 4 6855
18528, 58 18548 67 818 28 48 68557818 28, 48 685578 18285 48 68 5785185, 48; 68 5,
_aS,la6,2(_a1,4a2,6a5,5_a2,4a1,6a5,5+a5,4a1,6a2,5)'_a3,1a6,2a4,4a1,6a2,5’

—85 1 (8 28 48 685 51 8y 28, 48 6855 8y 285481 68 51 85,284 48y 685 5)]

(8518, 28538, 68551 8518 28538 6855,

T8 18, 28538 685518 185,85 38 68, 518 1852853 6851818 28538 6% 5,

83 1(785 285 381 68,57 85 28538 68 5) s 78318 285 381 68518518, 285 38 85 5]

(-85 1 (8, 285 38, 685 4 85 285 38, 684 4T 8,285 38, 68y 4) »

a3 1(8y 285 38 6854~ 85285 381 68y 4~ 8 285381 684 4) » "B 18y ,8G 38y 685 4T 8 185,85 38 684 4

T8 185 28538 68 41 Y 18528538 48 61 8y 185,85 38 68, 418 18528538 48, 618 18585386354
1861828538 48 67818 28538 6 4

85 1(85 28538 48 6% 8528538 68 47 85285381 48 67 85 285381 685 4) 185184 28 3(7) 48678 585 4) s
—85 18, 585 5(78 48 678 63 4)]

(851 (8, 285 38 48557 8y 285 38, 585, 4 85 285 38 58y, 47 8 285 38, 58y, 4) » 78318 285 38 4855

818y, 28638 48557 8 18528538 48 578 18558538 48 57851828538 48 5,

851 (85585 38 48 5+ 8558538 48 5) 1 8318y 28538 48y 55 "85 18y 28538 48, 5]

63"
1 1 0 0O
-1 1 -1 0O
0O 0 0 0 0 -

A=l 4 a4 a0

1 0 0 1 1

L 0O 0 0 1 1

[ Qualitative Stability Analysis

i "Criterion i"

poly coef FO to Fn=[-1,2, -1, -1, -1, 5 1
positive feedback=1[0, 3,3, 3 3 8 §
negative feedback =[-1, -1, -4, -4, -4 -3 -4
absolute feedback=[1,4,7,7 7 11 9
wkFn=[-1, 0.5Q -0.14 -0.14 -0.14 0.45 OJl1
"Criterion ii"
wD; =0.0017
ratio to model C=2.6
L "Class Il Model"
[ Qualitative Press Perturbation Analysis
i "Change in Abundance from Positive Input”
"From Increased Birth or Immigration or from Decre@®eath or Emigration”
"adjoint (-A)"
0O 0 0 0 1 -
1 0 0 0 -1
1 -1 0 0 -2
2 1 0 -1 4 -
2 -1 0 1 -4
0O 0 -1 0 0 Q
"absolute feedback (T)"




4 2 0 2 1 1

5 2 02 11

55 0 4 2 2

21 0 1 4

21 0 1 4

0 09 00
"weighted predictions (W)"
0. 0. 1. 0 1. 1
0.20 O. 1. 0. 1. 1
020 0.20 1. 0. 1. .
1. 1. 1. 1. 1. 1
1. 1. 1. 1. 1. 1
1. 1. 011 1. 1. 1L

"Change in Life Expectancy (E) from Positive Input”
"Increased Rate of Birth or Immigration”

"delta E"
0 000 O O
-1 10 0 1 -1
0 010 0 O
0 0 0 1 -1 1
0000 O O

0 00O O Q0
"absolute feedback"

0 00 0O

5 7 02 11

0 0900

4 2 07 11

0 00 O0O

0 00 0O

"weighted delta E"
1. 1. 1. 1. 1. 1
0.20 0.14 1. 0. 1L
1. 1. 011 1. 1. 1
0. 0. 1. 014 1. 1
1. 1. 1. 1. 1. 1
1. 1. 1. 1. 1. 1

"Decreased Rate of Death or Emigration”

"delta E"
-1 000 0 O
-1 00 0 1 -1
0 000 O O
0 0 0 0 -1 1
0 00O -1 O

0 00 0O 0 -1
"absolute feedback"
0 0 0O

O o~ OOl
oOnNO DN
O O oo
oNO DN
© - O K

0 0 0 0 9
"weighted delta E"



[ Symbolic Analyses

011 1. 1. 1. 1. 1.
020 0. 1. 0. 1. 1.
1. 1. 1. 1. 1. 1.
0. 0. 1. 0. 1. 1.
1. 1. 1. 1. 011 1
1. 1. 1. 1. 1. 0.1

"Symbolically Specified Community Matrix"

a, a, O 0 0 0]

@, 8, @i 0 0 0

0 0 0 0 0 -a;4

Q1 T T3 T8y 0 0

a5 | 0 0 a8, ags O
L L 0 0 0 a4 &s 0 |

"system feedback"
Fe

QY 48518 28 383 68518 33 18 28548368 5T A 381 18 285 48369513 18 28 38543365
8,38 13 285 4,33 68657 395 185 285 433 685578 38 13 2843368557 13y 28 38543685

T 38, 18 2864868 5
Fs
8 28y 385 483 6351y 3 385 493 68557 A 23 395 483 68551 A 23y 38543 635573, 18y 3 333694
Ty 18y 28 38368541781 185 28 383685413 1828, 38368478518 23 38368513, 38368 4353

T8 583868548 1
F,

8 28 383 685 4T A5 58 383 685 47 A 383 685 485578 28 383 685 47 A 38368543 1T A5 59 4% 13,

t8558 4823
Fs

838368 47 855848 ;78558 48 18558, 18 ;T 8558, 28 1 T8 48 18,78 48 28
F,
8558478558 ;" 558y 1 T8 48,18 481 178, 18,7858,
Fi
85578418, ,18
Fo
1
"adjoint (-A)"
[@ 8y 385485 6865~ @ r8y 386 484 68557 8y 28 385 485 6855~ A4 28 385 485 685, 5

—8y 58, 3(85 485 6855~ 85 485 6855) 1 0,8 28 3(85 485 68557 86,483 685,5) 181 28 38, 485 68 5
8y 58, 38, 485 85 5]
[@, 18y 385 485 6855~ 8 1 385 485 68557 8y 18 385 4183 6855~ 8y 18 38 483 68557 8518 33 133 6 5
3y 18y 3(85 483 63,5~ 3 483 6955) 0, =3 18, 3(35 483 63 5~ 34 65,5) 1~ 18 384 493 63 5
) 18 38,485 685 5]
(8, 184 285 485 686,57 8 18 285485 685 5+ 8y 18 85 485 6865~ 8y 185 28 483 68557 8518, 584 485 68 5
—8 18y 585 485 685 5+ Ay 18y 8485 6855818 285 483 686 5T 8y 18y 285 483 68557 85 18 8 48568,5, 0,
T84,185 285 483 68,5131 18, 285 483 685578 18 285 48368573 18 285 48365 5
"8y 18 58 485 68,578 18y 58485 68,5, 8y 18, 2 485685518y 18 5By 4336855
(-85 1 (8, 58, 385 68 5+ 28 385 6855) 1 85181 28 383 685,05, 785 18,8, 383 6855
8,18 28 383 685518 18,8 383685518, 18 28 3% 68578 18 28, 3% 6% 5,
—8y 18, 58, 385 685 57 8y 18 8 385 6855 8 18y 8 385 6855 8y 18 2 385 65 5]




(85 1(8 28, 385 686 4+ 8 285 385 686 4) » 85,18 284385 686450 ,85 181 28, 383685 4

T8y, 18 8y 383 68,478 18285 383 685478 18y 28 385685478 18 23 385 68 4,

) 18 8,383 685478y 18y 28, 385 685 4+ 8y 18y 58 385685,y 18y 28, 385685 47 8518 2 385 68 4]

[0, 0, 81185 28 385 4855181 18, 28 385585478 18 28,385 48557 1828, 3855854781828, 385485
+8 18 8 38558 478,18 28 385 48,57 84 181 28 385584785181 38 3848,5,0,0,0]

64"
0O 0 0 0 -1
0O 0 0 1 O
-1 -1 -1 1 1
A=l a4 a4 a4 o
0O 0 0 0 O
L 1 -1 0 1 O
[ Qualitative Stability Analysis
i "Criterion i"

poly coef FO to Fn=[-1,-2,-3 -2 -1 -4 1
positive feedback=[0,0, 1, 3 5 2 3
negative feedback =[-1, -2, -4, -5, -6, -6 -]
absolute feedback=[1,2,5 8 11 8§ 3
wFn=[-1, -1, -0.6Q0 -0.25 -0.091 -0.50 0.B3
"Criterion ii"
wD; =-0.0069
ratio_to_model_C=-11.

L "Class Il Model"
[ Qualitative Press Perturbation Analysis
i "Change in Abundance from Positive Input”
"From Increased Birth or Immigration or from Decre@®eath or Emigration”
"adjoint (-A)"

102 11 -1

-1 3 -1 1 -2 -

1 4 1 -2 3

0 1 0 0 -1

-1 0 0 0 1

0O 0 0 0 1 Q

"absolute feedback (T)"

1 4 1 5 2

1

3
4 1
3
0

wor R
OO R R R,
ocoonN R
w w o

0 00 0 3
"weighted predictions (W)"

1. 050 1. 1. 0.20 Q.
1. 1. 1. 1. 050 1
1. 1. 1. 1. 060 1
1. 033 1. 1. 033
033 1. 1. 1. 033 1.
1. 1. 1. 1. 033 1

"Change in Life Expectancy (E) from Positive Input"
"Increased Rate of Birth or Immigration”
"delta E"




m

Symbolic Analyses

0.33
1.
0.33
1.
1.
1.

hooror
1
o
ocor oo
oOor ooo
coook
PO OOOOo

31 -1 2
"absolute feedback"
0 0 0 3

P OO WOoOWw
O O wo
O O wo
O w oo

0
6
0
0
31 1 4 1
"weighted delta E"
1. 1. 1.
1. 1. 1. 1.
0.33 0.33 1. 0.
1. 1. 033 1

1. 1. 1. 1.
1. 1. 1.

0.33

0.50

[EEN

1
1
1

"Decreased Rate of Death or Emigration”

1. 1. 1.

1. 0.33
0.33 0.33

1.

1.

1.

"delta E"

0 0 0 -1
0 0
0 O
0 O
0 -1
31 -1 2
"absolute feedback"
0 0 0 3

R O OoOr OO
'
[N
o O oo
[eleclolole]

R OO WwWOoOOo
O O ww
O O oo
w o o o

3 1 1 4 2
"weighted delta E"

1.

1
1.
1. 1.
1
1. 1

=

"Symbolically Specified Community Matrix"

0
0

83
0

0
L 8,1

0 0 0 -a 5
0 0 a4 0
83, T3 834 &5
8y, "85 "8, 0

0 0 0 0
86,2 0 85 4 0
"system feedback"
Fs

a6

&6
0
0

& 6
0

a’3,1a6,2a4,3a2,4al,5a5,6+a'3,2a6,la4,3a2,4al,5a5,6_a'3,3a6,la4,2a2,4al,5a5,6

Fs

528y 33 483585 67 g 18 28 481 585783 13 38648 58567 A 183 39 431 53567851339 ,3; 53¢
TG 18328 38 68 4T85 18, 28339 6 4783185 ,8, 38 5 4



Fa
86,484 383 18 67 8548 38378 67 848, 38358567 8181 585 68,47 818 585683378548, 2% 683

T 8518168428 478 18 68,383 4% 8513 68,2837 828 684,385,478 2% 68,483

Fs
8518 585 67 8648 28 61 85 181 6 4T 181 683378528 68,47 8 28 683318 38328 4783328y

F,

86,181,678 28, 678y 28 478 385 478y 4855
Fy
8,47 855
Fo
1
"adjoint (-A)"
(85 284 38, 485 585 6) 83 284 385 48 585 6+ 8y 285 38 481 58567 85285 38 481 585 6% 8 2 38348 5856

8628, 38, 48 585685283 38, 48 5856
83284385 48 58 67 8283385 481 58 67 8528338 48 58 678528, 38, 481 68357 8528438343 5% 6>
8328438 48 5856~ 8y 285 38 48 585 6]
[ 8 184385 483 585 6, 83184 38 481 585 67 85185 38 48y 585 6% 8518 383 48 5856, 8518438 481 5856
8518 38, 48 5856, 783 18 385 48 58, 67 85 18 38 4 58 678518 38 48 68 58518 3% 43 5T,
—85 18 38, 48 585 6]
(86 18428 485 585 60 785184 28, 48,585, 6~ 83,186,284, 481 5856~ 86,183 284,481 5856~ 818428348 586
86,184,285 48 5856, 783 185 585 48 58567 85183 ,8, 48 5856,
831828 481 58, 6183 18528 4 58 61 85183 28, 4 5% 67 81828, 43 6% 5T 85 18283 481 53 65
8318 28, 48 585 g
[0, 85,185,838, 5856785185 28 38 5856~ 8,18 28538, 58,0,0,
85185 58,38 58,67 818528, 38 58,67 818,85 38 58,6, 0]
(85185 28,38, 485685185 28, 38, 485 6+ 8518 83 38, 4854,0,0,0,
83185 28,38 68 4T 85185 58 38 685 4~ 8518 28538 68, 4, 0]
[0,0,0,0,8; 85,8, 38 58 4785185 58, 38 585 4~ 8,18 285 38 58, 4, 0]

5"
0O 1 0 -1 -1
-1 0 0 0 O
A= 0 -1 1 0 0 -
0 -1 1 0 0 -1
0 0 0 1 1
0O 1 -1 0 o0 -1
[ Qualitative Stability Analysis
"Criterion i"

poly coef FO to Fn=[-1,-1, 21 -2 -2 Q
positive feedback=1[0,1,4,5 5 7 @
negative feedback =[-1, -2, -2, -4, -7, -9 -§
absolute feedback=[1, 3,6, 9 12 16 1P
wFn=[-1, -0.33 0.33 0.11 -0.1,7 -0.12]0.
"Criterion ii"
wD, =-0.000019
ratio_to_model_C =-0.029
"Class Il Model"

[ Qualitative Press Perturbation Analysis
"Change in Abundance from Positive Input”
"From Increased Birth or Immigration or from Decre@®eath or Emigration”




"adjoint (-A)"

00 0 0O
00 4 40
00 4 40
00 2 -2 0
00 2 -2 0
000 OO

"absolute feedback (T)"

[0 12 4 4 0
0

o O O

O O oo
NN DD
NN BB
D O OO

L0 0 4 4 0
"weighted predictions (W)"
0. 0. 0. 1.

PooOopPRPPEE
PP PPEPRE
orkrPEPR
O oocooo

cerkPPRPPE
PooOopPP

"Change in Life Expectancy (E) from Positive Input”
"Increased Rate of Birth or Immigration”
"delta E"
-4 4

O OO OoOoo
O OO oo
A
N A SMO

O OO oo

0 -4 40
"absolute feedback"
12 0 4 4 0

(el el Ne]
OOO'G
N A~ 0O BN
N O DN

2
0 4 4 8
"weighted delt
1. 1.
0. 0.

0
0
0
6
0
akE
1. 1
0. 1.
1. 050 1. 1.
1. 1
1. 0

0
0

1. 0.50 .
1. 1. . 0
1. 1. 1 1. 1. 0

"Decreased Rate of Death or Emigration”
"delta E"
-4 4

oerrpPo

O OO o oo
O OO oo
A
N A SMO
O OO oo

0 4 40
"absolute feedback"



m

0 0 4 40

0 0 440

0 0 440

0 0 4 40

6 0 2 2 6 2

0 0 440

"weighted delta E"
1. 1. 1. 1. 1. O
1. 1. 0. 0. 1. O
1. 1. 1. 1. 1. O
1. 1. 1. 1. 1. O
0. 1. 1. 1. 0. O
1. 1. 1. 1. 1. Q

Symbolic Analyses
"Symbolically Specified Community Matrix"

o &, 0 -a, -as O |
-a, O 0 0 0 s
0 -8, a,; O 0 a5

0 T8, 43 0 0 86
0 0 0 a, a5 O
L 0 &, “8; O 0 a4
"system feedback"
Fe
8328, 1838 48558567 8328, 18538 4 6855131 48 18 283 385585618368 18 28538 4355
T 485 186283 38 685578368 186 28,38 485578328 1838548 585678328 18538548 586
T 58, 18283385 485618368 182838 585 4178 58, 186,83 38 685478368 182838 5854
Fs
85 685 48 28, 18 57 8685 58 28, 181 418568558 38 18; ;785683828 18 4T 853836855818
T8 383 6828 181 41 856828 18 483378528 18 48685518528 184 4868537854838, 185
Y8548 28 1858337 8558 383 58 18 4t 8558 28 18 483378383 28 18 48,67 82818548586
T 85281838 48

F,
86,28, 181 48 61 85383 28 68557828 6855833783868, 1 27868558 13 278663, 28 184
T8 6838 18 278548 28 1 578558 28 18 4T 8558338, 18 37838328, 185 4T 13 4333
Fs
86383 28 673528 68557 A5 2% 68331 86383 685 51833855856 856813 27 A5 5% 1 278 28 18 4
T3 13,
F,
8628, 673 3% 678558 6T A 386 A 53738, 1
Fi
86 A5 51333
Fo
1
"adjoint (-A)"
[0, 85,8, 38 485585 6+ 83,8 385 481 5856+ 83 28538 48 6855 85 285 385 48 58 6 828338 485586
T8y 285 385 48 58567 8y 28538 41836855 8 285385 48 58 67 8528338 48 68557 85283385 48 595
T8 28,3 48368 5182838543 536
T8y 28638 48 685578 285385 48 58 678528438 48 68557 85284385 43 56
83285 38 48, 685 5% 83 285385 481 58 6~ 8628538 48 68557 g 283 38548 58,6, 0,
a3,2a4,3a1,4a2,6a5,5+a3,2a4,sas,4a1,5a2,6_a4,2a3,3a1,4az,635,5_a4,2a3,3a5,4a1,532,6]



[0,0,8,1(8, 38 48558 678385 48, 58 67 838 4 68557 8385 48 58.6) »

—8, 1 (8338 48553 61 83 385 481 53 6T 8539 483 635 5T 85335 485 5%6), 0,
_az,1(_a3,3a1,4a4,6a5,5_a3,3a5,4a1,5a4,6+a4,3a1,4a3,6a5,5+a4,sas,4a1,5a3, o]

[0,0, -8, ;(8, 28 4855856~ 285 481 58,6~ 85 28 484 6855~ 8 285 481 534.6) »

8,1 (83 28 485585 6~ 8 285 4 58 6~ 828 485 6855~ 8,285 48, 5856) + 0,

8, 1(83 58 48 685 5% 83 585 48 58 6~ & 28 485 6855~ & 28548 583 6)]

(-8, 1 (-85 28, 385 585 6~ 83 285 384 685 5% 8y 285 38558 67 8y 28383 685,57 85 285 38 6855 8,284 383 685,5) »
0,-2, 8 ,(~8, 385586~ 8,3 6855) 82131 (83 385 58 6~ 8,38 685 5) »

8y 1 (—83 78, 38 5856~ 85 8 3 58y 618y 285 38y 58 6+ Ay 2838 585 67 85 83 33 58 6~ 85 28 381 53 6) »
8,18y (8538 6855~ 8y 385 65 5)]

(8 1(85 28, 385 486 6% 85 28538 685, 4~ 84, 285 385 486 6~ 84,28 383 685, 4~ 8,283 38, 685 4+ 85 28 383 685 4) » 0
1818 5(8y 385 485 6% 8538 685 4) 78 18 (83385 48 6% 85383 685,4) »

—8, 1 (785 28, 38 48 67 85286381 48 6+ By 28538 48561y 285381 485 6T g 283 38y 4y 6~ 85,2 381 485 6) -
—8 18 (785 38 685 4% 3 385 685 4)]

[0,0,8, (-8, 28558 4855~ 8 28 38 585 4+ 8 28, 38 485 5% 85 28 38 535 4) »

8 1 (783 585 38 485583 58538 585 4+ 85585 38 4855+ 85,8338 5854), 0,

L —8, 1 (785 28, 38 48557 8528, 38y 585 4+ B 8538 485518y 85 38 585 ,)]

wpqn

o 0 0 -1 -1 0 -]

-1 0 0 0 0 0 1

1 1 0 0 1 0 1

A=-1 -1 0 1 -1 0 (@

0O 0 0 -1 1 1 1

-1 0 -1 -1 1 0 1

L LO -1 -2 0 1 0 1

[ Qualitative Stability Analysis

i "Criterion i"

poly coef FO to Fn=[-1,3,-1,-3 6 0 1 -2
positive_feedback =[0, 3, 4, 9, 23 30 29 1B
negative feedback=1[-1, 0, -5, -12 -17 -30 -28 -1p
absolute feedback=[1, 3, 9, 21, 4Q 60 57 2B
wFn=[-1,1, -0.11 -0.14 0.15 0. 0.018 -0.0]V1
"Criterion ii"
wD, =-0.39 10°
ratio_to_model_C=-0.21

L "Class Il Model"

[ Qualitative Press Perturbation Analysis

i "Change in Abundance from Positive Input”

"From Increased Birth or Immigration or from Decre@®eath or Emigration”

"adjoint (-A)"
<1 0o -1 0 0 1 -1
0 2 -2 2 0 -2 2
1 4 3 4 0 3 -1
1 2 -1 -2 0 -1 1
2 0 2 2 0 0 ¢
0 4 -2 -4 2 2 2
-1 2 -1 0 0 1 -1

"absolute feedback (T)"




516 5 4 0 3
10 16 12 10 O 6
15 24 13 12 0 13 1
15 14 7 8 0 5
8 10 6 6 0 4
28 36 18 18 28 12 1
L5 12 5 4 0 3
"weighted predictions (W)"
(020 0. 020 o 1. 033
0. 0.12 0.17 0.20 1. 0.33
0.067 0.17 0.23 0.33 1. 0.23
0.067 0.14 0.14 025 1. 0.20
025 0. 033 033 1. 0.
0. 0.11 0.11 0.22 0.071 0.17
L0.20 0.17 0.20 O. 1. 0.33

0.3B
0.33
0.067
0.20

0.
0.17
0.33

"Change in Life Expectancy (E) from Positive Input”
"Increased Rate of Birth or Immigration"

"delta E"
2 0 0 o0 0 (@
1 0 1 0 0 -1 1
0 0 0 00 O Q@
-1 -2 1 0 0 1 -1
-1 -2 1 2 0 1 -1
-1 2 -1 -2 0 -3 1
-1 2 -1 -2 0 -1 -1
"absolute feedback"
28 00 00 O
5 16 5 4 0 3
0O 00 OO0 O
15 14 7 20 0 5
15 14 7 8 0 5
11 18 9 8 0 21
111 18 9 8 0 7 2
"weighted delta E"
[0.071 1. 1. 1. 1. 1. 1.]
0.20 0. 020 0. 1. 033 0.33
1. 1. 1. 1. 1. 1. 1.
0.067 0.14 0.14 0. 1. 0.20 0.20
0.067 0.14 0.14 0.25 1. 0.20 0.20
0.091 0.11 0.11 0.25 1. 0.14 0.14
10.091 0.11 0.11 0.25 1. 0.14 0.048
"Decreased Rate of Death or Emigration”
"delta E"
o0 0o 0 o0 0 (@
1 2 1 0 0 -1 1
0 0 2 00 0 Q@
-1 -2 1 2 0 1 -1
121 2 2 1 -1
-1 2 -1 -2 0 -1 1
-1 2 -1 -2 0 -1 1

"absolute feedback"



0 0 00 0 0d
5 12 5 4 0 3 3
0 0 28 0 0 0 (
15 14 7 8 0 5 7§
15 14 7 8 28 5 §
11 18 9 8 0 7 1
11 18 9 8 0 7 1

"weighted delta E"

[ 1. 1. 1. 1. 1. 1. 1.]
0.20 0.17 020 O. 1. 0.33 0.33
1. 1. 0.071 1. 1. 1. 1
0.067 0.14 0.14 025 1. 0.20 0.p0
0.067 0.14 0.14 0.25 0.071 0.20 0J)20
0.091 011 0.1 025 1. 0.14 o0.l4
10.091 0.11 0.11 025 1. 0.14 0.14

[ Symbolic Analyses

"Symbolically Specified Community Matrix"
) 0 0 -a, a5 0 -a/
-a,, O 0 0 0 0 a;
B Ao 0 0 s 0 a5
-a,, a4, O 8, 85 0O 0

0 0 0 -a, &s &g &7

a5, 0 -85 8, as 0 &
L 0 &, a; O a,s 0 a; ;]

"system feedback"
F7

872831853 4 53 78567 Ay 4 18y 285387 58 785 6Ty 4 18 285 383535637 7

T 48 183 28638 535687, 7+ A 48y 183 28387 5% 785678y 4 18y 2833758 7356
T8 785 183 8638 48568, 57 58 183 8538 485687778738 1838 48,53 7356
87381828 43 53, 785 6T 87 38518 28 458 73561 A7, 38 183 284 43 58563 7
8738 183 28 48553 785687385 183 285 48 53y 73567 Q7,39 18 28 43585 63 7
t87 38, 1828 48 533 785 61 87 38 18 28 43 5% 785678738 18 2843353 7356
T8 38318 28 48 53, 785 61 87383 18 286 43 5% 785678738 18328 48558 7356
t8738, 188 485856877 87,38 183 28 48 58 78567 Q7,28 18638 4R 5% 7856
8728, 18538 43 533785 6787 2,8, 18538 4853y 78567 Q7,283 18538 4R 5N 7856
*t87 281833 43353, 735 ¢
Fe

Q5393 28 185681 49 57 A 35356 28 181 4T 86393, 13 53563 418728533 43353 7356

T8y 28738 4835 785 61 3 285 39 487, 5% 78567 83 27,38 48 53, 785 61 A3 237386 48,53 7356
8318639 4859 68777831838 491 535687 778318538 4,531 7856783 18738 43,535 6%, 7
8318738 48 58568 718 187 38 48558 785678318738 48 53 785678y 185381 483585 63,7
8y 18638 487,533 785 618y 187 38 483585 68 778418738 48533 785673 18738543 5% 785 ¢
+t8y 18738 4835 785685187, 33) 48 58 78567 86 17,38 4 583 78561 818738 1853 7356
T 1828 486585637 773, 18 58 487 58568778 18286 4 53568, 78 1842843753 7356
T8y 18728 48 585 686778 187 284 431 585685778 187,28 48 531 78561 A 187285 48,53 7356
Ty 187,28 48558, 785 678y 187 285 48 58, 78567 85 18y 28 48758, 78567 85187 2,8 48 58 785
818728 48 58 785618 183 787 38 5 785613y 183 28538 585687 77 18328538753 7856
T8 18358738 585685773, 183,87 3853 785618 1878538 583 785678 187285353 7356
T3 187 28 381 5% 785673 18358738548 78578 18287 38 48358 78 18,8733 4337355

+8, 18y 287385 48 583 77 18y 587 38543 73518318, 39 43 7855133 13, 5,87 38543 53 7



Ty 18358738 48, 785578, 193 587 385481 58, 7T, 183,87 39 43 585 7F3, 183,87 39 43 5357
T8 1835873848 7855
Fg
86,484,285 18 5856~ 8538 18 48 5856~ 85393 28 13 59561 %3835 68 1 41 A 68658238, 13 4
T 8638318 58568 4187585 68538318 778y, 58568548418 778738318 4B 28 77873818 43 5357
t8 383 18 5856857 87,383 2,8 18 5857187 383 585 4,8 18 7787 38358568513 718y 585,48 ,8 78,
t87 28,18 48585 77,28, 18 58568 7787 23 78, 18558 47873813 7856855787383 13 785435
t87 38318 7855 41 Q7 383 28 78418 4187 383585 7818 4787585 6857813 473728 78 185435
87383 785 18 59 6~ Q7,383 785 484 18 5787 383 78558, 18y 478738 78 28 18 41785787 58 28,13 4
+t87 7818 43 585678778383 181 58561 A7, 78643 18 5856737 78518 58568 4737 7856853 13 4
T8 7854828, 18 578 78558 2,8, 18 4t & 28 78 1856855187 28 18 58578 4787 383 18 585784
Y8 383 ,8) 78 185518y 38,8 78 18 478 58568518y 78 418 28 785 18 5856787 28 7854818 5
Q728 78558 18 4T A 28538 53 78567 A3 235387 5% 785 6T 83 27,385 58 78567 28549758 76
8728 48 53, 785 61 A 85 48 53 785 67 A7, 39 485 5% 785 6T 37 38 484 583 78567 838 4% 585 69,7
838 487,58 785 61 7 38 483 585 685 778 287,385 48 7835783 287 38 4 785513 287385 43 75
F,
A5 48,285 18 5T 3558 28 1) 4784 48758568 773 48585 63,7787 3858 78567 7,38 585 63 7
T8 38 58 785 61 85 383 585 687,77 8518y 48 58561 85383181 58567 84813158567 838185356
T8 18 59568 478568 58,18 478 28 18 585718738318 5857787 38,8 78 1785854813 7
T8 58548 28, 7787 585 68518 7+ 8y 785 48 18 587 78558 18 437 7828, 18 47857875818 4
8778618 5856787 28 78 1855187 8 78 18y 478738318 785578738318 78 4187 33,3 7355
t87 383 2@ 78 4187 383585 78 4187 2@ 785 685+ A7 28 785 48, 57 A7 28 78558 41 Ay 235 78,18y 4
+t87 383 785 48 5787 383 785 58 4T A7 38 73 18 4~ 343 535637 7
Fs
A7 28 785 1187 383 18y 778 383 28 77 38 585 71 A7 585 68 71T A7 A 7855187 3 7Y 4T 37383 785 5
87383 78 4~ QY 485 78 57 853568 7785 48,587 713 485587 7787 78 13 473518 535673356
T8 48 5% 67 A 485 6% 57 A5 48 18 5T 58 18 47 2 13 4
F,
T8, 28 7787383 7185 7 5785587 7787 7 4t 85 68551785 4 5755, 4T 13 4
Fy
8718551y
Fo
-1
"adjoint (-A)"
(85,85 384 487,58 785 6 83 87 38 485 58, 785 6~ g 87 385 48y 58, 78561 8y 87 385 48358, 785 ¢
87 285 38 48358, 785683 28538 48, 585 687,71 83 28538 481 5856877783 28538, 48758 7856
83287 38 43 5385635 77 8 287, 38 48 595 68 7783 287 38 4853y 78567 A 287385 4%, 59 785 6
T8 285 38 483585687 7T 285 38 487583785 6T A 287 38 4835856857 A 28733 4855837856
T8 2@ 385 4 585 785 6T A 87 385 48358 785 6T A7 285 3 48y 583785 6T A7 28538 43 5837856
8728638 48 53 78565 " 2833 487 58 785 61 8y 287 38 4855 785618 28738543 58 7856
T 8728538 4858, 785 6787 285 38 48 58, 7855,
~85 585 38y 487585 785 6+ 83,87 38 48558, 785 61 A3 87 385 4,8y 58, 7856~ 87,285 38 48358 7854, 0,
8328738 48 58 7856183 287 38 48 58 785678y 28738 4 5 7854,
—83 85 38 48y 58, 785 6 8 p85 384 481 58, 785 6+ By p85 38y 485 58, 785 ¢l
[_az,1a6,3a4,4a3,5a5,6a7,7+az,1a6,3a4,4a7,5a3,7a5,6+az,1a7,3a4,4a3,5a5,6a6,7_32,1a7,3a4,4a6,5a3,7a5,6
8,187 38 48 533 73561 83 18538 4875 7856783187 38 4853 78561 A3 187385 4% 5% 7856



Ty 187385 48358, 785 67 85 187 38 483 58 7856, TA3 18538 48 585 687 77 83 1838 48 585597 7
8318638 48759 785678318738 43 53568 718318738 43 53568 778318738 4353 7356
*t83187 38 4853 785618y 185381 483585 687,778 18538 487,583 785 678y 187381 483585 6 7
8418738 48533 785618y 187 38548 59 785 678418738 48353 785618 187331 48 5% 7856
T8 187 38 48 5% 78567 85187, 38 48353 7856, " 1853 484 585 687778 18538 48 5356877
T8 1863 4875 785673 187 38 43 53568718 187,38 4 53568 778 18738 4353 7356
T8y 18738 48,59 78567841838 4875 78567 8 197,381 4853 785678 1873843 53 7356
T 818738 43 53 78567 8 187,38 48 53 785 6, T 186331 483585 687,773, 18533 437583 7356
8,187 38 483585635778 187,381 48558 785678 18738 48 533 78561 A 18738548359 7856
T8 18639 48758 7856783 187,33 4858, 7956783 1873843 58, 78567 5 1873 4835 7356
T8 187,38 4 583 785 67 A 187 38 48 583 785 6T 187 38 48359 7856783 187,33) 4 53 7956
8318738 48 5% 785 67 8 187,38 48353 79561 A 18533 484583 785673 18538 43 5% 7856
— @ 18538y 48558 785 61 85 185 38y 4B 58 785 6T 8 185 38 481 58 78567 8y 1838y 485 58, 735 6l
(8518528 486585 687, 7~ @ 183 58y 487 585 6857~ 8, 185 285 4y 585 687 77 85 18, 286 483 585 53 7
T8 18 28 487 5% 785678 187 2,8 48358568 718 18728 48583 785 67 8 187285 48,583 735 ¢
T8 18y 28 487 5% 785 61783187 28 4853 78567 83 17,286 48 53 785 61 8y 183 285 49753 7356
t8y 187 28 4835 785 67 85183 28 487,53 795 61 85 187 28 4358, 785 6,83 18 28 485595 687 7
T 8318 28 487, 5385635 7 A 18y 8648 585 687,77 8318 28 487,53 78567 187281 48 535 6 7
83187 28 48 5385685 78 187 28y 48559 7856783187 28 43 53y 785673 183 231 43535 68,7
T8y 18358 487585 685778183 28 48 585687 718, 183,85 4,531 785618y 18758 183585697
T8y 18728 4865 785 67 187 28 48 5% 78561 Ay 187,286 4% 53 78567 818328 484,585 63,7
T 8183 28 48 585687 718 183 58 48758 78568518 28 483585687778 18 281 487,58 7856
T 8518728 48 533 738567 8 187,28 48 533 7856735187 28 4853 785613 128 48535637 7
85184 28 4875385 635 7 18y 8648 585 687,778 18 28 497,53 78567 187231 4 535 68 7
T 187 28 48 585 6385 773, 187 284 485 785678 187,285 4 531 78561 8y 18728 413553 7356
8y 18728 481 5% 785 6178518 28 4375 78561 85 187,281 4 53 78561 818728 43 53 7356
8518328 48585 687 778 18 28 4875856857785 183285 48 585687 77 A 183 28548753 7354
8518728 483585635 73 187 28 48558 785 613, 187 285 48 533 78567 A 18728548359 7856
T8 18728 48658 7856783187 2,85 481 5% 78561 86 18 28 47,58, 785618 18728 158 7356
8518328 48 58568 78 183 58 48 585687, 77 183 28 43758 785673 18 23 433535687 7
T8 1828 4875 785678, 18728 43 583 785618y 18728 43 583 785 67 A 18728 4853 7356
t8318 28 487,58 78561 8 187 8 4858 785 683187 28 48 53 785678 183 2,81 487 5% 785 ¢
8418728 453 78565 78y 183 28 48 585685 77 183 28 48 53568 773, 183 28 4853 7356
T8 18358 485 785673, 1858 48358568778 1828 48583 785 67 1842843 583 7356
T 1828 4835 738567331828 48 5% 78567 8318, 2864 53 78561 8y 18328 4853 7356
tay 185,85 ,8) 58, 785618 183, 4By 58 785 6T 85 185 28y 481 58 78567 8g 18y 28y 485 58, 7856l
(818528638, 585 687, 7~ @ 183,87 38y 585 6857~ 8y 184 285 385 585 687 778, 18,8 387585 785 ¢
8,184 287 383 585 685 778 18y 287 38559 785 613, 187 2833 533 78561 A3 18 35337 5% 7856
T8 18 2873858 785 6783187 28538 5% 78567 8 18 285 37,53, 785618y 183,87 38553 7356
8y 187 28 383 5% 785 61 35 183 287 38 53 78567 86 18 287, 3% 58, 785 5, 783 18y 285 38 5356377
+t83 18 2838759 785678318 28738 53568 778318 28738 53 78561 83187283353 7356
*t8y 1852838 585687778 183 28638758 785678183 287,38 53568573y 183,387 38 53 7356
8y 187 2838 583 785678y 187 28538359 785 6185183 287,38 53 785618 18 28733 5% 786
851828738359 7856, " 18 28538 585 697,77 18y 283875 7856735 18,8738 535637

=818 2873853 78561 A 187 28538 53 735678 187 2833 5 7856718y 287 381 53 7356,

0,



T8 183 28638 58568, 7+ A 183 285 387 58 78561 183,87, 38 585685778, 183,387,385 7856
— @y 187,838 583 785 6+ 8y 187,85 383 58 7856~ 8g 187,838 58 7856~ 85185 87 38 58 7856, 0,
T8, 183 287 38 58 785678 18 287381 583 785 6T Ay 18 28738358 78567 A3 18 28738 58, 785 ¢
T8y 185287 38 53 78561 183 2838 531 785 6T A 13 28538 5 78567 18283353 7356
+8; 18,8538 58 785 6~ 8y 184 285 381 58 735 6

(8 185 28538y 485687, 7~ @ 185,87 38y 485 6857 8y 18y 287 385 483 785 6T 8 187,85 38 483 785 ¢
8318y 287386 48 785 67 8317 28538 48, 79561 Ay 183 287 395 43, 79561 A 183 27,38 4 73565
83184 2838 485687, 7783 18y 287 38 485685778318 28738 43 78561 A 187 28638 43 7356
84185 285 38 485637 718y 183,87 38 48568 778183 2873843 785678 18728533 47856
T8 18358738 48 78567 8518 28738 4837856, A 18y 28538 485687778 18 28733 485687
T 18y 287,386 48 785673y 17 28538 48 78561 Ay 187 28539 485 78561 A5 18y 27,33 4 7356,
85183 28538 485687 778 183 287 38 48569 77 183 287,385 48 785673y 187 2,833 4% 7856
+85 187,85 38 48, 7856185185 ,87 38 4@ 7856, 0,

T8 183287 38 48 785 61 8y 18y 287 38 483 785 6T A3 18y 28738 4 785678 183 287,33 48, 7356
B 185 285 38y 48y 78567 8y 1By 838 48 78567 8y 18y 28538 48 785 6T 8y 185 285 381 48, 785 )
(-85 18y ,87 385 4@ 78G5+ 85 18y 287385 48y 78557 8y 187 85 38 48, 7855183 18 85385 4,8, 785
T8y 185585395 4,3 787 513 183,87 385 43 735578 185,339 4,3, 785573 197,85 3854, 7 5
T 8183 287,38 48 7855185 183 87 385 4 78 578518 287,385 43, 78351 A3 18 385385 4% 735
85183 285 38 485537 78 183 8538 48578, 513, 183 285385 4,3 5387 7T 183,87 38 435587
T8 18358738 485 785578, 183 5,87 385 48,58 718, 183,87 38 438 585 778 1842833543353, 7
T8 18y 28 38548 7387573, 1858738548358 778 18 287 385 483 78557 184287 39 43353 7
T8, 1828738483 78551 187 28638 483585 7785 187 28538 483 7855+ A 187 285385433 78,5,
T8y 187286385 4 78 5183187 285 385 43y 78 513 183 78538 48558, 77 8 183 28533 4857375
8y 183 285 385 48 587 778 183 86385 48 787,578 183 287,33 435585 73 183,387 33 435785
T8y 183587385 4 585773 183,87 38548 785518 13,87 38 43 585 778 183,87 3943 7355
8y 187 28 38 4 585 778y 187 8538 483 785578318 28633 48558, 7+ 83 18 28533 485795
T 8318 28385 48 587 78 18y 86385 48 78 58318 287,38 4855877 18 28738 485785
8318 287385 48 536778 18 287 38548 785578318 287,38 43 585 73 18,3738 43 785 5
T3 187 5838 453857783187 8538 48 5857783187 8538 48 785 5F8 1875838543 5% 7
T35 18358738 4 5357735183 ,87 38 48 5857786188738 48 7855+ 85 183,87 38543 735
8518 287,38 4585 778518 87 38 483785518518 287 395 43y 5% 77 18 27,3385 43 733 5,
T8 18y 28638 485587 778, 18 28538 48578757 18 2863854 5,773, 18 285385 ,3 7375
8,184 28738 485586778 18y 287 38 485785518, 18 287385 4,3 58577 18238738543 785
T8 18 28738648 5385778, 185873848 785518, 187,853 48585 78 187,838, 43 5% 7
T8 18728 38 48 7385573 187 2853854 78 578 187,286 38 48 785578 18728533543 5% 7
8518 287,38 4 78557 8518 287 385 48 58 7, "8 183 28 33 485587 773y 183,85 38 4857375
T 85183 285 385 48 587 78 183 86385 48 7,578y 183,87 38 48558577 183,87 33 485785
8,183 287 385 48 585778 183 87 385 43 785578 183 28738 43 585 77 183,387 38543 785 5
T8 1872838 48585778 187 8538 483785578 18785385 4,81 58 78 187838543 75
T 8318758538 48, 7855783 187 85385 48y 58, 7785183 8 38 48 7855785 183,87 385 4@ 5 7,
A 183287 38 4 785578 185,37 38 4,81 58, 7T 187 8538 4 75785183 ,37 33 4, 75
T 8183 287,38 48 58, 78 18y 287 38 48 78 58y 18328538 43 787578 1838533 48537
85183 285 38 43y 587 78 183 58538 48 78,518 183,87 38 43 58573 183,87 38 43 58 7
T8 18358738 4 785573 183,87 3848 78 518 182853 48358 778 18428533 4837375

T8y 18y 28 38 48358571 18y 5,87 38y 48 785 5% 8, 18y 37 38,31 583 77 18,87 38543 73 5



T8 18728 38 4 78,578 187 28538 48 583 7185 187 58538 43 7857831828533 43 7375

T3 18 28738 4 786518318 28738548 58 7783187 28539 48 78 57 A 187 2838 43 53, 7,

T8 183287 38 48585 778, 183 287, 38 48 5857 183,87 38 4 785578y 183287385 4,8 785

T8, 18 28738 483585778 18y 28738 483 785578 18 287385 4,3 583 77 18,387 385 43 735

T8 18 28738 4 785578318 8738548 58 73 183,87 38 48 78551 183,87 385 48 53, 7,

85183 28538 48585 7+ 8 183 58538 48 585 77 183 2838 48 785573 183 ,8538543) 785

T8 18y 28 38 4% 585778y 18 28538 483785518y 18 285385 481 58 778 18428533543 75

+ay 18y 8538 48, 7855185 18y 85 385 48y 58, 778y 185 586 381 48 78557 8y 18 285 385 48, 58 7]

(8, 1(~85 ,85 38y 485 g8y 5+ 85 287 38 485 685 5~ 8 87 38 48 585 61 8y p 87 385 483 585 6~ 87 285 38 485 535, 6)
T8 18y 285 38y 485687 5178318 28738 485685518318 287 3848 585 67831872838 43 5%

83187 28 38 48 535673 183 28538 485687578 1828738 43568 5781832873943 5% ¢

8y 187 28 38 4% 5856 8518 28738 48595 6786183 287 39 43 5% 61T A 18 27,33 45356
_a2,l(a4,2a6,3a1,4a*5,6a7,5_a4,2a7,3al,4a5,6a6,5_a4,2a7,3a6,4al,5a5,6+a7,2a6,3a1,4a4,5a5,6+a7,2a6,3a4,4a1,5a5,6)’
)y 1 (85,85 38y 485687 5+ 83 ,87 38 485686 5+ 83,7 38 481 5856~ 87,285 381 433 535), 0,

8, 1(85 587 38 48, 585 6% 83,87 38y 48 585 6~y 28738 483 5856) s

—8, 1 (83,85 38y 48 585 6 8,85 38, 48 585 6~ 8y 285 381 485 585 6)]

wyom

o 0 1 -1 0 o

-1 -1 0 1 0 1

0 -1 0 0 0 1

A=0 0 O 0 -1 1

0O -1 0 1 0 1

0O 0 0 O 1 oO

L L1 1 -1 0 0 -1

[ Qualitative Stability Analysis

i "Criterion i"

poly coef FO to Fn=[-1,-1,0,2 14,0 Q @
positive feedback=[0,0,1, 5 4 6 5 4
negative feedback =[-1, -1, -1, -3, -3 -6 -5 -4
absolute feedback=[1,1,2 8 7 12 10 8
wkFn=[-1, -1, 0, 0.25 0.14 Q. Q. D.
"Criterion ii"
wDg = 0.
ratio_to_model_C=0.
L "Class Il Model"
[ Qualitative Press Perturbation Analysis
i "Change in Abundance from Positive Input”
"From Increased Birth or Immigration or from Decre@®eath or Emigration”

"adjoint (-A)"
o o000 00O
-1 -1 0 0 0 0 -
0 00 O0O0TO
0 00 O0O0TO
0 00 O0O0OO
-1 -1 0 0 0 0 -
L1 1 0 0 0 O

"absolute feedback (T)"




a

1.

0.
0.
0.

"weighted predictions (W)"
1.
1.
1.
0. 0. 0. O
"delta E"

O d O O O
O OO oo Ooo
O OO oo OoOo
O OO OoOOoOOoOo
O OO OoOOoOOoOOo
O =+ OO
O +d 0O O -

"absolute feedback"

|

O OO woOoo

< O

2 2 4

1140
0 0 0O
5 3 6 0

©
0 — O
™

— O

0. 0. O
0. 0. O
0. 0. O

"Change in Life Expectancy (E) from Positive Input”
"Increased Rate of Birth or Immigration"

0.]
0.33
0.33

3

1.
"absolute feedback"

1.

0.
0.

1. 0.

1.

1.

"delta E"

0 00O0O0ODO
110000
110000
0 00O0O0OTDO
110000
0 00O0O0ODO
1100 00O

"weighted delta E"
0.

0.
0.33 0.20 O.

0.20 0.33 O.
"Decreased Rate of Death or Emigration”




6 2 4 0 4 0

3 3 6 0 40

114020

0 00 8 0 8

114060

0 0 0 OO0 8

15 3 6 0 4 0

"weighted delta E"
(0. 0 0 1. 0. 1. 0]
033 033 0. 1. 0. 1. 0.33
1. 1. 0. 1. 0. 1. 1.
1. 1. 1. 0. 1. 0. 1.
1. 1. 0. 1. 0. 1. 1.
1. 1. 1. 1. 1. 0. 1.
0.20 033 0. 1. 0. 1. 0.20

[ Symbolic Analyses
i "Symbolically Specified Community Matrix"
) 0 a,; -a, O 0 0]
B, 8, O a4 0 e O
0 -a, O 0 0 a4 O
0 0 0 0 -5 s &7
0 -a, O 85,4 0 e O
0 0 0 0 as O 0
La;, &, —a; O 0 -a;5 0]

"system feedback"
Fs
8768 183 28 385 48 78557 87,38 183 28 48558, 785 6T A7 38 185,83 185583687
T85187 28 385 485583 68, 718 287 18 385 485583687187 18,8 38 48558, 7856
T8 687183 8 38548 7855787 18528 38 48558369 7
Fe
T8 2@ 385 485583 68y, 7T 85 2 38 485583 68 7T 2y 385 48558 68y, 77 2 38 48558, 7856
Y8 18 385 48558368, 718 18528 4855878767 8 18728 48558 785618718 28 418558, 7856
8718528 48558 68 7785 183 2,8 38548685
Fs
T87,18 38328 48 7187 285 48558, 68 7787383 28, 181 48 7787385 48558368, 77 Q768558528 4847
T8, 28548 58 787 6T 87 18y 48 785 685 Q7 28 48y 78568 5T 8558528 181 38367 8558528 181 436
T 8568558 28 18 3T 85 48,583,818 3
Fs
8728 18 48 7787 38378, 48y 778548558 787678 287 18 48778558528 48 618558 285 4,6
t85,8,58 18 4
Fs
8718y 48y 7787 28 48y 7785585 28 T 85 48 68551 85 6858 21T 8 28, 4B 5T A 48y 5 A 8y 1
F,
856855 85 48 5
Fy
8
Fo
-1
"adjoint (-A)"
(8287 385 48585 68y 7% 83 287,38 485 58y 7856~ 83 87, 385 485585 68y 7~ 85 287,38, 485583 68, 7,




m

8328 385 48 53 787 61 3 287 38 48558 78567 5 287 3 4865 68 7T 37 28 385 4853 68, 7,
Ay A 385 48558, 787 678y 87 38 48558 78567 85,8y 39 4858 787 6+ 35,87 38 4355 68y 7
+87,8) 38, 48558, 78567 87,8 38548558 68 7,0,

By 287 38y 486585 68y 7183 28y 38 48558y 787 6~ 8528738y 4855 68y 778728 38, 48558368 7,0,
8, 28y 385 485585 68y, 7+ 8 28y 38 4858 7856 8328 385485 58, 68y 7 8528 38, 485585 68, 7]
[, 187 385 485 585 68y 7, ~87 18y 385 485 585 63y, 7

=8y 1@ 385 48558 787 6T 8 18y 385 48558 785 6~ 87 18 38 48558 785 6T 87 18 385 48553 6847, 0,
~8, 18738 48585 68y 7+ 87 18y 38, 4855856847, 0, 78 18y 385 485585 63y 7]

(8185 285 485 58y 787 6~ @ 187 285 485 585 68y 7787 18 85 486 585 68y 7+ 87 185 28 48558, 785 ¢
=8y 185,85 48558 68y 7787 185 28, 485585 68y 7, "8y, 1 (785 28 48558 785 67 85281 48558563 7) »
—8, 18558y 48558 787 61 8y 187 58y 48558y 78567 7 18,8y 4858y 7856+ 87 85,8 4858, 68, 7,0,
8y 185 8y 48658y 787 6~ 8y 187 78y 485585 68y 7+ 87 18 p8y 485585 68y 7787183, 48558 68y, 7,0,
_az,1(_33,231,436,534,75‘5,6+a5,2a1,4aﬁ,sas,ea4, )

(-8, 1 (85 287 386 5@ 785 6+ 85 287,385 585 684, 7) » 87,1 (85 281 38558 7856 85281 3858368, 7) »

"8, 185 ,8) 38558, 787 g+ @y 187 ,8) 38558y 7856~ Q7 1y , 8y 38558y 7856187185 ,8) 3855, 68y 7,0,
By 185 28 3858, 787 67 8 187,838 583 68y 78718, 8 38558368y 787,185 ,8 385868, 7,0,
, 1 (83 8 38558 7856~ 85,8 385585 68y 7)]

[0,0,0,0,0,8, 8,8 385 48 787,68 183 787 38 48 78567 8 185,87 38 485 68y 7

8518728 385 483 63 78y 18y 8y 385 483 68 7787183 ,8) 38 43y 7856787, 183 2,8 385 4% 68y 7
~87185,8) 38, 485 68,7, 0]

(-8, 185,87, 385 48, 78550 ~87185 58 385 484 785

8y 185,87 38 48 78557 8y 18728 385 48 7855187 18, 8 385,48y 78557 87,185,838 48y 7855, 0,
~8, 185,87 38y 48y 78G5+ 8y 185 ,8) 38, 48, 7855, 0,78, 183 ,8; 385,48 785 5]
(85185287385 484 68 5, 87,185 28 385 48 63 5.

8 18528738 4 68518y 187 58 385 4,8, 68557 87,185 28 385 4 685187135 ,8; 33 4,8, 63 5,
85183 28 385 485587 67 8 183 287 38 485 63 51 A 185 287,381 483 685573 18728 38543695
t8718 28 385 483 68551 7,183 28 38, 4856855787183 28 385 48 6857 Q7,185 28 385 433 685>
85183287 38 48 6855787 183 28 385 484 6855, 8 183 28 385 48587678183 287,38 18,585

T8 185,87 38 46857818728 3854868 518718 28 38548368 5187 18358 3% 413 56

T8y 185 ,8) 385,48, 685~ 8y 185 ,8) 38, 485 68y 5,8 183 8 38548 58]

g
<1 1 0 00 0 (
0O 0 -1 0 0 0 -]
1 0 0 01 0 @
A={1 1 0 0 0 -1 -]
-1 0 0 1 0 -1 @
-1 12 0 0 0 0 -1
L0 -1 0 -1 0 -1 -1
Qualitative Stability Analysis
"Criterion i"

poly coef FO to Fn=[-1,-2,2 1, -2 -2 -5 §
positive feedback=[0,0, 3, 4, 4 6 6 10
negative_feedback =[-1, -2, -1, -3, -6, -8 -11 -2
absolute feedback=1[1, 2, 4, 7, 10 14 17 1p
wFn=[-1, -1, 0.5Q0 0.14 -0.20 -0.14 -0.29 0p7
"Criterion ii"
wDg =-0.0035
ratio_to_model_C =-190.
"Class Il Model"



[ Qualitative Press Perturbation Analysis
i "Change in Abundance from Positive Input”
"From Increased Birth or Immigration or from Decre@®eath or Emigration”

"adjoint (-A)"

4 00 2 -1 -1 -1
4 0 0 2 -1 -1 -]
0 -8 0 4 -2 6 -2
-4 0 0 2 3 3 -5
4 0 8 -2 1 1 1
0O 0 0 O -4 4 -4
L0 0 0 4 2 -6 2
"absolute feedback (T)"
6 0 0 2 1 3 1
6 0 0 2 1 3 1
6 12 0 4 2 6 4
8 0 0 4 7 5 5
6 0 12 2 1 3 1
6 0 0 4 4 4 4
16 0 0 4 2 6 2

"weighted predictions (W)"
(067 1. 1. 1. 1. 0.33
0.67 1. 1 1. 1. 033

0. 0.67 1 1. 1. 1.
0.50 1. 1. 050 0.43 0.60
0.67 1. 0.67 1 1. 0.33

0. 1. 1. 0. 1. 1.

0. 1. 1. 1. 1. 1.

"Change in Life Expectancy (E) from Positive Input
"Increased Rate of Birth or Immigration”

"delta E"
(4 00 2 1 1
080 0O0 O
000 0O O
000 42 2
4 0 0 -2 5 -3
000 OO 8
10 00O 00 O
"absolute feedback"
(6 0 0 2 1 3
0 12 0 0 0 O
0 00 0O O
8 00 8 2 6
8 00 45 5
0 0000 12
0 0000 01
"weighted delta E"
(067 1. 1. 1. 1. 033 1]
1. 067 1. 1. 1. 1. 1.
. 1. 1. 1. 1. 1. 1.
0. 1. 1. 050 1. 0.33 1.
050 1. 1. 050 1. 060 1
1. 1. 1. 1. 1. 067 1.
L1 1. 1. 1. 1. 1. o067

"Decreased Rate of Death or Emigration”
"delta E"




[ Symbolic Analyses

-4 0 0 -2 1 1
00 0O 0O O O
00 -8 0 0 O
o0 0 4 2 2
4 0 0 -2 -3 -3
00 0O 0O O O
LO O 0 0 0 O
"absolute feedback"
(6 0 0 2 1 3
0 0O OO0 OO
0 0 12 0 0 O
8 0 0 4 2 6
8 0 0 4 7 5
0 0O 0 O0O OO
10O 0O 0 0 0 O
"weighted delta E"
(067 1. 1. 1. 1. 033 1.
1. 1. 1. 1. 1. 1. 1
1. 1. 0.67 1. 1. 1. 1.
0. 1. 1. 1. 1. 033 1.
050 1. 1. 050 0.43 0.60 1.
1. 1. 1. 1. 1. 1. 1
L 1. 1. 1. 1. 1. 1. 1

"Symbolically Specified Community Matrix"
0 -

a1 4
0 0
a8, O
A1 B
8, 0
851 82
L 0 -a,

0
8 3
0
0
0
0
0

0
0
0
0

a5 4

0

874

Fs

Fe

Fs

F,

Fs

0
&5
0
0
0

0
"system feedback"

0
0
0

Y

85 ¢

0

876

0

8, 7
0

8y 7
0

8 7

87 7]

Q728 18 385 4,83 58 68 7137 48 18,8, 383 585 68 7137 43 185,38 33358 7356
T 874813 23 383585 68 7T A5 13 2 387 48358, 69 7T A7 48513 23 38358, 735 ¢
t8768) 13 28 38548353, 713768y 185 2 385 48358, 73 63 18 28, 335 43359 7
+87 68513 23 38548358 779778 185 23 385 4,83 58, 67 A, 79181 28 335 4359 ¢

84,28 387 483 585 68577 85 28 385 483 58 687 71 85285 385 48358 787 61 85,8, 387 4358 7856
Y8 28 385 483 58 68571 8 28 385 48558578767 1 185 28 383585 687,778 18728 38358568 7
T 8518y 28 383 585 687 7785 18y 8, 383 585 787, 678318y 28 387 48 6857785 18y 28, 387 48358, 7
T8 18 28 385 483587 778 18 8 385 48358 778 18 8, 385 483587 778518 2@ 385 483586
T8 18628 385 483586

87285 385 483 53 7187 28 383 585 686 7+ A7 43 68618y 28 1Ay 18748 6352 778318y 2 387,43 7
8518y 2 39 798767 32, 393585687 7 A7, 78518 28 383578 28 385 43597, 778513 23 3335856
T 852838548358 678528, 3858568 17854818 28, 3835781 18548, 3835

A7 48, 13y 28 7187 48 6852, 7787 635181, 7Ty 187484, 773 187, 6877318763, 7

T 8778318 28 37858, 383 585 6T A5 18 2 383578548, ,8 3335



87 48285 7787 48 638577876862 773y 187, 7T 187 4 71T 18578678313 23 3
F,
8728 7% 87 484 7735787 6787 79 4

Fi

87778
Fo
1

"adjoint (-A)"

[y 28, 385 485 585 787 6~ 8y 28, 387 48 585 685 7+ g 28 385 485 58 687,785 28 385 483 58 787 ¢
_ae,2a2,3a7,4a3,5a4,735,6_a7,2a2,3a5,4a3,5a4,6a6,7vovO1a1,2a2,3(as,4a3,5a6,7a7,6+a7,4a3,535,6a6,7)’
_al,za2,3a7,4as,sa4,eae,7val,zaz,s(a5,4aa,5a4,6a7,7_as,4as,534,7a7,s_a7,4as,5a4,7as,6)’_al,zaz,sas,4as,sa4,sae,7]
(8418, 385485 586 787, 6+ @y 1@ 387 485 585 685 71 8518 387 483 58 6857~ 85185385 485 584 687 7
tag 18, 38548558 787,618 1 38 48358 7856,0,0,8; 18, 5(85 483 585 787 6187485585 63 7) »
—8 18, 387 48558, 685 7,8y 185 3(85 483 58 68y 77 85489 58y 787 6~ Q7 48 58y 785 5) » "8y 18 385 485 58 58 7]
(84 186285485 58, 787 6+ @y 185,87 485 58, 785 61 85 185,87 483 58 78y 6~ 8518285 48358 787 ¢
T8 18287 48358, 785 67 85 187 85 483 58, 786, A 18 285 483585 787 6 Q1 18287 48585685 7
T 1865854835 68777818285 48358, 7876781 185 287 4 58 785678 187285 4,858 6%, 7
Ty 18y 285 48358 787 673418 87 4835856877851 287 4 58 68 718513 285 4,853 63,7
~ 8518y 58548558 787 678518y 28748558, 7856, 0,

Q186285 48358 787 61 3y 185 287 48358 785678618 285 4858 787 61 818 287 438353 7356
8y 186287 4835 78 67 85 18 287,483 535 784 61 A 18 28548353 7876731 184287 45 7356
T8 18758548358 78 67818 285 48358 787 613 18 287 458, 78561 5 18y 27 4,835 786>
~8 185,85 485 58 78y 6~ 8g 18y 585 48 58, 73y ¢l

(84 18628 385 585 687, 7~ @y 18 8, 385 585 687~ 85,18y 28 383 585 78y 6T 85185 28 383 58 68y 7
_as,136,2a2,333,5a4,7a7,e_as,1a7,2a2,333,5a4,eaﬁ,7_36,1a4,2a2,333,535,637,7_36,137,2a2,333,5a4,7as,6v01Ov
Q18628 383585 687 773 187 23 383 585 637785181 28 38358 787 61 18 23 383 535 697 7,
81,1828, 383 585787 678 185 28 38358 687,77y 18528 38358 787673 187 2,8 3835368 7
Ty 18 2 38359 78767 8518 28 383 58 687, 718618 285 3% 58 77,6, 18y 28 3835356877
t8) 18728 38359 7856784 18 28 383 585697, 718518 28 38358 67,775 181 2 38358 737 6>
T8 184285 383 585 685778 18528, 38358 785678 18 28 38358568 7785 18 2 38358 685 7

~ @G 18y 58, 38558, 785 6]

(85 1(2y 28 385 485 787 6+ 8y 8, 387 485 685 7~ 85 2 385 48y 87 77 85 285 385 48y 787 6 8,8, 38748 7856
tay 8, 38548, 6857),0,8) 18,8, 385 485 78y g+ 8y 18y 8, 387485685778y 18,8 38548 687 7
T8 1862838548 787618y 185285 387 48 785618 187 @ 385 43 686773 18y 28 385485 736
T8y 18 28 38748568 7185 1Ay 285 387 48 68778518 2 385 43 687 78 13y 23 385 48 736
+ag 8y 58, 38748 7856, "85 18y 2 3(85 485787 67 87485686, 7) 1 8318 28 387 48 68 7,

—85 18 58, 5(85 48y 687,77 85 48y 787 6 87,48y 785 6) 1 8518y 8 385 4By g 7]

(84 18628 385 485 587, 7~ 8y 18 8, 385 485 585 71 8518y, 38 483 585 71 85185 28, 387 483 58y 7
_ae,1a4,2a2,3a5,4a3,5a7,7_a6,1a7,2a2,3a5,4a3,5a4,7vo’Ov

Q418628 385 483 587 778 187 28 385 483585 778518 28 387 483 585 71813 23 385483537 7,
T8y 18y 285387 483585778y 185 28 387 48358 778 18 28,387 48585778518 28 387 48358 7,
Q1,18 285 385 483587 7+ 187 28 385 4835 7T 1) 2@ 335 483537778513y 2, 387 4N 58y 7,
~8y 18y 28, 385 485 585 77 8y 18 28, 385485 58 7 8y 18y 8 385 485 5857 85 18y 28 385 483 58 7]
[, 186 28 385 483 587 6~ 8y 186 28 387 485 585 6~ 85 185 28, 387,485 58, 618G 1 2@ 3854855876
+8g 18,58, 387 483585 6185187 ,8, 385 ,8358,4,0,0,

T8 186285385 483 587 678y 185 28 387 4835856785 18y 285385 48587 67 8518 28 387 4,83 5856



Q18628 337 483 58 6135 13 23 387 48353 6, " 18y 285 3854835, 6781 18 2, 33,3585
T 187 28 385 48358 67 8 18 285 385 483 587 678y 18 28 387 4835856785181 2 387 483 58 61

Q) 185 2@ 385 48358 6+ 85 1y 2 385 485 53 6]

w7 g
(0 0 -1 1 0 0 -
o o 0o o 1 1 -
1 0 0 -1 1 0

A=0 -1 0 1 0O

0O 0 0O -1 -1 1
0O 0 1 1 0O

L 10 0 1 0 0 O

[ Qualitative Stability Analysis

i "Criterion i"

poly coef FO to Fn=[-1,0,0,0,-2 2 -2 -2
positive feedback=1[0,1,1,3 3 6 3 0
negative feedback=[-1, -1, -1, -3, -5 -4 -5 -2
absolute feedback=[1,2,2 6 8 10 § 2
wFn=[-1,0, 0, 0, -0.25 0.20 -0.25 L.
"Criterion ii"
wD, =0.00018
ratio to model C=9.8

L "Class Il Model"

[ Qualitative Press Perturbation Analysis

i "Change in Abundance from Positive Input"

"From Increased Birth or Immigration or from Decred®eath or Emigration”

"adjoint (-A)"
-1 1 20 -1 -2 1
0O 0 02 0 -2 2
0O 0 0 0O 0O 0 -2
0O 0 00 0 -2 2
1 -1 00 1 0 1
1 -1 00 -1 -2 3
L2 0 0 0 0 -2 4
"absolute feedback (T)"
(11 2 01 4
0 0 0 2 0 2
0 00OO0OO0OO
0 00 O0O0 2
1 1 0 0 1 2
1 1 00 1 2
12 0 0 0 0 2
"weighted predictions (W)"
(1. 1. 1. 1. 1. 050 0.2p
1. 1. 1. 1. 1. 1. 1.
1. 1. 1. 1. 1. 1. 1.
1. 1. 1. 1. 1. 1. 1.
1. 1. 1. 1. 1. 0. 0.38
1. 1. 1. 1. 1. 1. 1.
L 1. 1. 1. 1. 1. 1. 1.]

"Change in Life Expectancy (E) from Positive Input”
"Increased Rate of Birth or Immigration”
"delta E"




3

"Decreased Rate of Death or Emigration”

0
"Symbolically Specified Community Matrix"

-1 2

-2 00 0 0 2
-2 00 0 0 2
000 0 0 2
0 0 0 -2
-1 10 O
000 0O 0O
000 0O 0O
"absolute feedback"
2 000 0 2
2 000 0 2
0 000 0 2
0 00 2 0 2
1100 1 2
0 00O0O0OTDO
0 00O0O0ODO
"weighted delta E"
"delta E"
0 000 0 2
2 2 0 0 0 2
0 0 200 2
0 000 O0 2
0 000 0 2
0 000 OO
"absolute feedback"
0 000 0 2
2 2 000 2
0 0200 2
0 000 0 2
110012
0 000 0 2
0 00O0O0ODO
"weighted delta E"

83 84 0 0 -a,
0 0 a5 a5 "8,
0 -a,, as 0 0
O a, 0 0 0
0 -a,, a5 as O

3 4 O 0 0

a; 5 0 0 0 0

0

0

0
8y,

0

0

0

-

[ Symbolic Analyses




[l

"system feedback”
F;
85 58 18, 87 385 48 78y g7 8y 583 18y 87 385 43 785 ¢

Fe

T8 383 18 48 28, 585 67 8 48 28 685583 18 378G 48 2 585 68 18; 3785383 18 48 28, 6855
+87385 13 43 23 7855137 383 18y 78543 23 518y 28738 49353, 78567 A3 19 28738543 7D 6

Fs

A7 383184 484 23 7787 383585 43 23 7787 333 43 23y 78551 A 383 181 78553 478638313 4 2D 6

+a6,3a3,4a4,2a2,535,6+a6,3a3,5a5,4a4,2a2,6+a6,3a'3,4a4,2a2,6a5,5_a6,4a4,2a2,6a3,lal,3+a5,4a4,2a2,5a3,1a1,3

F4
87,383 48 285 77 87,385 18 785517 87 383 18y 78 4t 85383 48 28 678648 28 58567 85383585 68,4
T 84828 68551 8558 4,83 13 3
Fs
8738318 778538358567 854828 61 8548 28 5785583181 378 485133
F,
8558, 478 18 3

F

85518y 4
Fo
-1

"adjoint (-A)"

[~y 287 385 485 58 785 6 8y, 287,38 485 5 7856, 8y 287 38 4(8, 58y 785 6+ 8558 78,6), 0,
8y 87,385 485 58 78 6, "8y 87, 3(7) 48558, 78567 8348, 58 78567 83 48558 78 6T 8548358 78 ¢) »
8y (8 38548558, 785 6+ 8538 48558, 78567 85385 48, 58y 78567 8,383 48558 78 6~ 8 385 485 58 78 ¢)]
[0,0,0,85,8; 385 4(8, 58y 785 6+ 8558 78, 6) 0,783 187 38 4(8, 58y 785 6% 8558 78 ¢) »
8318638, 4(8, 58y 785 6% 85 58 78 ¢)]
[0,0,0,0,0, 0,785,858 4(8, 58 785 6+ 85 58 78, )]
[0,0,0,0,0,-85,8,,8,3(8, 58 785 6% 8558 78, 6) 1 8318 28 3(8, 58 785 6+ 8558 78, )]
(8518, 287 385 4@, 7856, 78318y 287 385 48 7856, 0, 0,85 18, 587 385 48y 78 ¢,
8518y, 287,3(78y 48, 785 6 85 481 78, 6) » "85 18y 5 (~8y 385 48y 785 6~ g 38y 48y 785 T 8g 385 48y 73 ¢) ]
(8518, 287 385 48, 7855, 78518y 287 386 48 7855, 0, 0,785 18, ,87 385,48, 78,5,
8318 287 3(8y 48, 7855+ 8548y 78, 5) 1 8318, 5(8y 38648 785 5% 8538 48 785 57 85385 4 78, 5)]
(8518, 58738 4(8, 585 6@, 6855),0,0,0,0,-85,8,,8 38 4(8,585 %8, 685 5) »
—85 18, (8 385,48, 58568y 38548, 6855 85,381 48 58567 838y 4 685 5)]

75
[0 00 0 0 1
0O 00 -1 0O
1 10 0 0O
A=0 1 0 0 -1 O
0 -1 0 0 01
0O 01 1 00O
10 01 0 0O
Qualitative Stability Analysis
"Criterion i"

poly coef FO to Fn=[-1,-1,0,2 1, -5 1 1
positive feedback=1[0,0,1, 4 3 Q 5 2
negative feedback=[-1, -1, -1, -2 -2 -5 -4 -1
absolute feedback=[1,1,26 55 9 3
wFn=[-1, -1, 0, 0.33 0.20 -1. 0.11 0.33



"Criterion ii"
wD, = 0.0025
ratio_to_model_C =130.
"Class Il Model"
[ Qualitative Press Perturbation Analysis
i "Change in Abundance from Positive Input”
"From Increased Birth or Immigration or from Decred®eath or Emigration”

"adjoint (-A)"
(1 01 0 -1 0 (
110 0 -1 -1 1
0 10 0 0 1 ¢
020 0 0 -1 1
-1 1.0 -1 1 1 -
110 0 0 -1 1
L0 10 0 0 1 -1

"absolute feedback (T)"
(3 2 303 2

2
1
2
1
1
1

ooooo
oOwooo
Owoow
[ S e e

OwWwwWwoow
PR N R R

01 0 0 0 1 1
"weighted predictions (W)"

(033 0. 033 1. 033 0. 0.
033 1. 1. 1. 033 1. 1.
1. 1. 1. 1. 1. 1. 0O
1. 1. 1. 1. 1. 1. 1
033 1. 1. 0.33 033 1. 1.
033 1. 1. 1. 1. 1. 1.
L 1. 1. 1. 1. 1. 1. 1

"Change in Life Expectancy (E) from Positive Input
"Increased Rate of Birth or Immigration”

"delta E"
(o0 0000 O
0 1000 O
-1 0001 O
0 0010 O
-1 1001 1 -
0 00 0O O
L0 -1 0 0 0 -1
"absolute feedback"
[0 0 00 0O
030000
3200 32
0 00300
310031
0 00O0O0O
01 00 0 1

"weighted delta E"




m

1. 1. 1. 1. 1. 1. 1
1. 033 1. 1. 1. 1. 1
033 0. 1. 1. 033 0. ¢
1. 1. 1. 033 1. 1. 1
033 1. 1. 1. 033 1. 1
1. 1. 1. 1. 1. 1. 1
L 1. 1. 1. 1. 1. 1. 1
"Decreased Rate of Death or Emigration”
"delta E"
<1 0 000 O
0O 0 00O O
-1 0 -1 01 O
0O 0 0 0 O0 O
-1 1 00 0 1 -
0O 0 000 -1
LO -1 0 0 0 -1
"absolute feedback"
(3 00 000
0 0 0 0 0O
3 23032
0 00OO0OO0OO
31 00 01
0O 0 0 0 0 3
10 1 0 0 01
"weighted delta E"
(033 1. 1. 1. 1. 1. 1
1. 1. 1. 1 1. 1. 1
033 0. 033 1. 033 0. 0.
1. 1. 1. 1. 1. 1. 1
033 1. 1. 1. 1 1 1.
1. 1. 1. 1 1. 033 1.
L1 1. 1. 1 1. 1. O

Symbolic Analyses

"Symbolically Specified Community Matrix"
o o o0 o 0 a,, a5;]
0 0 0 -ao, O 0 -a,

a8, "3, O 0 0 0 -a,,

0 -, O 0 -a45 O 0
0 -, O 0 0 as O
0 0 a3 3, O 0 a5
1 0 0 &, O 0 0 -a; /]
"system feedback"
F7
a7,7a'3,1a5,2a6,3a2,4a1,6a4,5+a2,4a'3,1a5,2a7,3a4,5al,6a6,7_a2,7a3,la5,2a7,3a6,4a1,6a4,5
F6

Q7,383 18 69 48y 2 77 7,383 3 48 585 6387787383 13 6867 28, 4733137385 43 53 7955

T35 18528738 48y 78 5187383 8, 785 48585 6787 78538 28 43 58567 A7, 78 235 485313 6

T8 185,838, 48 635
Fs

87384285 483 18y 77 87,383 785 48 585 67 87383 785 23 4857 8538328, 48 585678 28 48538313 6
F,

8738318 g8 7737 383 78 28 4,737 78538 13 67877848 53567877852 4,95

Fs

A7 38318 7+ 87 383,38 7787 78 2 4135383181 67848, 59685, 495



"adjoint (-A)"

(85 5 (86 38, 48 585 67,7~ 87 38 484 585 68, 77 87,385 48, 58, 7856) »
83287 385 48 58 785 61 85,87 385 48, 58 683 7,
_as,z(_aﬁ,aaz,4a4,5al,sa7,7_a7,3a2,4a4,5al,eae,7+a7,3a6,4a4,5al,eaz,7)’0'
as,2(_aﬁ,3a2,4a4,5a1,6a7,7_a7,3a2,4a4,sal,eaﬁ,7+a7,3ae,4a4,5a1,sa2,7)'
83 87 38 48 58 785 6% 85,87 38, 4858 683 7,83 28538 48,58 78567 8528538 48,58 633 7]
(-85 1 (86 38, 484 585 687 787 38 48 585 685 7 87 38 484 58 7856) 1 783 187 385 48,58 7854,0,0,
851 (85 38, 48, 58 687,77 87 38, 4, 58 685 77 87385 48 58 68 7) » "85 187 38, 48, 58 7856
83185 38, 484 58 785 6
[0,85,85 585 48 58, 6877, 0,0, 0,85 185 ,8, 4,8, 58 687785185 (8 4858 687~ 86,484,584, 68, 7)]

[—85 184 5(8G 38 485 687 7% 87 38, 485 685 7~ 87 385 48, 785 6) + 83 184 287 385 484 7856, 0,
a3,la5,2(_a6,3a2,4al,6a7,7_a7,3a2,4al,6a6,7+a7,3a6,4a1,6a2,7)’

]

[—85 185 (=85 3@ 48y 587 7~ 87 38, 48y 585 7+ 8y 385 48 78y 5) 1 83 185,87 385 48y 7845.0,0,0,
=83 185 287 38, 48 78, 5,85 185 285 3% 48 78y 5]

L [0,8; 85,8, 38548, 68 5:0,0,0,85 185,87 38, 413 685,785 185,85 38 48, 63y 5]

ng1"

(0 1. 0 0 0 0 -1

0O 0 1 0 1 0 -1 1

o 0 -1 0 0 1 -1 -1

A= 0 1 0 -1 0 -1 -1 Q@

10 0 1 1 -1 1 0 @

1 0 0 1 1 0 0 (@

1 1 -1 0 -1 1 0 (@

L (0 0 -1 0 -1 -1 0 @

[ Qualitative Stability Analysis

i "Criterion i"

poly coef FO to Fn=[-1,-3,-3, -5 -9 8 20 24 2b
positive_feedback=[0, 0, 3, 10 24 63 94 92 50
negative feedback=[-1, -3, -6, -15 -33 -55 -74 -68 -25
absolute feedback=[1, 3, 9, 25 57 118 168 160 15
wFn=[-1, -1, -0.33 -0.20 -0.16 0.068 0.12 0.15 0]33
"Criterion ii"
wD, =0.30 10°
ratio_to_model_C=0.93
L "Class Il Model"
[ Qualitative Press Perturbation Analysis
i "Change in Abundance from Positive Input”
"From Increased Birth or Immigration or from Decre@®eath or Emigration”
"adjoint (-A)"

[0,8; 85 (-85 38y 58 687,787,384 584 6857),0,0,0,-85 185,87 38, 58 58 7,85 185,85 38 58, 8 7]

_aa,1a4,2(_a6,3az,4al,sa7,7_a7,332,431,6a6,7+a7,3a6,4a1,632,7)1a3,1a4,2a7,3az,4al,7a5,s'_33,134,236,35‘2,45‘1,735,6



3 9 -9 15 2 13 12 -10
9 -7 -7 -5 -4 -1 1 -
12 -11 -11 10 8 2 -2 -1b
-2 6 6 -10 7 8 -8 1§
1 3 3 -5 -9 4 -4 5
11 8 8 5 1 -6 6 -§
6 -7 -7 -5 -4 -1 1 -5
-17 26 1 -10 -3 -7 7 15
"absolute feedback (T)"
(37 21 21 27 30 43 32 4o
45 13 13 19 14 11 11 19
18 13 13 12 14 10 10 25
28 18 18 24 31 20 20 31
17 11 11 11 15 12 12 25
17 12 12 13 15 10 10 25
30 13 13 19 14 11 11 19
133 38 37 22 23 17 17 37
"weighted predictions (W)"
[0.081 0.43 043 056 0.067 0.30 0.38 0}25
0.42 054 054 0.26 0.29 0.091 0.091 026
0.67 085 085 0.83 057 0.20 0.20 060
0.071 0.33 0.33 042 0.23 0.40 0.40 0i48
0.059 0.27 0.27 045 0.60 0.33 0.33 0}20
0.65 0.67 0.67 0.38 0.067 0.60 0.60 0}20
0.20 054 054 0.26 0.29 0.091 0.091 026
1 0.52 0.68 0.027 045 0.13 041 041 Q44
"Change in Life Expectancy (E) from Positive Input"
"Increased Rate of Birth or Immigration"
"delta E"
6 7 7 5 4 1 -1 1§
6 7 7 5 4 1 -1 §
11 -8 17 5 -1 6 -6 §
0O 0 0 2 0 0O 0 ¢
1 -3 3 5 9 4 4 §
0O 0 0 0 0 0 O @
11 8 8 5 1 -6 6 2(
L O 0O 0 O O 0O 0 2§
"absolute feedback"
(30 13 13 19 14 11 11 19
30 13 13 19 14 11 11 19
17 12 63 13 15 10 10 25
0 0 075 0 0 0 (
17 11 11 11 15 12 12 25
0O 0O O O O 0 0 aq@
31 20 20 19 25 22 22 38
LO 0O O O O 0 0 75
"weighted delta E"
[0.20 054 054 026 029 0091 0.091 026
0.20 0.54 054 0.26 0.29 0.091 0.091 0}26
0.65 0.67 0.27 0.38 0.067 0.60 0.60 0}20
1. 1. 1. 0.33 1. 1. 1. 1.
0.059 0.27 0.27 0.45 0.60 0.33 0.33 0}20
1. 1. 1. 1. 1. 1. 1. 1.
0.35 040 0.40 0.26 0.040 0.27 0.27 053
L 1. 1. 1. 1. 1. 1. 1. 0.38

"Decreased Rate of Death or Emigration”
"delta E"




219 7 7 5 4 1 -1 8
6 -18 7 5 4 1 -1 §
1 -8 8 5 -1 6 -6 5
0 0 0 0 O 0 0 (@
1 -3 3 5 -16 -4 4 §
0 0 0 0 0 -25 0 (
11 8 8 -5 1 -6 -19 2
Lo 0 0 0 0O 0 0 @
"absolute feedback"
(45 13 13 19 14 11 11 19
30 62 13 19 14 11 11 19
17 12 12 13 15 10 10 25
0 0 0 0 0O 0 0 Q@
17 11 11 11 60 12 12 25
0 0 0 0 0 75 0 (
31 20 20 19 25 22 53 38
L0O 0 0 0O O 0 0 @

"weighted delta E"

(042 054 054 026 029 0.091 0.091 0|26
0.20 029 054 0.26 0.29 0.091 0.091 0[26
0.65 0.67 0.67 0.38 0.067 0.60 0.60 0|20
1. 1. 1. 1. 1. 1. 1. 1.
0.059 0.27 027 045 0.27 0.33 0.33 0[20
1. 1. 1. 1. 1. 033 1. 1.
0.35 0.40 0.40 0.26 0.040 027 0.36 0|53
1. 1. 1. 1. 1. 1. 1. 1.

L Symbolic Analyses
i "Symbolically Specified Community Matrix"
a, O 0 0 0 -a, 0|
0 a3 0 a5 0 &7 Gy

0 -3, O 0 & &7 Ay
2, 0 -8, 0 -a, 3, 0

0 A3 8, s A

0
3, O 0 a4 &s O 0
&, &, s 0 a5 a, O

0

L O 0 8 3 0 85 "¢ J
"system feedback"
Fe

87,586 18 285 385 4868, 78331 87 585 18 85 385 484 68 88377 87,585 18 28,385 48368, 783 5
t 8 585 18 283 385 4856878 8787585 18 285385 483 68 78 578738518 28548 5863, 78 3
8758518 28 385 48368388 71 8758518 283 385 48568 58 7T A7 58518 2853848568783
18758518 28538 48368, 88 77875818 28338 48568 78387 A 58518 2853848568587
187385184285 4858368 7838187 5818 283385 483 68 g 7T A 38518 28 48558 68 783 3
t87 385 18 28 48558568583 7178738518 28 48358568 783 518738518 28 48358568 583 7
t 8 385 18 28548, 58568388 778738518 285 483583 68 gy 778738518 285485868 783 3
8738518285 48358 68, 385 71 85 885 18 285 385 48, 58 787 67 A3 585187 28 38, 48558 786
8388518728 38 48358 78561 83 885 187 28 385 48558 78 6 A3 885187 28538, 48 58 786
t83 585 187285 38 48,58 78567 83885 187 285385 48 58 78 67 8388718 28 385 48558 785 ¢
83887 18 8 385 48558 783 67 83887181 28, 385 483 58 78561 83587 18y 28538 48553 7856
83887 18 585385 48,58 783 67 8388718 285385 4858 78 678388718 283 38 48553 7356
18358718 285 38548558, 7861 8388718 28538548, 58, 78567 358718 285385 48558 786
T 8588718y 58, 385 48558 785 67 85 587 18y 28 385 48558 78567 83587 18y @ 385 48358 7856
83587 18 585385 48,58 785 61 83887 18 28538548 58 78567 8358518 28 385 485 58 7876

O O O O ©o

o O o o




18358518 28538 48358, 78761 85885 18 28538 48558 787 67 358518 285385 4,8 58 7876
8388518428 385 48358 787 61 83 385 187 28 485585 68 78 8T A3 385187 2848 585681 78, 3
83385 187585 48558 68 78, 5T 83387 18y 285 485585 68 g8y 7183387 18 285485585 68 58y 7
83387 18 28548558568, 88 778338718 285 485583 68 78 g1 8338718 28548558 63,78 3
t83387 1828 48358568 78 81 85385 18 285 418358768 58 77 8338518 285,858 68,78, 3
18378518 28538 48358, 38761 83 78518 28538 48558 587 6T 378718 2853848558 586
t 8378718 285 385 48558, g8 67 83 787,18 28338 48553 585 6T A3 78718y 285 385 418558, 53¢
t83 787 18 58538548558, 5867 858718 28538548368 88 71 8558518728538 48368785
t83 587 18 28538548368 78, 87 8538718 285 485583 68 g8y 718538718 2854855863, 78, 3
t 85387 1828548558368 78 g1 85387 18 285 485585 68 88 7T 85385187 28485586878, 3
Fs
86,187,283 38 48568 78 87 8 187 28 38 4856, 783 5T 85 181 28538 487658 7
18518285 38 487 68, 783 8F 8518 287 38 48368, 883 718518 287 38 48368 7% g
18718285 38 483 68 78, 3187 18 283 385483681 78,87 87,1828 38548363, 7% 5
t8; 18 285 385 4868583718718 2853854868 783578718 2853848368587
Y8 18y 283 385485 68,88 777,18 28 38548568388, 778518728538, 48368 7 g
818285 385 48 58 787 61 8518y 83 38 48758, 78567 85 18 28338 48558, 7876
T818 28 385 487 583 78, 61 8518y 28 38 487583 78567 85 18 28 385 4875853 687
T 8518y 28 38 485585787 67 83585 48 685 18 28 383 57 g 58548 78718 2@ 383 g
T 8718 283 385 48 58 78567 87,181 285 385 48558, 7867 87,18 28338 4858 7856
8718y 28 385 485585 78 67 A 18y 28 385 485583 68,77 87181 28, 385 485583 78 ¢
871828 385 48558368, 7187 18 28 38 48558378567 85 17, 28538 48,53 76
185187285 385 48 58 78, 6785187283 38 4858 7856785187 28 38 48553 76
t 8518287385 48,58 78367 85 18285 385 48, 58 78767 85 1828 385 48758 7836
Y8518 28738548, 58378 6185181 28738548, 58368, 77851828738 485837856
Y8518 28738 48558, 78361 85 18 28538 48758, 78367 8513283385 48758 786
T8 18y 285 38 48 585 787 67 87 18y 585 385 48, 58 783 6787 18 585385 48,58 7856
871828 38 48558 783 67 87 18y 28 385 48658 783 6787 18 8538548, 583 786
T 8718 285385 48, 58368 778718 28538 48558, 78367 87,18 28338548558 786
183685181 2838338558 418538378718 28,8558, 47855854828, 3833587 18 7
8358568 18 28 58 4833785385 68518 28 3855841 85383 587 185 28, 585,487
185585385 g8 78718y 28 4+ 85385 88518 28, 585 4867 8383 58181 28, 585684
8368518 2 g85 58 483 3% 85585 48 28 g87 18y 783 31 85 585 4,8 78718 28 g 3
t 855854868513 28,5837 85585681828, 38358, 47 8585383681828 5884
t 83585 383 787 18 28,38 478568518 28, 58538388 4785383358, 787 18 285584
185385587 18 78548 28, 578 285385 48758368, 38 77 8285 38548358768, 7835
T8y 285 385 485 587 685 g 83 77 8y 587 385 485583 68 783 578 287 385 485585 6 g5 7
T8y 287 385 485583 685 783 g7 8y 287 385 485 585 68 g83 778y 287 385 483 5856 785 g
T8y 287 385 483 585 68, 583 77 8y 285 385 485587, 68 783 57 &y 283 385 485 587 68 g8 7
T8 283 385 485587 68, 783 37 8y 285 385 485587 68 883 778y 2853854875856 7 g
18y 285386487 58568, 5837787 28 385 485583 68388, 77 87,28 385 485 585 685 88,7
T8y 285386487 583 68, 7833787 28 385 483585 68388 71 87283 385 485585 68 83, 7
18728338 485583 68 g8 7187 283 385 483585 68, 38 7187285 38 4858363 7% g
t 8 28538 485585 68 5837~ 87,285 385 48, 585 68388, 71 87285385 48358368 58 7
t 8 285 385 485 58 68, 783 3% 87 285 385 18558 68883 77 87,285 38 485856 7 g



T 8728538 4858568, 583 7187 285 385 485583 68, 38, 71 87285 385 48558, 68, 7% 5

187285385 4858 68 883 7187 285 385 418 585 68388 71 87,285 385 485583 68 88, 7

t 8 285 385 48558 68, 783 3% 87 285 385 48558 68 583 77 85 18738 48558568 783 5

t 85187 38 485 58568 783 37 85 187 385 48558 68 783 87 85 18538 48558768 783 g

T 8185 38 487 58568 78351 85 185 385 48758 681 78581 87 18538 4858363 7% 5

t 8718538648 58 68 7833787 185 38 485585681 78381 87 185 385 48558, 63, 7% 5

t 871853848558 681 783 3% 85 18538 487 583681 783 31 85 18538 48358763 7% 5

8518 285487585 68,88 7178518 28548558768, 58,7785 1828548758368, 785

t 8518y 28548558768 78, g 85 187 28 485585681 78 878518728 48358568 78 g

T 8187 28548 58 68y 78, g1 87 18y 585 485583 68, g8y 71 87 18 28548558568 88,7
1871828648 58568, 88, 7187 18285 485583681 78,8187 1828548558363, 7% 5
187182848 58568 78, g1 8518 285387 58368, 783 81 85 18 28538758568 8% 7

t85 18 28538558768, 783318518 2853835876858 778518 ,87 385583687835

18518 287 38558568, 883778518 8738558568, 783878518 2873835856888 7

18518285 385587 68, 78331 8518y 85 38558768, 385 77818 28538758568, 7% 5

8518y 285 387 585 68, 583 7785 187 , 8 385583 681 783 57 85187 ,8, 383 58568 795 g

185187283 385 583 68 78, 3+ 85187 28 383585 681 78, 87 8518728538 58363 7% g

t 85187 285385 58368 78, 3185 187285 38, 58568 78337 85 187285385583 68 785

18 18 58538558568, 78337 718 8538558568883 7787182838586 7%

87,18 585 385585 68, 58 7

Fe
"85 18 28 585 48 683378 18 28 58568483378 18 28 585385 68,47 A 5854868, 78182

1875856818 28 3837787585685 4828 383 7187 585383 68 78518 78758538 68548, 28, 7
87385 685 585 48 28, 7787 285 385 48, 583 68y 7787 28 385 485583 68 77 87 28 585 383 685 1 7
Y8 28 585 4868518177 8 18 28 385 685 48 77 87,181 286548, 58 785 61 87685585484 28,383 7
8 6854828 58538377 & 685 181 28, 58538377 &, 685 181 28,585 48 77 87,685 13,785484, 2% 5
8768518 78558 483378718 785 48 685583 3187 385 785 48 28 5856787383785 1 28 5856
T 13 28 383 7855856~ A 1 28 383 78558, 47 Q7,28 585685181 78 4 Q728 53568513 793 3
87286 48 58y 785 685 3785 787 18y p 85585 48y 678y 787 18y 285 48 68557 & 787 18 585 48 69 3
Y8 787 18 28558568 41 8 787 18 8558568337 18 28 585 48 7833787 2,8 383685181 7855
87,28, 383 68518 78 478728, 385 685 48 78551 87 685585 48 28 783378718 28 58538378 4
8578718 28558 4833787 28, 383 785 585 48 67 87,28, 38 785 48 6855187 28, 383 78558568 4
18738368 7818 285518738368 78518 28 478738368 48,28 785578768518 28 383 7855
T8 68518 28 383 78 41 87 685 4828 383785 51 7 585385 685 181 78 4~ 87,585 48685 181,783 3
18 58568 785 18 28 41 8 58568 785 18 28337 & 5856854828, 783378 787 18 2855853836
1876854828 785583378768, 785 18 28558, 478768 785 18 285583378768 78518 28 4853
18758568 18 78 4833787 28, 585 383 785 48, 61873836818 78558, 478718 78585 48 6833
18728, 786585383 68 418728, 785 585 68, 4833787 28, 785 48 6855833787 28 785 585 48 683 3
T8 18y 785 4828, 58567 8 18 7854828, 383618718 78558538368 478718 78558568, 4833
83685 4828, 58538337 83 685 4828, 78738337 83 685484787181 28, 37 868543478728, 385
18568518 28 5853833185685 18 28 78738337 83685181, 787,28 3833183681878, 585383
35 68535393 787 ,8, g7 g 69 55 4 2, 383 g T 8g 69 595 4 787 28, g+ A3 585 69 1 737395
85585393 68513 28 g7 g 585383 6964 28 g1 g 595383 77,131 2 g7 g 5356843, 23 3% 3
t 85585 685 48,787 28, 31 83 585 685 181,28, 3833185 585685 18,787, 28, 378585 48468181285
1835854878718 28, g1 83 383 6854878728, 31 83 383 685585484 28, 3785383 685131787285



1853857876818 28, 3783385 787,685 48,28, 318368518, 77,2888 4185685181, 787285853
18568518 78728 885518518 28 383 68558 478718 785 4,8 28 583 3183383787 18 28 58y 4
T8 585 685 18y 28 g8y 4~ 85585 685 18 28 383 31 8g 585 685 4y 28, g 37 8g 38368618 28 885 5
83383685 1828, 38 41 83383 6854828, 3855185383 787 18,8, 3855185 383 88718 785486
8338388718 785585 61 8538598718 78558 41 8538558728 785486785383 887,28 785856
83385 887,685 48,28, 718538588768 78518 785385 887,585 68 181718538358 78718 2855
18538388 78718 28 478338388 18 28585 61 853838876818 78551 8538358768518 78 4
t 85383 585 4828, 58561 85 585 383 g8 787 18y T 8y 585385 38768518y 7785585383587 181 784
t 83585 48 2888718y 7183383 787 2,8, 385 48 67 g 383 78728, 38585 67 8568543478728, 8855
18568548787 28 883 37836854828 38388551 8368558548, 28 883318368518 28 38358 4
18568518 787 383 885518368518 78738388 4185685181, 28 3838855183685 18 28 587,387
8568518 2 88558 478368513 2 g8 583378368513, 2% g8y 48331 8568543, 28 587,13y 7
T 85685 4828 88738371 85 685 48 28, 3855833785 685585383 387,18; 71785685 585383387,28, 7
T8 18y 28 383 785 48y 67 A 287, 385 48558, 783 37 A 287 385 18558, g83 7T 8y 85 385 48758, 7835
18y 85385 487 58 5837787 28, 385 48 583 58 7187 285 385 48358 58 7187 2853848358 78,35
187285384858 583 7187 285 38 48558 7833187 285 38 48558 583 7187 285 385 1B 58358 7
1873854858 68 88 7187385 48558 683 88 7187385 485 585 68388 7185385 485 5% 6838, 7
t 85385 4855876838877 85385 48758568388 71 85385 487585 68388 77 85385 48558768358 7
Fs

"6, 585 484 28 383 678518 28 58538 678 18y 28 585 4 67 8 48 2 5853 61 8518 28 368 4
T8 18 28 58568, 418518 28 58568337 8648 28 383 68557 86 48 28 585683318518 28 386855
187585383 68518 7187585383 685 48, 7 Q7 585 48 28 383 7787 585 48 68513, 71875856 78513y 7
87585686 48 28 7787 38368, 785 18 ;7 7 383 68548 28 7787 385 48558368, 7787681 28 38,7
t87 6864828, 38 71 & 685585 48 28 778718 28, 5853837787 18 8, 58548, 7787 28 386818 7
T 28, 38368549 7787 23, 535685 1 7787 53548, 5 7856787 39 78553568, 4137383 735,43, 5
T8 18y 785585 48 67 8 18 785 486855787 18 785486833187 18 785585638, 418718 785585633 3
8718 785 48 28 587 18 78558 483 37 & 28 785585383 67 87,28 785585 48,67 87,2 78548, 65 5
87,285 786 48,683 37 87 28, 785585 6 4T Q7 28 785585 68 37 87 2 78558 48331 87 38 785585 486
t87 18y 785585 38 61 7 383 785 48 6855787 18 28 383 7855787 18 8, 383 78 4787 28 585383 78 4
T8 28 585 48 783 37 87 685 48, 785583 37 8 787 18 8y 4833787 8 383 785 4,8, 61 87 28 383 7855856
87,28, 383 78558 4t 87 585385 785 48 6~ A7, 68,181,785 58,47 87,6818 7855853787685 18 78 4853
8768578 18 28 4~ 8768, 785 18 283 3787 68548y 28, 78557 87,685 48 28, 7833787 68558538378 4
87686585 48 783 37 8 787 18 8558 4~ & 787 18y 585583 3787 383 68518y 78 41873 68548, 7355
T8 58548 58 78331 87 585685 18y 78 41 87 58568518 78331 87 585685 48,783,317 87 38368518 7855
T8 68 785 18y 28557 83 585 48 8, 383 31 83 585 48 787 28, 37 8y 585 685 18 28, 31 8y 585 6854828 5
8338568 18 28 gt 853836854828 g7 85383787 18y 28 g7 8 585383787 28, g1 8568518 28 3835
8568518 28 g83 37 85 68548 28 8557 g 68518y 787 28 g7 8 685181 7873833785684 28385
185685484787 38 g7 83 685585 4828 g 83 685 48 787 28 87 A 77 181 28548, 613 78718 28553856
t 85383 585 4828, 51 83585383 387 18y 7183585 383 387 2,8, 7185 383 58768513, 7185383 587685487
183383487 18y 78551 83 383 987 18y 78 41 83 383 587 2,8 78551 83 383 587 2,8 78 41 83383 787 2,8 3855
185385787 2,8 g8 4T 83585 48 28 583 37 85 6818 28 88557 8 686181 28,3841 85681, 28, 5833
18538358 787 18 ;85385 487 583 gy 7T 7 385 485585 88 7T 85 38 485583385 61 8538 418 583386
8538 48 5% g8 61 83385 485 5% g8 6T A 385 485583 3,6

Fy
85484 28, 583 3785 1) 28 38367 A5 4828 58567 8 4 2% 3% 61 818 2 53561 85585383 68 4



85856, 48337 864863558 37 8 5385 48 6337 Q7,28 585383778718 23 383 77876313 7355
87686181 78 478768 18 783 3787 63 48 73557 Q7,685 48, 783378718 785 43 613713 785536
8718y 78558 478718 785583 3787 18 78 483377 23 78648 61 A7 28 78658567 7,28 78553 4
8728, 785583 3787 28 78 483 3187 383 785 48 67 Q7,38 785535 61 A7, 383 7855 47 87,28, 383 7355
8728, 38 78y 4T 87 585 385 78 4+ 8y 585 48 78337 A7 585 4 28, 7T 87 383685 48 7137 38368513 7
8728, 585 48 7787 68 535 48 7787 68595 3% 7T A7, 686 4 28, 7787 68 73518 2F 87 53568543, 7
8758563 18y 778538 787 28 g+ 83 535 48 2% 3 A 68613 235 g 356843 2 81 836595 3% 3
8383 g8 595 61 g 383 g8 43y 61T g 585 393 g8y 4+ g 383887 13y 7+ 8383 837,38, 7138383835534
=8y, 78718 585578, 787 18 583378, 78718, ,8 4

Fs

785484 28, 5 8558 485 31 85 585 383 67 85585 48 6 548,685 5 48 6831 858568 4T 855856833
8728, 383 7187 585 383 7T 87 585 48 7787686 18 77 68548, 778,787 18 278718 785578718 784
87187833787 28 78557 8 28, 78 4787 8 783 3T 8y 383 785 5187 38378 4,1 85 585 383 T 8y 3835855
185385884

F,
853838787 18 7787 28 7T 8 383778548 61 8558567 8558, 4 A5 583378 4833
Fy
85578, 47855
Fo
-1
"adjoint (-A)"

(84 285 385 487,585 685 58 7+ 8y 285 385 48 587,685 785 5+ 8y 285 385 485 587 68, 585 7
t 8y 287 385 485585 68, 783 3 8y 287 385 185585 68 883 778y 287385 48558368 78 g
18y 287386 48558368, 583 718 87 385 483585 68, 785 81 8y 287 385 48358568 8% 7
18y 285385 48587 68, 783318y 285 385 48558768, 883 71 8y 285 38548558768 7% 5
18y 285385 485587 68, 883 778 285 385 487 585 68, 783 37 84 28 385 487,585 68 8% 7
8 28 385 485585 68388 71 87,28 385 485585 68388, 778y 285385 48758368 785
8 28 385 485 58568388 7~ 7,283 385 185585 68 88,77 87,283 385 485583 68 88 7
T8 283 385 485 585 68, g8 77 87,285 38 485585 68, 783 57 87,285 38 485585 68 58 7
1872853848 583 68338, 7787 285385 483583 68, 38 77 87,285 38548358, 6%, 7% 5
8728538 48 58 68 g83 7+ 87 285 38 485585 68, 783 81 87 28 38 48558568 3 7
87285 385 485 583 68, g8y 7 87,285 385 48558 68 783 57 7,283 385 485 58 6 g8 7
87,85 385 18, 585 685 g8y 77 & 285 385 485 583 68 g8 7787 285 385 48558, 6 7835
87,585 385 48558 685 583 7, 78y 85 385 487 585 683 58 77 B 85385 485 587 685 58 7
T84 587 385 48583 685 g8y 77 Ay 587 385 485 585 685 g8y 778y 287 385 483 585 683 g3 7
T8y 285 385 485587 683 88 77 285 386 485587 6% 88 7T A 28 385 47 585 683 83 7
T8y 585 385 187 585 681 783 g7 8y 285 385 485 587 681 783578 287 385 48558568 785 g
T8y 587 385 185585 68 783 g7 8y 287 385 485 585 681 78357 8 285 385 48558768 7835
T8y, 285386 485587 681 78331 8 285 385 487 585 681 783 81 87285 38 4858363, 7% 5
1872853848 58 681 7833787 285 38 485585 681 783 81 87 285 385 48558, 63, 7% 5
t8 285 385 48558 681 7835, 78y 285 38 487,585 68 g8y 778y 285 385 485 587,68 58 7
T8y 587 385 485585 68, g8y 77 Ay 287 385 485585 68 g8y 778y 287 385 485 58568 gy 7
Ty 285385 485 587 68, 58 778 285 385 485587 68, 38 71 &y 85 385 48758568887
T8y 585385 187 583 68 78 g7 8y 285 385 485 587 68 78, 578 287 385 48558568 78 g
T8y 587 385 485583 681 78 g7 8y 87 385 485 585 68 78, 578y 283 385 48558763 78, g
T8 285 385 48558768 78, gt 8y 585 385 48758568 78 5T 8728538 48558368 7 g



t 87,8538 48 58 68178, 37 87 285 38 485585 681 78, 81 87285 385 48558, 63, 7% 5
187285386 48558 681 78, 8,81 285385 487,58 68 78331 Ay 2853854875868 383 7

T8 585385 48558768, 783 3178 285 385 485587 68 583 778y 87385 48558368 783 5
8 287 385 485585 68, 38378y 287 385 48558568 783 87 81 287385 485583 68 58 7
T 5873864858568, 783518 287 385 48358568, 383 71 8y 285 38548558768, 735
18y 8538548587 68,383 718y 285 385 48558768, 785 81 &y 285 38548558768 8% 7
T8y 585385 487 585 685 783 g7 Ay 585 386 487 585 68 583 7787 28 385 48558568 785 g
8728, 385 48558 68 783 g7 7 28 386 485 585 6, 783 8187 283 385 48558368 73 8
t 87 283 385 485585 681 78, g T 87 283 385 485585681 78, 87 8728538548, 583681 78 g
1878538548 583 68 78, g1 87 285 385 48558368 78 81 87285 38548, 58563, 7% 5
187,85 386 485583 68 78, 5,81 28538 48587 68 783318y 28738548 58 68,3837

T 2873848 58 68 783318 287 385 483583 68, 58 77 &, 287,385 48 585 683 88,7
8 28738 48558568, 883718 28738 48558568, 78387 81 285 3854835876858, 7
T8 283 385 487585 68,88 7T 28 385 48558768388 778 28, 385 48758568388 7
187,85 3848 5868 7833187 285 38 485583681 78 81 87283 38548358, 63, 7% 5
187283384858 68 78, 378728 385 48358, 681 78387 87,28 38 4858363, 7% 5
T8 285 385 487 538368 78, g~ Ay 285 385 485 587 63y 783873 287385 48559363 7 g
T8y 287 385 48 585 68y 783 57 8y 283 385 48 587,68 78, g7 8y 283 3854875868 78 5
Y8 28 385 485 587 68 783 31 8y 8 385 48758568 783 87 81 28538548758 6888 7
T8 285385 487 58 685 785 g7 Ay 585 385 487 583 68 g8y 778y 285 385 48 587 683 g8y 7
18y 285384858 68,3857, 781 28, 385,87 58 68338, 713 285384858368, 75
18 283 385 48558768, 88 778 285 385 48758568 58 77 8y 28 385 485587 68358, 7
8 585 38 48558768, 78337 & 287 385 48558 68, 883 77 81287385 48358 68 78 g
T8 28 385 485 58568, 88 7T 287 385 48, 58568388 778y 28738 4835856858 7
1ty 287384858568, 783318 287 38 48558368, 883 718y 287 38 48558363, 7% 5
1ty 2853848 58 68,883 718y 28538 48358768 783 81 Ay 28538 48758568 5% 7
8 585 385 487585 68, 58 7178 285 385 48, 587 68358 77 8y 285 38 487585 68 58 7
T8 285 38 48758568, 783 37 8y 585 38 48558768, 883 778y 28738548, 58368 783 g
18y 28538548587 68 78, g1 8y 285 385 4,87 58368 78 87 8y 28 38548358763 735
T8y,28, 385 487 583 68 78331 8 285 385 4,87 58 68, 88 71 Ay 285 38548758, 68, 7% 5
87283385 48 58 68y 78, g+ 87 283 38 483585 681 78 g1 87 283 38 48558363 7% g
87,8, 385 18358 68 783 87 7 28 38 4185 585 68 783 8787 28 38 48558368 788
t8y 285 385 487583 681 78, g T8y 585 385 48, 587 68y 783 578y 287385 483583681 78 g
87285385 48 58 68 78331 87 285 38 48558368 78 g1 87 285 38 48 5856 735
1872853848 583 68 78, 37 87 285 38 48 58363 78381 78 28 385 485583 68353, 7
8428, 385 48583 68588 77 Ay 285 385 485 585 685 g8y 7781 285 385 48 585 683 gy 7
8 28538 48558568, 883718 28538 4855856878387 81 2853854835856 58, 7
T8 283 385 485585 68,88 77 283 385 4855856888, 77 81,2838 485856 75
1ty 853864858 68383718 285385 48358 68, 78581 &y 285 385 48358368 58,7
18y 28538548583 68,88, 778 285 38 48585 68, 88 718y 285 385 48558, 688 7
1t 2853854858 68 783318y 285 385 418 585 68388 71 Ay 285 385 48558, 68 8% 7
8 285 385 4855868783318 285 385 4855836888, 77 8428385483585, 78 5
T8 28 385 485585 681 78337 Ay 28 385 185585681 783878y 283385 485583681 7 g
18y 28338548 58 681 78, 378 28538 48 583681 78381 8 283 38548358563, 7% 5
18y 2853848 58368 78, 318 285 385 418 585681 78381 8 285 385 48558363, 7% 5



18y 8538648558368 78, 5,81 28 385 487,585 68358 7781 28 386485587, 68338 7
T8 28, 385 48 58 68388, 7+ 8y 28538 4858768, 883 71 Ay 28538 48558768, 7% 5
T8 283 385 48758568, 88 7T 8 283 385 4855876858, 778y 285 385 48558768587
T8 287 385 48558 68, 78337 & 287 385 185583 685 58y 7T 8y 28738 48558568 58 7
Ty 87384858568, 78337 8 285385 48758 68, 885 77 &y 28538548758, 68, 7% 5
T8y 285385 487 583 685 g8y 77 8 585 385485 587 685 g8y 778y 287 385 48558, 6 g5 7
T8y 587 385 48558 685 783 g7 &y 587 386 485 583 68 g8y 7781 287 385 48 585683 g3y 7
T8y,287 385 48558 68,883 778y 28, 385 48558768 783 57 8y 28 385 48558768 783 5
T8y 285 385 48 587 68 783 37 8y 283 385 487585681 78, T8y 283385 485587681 7 g
18y 28538548587 68 78, g1 8y 28 385 487585 68 785 81 87 283 38 4858563, 795
1872853848558 68 7833187 28 385 48558 681 78387 87,28 38 4858563, 7% 5
T8y 587 385 485583 681 78 g7 8y 287 385 48, 58568 783578 287 385 48558568 78, g
T8y 285385 487 58 681 78 g+ 8y 28538 185583 6, 78 8787 28 385 48558, 68 78 8
~87583 385 48558 68y 78, g+ 87 285 385 48, 53y 68y 785 g

[ 86 18, 385 487 585 685 88,7 861, 385 485 587,683 88, 77 85185 385487 585 68, 58, 7
18518338548 58 68, g8 718518538 48758368, 783 31 8 18538 48758368 8% 7
1851853848 58 68 783 3% 85 18538 483587 68, 383 7185187 38 48558368 7% g
t 8518738 48558568, 8837185 18738 48558568, 78387 85 18738 4835856858 7
t 85187 385 4,8, 585 68388 77 85 187,385 48558368, 88 77 87,18, 385 485583 68388, 7
87,185 386 485583 68358 7787 18 385 483585 68338, 71 87183 385 485585 68 83,7
187185386 48558368, g8, 7187 183 385 483585 68, 38, 718718538 4858363 7% 5
t8 18538 485585 68, 58377 87,185 385 48, 585 68358 7187 185385 483583 68 58, 7
t8 185385 485 58 68, 783 31 87 185 385 48558 68 883 778718538 4858568 78 g
T8 185 38 48558568, 8837187 185 385 18558368, 88 7787 18538548558, 6878
t 871853854858 68,383 7187 185 385 48 585 68338, 71 87,185 385 485583 68 88, 7
1871853848558 68 7833187 185 385 48558 68, 883 77 85 187,385 48358, 63 7% 5
T 85187 385 4,85 58 68, 583 71 85 185 38 485587 68 783 57 85 18538 4855876858 7
T 8185 38 487 58568, 783 37 85 185 38 48758568 g83 77 85 185 385 48, 587 683 58 7
t 85185385487 583 68,38 718 185 385 48758 68, 7838 8 185 385 48758 63 533 7
86,185 38 487 585 68 785 37 85 185 38 483 587 68y 785 37 85 187,38 485585 681 783 g
81873848 58568 783 3% 85187 385 48358 681 78337 85 19 38 48558763, 7% 5
85 18538 487585 68 783 87 8 185385 48758 68, 783878718538 4858363 788
T8 185 385 485 58 68 783 g7 87 185 38 48558568 783 57 87,185 385 48558, 68 78 g
T 87185 385 48558, 681 7835, 78 185 38 487 585 681, 78 37 8518538 4858768 78, 5
T 8518738 485 583 68 78, 37 85187 38 483585 681 78, 81 85187 385 48358, 63, 7% 5
T 81853848558 68y 78, g+ 85185 38 4187 585681 78 87 85 185 385 48758, 63, 7% 5
8718538 48558 681 78 g7 7 185385 485 58 6, 78 8187 183 38 4855856 73 8
87185 385 18558 681 78 g7 & 185 385 48558 681, 78 518518 385487585 68, 783 5
t 8518, 38548 587 68 78337 85185 385 487583681 78, 87 85183 38548358763, 75
T 8187385 48 583 68 783 3% 85187 385 483583681 78 37 8513854858763 7% 5
T 8185 385 48 583 68 78, g+ 87 18 385 485583 68 7838187 1 38548558363 7% g
+t87 18, 385 485585 68 783 g7 87 183 385 48583 6, 78 878718 385 48558368 73 g
T8 183 385 485 58568 78, gt 87 185 385 48, 58568 783 87 87,185 38548358368 7 g
87,184 385 186583 68 78 g 87 185 385 48, 585 68y 783 57 87,185 38548558368, 78, 3,
85,18 38 487585 68 783 g7 8 18 38 48358768 783 87818338 4875856 7 g



T 81833848 587 681 78, 37 8518738 48 583681 78381 85 18738 48358363, 7% 5

T 818538 4% 58 681 78337 85185 38 4187 583681 78, g1 87 1 38 48558363 7% g

8718, 385 485 58 68 783 g7 87 183 38 185583 68 78 5787 183 385 48 58,68 78 8

~87185 38, 48585 68y 78, 57 87185 385 48, 58 68 7855, 87, 1(85 38 48558568 78557 By 38 48558568 7855
T8 385485 58 68 783378338 485585 68 78, 37 8338 485 58568 78,31 83385 4,858,689 78, 3
18538 48 585 68 783378538 485 583 68 78, 37 8538 48 58568 78337 85384855868, 78, 3
+8g 385 48, 58,68 783 8) » "5 1 (8 38 485585 68 783 5+ By 38y 485 585 68y 78557 8 385485 58 681 783 5
T 8338 485585 68 78, g7 83 38 485 58568 78, g T 83 385 48558 681 78, 5T 8538 48, 58568 783 5
~85 38 485585 68y 78, 5 8g 38 4, 585 68y 783 5~ g 38y 485583 68y 78, 5+ 85 385,48, 58 681 785 ) »
"85 18 38 485587 68, 783 g7 85 18 38 48758568 78357 8518 385 48758, 68 785
1851833848558 681 78, 37 85183 38 487 585681 78, 81 85 183 385 48758, 68, 7% 5

"85 18538 48, 587 68y 783 g7 85 185 38 487 583 681 78, 57 85 187,38 48 58568 785 g

T 8518738 48558368 78, g7 85 187385 48, 58, 68 78357 87 18 38 48558568 783 5

8718 385 48558 68 783 87 & 18 38548558 681, 7838787183 38 4858568 7% g
1871853854858 68 78, 3187 185 385 48558 681 78, 37 87,185 38 4858363, 785
~87185 385 48, 58 68y 785 g

(8618, 285487 585 68 785 5% 8 18y 285487585 68 58 7+ 85 18y 285485587 68 7858

t 8518y 28548558768, 583718518728 48558568, 783878518728 4855836858 7

t 8518728 48558568, 783 3% 85 187 28 48558568 883 7785 187 285 48,585 683 88,7

T 85187285 185 583 685 g8y 7785 187 585 485 58 68 783 57 85187585 483 58, 6 g5 7
187182854858 68, 7833187 18 285 4185583 68, 883 7187 18 28548558363 7% 5

t87 18y 285 48558568, 883778718 285 485585 68 783 8187 18 285 483585 68 583 7»

86184 285 487 585 683 g8y 77 85 18y 285 485 587 683 58y 7785 18 285 487585 68 783 g

8518 285 485587 68 783 g7 85 187 28 485583 681 783587 8618728 4858568 7835
18518728548 58 681 7833787 18 285 485583 68388, 77 87,18 285485585 685 88,7

8718y 285 485 585 68558y 77 87 18y 585 485583 68 783578718y 28548558563 785 g

8718 285 483 585 68y 783 g1 "85 18 85 4187 585 68 g8y 77 8518y 285 483 587 68,58 7

8518 285 487 585 681 78 g7 8 18y 285 485 587 681 78, 57 85187 28 48558568 78 g

T 818728 48 58568 78, g1 85187 285 48358 68 78 57 87,18 28548558568 88,7

87,18y 285 485583 685 g8y 77 87 18y 585485585 68 g8y 778718 585 48558568 78, g

87,18 285 485583 681 78 g 87 18y 285 485 585 68 78, 5185 18y 285 487 585 68 783 5

8518 28548758568, 883718518 28548558768, 783878513 2854835876858 7

T 85187 285 48, 585 68 783 3T 85 187 285 485583681 78 8T 87 18 285 48558368 7 g

18718 2854858368, 3837187 18 85 48558368, 78581 87 18 28548558568 8% 7

18718 284858568, 7833187 18 285 483585 68, 883 7, 85131 284,487, 5868, 7833

185182848 58 68,883 718518 28 48358768, 783 81 85 18 28 48358768 8% 7

T8 187 2848 58568 78331 85 18728 48558368 78878718 28 48558368 7835

Y8 18y 2848558568, 883 7 87,18 28548, 58568388 778718 2854835836888 7
1871828485868, 7835187 18 85 48358 68,385 77 871828548 58363, 7% 5

+8718, 585485583 68 7855, 87,1 (78 28 485585 68, 783 5y 58y 485 585 68, 585 77 8 28 48 585 6% 783 5
T8 28 485 585 68 883 778y 285 48 58 68388 7T Ay 285 48 5 68 g8y 7T A 28548 5% 68 783 3
ty 585,485 58 68 585 778y 285 48, 585 68 783 51 Ay 585 485583 68y 78, 5) 1 85 1 (78 28 485585 6 785 5
T8y 28 485585 68 88377 8 28 485 585 68 783 57 Ay 28 483585 68, g3 7781 285 48 585 683 58y, 7
1ty 2854855836888 718y 28548 58,68, 783318 285 48 58 68883778 285 4,8 5868 7833
+8y 585485585 68 78 8) s "8 18y 585 48558, 68 887787, 18 2854858 6%, 783 5



87,18 2854858368, 58, 7187 18 28 48558568, 885 7187 18 28 4858568, 7% 5
18518728548 58 681 78337 85187 28 485583681 78, 87 85 187,28 48 58563, 7% 5
T 8518 285 487 583 68 78 g7 85 18y 285 48 587 68y 783 57 85 18y 285 487 58 68 g8 7
8518y 285 487 58 68, 783 g7 818y p85 487 583 68 g8 77 8618 285 48 587 683 58 7
8518 2848758568, 883718518 28 48758568, 78587 85 18 28 48558768 583 7
T8 18y 28 485587 685 785 g7 87 18y 58548 58568 7835787 18 58548558568 78, g
8718, 285 485583 681 78 g7 7 18y 58648558 68 583778718 8548558, 63 7855
_a7,1al,2a6,4az,sas,eas,8a4,7_a7,1a1,236,4as,533,eaz,8a4,7]

(86 18y 285 387 585 68 785 5% 85 18y 285 387,585 68 58 7~ 85,187 28 385 585 683 58, 7
T 818728 385 58568338 7+ 85187 283 38558368, g8y 71 8 187283 383585 68 58,7
T 8187285 38 583 68338 7185187 285 383583 68, 38 71 8518728538358, 68 7% 5
18518728538 58 68,383 7185187 2,83 38 585 68388, 71 85 187 283 385 583 68 88, 7
t 85187 285 38558 68, 7833185 187285 38558 68583778718 285385868 785
8718 285 385 585 68, 883 7T 87 18 85 38558568, 783 8787 18 2853855856888 7
T 8518285387 585 68, 783 57 85 18285387 58568, 583 77 85 18 285383587 68 783 5
8518, 285 385 587 685 583 7785 18y p87 385583 68 783 57 8518y 287 385585 6 g5 7
T 85,18 287 383 585 68, 783 g7 8g 18y 287 385 585 68y g3 77 85 18y 285 385587 68 783 5
T 8518285 385587 68, 583 7,85 18 285387 583 683 58, 71 8518y 285 383 587683 58 7
18518 287 385585 68388 778518 8738558568388 778518 2853855876838 7
T 818285 387 58568338 718518 285387 583681 78381 85 1828538358763, 7% 5
18518287385 583 68 783 3% 8518287 38358568 783 31 85 1828338558763 7% 5
85,184 285 387 585 68y 783 g~ 85 187 285 385 58 68y 783 57 85 187 285 38558, 68 783 5
t8; 18 585385585 68388 7 87,18 285 38558568388 7787 18,8538 58368 78 ¢
8718 285 385585681 783 5,85 18 285387 583 6 gy 718518y 285 383 57 6 53 7
1851828738558 68,38, 718518 287 3858568, 38, 71818 28538558768 88,7
T 8184 285 387 58568, g8 7+ 8518 285 387 583681 78, g1 85 1828538358763 7% 5
t 8518287 385585 68 78, g7 85 18 28738558568 78 57 85 1828538558768 78 5
8518 28 387 585 68y 78 g7 85 187 p85 385 58 681 78, 57 85187 285 38558, 68 78 g
8718 285385868, 58, 778718 285 38558568, 38, 718718 2853858363, 7% 5
87,18, 285 385585 681 78 g, "85 18y 285 387 585 68, 783 g7 85 18y 285 387 585 685 g 7
8518y 285 385 587 685 783 g7 85 18y 585 385 587 68 583 77 8518 87 38558563 785 g
T 8518y, 287,385 585 68, 583 77 85 18y 287 385 585 68 783 57 85 185 287 385 585 8 g8 7
8518 285 38558768, 7833785 18 85 38558768, 883 778518y 28538758568 785
18518y 285 387 58568, 383 7185187 2,8 38558368 78381 85 18728 38358563, 7835
T8187283 385 583 68 78, 3785187 283 383585681 78,81 8518728538, 58363 75
85187 285 385 583 681 78 g7 85 187 585 38 585 68 783 57 85187, 2,85 38558363 78, g
8718y 28538558 68, 783 87 7 18 285 385583 6% 883 718718 2833855856 738
8 18 285 38558568, 883 7:87 18 2853858 68 783318718y 283 38558 68537
18718285 38583 68,58, 778718 28 38558368388, 77 85187, 28 38 58,63, 7% 5
T85187283 38 58 68y 78, 31 85187 28 38358, 68 78381 85 1828338758363 75
18518285 3% 58 68 783378518287 383583 681 78, 81851828 38 58363 7% g
t 8518283 38558768 78, 318518 28538758568 78,57 851828, 3858768785
81828 387 585 681 783 37 85 18 85 38758, 68,883 778518 28538758, 6878
18518285 387 583 68,58, 718518 285 38 5876838877 8518 28738358, 685 7
818428738 58 68, 783378518 287 383583 68, 58 718518 287 38, 585685 887



18518285 38 587 68,58, 718518 283 38758368, 38,77 8518 28 383587685587

81828 387 583 68388, 7187 18 285 385583681 78, 818718 28338558363 7% 5

~ 87188, 38,585 68 78551 87 18y 585 38558 68 5857, 87,1(78y 2 385585 683 58,7

T8 28 385 585 68338 7T &y 283 385585 68, g8y 7T 283 385 58568, 88 778 28538, 58568358 7
Ty 853855836858 718y 28538 58,68, 783318 28538 58 68883718y 28538 58568358, 7
1ty 85385583 6888, 718y 285 38558, 68, 783318 285 385 58, 68,883 778 28, 38558 68 7833
T8y 28,385 585 68 783318y 283 385 583 68 78, 31 8y 283 385 585681 78, 378 285 3% 58 681 7833
+8y 585385 585 68y 78, 57 8y 2853, 58568y 783 51 Ay 585 385583 68y 78, 5) » 81 (7R 28 385 585 68553, 7
T8 28 385 585 683 38 7T & 283 385585 68, g8 7T 283 385 58568, 88 778 28538, 58568358 7
1ty 85385583 6858 718y 285385 58,68, 783318y 285385 58 68883718y 285 38 58568358, 7
1ty 85385583 6858 718y 285 38558 68 783318y 285 385 58 68883778 28 38558 681 7833
T8y 28,385 585 68 783318y 283 385 583 68 78, 31 8y 283 385 585681 78,378 28538 58 681 7833
+8y 85 385 585 68y 78, 57 8y 2853, 58568 783 51 Ay 585 385583 68y 78, 5) 1 8718y 285 385585 68y 78 g
87 18283 385585681 78, g7 8718 8538558, 688877871828, 3858568 78 ¢

18718 28538583 68,58, 7187 18y 8538558 68, 78581 87 18 283 38558568587

87,1828 385 585 68388, 778518728538 58 681 78381 85 187 28338558, 63, 7% 5

818728 385 58 68y 783 3% 8518 287 385583 681 78 81 85 18 2 38 58563 7% g

t 8518y 285387583681 78, 31851828538, 587 68 7835785 1828338758568, 78

T 818 283 385587 681 78, 3 85 18 28 38758568 78387851828, 38558768 78 g
1851828738558 68,383 718518 287 38558 68, 78381 8518 287 385 583 68 88,7
1851828738 58568388, 718518 285387 58, 68,383 71818 285387,58,68, 7% 5

8518 28538758568, 88 718518 28538, 58768358, 778518 2833875856858,

~ 818y ;8 387585 685 g8y 7~ 8,18y 585 385 587 68, 58y 7+ 818y 8, 385587 68558 7]

[ 8% 184 287,385 485 68, 785 5~ 8 18y 287,385 485 68, 53 7~ 85 18y 285 385 487,68, 7835

T 818285 385 487 68, 583 7785 187 28 385 48368388, 71 8 187,283 385 48568 53,7
18518728538 48368, 78331 85187 285 38 48368, 383 7785187, 28 38 48563, 7% 5

T 85187 285 38 48568, 8837185 187 285 385 48368 58 7785 187285385 48 68 783 5

t 85187 285 385 48 68,883 7187 18 285385 48568, 783 8787 18285385 4836888 7

T 8718585 385 48568, 78357 87,18 285 385 48568, 583 718518y 287 385 485 683 58y 7

18518y 285 385 487 68338 7+ 8518 287 38548368 78381 85 18285385 48763, 7% 5

T 8518728538 483 68 783 3% 85187 285 38 48563 78387 85 187,283 385 48,63, 7% 5

8718y 285385 48 68388 7+ 8y 18y 283 385 485 6% 88 778718 28538548363 738

t8 18,85 385 485681 783 5:85 18 287,385 483 68 g8y 71 8518y 283 385 4,87 68 53 7
18518287385 483 68 78, g+ 8518 285 385 487681 78, 87 8518728538 48363, 7% 5

t 85187285 38 48568y 78, 37 85187 285 385 48 68 7887 87,18 285385 48568 88,7

t 8718y 285 385 48568, 38, 7787 18285 385483631 7881 87 18 283385 48563, 7% 5>

T8 18y 287 385 485 68 783 37 85 18 87 385 485 68 g8 77 8518y 285 385 487 68,7835

818 285 385 48768, 883 7785 187 2,8 385 48568 78387 85187283385 48368 7 g

T 8187285 385 483 68 78, g+ 87 18y 58538548368, 78581 87 18 285385 485635 7

8718y 585 385 485 68, 783 g 87 18y 585 385 485 68 583 7, 785 18y 287 38y 48568, 783 5

T 8518y 28738 485 68, 58 77 85 18y 285 38 487 68y 783 57 85 18y 85 38 487 68 g8 7

t85 187 28 38 48 68 783 87 8187 283 38 483 6, 78 87 86187, 283 3848363 73 8

Y8 18y 28 385 48568388 7 87,18 283 3854856888, 778718 285385 4836888 7

87,18 285 385 48 68, 7833787 18 285 38548 68,88 71871828 38548363, 7% 5

~8718, 585 38 485 68y 78, 57 87,18 585 38 483 68y 78, 5, 871 () 58 385 485 68358, 7



T8y, 285 385 485 6888 778y 28538485 68, 783378 28538, 485 68883718y 2853848568, 7833
1y 2853848568 883778y 285385 483 6888 7781 285 385 1 68 783378 285 385 18 68883 7
+8y 8, 385 485 68y 78357 8y 285385 485 68 78 g~ Ay 585 385 483 68y 78, 5) 1 85 1(8y 285 385485 68553 7
T8 283 385 485 68, 38 77 & 28538 48568 78337 & 2853848568, 883778 2853848568, 785
Ty 2853848568 583778y 285 385 483 68,88, 778 285385 4868 783378 285 385 4,868,585 7
+8y 58, 385 485 68 783 57 8y 285385485 68 78 5~ &y 585 385 483 68y 785 8) 1 8518y 287 38548 6 583 7
18518287385 48 68 783 8F 851 287 385 48368, 88,77 8518 287 38 485638 7

T 818y 287,38 485 68, 783 37 85 18y 285 38 487 68 83 77 85 18 28538 48768 783 5

T 8518 283 385487 68,88 778518 28 38548768388 7785187283385 48,68 78 g

T 8187285 38 48568 78, 37 8518728 38548 681 78381 85 187 28 38 48563, 735
18518287385 483 68 78, 37 8518283 385 487681 78,81 851828 385 48763, 7% 5

1871828 38 48568y 7833787 18 28538548 68,883 77 87,18 285385 48,63, 7% g

8718y 285385 48 68, 88 7787 18y 283 385 485 6 88 718718 28,385 485683837
_aﬁ,1a7,2a‘5,3a4,4a3,6a1,7a2,8_a7,1a4,2a5,3a6,4a3,6a1,7a2,8_a7,1a4,2a3,3a6,4a5,6a1,7a2,8]

(86 184 287 385 485 58, 785 5 85 18y 287,385 485 5, 585 7~ 818, 285 385 487,58, 7854

T 85184285 385 487 58, g83 7+ 85187 28 385 48358388 77 8 187283 385 48558 g8y 7

T 85,187 285 38 183 58, 783 g7 85 187 285 38 483 58 g3 77 8g 187 285 38 48558 783 5

85,187 285 38 18558, g8 77 85 187 285 385 48 583 88 7787 18 285 385 48 58 783 5

8718 285 385 48 58, g83 77 & 18,85 385 4858 7835787 18 85 385 48558 857

87,18, 285 386 48558, 785 g7 87 18y 585 385 485585 g83 7, 785 18y p87 385 485 585 g8y 7

18518y 285 385 487 58338 778518287 385 48358 7833185 18283385 48753 75

t 85187 28538 48558 783 3185 187 285 38 48558 7835787 18y 85385 483583 58 7

t8; 18 585 385 48558388 718718 285 385 48558388 7787 18,8538 48358 783 ¢

t8 18,85 385 185581 7833787 18 285 385 485581 7835, "85 18y 287 385 4,85 58 g3y 7

18518285 385 487 58, g8 778518287 385 48358 78 g1 8 18285385 48753 7% 5
18518728538 48358 78, g+ 85187 85 38 48558 78 g1 87 18 285385 48558 g8y 7

t8; 18y 285 385 48558, 88 7178718 85 385 48558, 58 7787 18,8538 48358 78 g

t8; 18,85 385 185581 78, g 87 18 85 385 485581 78, 5185181 287 385 4,835 783 5

t85 18y 287385 48358, 583778518y 285 385 48758, 785 37 8 18 285385 48758, 83 7

T 818728 385 48358 78331 85 187 83 385 48358 78 g1 85 187 285385 48,53 735

8718y 285 385 483 58, 783 g7 7 18y 85 385 483 58 583 7787 18 853854855 785 g

8718y 285 385 48558, g8 7787 18y 285 385 48558y 783 g7 87 18 85 385 48558 383 7,

85,181,287, 38 483 58 783 g+ 8518y 28 38 485 58, 38377 8518 285 38 48758, 785

818285 38 48758, 583 7785 187 28 38 48358 78531 85 187 28338 48353 75

185187285 38 48 58 7833787 18 28 38548358388 7187 18 283385 48358 87

87,18 285 38 48558, 7833787 18 85 38 48558, g8 7187 18 285 385 48, 5853 887

~8718 58 38 48558y 7855+ 8718, 585 38 48558 78, g+ 87 18, 85 38548 58 7834, 874 (

Q28 385 483 585 g8y 7781 285 385 485 58 g8y 778 28538 48558 78557 8y 28538 48558 585 7
Ty 28538 48558 783 378y 285 38 48558 583778 285 385 4B 58358 718y 28, 385 48358 7855
T8y 83 385 485 58 78 5 8y 285385 48 58 7835) » 86 1 () 58y 385 485585 58y 778y 283 385 48558 5y, 7
T84 58538 48558 785 578y 585 38y 483 58 g8y 778y o 85 38 48558, 783 g7 8y 585 38 48558, g8 7
T 85385 48, 583 58y 7T 8y 28, 385 485 58 783 5~y 585 385 485 58y 78, 57 8y 285 385 48, 581 785 5) »
86,184,283 385 487 58 78 g+ 8518y 28 385 4,87 58 78337 8618 287 385 4,8, 583387

T 8518y 287 38 48558, g8 778518y 587 38 48558 783 57 8518 5853848753, 857
81828538 487 58, 78337 8518 283 385 48758, 88 7185 18 28 385 487585 88 7



818y 28538 48, 581 78337 85 187 283 38 48558 78, 878518287385 48,58 783 g

18518728 38 48558 7833787 18 283 385 48558 78, g1 87 1828 385 48553 75

t8; 1828 385 48558 7833187 18 585385 48, 58358 778718 28538 4858 583 7

8718y 285 38 48558, 783 g7 8 18y p83 385 48558 g8y 7787 181 85385 48558 g8y 7

18718 28 385 48558388 7187 18 28 385 48558388 7187 18285385 48,58 7835
~8718, 58538 48558 78, ]

(86184 28, 385 487 585 585 6% 85, 184 28 385 485 583 887,685,184 283 385 487 58 38 6

8518 283 385 48 58, g8y 67 8 18 287 385 48 5% 383 61 8518 287385 4835 g 6

8518 285 385 48, 583887 67 85 18 285 385 48758, 383 678518728, 38 485583883 6

18518728 38 483583 38567 8518728 385 4835833867 8 187,283 38 48553, 8% 6

T 85187285 38 48358, g85 61 85187 283 385 48358, 38 61 85 18728538 48, 583536

85187 285 38 483 58, 583 67 85 187 285 38 48 585 385 67 85 187,285 38 4855 g8 6

t 85187 285 385 48, 58388 61 87,18 28 385 48558358367 87,1828, 38485583596

t8 1828 385 4855838856~ 87,18 283 385 48558, 883 67 87,18 28338 48558886

87,18 285 385 48358, 385 61 87 18 285 385 48, 583385 67 87,18 28538 48353, 8% 6

87,18, 585 385 485 58, g83 6 87 18y 785 385 48 585 585 67 87,18y, 85 385 18558 g6

85 18y 285 38 487 583 g8 67 85 18 8538 485585 g87 67 8518y 28738 485583585

8518y 28738 48 58385 61 818y 287 385 483 5% 88 67 8618, 28338 48558 887 ¢

818 285 384875838856~ 818 2853854875838 67871828538 485833586

87,18 285385 48358338 6187 18 85 38 48558338567 87,18 28385 41855856

8718y 585 385 485585 58 6 "8 18y 28538, 48758, 58 678518 28538 48358, g7

T8 18y 28738 48558, g8 67 8 18y 287 38 48358 88561 8518 287 385,835 gy

8518 285 38 48558, 887 618518 28538 48758, 88567 8513285385 48758586

T8 18y 28538 48558, 38367 87,18 28538548558, 88 67871828538 48585886

87,18y 285 385 485 58, g8y 67 8718y 585 385 48558 g8y 618518 28 385 487585 5856

1851828 385 483583 387 67851 283 385 48758, 885 67 851 283385 48358 376

8518y 287385 48 583883 61 8 1y 287 385 483 58 883 67 8518 285385 4,8, 583 887 ¢

8518 285 385 48758, 383 6187 18 28 385 485583883 67 87,18 28, 385 485583886

871828 385 483583 385678718 283 385 48558, 38567 87,181 28338 48553, 8% 6

87,18 285 385 48358, 38561 87 18 285385 48, 58338567 87,18 28538 4853 5% 6

8718y 585 385 485 58, 583 6 A7 18y 285 385 48y 585 g5 67 87,18 85 385 18558 g6

85,181,285 38 487 583 385 6+ 8518y 8 38 485 585 88767 8518 283 3848758, 386

8518 283 38 48558, 8876785181 28738 48, 58388367 851328738 48556

818285 38 48 583387 67 8518y 285 38 48758, 385618718 28 38 418558596

18718 28 385 48358338, 678718 283 38 48558, 38567 87,18 283385 48358 36

~818) 58538 48558 585 67 87,18 585 38 48 583 58y 6, 87,18 2(8 384 485583 885 6T By 38 485583586
T8 385 485 585 g8y 6 83 38 48558, g8 6 83 38 483 58 38561 83 385 48 58 g8 61 8538 48 5835856
~ 8538 485 58, 583 6 85 38 48, 583 5856 85 38, 485 585 58 6+ 85 385 485 58553 5) » 8 18y 5

8 38 485583 585 618 38 485 583 585 6~ 8 385 48558 5 6 A3 38, 48558, 88 67 A3 3,483 58, 3356
183385485 58 g8 67 8538 48, 58 8 6~ 8538 48358, 88 67 g 3 48 58388567 8538 418558 386
+8g 385 48, 58558 6) 8618y 8 38 48558558 6+ 8518y 8 38y 4875855856 g 18y 285 38548758556
8518 283 3848558, 58767 85181 2853848758, 58567 8513283385 4875858

8518y 28538 48 585587 67 818y 28538 487 58 58367 86181 287 38 48, 583 5856

T 861828738 48558, 38361 8518y 287 385 48, 5838861 87,18 28 38 485585356

8718y 28 385 485 58558 67 7 18y 28 385 485585 38, 678718 8538 4855 8856



18718285 385 48558, 38, 618718 283 38548558, 88,67 87,18 28538 4853 8% 6
~ 8718 58538 48, 583 g8 6]

(8618, 287 385 485 58 785 6% 8184 285 385 48, 585 787,67 85,184 285 385 487 58 7856
85187 28 38 485585 783 67 8 187 28 38 4835 78561 8518728, 385 4,835 637
18518728 385 483583 78 67 85187 283 38 48558, 78567 8518728338 48353 7856
T 8187285 385 48 58 785 61 85 187 83 385 48358, 7867 85 17,285 38 48,58 796
185184287385 48 583 785 67 85187 285 38 48358, 783 61 85 187 28338 48,583 7856
85,187 285 38 18558, 783 67 85 187 285 385 48 583 68 7 85 187 285 385 4 583 786
8718 28 385 185583 785 67 87 18 285 385 485583 783 67 87,18 285 385 485 583 785 6
T 8718285 385 48558, 785 67 87,18 285 385 48558, 783 67 87 18 285 385 48358 7856
87,18, 285 385 48 585 783 67 7 18y 585 385 483 58 783 6787 18y 85385 4855 7856
t 8718285 38 48 583 785 6787 18 285 385 48558, 783 67 85 18,28 385 487583 7% 6
T 85,184 28 385 183 583 787 6 85 18y 283 385 487, 58, 783 67 85 18 283 385 485 58 7876,
87,184 285 385 4858 783 618718 283 385 48558 78367 818 287385 485581 7836
18518285 385 487 58 78561 85187 283 38 48558 785 61 85 187 28338 48353 7856
T 8187 285 385 48358 78 61 85187 28538 48358 7836185187 28338 48553 76
18718 283 385 4858, 7856187 18y 28 385 48558, 785 6187 18 283385 48358, 786
87 18 28538 48558378361 8718 8538548558368, 778718 285385483583 786
8718y 28 38 48533 785 61 87 18y 283 385 48 5% 68, 7T 8718 285385 4,855 786
t8718y 285 385 48558368, 7187 18y 85 3854855837861 8718283385 48553 796
18718285 385 48558 7856187 18 283 38548358 78561 85 18283385 48353 7376
87 18285385 48558 7836185 181 285 385 48758 78367 85 18 283385 48358, 7876
Y8518 28538 4875837836185 18 28538 485583787 67 8518 28738 485583 7836
8518 28738 4855837856~ 818 287385 48558368, 778513287385 483583 786
t 8518y 285 38 485583787 678518 285 38 487583 78561 85 18 285385 487585687
18518 285 385 487 583 78 618518 283 385 48758 785658718 28 385 48558 7856
Y8 18y 28 385 48558 7856~ 87,181 28538 48558, 78367 8718 28538548, 58,7836
T8 18 285385 48558, 78 618718 8538 48558, 78567 87,18 285385 4858 786
8718285 385 48 58 7856787 18 285 385 48558, 7861 8718 2,8 385 48553 7956
1871828 385 48558 7856187 18 28 38548358 78561 8718 285385 48,53 796
87,184 285 38 48 58 78561 851y 28 385 48758, 785 61 85 18 28 385 48358, 7376
T 818y 28538 48758, 785 67 85 18y 28538 48358, 787 67 85 185 287 38 48558 7856
8518 28738 48558, 785 67 85 181 287385 48,58 783 67 8518 287385 4858 78y 6
818y 285 38 48558, 787 61 8518y 85 38 48758, 78567 85 18 285385 48,58, 7876
T818y 285 385 487 58, 78, 61 8518 28 385 48758 78561 85 18 28 385 48353 7376
T 86184287385 48 58y 785 67 8518285 385 48 58 78761 85 187 28 38 48553 76
t 8518728 3848558 78567 85 187,28 385 48558 78 67 8518728538 48,58 7836
8187 285 38 48, 58 785 67 85 187 285 385 48, 581 78 618718 28 385 4855, 785 6>
85,181, 28,385 487 583 785 67 86 1 8y o & 385 485 585 787 678G 18 283 385 48758, 785 ¢
T818 283 385 48358, 787 61 8518y 87 385 48, 583785 61 85 18 27 385 48353 76
T35 18y 285 385 4 583 787, 67 8 18y 283 385 497 5% 783 67 85 187,28 385 4,855 7836
t 85187283 38548, 58 7836185 187,285 385 48,58 78367 87,18 28 385 485583 783 6
8718y 28 385 485585 783 67 A 18y 28 385 483583 78567 87181 283385 4855 785 ¢
87,18y 283 386 48558, 785 67 87 18y 583 385 48358 78567 87 18 585385 48,583 7856
87,18 285385 48358, 7836787 18 285 385 48558, 78361 87 18 283385 48,58 7856



T 8718y 85 385 48558 7836, "8G 1 28 38 487583 78 67 85 18 28 38 483 58 787 ¢

T 8518y 23339 438758, 785 678G 18 283 33 453 787613 13; 28738 4 533 796

T8 18y 28738 48358, 783 678G 18y 58538 48, 583 787,678 18 285384 48753 7336

T 8618728 39 48358 783 618G 187 58338 48, 58 785 6T 8 187,853 48,53 7336

T87 18 28 38 485583 783 6787 18y 28 385 485583 68477 87,18 28 385483583 78 ¢

— 8718y 23338 48558, 78 1 A7 18y 283 385 4 58 78567 A7, 131 283385 4% 5N 7y 6

= 8718y 23533 48558, 78 187 18y 285 385 4 593 63 7 13; 85385 4 53 79 6

=87 18,28, 385,85 58 783 6187 18y 83 385 48 58y 785 6T 87 18y 85 385 48 58y 783 6,87 1 (

Q) 28 38y 485583 78 67 2 38 483583 785 6T Ay 2 385 483583 68 7T Ay A 385 485583 78, 6
8283 38 48553 7385 67 Ay 283 38 4855 785 678 283 385 4 53 785 61 Ay 283 385485 5% 7y 6
T8y 8533 43 583 785 67 A 8538, 4855 73 61T 98 33 4 583 785 67 A 83 38 4355 76
T8y 85 385 43 533 8y 77 A 35 38548 53 7 618y 28 335 49353 783 67 233 38543 59 736
_a4,2as,3as,4az,5a1,7as,6)1_ae,1(_a1,2az,3a4,4as,5a3,7a8,6_al,zaz,sa4,4as,5a3,7as,6+a1,232,335,4as,5a3,6a4,7
Ty 2 385 485583 78, 67 Ay 23338 48553, 783 67 A1 283 3% 453 785671 283 395 4, 5 796
8283385 483 53 78y 67 Ay 28538 48 59 78 67 28538 49353 78361 A 28338 48 5% 7856
T8 28 33 48553 783 67 A 83 38543 53 6 778 285335 4, 533 78 61 Y 2y 38543553 73 6
_a4,2a3,3a5,4a2,5al,7a8,6_a4,2a8,3a5,4a2,5al,7a'3,6)’a6,lal,2a3,3a5,4a2,5a4,7a7,6_a6,lal,2a3,3a4,4a7,5a2,7a5,6
T 18y 28338 48558, 787 678G 18 28 385487 583 78 678 18 28 384 487583 785 ¢

T 1 2 385487583 69 773 1 2 38 485583 797 6T A7 13 58338543, 58 735 ¢

8718 283385 48558, 78 678718 28338 48553 78561 A 1A; 285 385 4355 73 6

+8718) 2 385 48558363 718718 28 385 48583 78, 61 A 1A 23y 385 43553 63 7

T 8718y 28 38 485583 785 6T 85 187 58538 48, 58y 783 678 18728338543, 58 736

T8 18728338 48, 581 7856785 187 23 38 48558 783 678 18 28738548, 58 7336

T 18 28338548, 581 787 678 13 2 385487 581 793678 13 28738543, 583 7% ¢

8518 287385 485 583 63 718G 18 287 33 4 583 78567 8 13 28738 4355 733 6

~ 8518y 28533 48758, 785 618G 18y 2853 385 43,59 78, 613 13; 8538 4 5 7976

T 871828538548, 58 783 6787 18 58338548, 58 78567871828 38548553 7336

T8y 1828 38548558 783 6787 18 58538548, 583 78 6T A7 18 58538548, 58369 7

— @ 1@y 58538 48558, 783 61 &7 1y 8 38 48558, 78 6]

ngo

[0 -1 0 0 0 0 1

0O 0 0 0 O -1 1 Qq@

1 0 0 0 -1 0 0 1

A= 1 0 0 0 1 -1 0 (

1< 0 0 1 1 1 0 1

o 0 -1 -1 0 -1 -1 1

1 0 0 0 0 0 1 -

L -1 0 0 1 0 0 1 (@

[ Qualitative Stability Analysis

i "Criterion i"

poly coef FO to Fn=[-1,1,3 -3 -4 7, -5 14 -§
positive feedback=[0,2,5, 6, 12 26 23 30 b
negative feedback =[-1, -1, -2, -9, -1 -19 -28 -16 -1]1
absolute feedback=[1, 3, 7, 15 28 45 51 46 16
wkFn=[-1, 0.33 0.43 -0.20 -0.14 0.16 -0.098 0,30 -0.38
"Criterion ii"
wD, =0.25 10°
ratio_to_model_C=7.7
"Class Il Model"




[ Qualitative Press Perturbation Analysis
i "Change in Abundance from Positive Input”
"From Increased Birth or Immigration or from Decre@®eath or Emigration”

"adjoint (-A)"
(0 2 2 2 0 0 -2
6 6 0 3 -3 0 -3
06 0 0 0 6 6
0 8 -2 -5 30 1 -
0 2 2 -1 -30 -1
0 0 0 3 -30 -3
0 6 0 3 -3 0 -3
0 -4 2 1 -3 0 1

"absolute feedback (T)"

([0 4 4 4 2 0 4
6 8 4 5 3 0 5
0 32 20 22 14 16 24 2
010 6 7 5 0 7 1
0 6 6 7 3 0 5
0 8 4 5 3 0 5
0 8 4 5 3 0 5
L0 6 6 5 3 0 7
"weighted predictions (W)"
(1. 050 050 050 0. 1. 050 0
038 075 0. 060 1. 1. 0.60 1
1. 019 0. 0. 0. 0.38 0.25 0.30
1. 0.80 0.33 071 060 1. 0.14 0.B2
1. 033 033 014 1. 1. 020 1
1. 0. 0. 060 1. 1. 060 1]
1. 075 0. 060 1. 1. 060 1
L L 1. 067 033 020 1. 1. 014 1

"Change in Life Expectancy (E) from Positive Input”
"Increased Rate of Birth or Immigration”

"delta E"

(6 6 0 -3 3 0 3 -

0 0 033 0 3 -

0 2 2 13 0 1 -

0 0 033 0 3 -

0 2 2 20 0 2

0 4 2 -1 3 6 -1 -

0 4 2 13 0 -1 -

L0 2 2 20 0 2

"absolute feedback"

(16 8 4 5 3 0 5
0 8453 05
0 6 6 73 05
0 8453 05
0 4 4 42 0 4
0 6 6 53 16 7
0 6 653 07

L0 4 4 4 2 0 4

"weighted delta E"




E Symbolic Analyses

[0 -a,
0 0
CER

a1

85
0

a7,

L =8 1

o O o © o o

T8 18 285383 48558, 68, 7875

3

coodf oo oo o

0

0
0
0

a5 4
8 4

0

a3 4
"system feedback"

Fg

"85 68y, 18y 285385 483 58 787 51 85 48y 18y 85 38358, 687885 77 85485 181 285383 58,6 7875
18548518 28 38358 68, 7878787 783 18 285385 48, 5 6858~ Q7,78 13 28533 18358 635 3
877818 85385 48558, 83 3 87 785 18 285 385 48, 58, 683378718 285385 48558, 68, 7%
t8 785 18 585385 48,58, 683 878718 285385 48, 58 68 88 7787181 285383 48 5868 735 3
8718 286385 48 58568, 785 87 85 18 285383 48 58568 787,81 8318 2853854858 687,585 7

F

0
0

&5

a5

& 5
0

0
0

0

PR
0
86
& 6

8 ¢
0

0

a7

&7
0

0
0
T

a7 7

a7

(038 075 0. 060 1. 1 0.60
1. 0. 0. 060 1. 1. 0.60
1. 033 033 014 1. 1. 0.20
1. 0. 0. 060 1. 1 0.60
1. 050 050 050 0. 1. 050 D
1. 0.67 033 0.20 1. 0.38 0.14 [1.
1. 067 033 020 1. 1. 0.14
L 1. 050 050 050 0. 1. 0.50
"Decreased Rate of Death or Emigration”
"delta E"
0 6 0 3 30 3 -
0O 6 0 -33 0 3 -
0O 24 1 3 0 1 -
0O 00 33 0 3 -
0 -2 2 26 0 2
0O 4 2 -1 3 0 -1 -
0 4 2 -1 3 0 5 -
0 -2 2 2 0 0 2
"absolute feedback"
[0 8 4 5 3 0 5
08 4 5 3 05
06 10 7 3 0 5
08 4 11 3 0 5
04 4 4 14 0 4
06 6 5 3 07
06 6 5 3 09
10 4 4 4 2 0 4 1
"weighted delta E"
[1. 075 0. 060 1. 1. 060 1]
1. 075 0. 060 1. 1. 060 1
1. 033 040 014 1. 1. 020 1
1. O 0. 027 1. 1. 060 1
1. 050 050 050 0.43 1. 050 Q.
1. 0.67 033 020 1. 1. 014 1
1. 067 033 020 1. 1. 056 1
1. 050 050 050 0. 1. 050 043

"Symbolically Specified Community Matrix"
0

0

& 8
0
a5 g
8 8

878

0




83185385 48358 6 787 87 33185 385 48,535 69 73737 33 186395 485 5,63 7,8
+t87 18639 48359 63 785 g+ A7 185383 48595631 78381 87185 385 48558, 63 7838
8518538 483 58 68 787878y 185385 483585 63y 78787 5 18 8548 5% 68 778
*t8518) 285 48 53 63887778513 28 4 58 68 78787 Q7,18 285484 5% 63 33 7
8718y 28 48 5% 6858 7+ 8y 18 283 48 58 63538718718 285 48 5356 738
tA7 18 285 4859 63, 78581 7 1) 283 48558 6% 7881851 285 453, 687378
8518y 285 48 53 68587, 7+ 8 18y 28548 596 787,87 8513 285 4 53, 635837 7
T 8518 285 48 53563, 787378318 285 48558 68 73781 Ay 13y 8648553 7,59 7
=818 285 485 53, 35 787 8T8y 13 285 48553 686837 77 13y 28548556 7978
T8 18y 58 48 5% 68788 7187 18 28538358 635383 718718 28538553, 63835 7
T35 1y 28 38358 6358, 78 13 285383585 6% 787,81 8518 28538553, 638377
T3,y 28 3855 687,88 7785 18 28538358 637,385 718718 28538 48,6 7838
t8318) 28393 4863 787878 13 2838 43 683837778 18 28385 4% 5% 63 g
*t8y18) 28393 48353, 635 A 131 23539 48553 63381 A 1A 286385 4N 5N 63 g
t85 18y 58385 4 53, 68 87 7,13 286385 483 5% 78 67831 285385 4,8, 5 6377
T8y 18 28538548358, 5877

Fe

87 85 785 48, 18y ,8 T 8y g8 785383585 48y ¢ Ay g 78538318 28 T 8g 787 18 2 85885 5
85 48, 595 68539 g7 7785 48 585 13 7878867 8g 4 181 2 787 885 5183 484 131 ;3 737 896
854818 28 68538557 854818 28 685587,71 854868 38;5853587,77 8518 28, 685787585
T 85181 28 6853888558518 28, 685383887 7783 486888718 78557 787 18 285 4 6% 5
8484 6% 3 787 181 ;783 48 585837 13y 785 61 g 48 53533 78718 ;783 18y 787 835635 43 5
+t8g 18y 787,886 4 635573518 78758 43,585 67851 7878838358 61 813 23 78738 4,6
t8g18) 28 6888548578 18 28 63887 785 5785 48 585 68 887,181 78 48 181 787885635 5
t8g 18y 2 787,885 43 518 1 &y 3y 78 g8 685 51T g 4 68 393 837 78557 g 4y 63533389713 7
85383585 49 18y 8, 6185 48 58538313 2 g1 37 78538585 13y 28, 67 87,7854, 53513 2D 6
8778559 3831 3, 678778558 4 13 28 61871 28, 68 735 48 51 A 78718 23538356
T8 787181 286 48 535613y 78718 286685 49 518713 785 3% 535 48 61 85 484 131 23 685793
T3 787,18 28, 685383 37 g 48 58518 28, 787 g7 8g 48 68383 18y 787878548 58518 28 685 g
TA348 18 28 685383378 18y » & 5853835858183 18y 2 6854 5958

Fs

8818y 28, 787 885 6785 18y 28 787 885518 1y 8 685885 51 A 18 28 685587, 77834818 787386
8548y 18 787 5855 85 48 68538 58551 85 48 6855871817785 4858558718 7785 18 78 585 485
~ 8518y 73788 43 67 A 13 787 88568551 A7 1Ay 785484 65578, 78713 2848 6783358 13,86
8548535 13 23 ¢+ 3558383 18y 8 613558648, 18 2 1877853313, 618773543 13,8
t8718) 2 68 78551 A 787,18 28668551 A 78718 285 4 578718 7853585613713 784 5356
8718y 785685 4 518 78718 8 6855183 48y 18y 2, 787 8785 4B 58518 7873785 48 5856835
849 6% 3% 535 g1 g 48 13 28, 68581 g 1Ay 3, 685337 8g 18 2 68 797,81 5 4 585 697,835 7
843,59 687, g% 778 43558 637,89 783 4, 585 6% 78787 35 4 535 69,837,778 43 56858, 7
+8g 48559, 68 797,87 9 48558 63897, 71 86 393 585 697,385 77 3538 484 683 837,77 35385 4% 58 6,7
F,
87,89 786 6% 51 A7, 885 78 484 67 g 43 63 89 51 83 484 686897, 71T A 43y 59588563513 78789 5
,1,797,8%, 6 A7,14, 7%, 4% 6 , 49,567 8¢g 77 dg 33 19y 2y g7 g 33595 4 67 A5 4% 19, 2% 6
t8g 18 787,88 678718 7843 61 35 4 537,835 77 A5 38 13y 23 67 38358548467 843,182
T8 18y 28 685778 787 18 285678718 7856855787181 785 48 5787785383585 6T &7 785 418,535 ¢
877864868557 87 78 635 48, 57813 28 68,37 A 18y 2R 7873785 48 13 787 g+ 83 43,585 6% 3



T35 48 6% 3838 85463 77,87 8 4585837773 78713 855
Fs
8g 18y 787 g7 85 48 58537 A 48 68587 8568, 88 718738578557 787 18,18 18 785678718 7855
8778648467 87,78 685 5 87,785 48, 5+ 8538 585 67 A5 4 58567 8548, 68557 856548 5
F,
8788 7T 18y 7T 8 7856787 7855F 854867 8568557 4 5

Fy

877761355
Fo
1

"adjoint (-A)"

[0, 8, ;85 3(~85 485 58 687 585 77 85 485 5 685 587, 7+ 8 48 585 585 587, 7 ¥ 85 485 58 683 587, 7) »
8y 58 3( 85 48y 5, 687,58 7+ 8 4, 58, 685 587 71 g 48, 585 68 787,57 8g 48558, 68, 787 5) »
8y 285 3(85 485 58, 87,58 7~ 85 483 58, 585 587, 7 85 485 585 68 787,57 8g 485 58 685 58y 7) »
) 58538 4(783 58,68, 787,37 8 58, 683 587,7) , 0
) 585 3(85 48 58, 683 585 7~ 8 483 58y 68, 7855~ 85 48y 585 68 785 57 85 485584 68, 783 8) »
—8) 85 385 4 (78558, 6@, 787,51 8 58, 683 587 7)]

[~85 185 385 48 58 687,885 71 83 185 385 48, 58, 685,887, 71 83185 385 48, 58568, 787 5
t83 186385 48558 68, 787378 186385 48358, 687385 718y 185 385 48358, 6855877
18y 186385 48358568, 787318y 185385 48558, 68338777 8518538 48358, 68, 7375
185185385 48,58 683887 7787 186385 4,8 58, 683385 7187 185 383 48358, 68 7355
t87 185385 4858568, 7833187 185 385 18558, 68, 78357 85 185385 48358, 68 7875
85 186385 48 58 683587 7, 785 185 385 48 585 68y 787 37 83 185 385 4855868y 787 5
T8, 186385 483 58568 787 g1 85 185 385 48358 68 78787 87 185385 48358, 63, 7355
87186385 48 585 68 785 g7 87 185 385 485 58 68y 783 57 85 185 385 483 58, 68,787 3,
T8y, 185 385 48558, 68y, 787§ 85 185383 48, 58 6 787 8T 8y 185385 48, 5% 6 7858
t85 1853854858, 681787,5:85 18538548558 68 787,57 85185383 48358 68,7875
t8 185385 18358, 68178537 87185385 48558, 681 783 g7 85 185385 48358 6 787,5>
=83 186385 48,58, 68 787,57 818638 483 58 61 787,57 87,1838 48,58 68 7855, 0,
83,185 385 48 58, 68 785378y 185385 483 58 68y 785378y 185385 48558 68 783 g
8518538 48,58 68 78381 85 185 385 48 58,63 75

83185 385 48 58 68y 787 g+ 8y 185 385 483 58 68y 787 g+ 7 185 385 48 58 58y 783 g
[0, -85 18 285485 58 685587, 7~ 85 18 285 48 585 683 587,71+ 87,18 58548 58 683 58, 7
8718y 285 48558 68588 7787 18y 58548 585 685 3837787 18 8548558, 685 595 7
18718285 48358 685385718718 85 48 585 683385 718718 283 48558, 685 5% 7
8518 28548358 685787378518 28548358, 68 87,7785 18 285 48 585683587
T8 18y 285 48358 685587 778 18y p85 485 585 685 887,778 181 85 483 5856855977
T8 18y 285 485585683887 778518 8548358, 687,885 778513285 48358, 68795
18518y 285 48358 685587778518 285 48 58568388777 87,18 28548358, 68 5% 7
18318 28548 58 687,88 77831 28 48 585 687885 7783 18 285 48558, 637,59 7
T8 18y 285 48 585685 787 g~ A 18y 283 48 585 685887778318 285 48 5856858377
8318 585 48558 68578737 8318 285 48558 68587, 77 818y 285483585 687,88 7
T8, 18y 286 483585687385 718 18 85 483585685 787,81 "8 18 28548558, 687 3% 7
1818285 48558 685787378 18 285 48558, 685387718 18 285 48558568, 7875
8518 28648 58 687,885 71851y 285 48 58, 68578787 85 18 285 48 58, 685537, 7
8518 285 4858568, 787318718 2854858, 68585778718 2854858, 68535 7



8718y 285 48 58 68558 7787 18y 585 48 58568 785578718 85 48 5856 7855
87,18 285 48558 68, 78537 85 1 285 48 58, 68578781 85 18 28548 58, 685597, 7
8518 2854858568, 7873185 18 854858, 685587, 7785 18 285 48 58568 7875
t83 18 2854855868, 7875:83 18 28548558 687,58 7783181 283 48558 685 7873
18318285 48558 685587778318 285 48558568, 78787 8518 28548358, 687,59 7
18518285 48358 685787378518 285 48358, 685387, 71 8518 285 48358568, 7375
1871828548 58 68585 7187 18 285 48358, 685585 718718 28548558, 683 5% 7
8718y 285 48358 685585 7 8718 285 483 585 68y 78557 A7, 18 285 48358568 785 5
8718y 285 48558 68358 77 18,85 48558568 78357 8518 285 48358, 685787 g
18518y 28548358 68587778518 285 48358568, 78781 8 18 28548358, 6855877
18518 28648358568, 7878185 18 285 48558, 6838877, 78318 285 48 58, 68758 7
18318285 48 58 685787378318 285 48 58, 685587 7133 18 283 48 58568, 7375
T8y 18y 285 48358 68788 78 18 283 48 58 685787878 18 285 4% 58, 6858377
Y8 18y 285 483 58568, 78737 7,18 2854858, 683583778718 28548358, 68 78 ¢
18718285 4858 6833857187 18 85 4858568, 78581 8 18 28548358, 68,7975
8518 28648 58 683887 7, 8318 85,858 687,385 718318 285 48 58, 68535877
18518y 285 4858568, 7878183 18y 8 48558 68, 787878418 28548358, 68759 7
Y818y 285 48358, 6853587717818 285 48358568, 787,878y 18 285 48558, 683587
8518y 285 48358 68, 787378518 85 1858, 683587778718 2854858, 683 7
18718285 48358 68, 7855187 18 85 4858568, 7838187 18 28548558, 68, 7% 5
18518y 28548358 68, 7878785 18 28548 58, 6838877, 78318 285 4,8 58, 685353 7
8318 285 4858, 68558571783 18 85 48,58, 685587783 18 285 48 58568 785
t83 18 585 4858568, 7853183 18 85 18558, 68 7887 8418285 48358, 688 7
T8 18y 285 48358, 6853857 18 28548558, 68388 778 18 285 48358, 6855 7
1818285 48358568, 78518 18 285 48358568, 78581 8y 18 285 48558, 683 5% 7
1818285 4855868 783378513 28 48 58, 683885 77 8518 283 48358, 68 7% 5
Y8518 585 4858, 68388718518 285 18, 58568, 7838785 18 285 48358 68 785
8318y 2854858, 68388785 18 2854858568, 783878518 28548358 68 7855
18518 2864858568, 7838185 18 28548558, 68, 78381 78318 2854858, 6857875
183182854858 68887778318 2854858568, 787,81 8 18 28548 58, 685537,7
183182848 58568 7873183 18 85 48558 68, 78787 8418 28548358, 6857375
Y8y 18y 28548358, 685587,77 8181 28548358568, 787,878y 18 28548358, 6858, 7
T8 18y 28548358568, 787378 18 8548558, 683587778518 28548358, 68 7875
18518 2864858 6835877187 18 585 48358 68, 78557 87,18 28548 58, 685 5% 7
87,18 28548 58568, 7835187 1) 85 48358 68, 78581 87 18 28548 58568 7% 5
+@;,8) 58548558 68 785 g

[0, 8518 585 38, 585 687,585 7+ 8518y 2838558 687,88 7, 181 28383 585 58753 7
8518 285 383 58 687857178718 8538358685358 77871828538, 585683597
t8718 28638558 683385 718518 8538358 6853877185 18 28538 585685 587,7
18518 2838558 683587 7,818y 28538558 687,883 718518 283858 687,335 7
8718y 285 38,58 685585 7785 18 28538, 58 685887 7 8g 18; 28538 58568 787 5
8518 285 38558 68,7875, 783 18 28538558 687,58 718518y 285383 58 687,595 7
8718y 285 38358 68583 77 & 18y p85 38558 683 585 77 8518 28538358, 6855877
8518y 285 385585 68, 787, g7 85 18y 58538558 685 87,7, 85 18y 58538 58 687,58 7
181828538 58 687,885 7187 18 283858, 68358 7785 18 28538358, 68,7375



+ 8518 28538, 5% 685877, 0,83 13 2838 58 68559 73 18 2838358, 68559 7
18182838558 683885 71851 2838 58, 68358 778 18 28538358, 68735
8518y 285 38 58568, 783 g7 85 18y p8G 38558 68 783 51 783 18y 285 38 5@ 6855877
T8 18y 285 38 585 68, 787 g7 83 18y p8G 38558 68 7875878 18 28538358, 6855877
T8, 1828383 58568, 787578 18 28538558, 683387 71 85 18 28538358, 687975

T 8518y 285 38 58 685587 7787 18y 58538558, 68 785578718 8538, 5856, 7955
~8718; 58538558 68 785 g

[0, -85 181 585385 48, 687 585 7+ 85 181 285 385 484 685 587,77 84 181 285385 485 685 587, 7
8518 585385 1868358778718 28538548 68388 778518 285385 48 683587, 7:
T8y, 18y 286385 48, 687,885 7T 8y 18y 285385 4B 685587 7T 8y 18 285385 48568 787 g
8518y 2838 48 68, 7875187 18 85383 48 68 78581 85 18 285385 48,63 775>
83,18, 285 385 485 687,885 7785 18y 585 385 48 685587 7783 18y 285 385 48568, 7875
8518y 285385 48 68388 718y 18y 285385 48 6% 885 778718 28538 4856 738
8318 28538548, 68335877,

8318 58538 48 6%, 787,57 8418 285385 48 683 887,77 87,18 585385 4 68 7855, 0,
T8 18y 285385 48 68 78587 8y 18 285385 48 68 58 7T 8 181 285385 48568 78 g
8518 2838 48 68 78381 85 18 285385 4863 7% g

8318y 58 385 48 68 787 g1 8y 18y 838548, 685587 71 87 18y 838548y 68, 783 4]

[0, -85 18 585385 48 587,585 7% 83 18y 285 385 48y 585587, 7~ 8y 18y 285 385 483 587,58 7
18y 1828638 483585587 718 18y 85385 485583387 718518 285385 48,585 587,7
8718y 285 385 48 585585 7785 18y 585385 48 585 887 7, 78y 18y 585 385 48558, 787 g
8518 285 385 48,58, 787 5787 18y 85385 48 58 7855185 18y 285385 4858 7874,
8318y 285383 48558 787 3785 18y 285385 48358 78731 87 18 285 385 18358, 7855

t8 18 285385 18558, 7833785 18 28538548358, 787 g,

8318 5838 48 58, 78 57 818 2838 48358, 787578718 28538 48,58, 7835, 0,
83,18 286,383 48 58 785378y 18y 585385 48558, 785 37 8y 18y 285385 48558, 783 g
8518 285 385 4858, 78337 85 18 853854858, 783

8318y 28 385 48y 58, 787 gt 8y 18y 8 385485 58, 787 g+ 8y 18y 838548, 58, 785 4

[0, -85 18 285 385 48 585 687,5~ 8518 285385 48558, 687,5 84,181 28,38 485 595,687 8
18518y 28638 48358 687378718 28538 48358, 68557 87,18 285385 48,58 5356
8718y 285 385 485 585 58 67 85 18y 985385 483 58 687,51 "8y 18 285 385 48558, g7 g
8518 285385 48,58, 687,37 8718 2853854858 685578518 285385 48,58 687,5:
8318y 285383 48558 687,37 8518y 285385 18358 68731 7 18 285385 18358, 6855
t8718 285385 48558, 68581 85 18 285385 48353 6875

T8318) 5838 4 58 68,57 8181 2838 48358 687578718 28538 48,58 6835, 0,
83,18 286,385 48 58 685578y 18 285385 48558 68537 8y 18y 285385 48553, 68 g
8518 285385 48,58, 683378518 28538548, 58,683

8318y 28 385 48 58 687 518y 18y 8385 485 58, 687 g1 7 18y 838548 58, 633 g

[0, -85 18 585385 48 585 687,7 78518 285385 48558, 687,77 84,181 28,38 485 585, 687 7
18518y 2838 48358 687778718 285 385 48358, 6857785 18 285385 4835863, 7,
T8y 18 285385 48558 687 7785 18 285385 48 5% 8 7T 8y 18 285385, 5% 697
T8 18 285385 18,58, 78567 87,18 285385 48558 78,67 8518 285385 48 58 6877,
83184285383 48558 687,77 85 18 285385 483 58 68771 8 18 285 385 48358, 695 7
87,18 286 385 48358, 78561 85 18 285385 48358 68,7,

T8318) 58 38 4 58 68778181 28385 48358, 687778718 5838 4858, 786, 0,



83 18y 286385 4% 53 693 713 13 285383 4858 735618318y 2363843553, 796
=818y 58395 43358, 68 713y 18 28533 43353 785675 13; 85385 45N 79 6

+a8,lal,2a6,3a5,4a3,5a2,7a4,6'
L as,1al,2a6,3a5,4a4,5a2,6a7,7+a4,1al,2ae,3a5,4a3,5a2,ea7,7+a7,1al,2a6,3a5,4as,5az,7a4,6]
i "83"
o o 0 0 1 1 0 1
0 -1 0 0 1 -1 1 Q@
-1 0 1 0 -1 0 1 d
Az|l 0 0 0 0 0 -1 -
“l-1 0 0 0 1 0 0 (@
0 -1 0 0 -1 0 1 Q@
0 0 0 -1 -1 0 -1 -1
L L0 0 -1 -1 1 0 0

[l

Qualitative Stability Analysis
"Criterion i"
poly coef FO to Fn=[-1,0,4,-3 -2 8 -13Q §
positive_feedback=[0, 2, 7, 10 21 38 33 32 15
negative feedback=[-1, -2, -3, -13 -23 -30 -46 -32 -10
absolute feedback =11, 4, 10, 23 44 68 79 64 25
wFn=[-1, 0, 0.4Q -0.13 -0.045 0.12 -0.16 ,0. 0]20
"Criterion ii"
wD, =-0.36 10’
ratio_to_model_C=-0.11

L "Class Il Model"
[ Qualitative Press Perturbation Analysis

"Change in Abundance from Positive Input”
"From Increased Birth or Immigration or from Decre@®eath or Emigration”

"adjoint (-A)"
(1 1 1 2 4 1
2 2 3 1 -2 -3 -3
3 3 3 1 -2 -3 2 -
2 2 -2 1 3 2 -3 -
11 1 2 1 -1 -1
2 3 2 4 2 3 =2
1 -1 4 3 -1 1 -4
L2 2 3 6 -3 -2 3 -

"absolute feedback (T)"

(3 3 3 4 18 3 3
8 8 5 9 12 17 5
7 7 15 11 20 7 10 1
8 8 12 13 19 8 13 1
33 3 4 7 3 3
16 9 6 14 16 9 6
55 4 7 9 5 4
L6 6 5 14 15 6 5

"weighted predictions (W)"
[0.33 0.33 0.33 050 0.22 0.33 0.33 0]33
0.25 0.25 0.60 0.11 0.17 0.18 0.60 0|60
0.43 0.43 0.20 0.091 0.10 0.43 0.20 0[20
0.25 0.25 0.17 0.077 0.16 0.25 0.23 0|17
0.33 0.33 0.33 050 0.14 0.33 0.33 0|33
0.12 0.33 0.33 029 0.12 0.33 0.33 0|33
020 020 1. 043 011 020 1. 1
L 10.33 0.33 0.60 0.43 0.20 0.33 0.60 Ol

60

"Change in Life Expectancy (E) from Positive Input”



E Symbolic Analyses

1.
0.
0.33
0.33
0.33
0.20
1.

L0.33

[0.20
0.
0.33
0.33
0.33
0.20
1.

10.33

"Increased Rate of Birth or Immigration”

"delta E"
[0 0 0 0 0 0O
0O 5 -5 -5 005 -
2 2 -2 -4 3 2 2 -
-1 -1 -1 3 4 1 1 -
-1 -1 -1 -2 411 -
1 1 4 -3 1 4 4 -
0O 0 0 0O 0055
-1 -1 -1 -2 -1 1 1
"absolute feedback"
[0 o0 0 0o 0 0
8 17 5 9 12 8 5 1§
6 6 6 8 19 6 6 4§
3 3 3 21 18 3 3 4
3 33 4 18 3 3 3
5 5 4 7 9 20 4 4
0 00 O 0 0 25
13 33 4 7 3 3 22
"weighted delta E"
. 1. 1. 1. 1. 1. 1]
029 1. 056 O 0. 1. 1
0.33 0.33 050 0.16 0.33 033 0
0.33 0.33 0.14 0.22 033 033 O
0.33 0.33 050 0.22 033 033 O
0.20 1. 0.43 0.11 0.20 1. 1.
1. 1. 1. 1. 1. 020 1.
0.33 0.33 0.50 0.14 0.33 0.33 Q|
"Decreased Rate of Death or Emigration”
"delta E"
(5 0 0 0 0 0 0
0 0 -5 -5 0 0 5 -5
2 -2 -7 -4 3 2 2 -2
-1 -1 -1 -2 4 1 1 -1
-1 -1 -1 -2 -1 1 1 -1
1 1 4 -3 1 -1 4 -4
0O 0 0O O 0O O 0 @
-1 -1 -1 -2 -1 1 1 -1
"absolute feedback"
(250 0 0 0 0 O
8 8 5 9 12 8 5
6 6 19 8 19 6 6
3 3 3 4 18 3 3
33 3 4 7 3 3
55 47 9 5 4
00 OO0 O0O0O
L3 3 3 4 7 3 3
"weighted delta E"
. 1. 1. 1. 1. 1. 1]
0. 1. 056 O 0. 1. 1.
0.33 0.37 050 0.16 0.33 033 0
0.33 0.33 050 0.22 033 033 0
0.33 0.33 050 0.14 033 033 O
0.20 1. 043 0.11 0.20 1. 1.
1. 1. 1. 1. 1. 1. 1.
0.33 0.33 0.50 0.14 0.33 0.33 0

"Symbolically Specified Community Matrix"

33
33
33

18

33
33
33



0 0 0 0 a5 a5 0 a g
0 a5 0 0 Qs e Ay 0
C 0 3 3 0 835 0 a3 7 0
ay 1 0 0 0 0 0 -a,; 44
—ag 3 0 0 0 as 5 0 0 0
0 8 0 0 —85 5 0 3 7 0
0 0 0 -a, a5 0 -a,; —a;,
L Y 0 835 -85, a5 0 0 0 |
i "system feedback”
Fg

87,885 185 283 385 48 58 68y 7787 585 185 283 385 4B 58 68y 7787 585 18 283 385 48558 68y, 7
8748518 285 38558 68 85 71 87483 18528338558 68 78 87 A7, 483185285 38558 68153, 7
18748186285 38558, 68 g8 7187 485 18 283 38358 58,587 A7 48518, 285 3% 5 68 57
8 48518 85 38558 6837857 87,485 18528338358 68 78y 5187 485 185,83 38358 68y, 58y 7
t8 485185 585 38 58, 68378 g7 87 48518528538, 58 683 78 8187 485185283 38358 68 783
T8 485 185 585 38358, 681 g8y 778758518, 283385 48 68 8857787585 185283 383 481 68 733
187585185283 385 48, 68188 718778 185283385 48558 5§ 6T A7, 78518, 285 385 4858 68, 3
t 87785185283 383 481 58, 68 g1 87 785 185283 385 48 53 6 8T Ay 58y 18, 2853 385 48558 635 7
8788185 283 383 48558 68 7

F;

85 484,887 785 28 685 583 3T 8g 48y 787 885 28 685583 378 387 483 78, 886 23 6% 5
t8Y 183 385 48558 68578737 83 185 387 485581 68 88785183385 485581 68 7875
t 85185385 48558 68 8877185185 385 48758 68,3877 8518 387 48358 6859 7
t 851853874858 683788185185 387 4858 68,3877 8518528 487,58, 68,5887
18518528 4% 58 68 7873785186 28 48 581 68,587 7185 185 283 48758, 68 785
85186287 48358 681 g8y 7+ 85 185 283 4 58 68y 7878785185 285 48 58 68 8377
8518 585 48758 68887185185 287 485581 68 7887 8518, 287 48558 68 88 7
18518, 285 4858 68 78737 8518 285 48558 68,887,718 185285 48558, 68 7875
T8y 186285 48558 68y g7 778 18 85 48558 68578781 85 185,83 38358 68 7375
85 186,83 385 58 681 587 7785 185 585 38 58 685 787578518 85383 58, 685787 g
8518 285 383 58 68 787,37 8518 285 38558 683 787,87 83 18528538558, 68 58,7
18318 285 38558 68578737 8 185 285 385581 68 787,87 8518528538358, 681 58 7
185185285 387 58 681 583 77 85185 285 38 581 68378737 85 185 285 38358, 68 7875
18y 18628338 48 68787378 185283 383 48, 681887778418 283387 48, 63,53 7
T8 1 28 385 4 685787 8T A 18 285 387 48 68 8877186285387 43 6 7 g
t83 185285 3874868188, 718518 285387 48358 g8 778518, 285387 48 583 785
8518 283 387 485581 g8y 7T 85 18 383 385 481 58 787 87 85 18, 283385 481 58 58 7
T 8518, 283 385 487 58 g8y 778y 185 585 387 48558 g83 778 18 585383 48558 g87 7
18318, 285 387 48558 g8 718y 185,83 383 48558 g8 618518 283383 48553 635
85185283 385 181 58, 68 51 85 185 285 385 48, 58 68,57 8518 283387 48581 687
85185283 387 48 58,68 7185185 283 387 48,58 68778418 283387 48558 68 7
T8 185,83 3874855868, 7

Fe

87,484 18 68628 7855787 48 18 68528 783 3187 58518 6828 7833787 4818 687855 3

1874818 6878558, ;187 48 18 68578338, ;787585 18 6878338, 787487828 58513 ¢

+87 484 735595 13y 683 3787, 49 78558513 A 78748 735, 631 58517 A7, 4,3 78523 635533 3




T 87484 78 585 183 38 ;787 785 28, 68 585 183 3787 785 28 585 18 683 3787785 585 18; 533 >
848413 69 2,3 787 g7 585 18 685 23 73,37 8g 585 1,49 63 885 713G 39358513 635 73,8
T 338318 68,8, 787 8T 83383 187 48 684 88 7185283 38558 683 787 8185585 181 38778333,
~ 835 18 g8 28, 683 37 8g 383 18 g8y 78558, T 8g 383 18 g8, 6855785383 181 g8, 795,36
8383 787 g8 58518 6+ 8g 383 787 g3 595 18 T35 43 18 g3y 78528, 67 8g 43 13 g3 73553 3
8548413 g8 78558, p 8 4Ay 18 g8 7833 ;78548 13 g8 23, 685578 43 181 g 2% 63 3
8548413 g3 533 38, y 33 4A, 787 885535 13 5 8g 43 7,89 23 6855795 49 787 835 2% 633 3
T35 48, 787 g8 585183 3785 4,3 737 g 585 1 7 8g 43y 787 885593 38, " A 585 13 g7 43 73 3
T3 58518 g8 48, 78, T8 585 18 g8y 785,83, 61 8g 383 585 18 g8 48 7785383585 18 g8 73,
+t 85383585 13 g8 28, 6 8g 387 483 73 g% 28 5 85397 483 73 gy 5351783 585131 63 797,33 3
8558513 6878788, pF 8 48 18 635 7978 7 8g 48y 7,595 13y g83 3183 4,8, 78753513 g 5
8385 73 43 18y 8855133 383 787 48 13 g 7 8g 38, 7,595 131 g8y , T Ag 4,3 18 635 737,33 5
T 338318 69 787 8855 83393 18 6873783 2785 48 88 2 595181 613548, 8% 59513 6% 3
T 8548, 88558518 68 2785 48 g8 28 681 5851783 48 8828, 6855833785 48, 88 585 18333 >
~8g 484887 595 13y 357785 48 g7 785595 18 T35 43 g7, 7923, 63551 8g 4 A 837 7385 2% 63 3
8548488 78 585183 3183 48, g7 78, 535 1 T35 48 gy 785583 38, ;T 8g 4, 18y 635 797,33 3
85387 48373 89558, p 3 383 18y 87 43 735578538513 gy 43 78,
Fs

8628, 68 535 133378523 535 13 683 37535 13 68338 ;A7 4,8, 18 635, 778758513 63,3 7
T 8748 78528 6855187 48, 785 28 683 3787 48 78, 585 1833787 48 78 58518, ,T 87 4,3 7855833,
T 874813 68 783378748, 19 687 ;78758518 686 7933153513 68578 2T 87 4,3 13 637355
8748473585 13 6137 78,8, 58518 67 A, 78658518 6833787 785535 13 6 2137 73523 63 5351
+87 785 2 685533 3% 37 73 585 183 38, ;783 383 78758513 g 8g 48y 13 63 737,81 g 43 737,595 18 ¢
T 8358518 685787 g7 85383 18 68 787 g+ 8383787 48y 18 gT8g 48587 785583378348 88,7855,
T3 4888778338, 78548, 88 585 13 613 49 88523, 585 5T g 48 88523, 6833785 43 89 5351333
T 5438353518, T35 48, 80553 3 ;3553518 g7 79337 A 53513 g7 78, 2T A3 58513 g3, 6
8558513 g3 3% "3 48 g8y 78528, 61 g 58518 g8 4 71T 8g 484 g8 73 585 1785333 18 g7 48, 7
838513 gy 7855+ 35 383 13 g7 78, ;79 38318 g8 2 7 8g 38313 g5 5 " g 33 73,8928 6
853837878 5851785 383 787,885 5 ;85 484 18 g8y 785 5T 8g 48 18y g8 783378543 18 88773,
tag,48 1888 28, 6785 48, 19 885583 318 48 18 88558 T 8g 48 18 8338, 2T g 43 787,335, 6
848y 787 g8 585178 48 787 g5 583 31 8g 4 A 787 g5 5% T 8g 48y 787 g 3 ;7 g 383585 18 g7 7
85383535 18 g, 3 38 483 78, 8855793 387 483788 >

F,

A7 58518y 637785 48 g8 73551 85 484 g7 73 7 8g 43 g% 23 61T g 4 g 535113 43 335583 3
8548885 59 "8 43 g3 33 T3 383 13 g8y 77 383 18y 85513383181 g8 ;13,8585 ¢
T g 383787 885 51 3g 383 787 gy 7 8g 48y 18y g7 713548, 18y g5 5T g 48 13 883378543 13 g
g 48 787885578 48 787 8% 78 585 18 g7 7T g 585 18y g8 37 A 58513 & 2T 85,3, 68553
8528 68 595 1135535 18 63 7585 19 63337 A 48 18 68677 ,786 28, 6355137 78553513 6
8748 73338 5787 48 78558, , T A7 4 785 583 3 Ay 4 Y 7Ry 58517 A 4 Ay 785,28 6787 78558333
8778535 13,187 73 585 183 3787 735, 683 3+ A3 383 48, 787 g7 33395 48, 887 779338748378
TA333585 13 gt 3 5851833,

Fs

Ag 38318y g+ 8383 787 g7 g 48y 18 g~ g 48 79787 g 58518y g T 8g 48 87,773 43 885578548, 83 3
T 49 8 2787 48y 7855787 48, 7833137 43 7 ;137 785,83, 787 78 585 17 A 785593 3137 78558 5
8778338 173658513 678628, 635578628, 68337 585183378 58518 ;7858338



F,
8g 48, 8% 8748 7% 87 7855187 783 3787 78 ;1 85,8 781 5851 "85 5 3T A5 2T 8y 38
Fi
A7 7t A 5t 8337,
Fo
1
"adjoint (-A)"
(86 2(85 385 485 58, 68y, 787 5+ 83 385 485 5 68y, 587 7+ 85 387 485 58, 683 78, 5) »

85 5(85 385 48558 6@ 787,57 83385 485 58 58y 57 7 g 387, 48558 685 78y g) s
85 285387 48558 68 885 77 85 283 387 48558 68 78 81 85 283 387 48558 68 38 78 283385 48558 68578y,
T8 283 385 48558 68, 78737 85 283 385 48558, 681 gy 7185285387 4855 6 5 7,
T8 283 387 48558 68,885 7T A 283 385 48558 6y 787,87 B 283385 48553 6 5877
T8 283385 487 58 68 88718, 285 387 48358 68488577 828 3% 4858, 683735
t 85283 387 48558 68 78 37 85 283 387 48558, 68 g8y 71785285 385 481 58, 68,7875
T8 283 385 48 58, 68 8877785 283 385 18, 581 68y 787,87 85283 385 48, 58 68y 58y 7
185283385 48758 68 7857 85285 38 48758, 68138, 77 828 387 48 58,685 785
T 828538748 58 68378 57 85285 387 48358 68, 7887 8 285 387 48358, 63, 53, 7,
8, 5 (83 385 485 58 8y 787 5~ 83385 485 58y 68y 587, 7~ 85387 48558 683 78 ) »
T8 283 385 485 58 68 885 71 8 283 385 48558 68 78 87 8 28338 48558 63, 38y 75
8, 285 387 485 58 68y g8G 7~ 85 285 387,485 58y 68, 78y g1 85,85 387, 48558, 68 53y 7]
(85185 387 485 58, 684 88 7~ 8y 185 385 485,58, 68 787 5~ 85,185 387, 485 5% 68 53 7
185183385 4858 68 78737 85183 385 48558, 68,8777 85183 383 48758, 684 5% 7
185185387 48358 68 887785185 387 4858, 683 7885 83185 387,485 58 684 3 7
T8y 18338 48558 85 787 g7 85 183 387 485 58 68887185 183 385 485531 68 7878
T 85183 385 48558 688877 85183 385 187581 68 8871 85185387 48358 68 88 7
85185387 48558 68378 5,8 185387 48558 681 58 71 85185387481 58 68 3% 7
18518538748 58 68 387185185387 4858 68 78,87 85 185 387 48558, 63,83, 7
83185 38 48558, 68 88 77 85 183 387 48558, 68 g8 7T A5 183 385 48 53 63 77 g
t 85183 385 48 58 68 787,31 85 183 385 18558 68, 787,57 85185 385 48558, 681,58, 7
85183 385 48758, 681 g8 7T 85 185 387 48358, 681 587785185387 485 6 5 7:
83,185 387 48 58, 68 g8 7785 185 387 48y 58 68y g8 7783 18538748558 68, 785
183185387 4858 681 g8, 778183 387 48358, 681 585718418338 48 58,685,735
t8y 183385 48 58 68787318y 183 385 18558 68 787,87 8y 185385 48558, 68 587 7
T8 183 385 48758, 681 g8 718y 185387 48358, 68 58778y 185387 48558 68 58 7:
83185 387,485 58 6 78,81 83185 387 4855 68y g 718y 183 385 48558 68, 7875
T8y,185 385 48558 681 g7 778 185 387 48558, 681 38 71 85 183 387 48358 68 735
T 85183387 48 58 68 g8 7+ 85183 38 48 58, 68y 78787 85183 383 481 58, 68 597,7
85183 385 48 58 68y 78737 85183 385 18, 581 68 587,71 85185385 48758 68y 78y g
85183385 487 58 681 g8y 7785 185 387 48 58 683 78,57 85185 387 4B 58 683 78 g
T 85185387 48358 68, 78 g1 85 185 387 48358, 68 88y, 71 78 185385 48558, 68 3% 7
T 85185385 48 58 68 g8 77 85185 383 48 58 68 88577 85183 385 48558, 6 7 g
185183385 4858 681 g8 7,8, 183387 48558 68 5871 8518338748 58 684 37
+85 185387 48, 58 6858 7+ 85183 387 4858 68y 78y 5~ 85183 387 48558 68 gy 7]
[~85 185 285 485 58 68y 787 5+ 83 185 285 485 58, 68y g7, 71y 185 285 48558, 685 787 5
18518628748 58 68378, 37 85185 285 48358, 68 787 81 85 185 285 48358, 68 587,7
185185285 487 58 68378 8, 83185 285 48558 68 787,51 83 185285 48558 685877



18y 186285 48558 6837873185185 2,87 48358 6837857 85185 285 48358, 687375
18518528 48358 68 8877185185 28 487 581 683 784858418, 285 48558 6857373
T8 185 285 48558 68 787 5T 8y 185 85 48558, 68y g8y 7T 8518y 287 48558 68y 58 7
8518 285 48558 68 787378518 285 185581 68 887, 78518, 285 48758 68 8 7
T 8518628748 58 68, 78, 51 85185 287 48358, 681 38, 77 85185 285 48 58,68 7975
1851865285 48 58 68 8877785186 285 48 581 68 78781 85 185 285 48 581 684 537,7
T 85186285 487 58 68, 78, 5% 85185 28 487 58, 681 884758318, 285 48558 6857373
83185285 48558 68 7873183 185 285 48558, 68 587,71 8518, 285 48358 6857875
8518 285 48558 683787 3% 85 185 287 48558, 681 583 7785185285 481 58, 683 787 5
T 85186285 18 58 68378737 85 185 285 48358 68 7878 85 185 285 48358, 63 587, 7
185185285 487 58 68 8837, 8318, 287 48 58 68 88718318 285 48558 687875
8318, 285 4858 68887778318 8 487 581 68,5871 3318528 48358, 68 785
T8 186287 48358 681 g8y 7+ 83 185 283 4 58 68y 7878783185 285 48 58 688377
183185285 48 58 6878737 8 185 285 18, 581 68 887, 7783 185285 487581 63 78 g
83186285 487 58 68 g8 718y 18 85 48358 685787878 18 285 4858 6857975
18y 18528748 58 681 883778 186 28 48 58, 6837873784185 283 48 581 683 7375
T8y 185285 4858 68 787818y 185,85 48358, 68 887 713y 185283 48758, 63 5 7,
83,18 285 48558y 68y 7873785 18 285 48558 68 587 778y 18, 285 48558 685 7875
8518 287 485 58 68378 g% 85 18 85 18358 68y 787,87 8518 285 483581 68 58 7
85185 285 487 58 683785, 8318, 285 48558 68 387183185285 48558 68, 78,5
83186285 48558 681 g8 718y 186285 48558, 681 583 7785 18 283 48358 68459 7
t85 18 285 48558 68378 5% 85185 85 181 58, 68378 57 85185285 48,58 683785
85185285 18358 68, 78 37 85185 285 18358, 681 88, 718318 287 48558 6858 7
83185287 48558 68, 78 8T 83 185 287 48558, 681 88 778185287 48558, 681 58 7
185185287 48358 6888778518 287 4858 6837887 85185287 481 58, 685735
~ 85185587 48,58 683 78 57 8518528748558 68 78y g+ 85 185,87 48558 68y 5y 7]
(85185 285 385 58, 68y 787,57 85 185 285 385,58 684 587,77 84 185 285 385,58 683 7878
T 85185 283 385 58, 68 787 3% 85 185 283 38558, 68 887, 77 8518528538358, 68 787 ¢
T 85185 585 38558, 68 58777 85185 85 38758, 68378 518518585 38558 68,7875
T 8318685 38558 68y g8 778 185,85 38558 683 787 57 85185 ,85 383 58 g8 787 g
18518528 38 58 68 8877185185 28 38358 68 78737 85 185 283 383 58 684 597,7
T 85185 285 38758 68378 5,78 18, 285 38558 685 787,818y 185283 38558 68 7875
T8 185 285 38558, 681 g87 7185 18 85 385581 68y 787,87 8518, 28538558 68y 58y 7
8518, 285 387 58 68 g8 7+ 85186 285 38 58, 68 78757 85 185 285 38 58, 68 587,7
185185285 3% 58 68 78737 85185 28 38 581 68,587 7185 185 283 38758, 68 785
T 85185285 387 58 681 g8y 7, 8318, 285 385 58 68578751 83185285 38558 68, 7375
T8 186,85 38558 681 g8y 7+ 85 18y 283 385 58 685787878518 2833358 687878
18518 285 38558 68378737 85185 283 385581 685 787,87 85 18528338358, 681 58 7
185185285 38 58 683787 31 85 185 285 38 581 68378781 85 185 285 38358 68 7875
"85 186,85 38558 68 587 7785 185 585 387 58 68y g83 7, 783 18, 585 38558 8y 7875
18318, 2853858 68887718318 28 38 58 68,5857 8318 2838 58,638,735
t83 185285 38 58, 68 87,77 83185285 38,581 68, 787,87 83 185285 38,58 68,587
83185 585 38758 68, 78 3T 8 185 85 38758, 681 88 778 1828338358 68785
T84,185 285 383 58 685787518y 18 285 38558 68378787 84 18528338358, 68 7375
18y 185283 38 58 681 g87 718y 185,85 38 58, 683787818 185283858, 6837375



18y 186285 38358 68, 787378 185 285 38358, 681 887,77 84185 28538758, 63,533 7,
T8 18 285 38558 68y, 787 g7 83 18 283 38558 68 g8 7T 8 18 28538553 83787 g
t85 18, 28 38558 8y 787 g~ 8518 283 385 58 8887778518 283358 687878
8518 85 383 58 68 887778518 85 38758 68378 5,83 18 283 38558 6853 7
83186285 38558 68, 78, 51 83 185 285 38558, 68138, 77 818 2838558, 63, 5% 7
T 85185 285 38 58 68 88 718518 285 38358 68,3877 851 283858683 7,5
18518528 38 58 68 78,37 8518283 3858, 68188, 77 8518 28 38 58, 683 785
8518628 38, 58 683 78 87 85 185 283 38358 68 78 81 85185283 3% 58, 6,8, 7
T8y 185 283385 58 685 787,818y 185 283 38558 68 787378y 185283 38558, 683877
18518, 285 38558 68 78737 8518 283 38558 6858777 8518 28338758 6859 7
18518528 38 58 68 78737 85186 283 38 58, 68,587 7185 185 2,83 38,58, 687375
~ 85185585 38, 58 68,587, 7+ 85 185,83 38758 68 78y 57 85 185,83 38758 68 5y 7]
[8s 186 5(—85 385 4@, 68y 787 5+ 85385 48, 58y 587,71 g 387,48, 685 78 5) »

85186 (85 385 48 68y 787,57 5 385 48 634587, 7~ 85387 481 685 78y g) »

851 (78, )85 387, 48 68 58 7+ 85 285 387,48 68, 7 87 85,285 387,495 69, 8, 7) -

851 (8, 585 38 4y 68 787 8~ 85285 385 48y 68 787,5% 85283 385 48, 68 587,77 85 285387 48 58 58 7) »
T8 18 283 387 48y 68,885 7T 185285 387 43 6 78 87 83185285387 4,3 6 g8y 7
Y818 283 385 18 68 787,37 8185 285385 481 68 787,87 8y 18528338548, 68,587
tay 185,85 38748, 68 g8 7,85 18, (85385 48 68y 787,57 85385 48y 684 587,77 85387481 685 73y g) »
851 (785 283 385 48 6@ 886,77 85 285 385 481 685 78 5~ 5283 385 48 68y 5y, 7) s

=851 (=8, 585 387, 48 68 58 7+ 85283 387 48 68 78537 85,285 38748, 58 53y 7)]
(8518, 285 387 485 58 585 7+ 83 185 285 387 485585 78 g+ &y 185 285 385 485 58 787 4
T8 185 283 385 48558, 787 3T 85 18 383 387 48558 58577 8518, 283385 48558 787 g
Y8518 83 385 18558 887718518 283 385 48758 885778518, 285387 48358 58 7
18518, 285 387 48558378 37 85185 283 387 48358, 7887 85 185 283383 48,58 7375
185185283 38 48 58, 887 7785 185 283 383 48758, 78 81 85 185 283 387 48, 5853 785
t85 185 285 387 48358, 78 5,85 18 285387 48558 g8 778y 185,83 383 48558 5877
8185 285 387 48558 g83 77 85 185 83 387 48558 g8y 7785 185,83 385 481 58 787 g
T 85185585 385 48 58 587 77 85 185 85 385 48758 g8 7785 185,85 387 48 583 78 5
185185285 387 48358 g8y 7, 78y 18, 285 387 485581 5857+ 8y 185,85 387 48558 5 7
T 85185 285 387 48 58 g8 7+ 8518 83 38 485581 g8 71 85 185 283 387 481 58 785
t 85185 285 387 48,581 g8, 7,783 18, 285 387 48558 585 71 83 185,85 387 48558 53 7
8518 283 387 48558 g8 77 8518 283 385 481 585787 g7 8518, 283 385 48558 g8y 7
18518, 285 385 487 58 g8 778518 85 387 48358 38 71 8518 85387 4855 583 7
T 85185283 387 48358 g8 7+ 85 185 83 383 481 58, 787 g1 85 185 283 383 48, 5 g3 7
T 85185283 38 487 58 g8 7+ 85 185,85 387 48 53 g8 71 85 185 283 387 48353 5 7,
83185 285 387 48 58 8857~ 83 18 285 387 48558 g8y 7783185 283 387 481 58, 785
83185 285 387 48, 581 88 778 18 283 387 48558 586778y 18 283385 481 585787 ¢
18y 18,285 385 4858 587 718y 18 383 385 48758 38577818 285387 48353 58 7
18y 18,285 387 4858 g83 778y 185 283 387 48358 g8 718 185,83 383 48158, 7375
18y 18528 38 48 58 g87 778y 185,83 383 48758 g8 718 185 283 387 48,53 g3 7
t8 185285 38748358 g8 7,783 18, 285 387 48558 g8y 718 18 283 385 48558 877
t8Y 18 285 387 485581 883 7185 18 383 387 485581 g8y 778518 283385 481 58 787 ¢
18518, 285 385 48 58 887 718518 583 385 48758, 38 718518 285387 481585 785
8518, 585 387 483 58 g8y 7,8y 18, 585 385 48558 g8 778y 185 83 385 48558 g 7



18518, 285 385 48 58, 885778518 283 383 48558, 38, 77 85185283383 48158, 785
T 85186283 38 48 58 g8y 7, T8y 18, 285 387 485581 g8 7+ 3y 185,83 38 48553 53 7
8518 283 387 48 58, 88718518 385 387 48558 g8y 7185185285387 48 58 78y g
+ag 185,85 38748, 58 gy 7]

(85186 285 387, 485 58, 684 5~ 8y 185 285 385 485 5% 687 5~ 85,18 285 387 48558 68y 5
T 85186285 385 48758, 68 g1 85 185 285 387 48358, 688183185285 387, 48558 68 5
T8y 186283 385 485 58 687 g7 85 185 583 387 483 58 68y 5§ 85185 85383 48758 6 g
t 85185285 38748358 685,84 185285387, 48558 g8 618518 283 387 48558 635
t 85185285 387 48 58, 68 g% 85185 285 387 48,58 688183185283 387 48558 536
18518, 285 385 48558 68737 85185 283 387 48358 38 61 85185283383 481 58,6975
18518528338 48 58 6875785185 283 383 487581 38 61 85 185283387 48353 5% 6>
83,18 8 387 48558 68 5 85 185285 387,48y 58 6857 83 185,85 387 48 581 65
Y818 283 385 18558 687,37 8185 28538748358 58 678y 18528338548 586875
t8Y 185283 385 18, 581 687,878, 185283385 487581 g 673y 185285387 48353 g 6>
83 18 285387 48558 68 5T 8y 18 283 385 48558 687 5T 8518 28338748558 6 g
18518, 283 385 487 58 68,87 8518 28 38 48358 68,81 78 1828338 48553 3% 6
85185 283 383 48558 6857 85185283 385 48 58 68 57 85 185 283 385 48 58 g8y 5>
8,186,283 387 48558 g8 618518y 283 387 4855 6831 85185283 387481 58,685
+ag 185,85 38748, 58 58 gl

(85185 285 387 48558, 6@y 7+ 185 285 385 485 58 687 7+ &, 185 285 387 48558 683 7
185185283 387 48358, 68, 7185 185 2,83 383 48758, 68,77 85 185 283 387 48358 68, 7,
"85 186,285 387 48558 68y 718y 185,83 385 48558 687718y 185,85 38748558 6857
t85 185 583 387 485581 68 77 85185283385 487581 68,77 85185285387 48358 68 7:
8,18 285 387 48558 685778y 185285 387 48558 68 778518, 285 387 48558 6y 7
"85 18685 387 48 58, 68 77 85 185,85 387 48y 58 68y 7,85 18, 585 387 48558 684 7
8518685 387 48558 68 778518, 583 387 48358 686778518 85383 48558 6977
8518, 283 385 487 58 68 7+ 85 18y 283 387 48358 685778518 28337 48553 6% 7
t 85185283 387 48558 68, 77 85185 283 385 481 58, 687,77 85185283385 48 581 687 7
t 85186285 385 48758 68, 77 85186 285 387 48 58, 683 77 85 185 285 387 48,53 68 7
85186285 387 48358 68 7, 8318 28538748558 68 71 83185285 38748 58,637
183186285 387 48 58 68,778 18 283 38 48358 685778418 283383 48553 68,7
T8 18 283 385 48758 685718y 18 285387 48358 68578y 18 28538748558 68 7
8 185283 387 48558 685 778 185 283 385 481 58, 687,778 185283385 48, 58 687 7
18y 186285 385 487 58 68, 778 186 285 387 481 58, 683 778 185 285387 48,53 68 7
T8y 186,85 387 48358 68 7,85 18, 585 387 48558 68y 778y 18, 783 385 48558 68y 7
T8y 18, 585 387 48558 683 7785 18, 583 387 48358 68y 778518 85383 48758 687
8518 285 387 48358 68,7, 78 18, 283 385 48558 685 718y 185283 385 48558 63 7
Y8518 83 385 185581 68,77 85185283385 481 58 68 7185185283383 4 5 687,
8y 185 283 387 48558 685778 185,83 387 48558 68 77 8518 83 387 48558, 68 7

— 85185285 387 48 58 68y 7~ 85185 283 387 43 58y 68y, 7]
ng A"



0 -1 0-1-1 0 0 -]

0O 0 0 -1 0 -1 0 Qq@

0O 0 0 0 0O O -1 q@

A= 0 -1 0 O 0O O 0 Q¢@

“1-1 0 -1 0 0 0O 0 Q

0O 01 0 O O 1 -1

0O 0 0 0 -1 -1 0 Qq@

L L1 -1 0 0 1 0 -1 (@

[ Qualitative Stability Analysis

i "Criterion i

poly coef FO to Fn=[-1,0,0,-1, 1, 6 -7 -2 3
positive_feedback=1[0,0,2 2 4 10 2 4 B
negative feedback=[-1,0, -2 -3 -3 -4 -9 -6 Q
absolute feedback=[1,0,4,5 7 14 11 10 B
wFn=[-1, 1, 0, -0.20 0.14 0.43 -0.64 -0.20]1.
"Note: absence of feedback at one or more levedgstem."
"Criterion ii"
wD, =-0.00021
ratio_to_model_C =-650.
L "Class Il Model"
[ Qualitative Press Perturbation Analysis
i "Change in Abundance from Positive Input”
"From Increased Birth or Immigration or from Decre@®eath or Emigration”

"adjoint (-A)"
(1 12 3 3 -1 -1 1 2
0 0 03 0 0 0 (
11 3 3 -2 1 -1 -2
12 0 0 1 1 2 1
-1 1.0 0 1 1 -1 1
1 -1 0 0 -1 -1 -2 -1
0 03 0 0 0 0 (
-1 1 0 3 -2 -2 -1 -Z
"absolute feedback (T)"
11 33 11 1 7
000 3000 (
1133211 2
12221121
112 21111
11221121
0030000 (
1 1 4 3 2 2 1 2

"weighted predictions (W)"
1. 1. 1. 1. 1.

PR R PR R R
PRPPEPPPPEPEPRE
OCProoorE
PP OOORE
[l o
PP PRPRPPPE
PR R R R R
[ e e e e

"Change in Life Expectancy (E) from Positive Input”
"Increased Rate of Birth or Immigration"
"delta E"




3 00 00 OO
0 30 0O0O0DO
0 03 0O0O0DO0
0 00 3 00O
0 00 03 0O

|

83 2 2 1
0 3 0000 00CQ(

-1 0
0 00 O OO 3

0 03 3 00O

1

"absolute feedback"
3 00 0O0O0O0

0 03 00O0O0TCQ

0 00 3 0O0O0CQ

0 0 OO0 3 0 O00CQ(
1143 2 21

2

0 000 0O 3(Q
0 0 33000

d

"weighted delta E"

"Decreased Rate of Death or Emigration”

"delta E"
0O 00 0O OO
0O 00 OO OO
0O 00 0O OO
0O 00 OO OO
0O 00 0O OO

1

a
a
a
a

832 11

-1 0

0O 00 0O OO

0

(32

3 0 00

3

0

"absolute feedback"
0 00O OOT

d
00000O0O0 0

0 0 OO0 OO0 O00CQ(

0 0 OO OO0 O00Q(

0 000 O0OO0OGQ

2

1143 2 11
0 0 OO0 OO0 O00Q(
0 0 3 3 00

[sp

"weighted delta E"

[ Symbolic Analyses

"Symbolically Specified Community Matrix"




0o -, 0 -a, -as 0O 0 -a 4
o 0 O0 -a, 0 -a, 0 O
o 0o 0 0 0 0 -a, O
o -4, 0 0 0 0 0 0
a, 0 -a, 0O O O 0 O
0 0 35 3 0 0 0 87 "8
0 0 0 0 -ag -a, 0 0
L L3, "8, O 0 & 5 0 -a, 0]
i "system feedback”
Fg
Ay 48519y 285387 58, 683 73551 Q) 53518 85 3% 437 683 73581 ) 8518 28 3% 435583 787 ¢
F;

T8Y,285 38, 485 587 683 785 57 85 18y 285 387 58 683 78581 85183 285 387 58 6,83 7
85182838 487 68 583 7+ 85 18 28538 48758 g8 718 58518 28 48768538 7
18758518 4828 6853837785 78758518 48 28, 68587 8558518 585787682 4
8768558 78; 585 18 28 4
Fe
87 585 185 68 285 383 7787 585 18 g8y 48 2857785 787 68585 18y 28 478528 685 787 585 18, 5
83585 18 48,8, 6831 83787585 18 28, 68557 8 18538 587683788785 18 88578768 284
8558, 68 887 585 385 77 85 585 18y g7 685383 77 83 787,585 18 g8y 2@ 4
Fs
8518y 48 28 6858185585 18 2,8 68551 85585 387 683 785518528, 688 585 118358518 58576
8558518 g8y 28 4T 87 685585 78 58517 7 68558578 28 47 8 18 g87 5853857185 18 5 6853857
18758518 28 68 77 8 585383 78 28 4 87 6838378 585 178768 383 78, 28, 4
Fs
T8 18y 28 68531 85787585 18 g 8518y g5 78761 g 18 g8 285 4T 8578768 585178 78768 23, 4
T85585 18,8 4
Fs
83 28 68 8T 8g 585 181 g7 87 68885787585 38 718768538 7
F,

8518 g7 8787613585178, 28 4
Fy

Fo
1
"adjoint (-A)"
(84 285 385 485 587 685 785 51 84 28538y 485587685 78 5,

8y, 285 3(78y 487 58 68,58 77 8 481 587,686,887~ & 485 587,68 58, 7) »
T8y, 285 38, 485 587 683 785 57 85 585 38y 487 58 683 785 37 8g 85 33 48y 587 685 785 5>
T8y, 285 38, 483 587 68 g85 7, T8y 285 38, 485 587 681 g8 7,8 28538 48558, 683 7855,
—8y 585 3(~8y 487 58, 683 7855~ 8 48y 587,685 785 5)]
[0,0,0,-a5 185 38, 485 587, 68 585 7~ 85 185 38 487,58, 683 78,5~ 8518538 48 587683 785, 0,0,0,0]
(-85 18,28, 485587 685 785 5 85,18y 28 485587 683 785 5>
~85 18 5(78) 48758, 685,585 77 8 4y 587,68 88 7 & 48 587 681 58, 7) »
851 (8,8, 485 587 685 785 5+ 85 28y 48758, 683 7858 85 2 481 587683 785 ) »
8g 18y, 2(78 487,58, 685 78G5 8y 481 587,685 785 5) » 85,184 28 485 587 68 585 7, "85 18y 28y 48558 68 78,5
8518y (78 487 58, 683 786 5 8y 48y 587 685 785 5)]




[ 85 184 285 387 58 685 785 5, ~85 18y 28 385 587,68 8857 85 18y, 285 381 587,685 78

85 18y 28538758, 68, 88 7T 8318y 28538758 ¢ 58 7,

85,185 285387 58 68 g8 7+ 8518y 285 387 58 683 7855185 184285 387,58, 68 583 7>

8g 18y 285387 58 68 g83 7, 8518 285 38558, 681 g83 7785 18 28538 58, 683 785818518 28387, 58 6,33 7
]

[ 85 184 28538, 487,685 785 5, 851 28538 487 683 78 5>

85 18 28538, 48768 g8 7T 8 18y 28538, 4876 58 7,

85,185 28638 487, 68 583 7+ 8518y 28538 487683 785585 18428538 487,681,883 7:

8518y 285 38, 487,68 g3 7, ~8g 18y 28538 48, 585 785 51 85,18y 285 38, 487 68y gy 7]

(8518 28538, 487 585 78 8: "85 18 28538 487 583 78 5>

85,18 28538 487 58 g8 7785 18 58538, 48758 58 7,

85185 285 38 487 58y g83 77 8g 18y 85 38, 487 583 7855, 783 18y 28538 487,58 83 7,

8818y 285 38 187 58 g8 7, "85 18y 285 38 483581 g83 77 8518y 8538 48y 583 785 g

8518 285 38 187 58 g8 7]

[0,0,-85 18, ,85 38, 185581 g8 6~ 85 18y 285 384 48758 683~ 8 18y 28538 418 5853376,0,0,0,0,0]
(a5 18, 28 38, 485 58 787 6, A5 1y 28 38 495 583 787 6, A5 18y 28 38 487 58, 695 7

t85 18,8538 48587685785 1828538 48758 6877 8518 28538 48; 585 7876

85 1 (8 ;85 38, 485 585 787 6~ 85 285 38y 487 58 68 7~ 8g 28538 48 583 787¢) »

85 184 58 3(8y 487,58 685 77 &, 4y 585 787) » "8 18y 285 3(8y 48758, 685 7+ 8, 4By 585 787 6) »

8518 28538 4855 683 75 8518y 285 3(8y 487,58, 683 77 8y 48 585 787 ¢)]

ngg
o o0 0 0 -1 0 0 d
0 01 0 -1 0 0 -1
0 0 -1 0 0 -1 1 Q@
A 0 0 -1 0 0 0 0 (@
o 0 -1 -1 0 0 1 Q@
10 0 0 1 0 -1 -1
01 0 0 -1 1 0 -
L -1 -1 0 -1 0 0 0 d
[ Qualitative Stability Analysis
i "Criterion i"

poly coef FO to Fn=[-1,-1,-1, 2 -2 -7, 3 -2 -]
positive feedback=[0,0,1,5 8 10 15 7 1
negative feedback =[-1, -1, -2, -3 -1Q -17 -12 -9 -P
absolute feedback=[1, 1, 3, 8 18 27 27 16 B
wFn=[-1, -1, -0.33 0.25 -0.11 -0.26 0.11 -0.12 -0]33
"Criterion ii"
wD, =0.000075
ratio_to_model_C = 230.
L "Class Il Model"
[ Qualitative Press Perturbation Analysis
"Change in Abundance from Positive Input”
"From Increased Birth or Immigration or from Decre@®eath or Emigration”
"adjoint (-A)"




[0 .12 1 -1 -1 0 1 1
2 3 2 4 1 -1 2 -1
0 001 0 0 0 Q@
2 2 1 -3 0 1 1 1
1 0 0 0 0 0 0
2 2 2 -3 -1 1 1 1
2 2 1 -2 1 1 1 1
-1 1 0 1 0 0 0 d

"absolute feedback (T)"

6 3151 2 1 1
6 326 11 2 1
0 00 3 000G
4 2 15 2 111
300000 0 G
4 2 251111
4 2 1 411 1 1
13 30 3 00 0
"weighted predictions (W)"
[0. 033 1. 020 1. 0. 1
033 1. 1. 067 1. 1. 1
1. 1. 1. 033 1. 1. 1
050 1. 1. 060 0. 1. 1
033 1. 1. 1. 1. 1. 1
050 1. 1. 060 1. 1. 1
050 1. 1. 050 1. 1. 1
1033 033 1. 033 1. 1. 1

"Change in Life Expectancy (E) from Positive Input"
"Increased Rate of Birth or Immigration"

"delta E"
(1 o o o0 0 0 d
01 0-10 0 0 (@
2 2 2 21 -1 -1 -1
0 0 0-10 0 0 (@
2 2 -1 20 -1 -1 -1
101 -1 11 -1 -1 -1
01 0-10 0 0 d
L0 0 0 00 0 O -1

"absolute feedback"

30000 0 0 (
0 303000 (
4 2 2 411 1 1
0 00 3000 (
4 2 1 4 2 1 1 1
53 15 1111
6 30 3 00 0 (
0 0000 O0 0 3

"weighted delta E"

(033 1. 1. 1. 1. 1. 1. 1
1. 033 1. 033 1. 1. 1. 1
050 1. 1. 050 1. 1. 1. 1
1. 1. 1. 033 1. 1. 1. 1
050 1. 1. 050 0. 1. 1. 1
020 033 1. 020 1. 1. 1. 1
0. 033 1. 033 1. 1. 1. 1
1. 1. 1. 1. 1. 1. 1. 0.3B

"Decreased Rate of Death or Emigration”
"delta E"



0 0 0 00 0 0 d
0 0 0-10 0 0 Q@
2 2 -1 21 -1 -1 -
0 00 00O 0 0 Q@
2 2 -1 21 -1 -1 -
11 -1 11 0 -1 -
0 -1 0 -10 0 1 Q@
L0 0 0 00 0 O @

"absolute feedback"

[0 0o 0o 000 o0
0003000 (
4 21 411 1 1
000 O0O0O OO0 Q(
4 21 411 1 1
53151211
6 303 00 3 (
0 0000 OO0 d
"weighted delta E"
(1. 1. 1. 1. 1. 1. 1.
1. 1. 1. 033 1. 1. 1.
050 1. 1. 050 1. 1. 1.
1. 1. 1. 1. 1. 1. 1.
050 1. 1. 050 1. 1. 1.
020 033 1. 020 1. 0. 1.
0. 033 1. 033 1. 1. 0.33
L1 1. 1. 1. 1. 1. 1.

L Symbolic Analyses

i "Symbolically Specified Community Matrix"
0 0 0 -as O 0 0 |

a3 0 -a; O 0 a5,

835 0 0 -a54 a5 0
4, 0 0 0 0 0

853 "854 0 0 a5 7 0

%, O 0 0 as 0 -3, 35
0 87,2 0 0 &5 a5 0 a7
L (731 @, 0 -8, O 0 0 0]
"system feedback"
Fe
86 785 187 28 385 48 58, g83 6+ 83 285 18 385 48 587,68, 8 778 485187 28438 5868 5% 7
Fs
84,187,285 38 583 68 385 7185187 28 381 583 68578537 86185 28538 58768, 3857
18185 283 38 58768, 5857185185 2,8 38 58368578787 851852838548 5856
8518728 385 48 58, 383 7+ 87 28 385 4,8 583 685 785 51 87 28 385 485583 68 595 7
8558, 385 48, 583 685 787 g7 8g 8 385 48, 587 683 78557 8g 28y 385 485587 6 g5 7
1A 58 385 4,87 58368, 88 77 A5 18,385 431 583695 7878735 18,385 48159369 79 g
851838548587 685 78 g

O O O O ©o
o O O o

Fe
85185 38 587 683 785 8~ Q7,685 18 58385 48 7787 28, 383 685185 781 5785 28 58 385 4,83 797 5
t 83,48 383 68558578737 83 48383 68578728, 37 8 28 383 685585787878 28 5853836857875
18528, 585387 683 78537 8518 58,385 483 787318518 58385 483685318528, 58,385 48368 3
18518 585383 68787318518 585383 787 28, 3783385 18 585787 28, 3783385 18 585787683
83385 28 585 787 68551 8g 28 87 6855853837 8g 28 g8 387 685585 778 28 58518 5853836
t83,8 85 58,385 483 61 83 28 87,685 185781 57 8g 28 g87 585383 685 71 85 28§87 58 385 485 7




8528, 383 685 587,585 71 85 48 383 685 88,585 778728 385 18 58368 7
Fs
85,181,583 68,385 41 8768558 385 483 7 & 28, 383 685585 7787 28 585 383 68577 87,28 58,385 4857
8758385 483 68 7T 87 68513 585 383 7783 387 685185 78 57 8 2 585 787 68537 85 48, 383 69737 3
85 48 38 787 28 g 83 48 387 683 78581 Ay 18y 58538 787 57 851 585787 28, 3785 18 585 787 6% 5
18,8, 385 685 787,51 85,8, 387 685 78557 85 28 585385 6857 g 2 585383 7873785 181 5853836 3
T 83385 28 585 787 g 83,8, 587 585 383 77 8g 28 587 685585 71 8g 2B g8y 387 58571 85 28 5833857876
8558, 58 58538 67 8538518 585 78 g
Fa
85 18 585787 37 85 28 383 68,57 85 28, 38378737 8 2 585787 31 85 48 383 6855 A 48, 3837875
t 85,8, 887585 7783 28 g8 787 6187 28 383 685 7187 28, 58538 7787 585383 6857787 58,385 48 7
8768618578, 5787 68 58538 7783 387 28 585 7t 8 387 685585778518 58538 67 58,38 4% 6
Fs
8328 88331787 28 383 7787 28 585 7787 585 38 7187 685585 77 A 387 585 778 38578 61 8535386
F,
8g 28 g7 87585 7785787 5
Fy
853
Fo
1
"adjoint (-A)"
(87, 584 38 48, 585 685 785 5~ 87,28 385 485,585 68 585 77 8g 28y 385 48 585 685 787,
18558 38548 587 68378551 85 28 385 48558768, 383 77 85 28 385 487583 68 53 7>
87,28, 385 48 585 685 786 57 85 8 385 181 583 68, 787,37 8g 8 385 48 587,685 785 5
8g 28y 385 481 587 685 885 7187 285 385 4 583 685 78581 37 285 383 481 58368, 53 7
T 8g 28 385 48 583 685 787 37 8g 28, 385 48 587,683 785 57 g 283 385 48 587 68 g8 7,
T87 284 385 48 583 68 85 7, "7 28 385 181 58368 885 7T 8g 28 385 481 58768 g3 7>
828y 385 48 585 68 58 7+ 87,28, 385 481 583 6 535 7]
[ 8 184 38 4@, 585 685 787 5+ 85 184 38 47 583 685 585 7~ 85 184 385 48 583 68 787 5
8518385 4,8 58 683 78537 85 184 385 485587 68, 38 71 8 18 385 487583 63 8% 7
85,184,385 481 583 685 787 g1 85 18y 385 48 583 68 787,31 8518 385 4,8 58768378 3
86 18,385 48 587 8 g85 77 8g 18 385 481 58768, 585 7,85 18 385 48 583 685 78,5
185183385 48 58768, 385778185385 48 58768, 385 7185 18 38548 583687975
1851838548 58 68378551 85185 385 4,8 58768, 38575 8518,38 481 5% 68,587,
83 18y 385 48y 587 68 g83 7, 785 18y 385 48 583 68 g85 7 8g 18 38548 58 & g8 7,
~85, 18y 385 48 587 68, 585 7]
[0,0,0,85 187 585 48 585 68 5857~ 8,185 285 481 587 68 58 7+ 85 187 285481 58 6% 53 7, 0,0, 0, 0]
(86 185 28y 38, 585 685 787,57 8185 28 387,585 68, 585, 7+ 85 1872, 38, 583 685 78,8
+35 187 58 385583 63, g5 7, 5185 2,8 39 533 685737 385187 2,3 39 53635 785 5>
85185 284 38 587 68 85 71 "85 185 8 38 583 685 787 37 85185 283 38 587 68 585 7
t 8518528538, 58768585 7785187 8 38, 583685 7855785 187,585 38, 585 68 5 7
85,185 28, 38, 587,68, 885, 71 85 187 28 381 58568 587185 187,28, 381 585683857,
85 185 734 38 533 68, 385 7, g 187 2y 38 533 68, s 7]
(@G 18728 385 433 68, g5 7~ 8 185 28y 385 487 ¢ g8y 7735 187, 385,83 68, 335 7,0,0,0,0,0,0,0
(86 185284 385 48, 585 787,57 85,185 284 385 487 58 58 7+ 85 187 584 385 48, 583 788
t 8518728 385 48558 585 7, 785 185 58, 385 481 585 787, 57 85 187 28 385 48 585 785 -



85,187, 28, 385 481 58 885 778 187 28 385 48 58 5857, 78 187 283 385 481 58 585 7
18518728538 48 58, 383 7785 185 28 385 481 583787378 187 28 385 481 583 73 5
8187 283 385 48 58, g85 71 "85 187,28 385 48 585 g8 7,83 187 8 385 48 58 83 7,
85185 28,385 48 58, 583 7, 8 187 284 385 48 58 585 7]

(86 185 28y 385 485 585 687 8~ 85,185 284,385, 487, 5% 583 6+ 85 187,84 385 48, 58 6355

t 8518728385 48558, 385 6, 9,185 28 385 48 583 687378518728 385 481 58363 5>
86,185 28y 385 48 58 g87 6,8 187 285 385 481 58 g85 67 85 185 285 385 48 585 697, 5

T 85,185 283 385 48 58, g87 6 83 187 28, 385 48 583 6955, T8 187 28,38 48 58 5836,
85187 28,385 48 58, 583 6, 85,185 284 385 481 58 58 6185 187,28 385 48 5 585 6]

[ 86 187,28 385 4, 585 685 7+ 8185 58, 38548 583 787,685 187 84 38548, 585 68, 7
518728 39 48 585 685 78 185 28 385 4,8 58 787 6+ 8187 58,385,858 68 7,0,
g 187 73y 385 431 583 685 7~ 85 18g 28 385 48y 58 787 6+ g 187 23 385 48 58363 7,0,0,0,0]



