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a  b  s  t  r  a  c  t

Due  to  the complex  interactions  between  the  community  and  its  environment,  understanding  the
behaviour  of  ecosystems  is  a  difficult  and  laborious  task.  In  this  paper,  we  study  several  aspects  of  the
ecosystem  characterised  by food  webs  and  how  their  energy  balance  is  affected  by  changes  in biomass  and
the availability  of  resources  required  for self-maintenance.  Ecosystem  behaviour,  as  expressed  through
the  energy  flows  between  compartments,  and  the  respiration  flows  and  biomass  of  124  trophic  models
are  analysed.  The  metabolism  of  food  webs  is characterised  by  measuring  respiration  flows  and  scaling
biomass  to  the 3/4  power.  On  the  basis  of this  scaling,  16 food  webs  were  selected  to  make  a  comparative
analysis  of  the  system  dynamics,  assuming  that  metabolism,  relative  to the  size  and  independence  of  the
environment,  is the  main  source  of  change  in the  supply–demand  balance  of energy.  The results  demon-
strate  the  importance  of variation  in  the  biomass  of  primary  producers  for  the  availability  of resources
in  the  system,  which  is  related to  bottom-up  control,  whereas  a decrease  in  the  supply  of  resources  by
top  predators  is associated  with  top-down  control.

© 2014  Elsevier  B.V.  All  rights  reserved.

1. Introduction

Studying ecosystems through an analysis of food webs allows
for the complementary use of holistic and reductionist approaches,
thus creating a synthesis between the general aspects and individ-
ual parts of a system. The aggregation of species into compartments
or functional groups in the food web allows us to map  a network of
interactions that might initially hide key mechanisms in the func-
tioning of ecosystems. To reveal these networks, there are a variety
of ecological indicators that need to be considered in describing the
behaviour of the ecosystem.

Bendoricchio and Palmeri (2005) proposed an index of
supply–demand balance (SDB) to measure the energy state of an
ecosystem. Using Ecopath software (Christensen and Pauly, 1992),
they built trophic models assuming that food webs are systems
that transport resources with an efficiency affected by the form
and size of the network (Banavar et al., 1999). Bendoricchio and
Palmeri (2005) indicate that the SDB index calculates the balance
in the rates of supply and demand resources, thus reflecting the
distance between the ecosystem and its possible optimal state.

The SDB index was recently proposed and has not been suffi-
ciently explored. The work of Bendoricchio and Palmeri (2005) is
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the only study in the literature describing relationships between
the supply and demand of energy with population or ecosystem
attributes. The authors take the theoretical framework of SDB index
and assume that food webs with indices below 0.66 correspond
to trophic models characterised by a poorly representation of the
network due to the quality of data used or a mass imbalance of
the modelled system. An index greater than 0.75 corresponds to
food webs with a high proportion of supply/demand of resources, a
high recycling, greater resilience and a high cost of network main-
tenance.

The energy flow of an ecosystem may  be governed by differ-
ent control mechanisms. Power (1992) provides a review about it,
indicating the importance of limited resources at different trophic
levels and their relationship to bottom-up and top-down forces.
Polis and Strong (1996) developed a conceptual model positing
the existence of a number of donor-controlled (sensu DeAngelis,
1980) resources and alternative pathways (allochthonous inputs)
controlling the system flow, thus indicating that the dynamics
expressed in a food web are primarily governed by the availability
of resources (bottom-up control sensu Huxel and McCann, 1998).
However, other studies have suggested that predation at higher
trophic levels plays an important role in the flow control of the
network from the top-down (Hairston et al., 1960; Oksanen, 1991
sensu Huxel and McCann, 1998). These ideas seem opposed to each
other, but both limit the widespread influence of natural variabil-
ity. As a single system, they offer either the possibility of bottom-up
control when there are significant energy subsidies (allochthonous
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inputs) that prevent a decline in the abundance or renewal rate
of prey by predators, or top-down control, when the subsidies are
reduced or removed (sensu Polis and Strong, 1996).

Considering that the ecosystems have control mechanisms on
the energy flow (Polis and Strong, 1996; Huxel and McCann, 1998),
this leads us to ask if the flow control by certain functional groups
might be related to the energy balance and consequently to the
resources availability of the system. In this study, we  test the sensi-
tivity of the SDB index (Bendoricchio and Palmeri, 2005) to changes
in the biomass of the compartments of 16 marine and freshwater
aquatic food webs. Our aim is to determine if the balance in the
supply and demand of energy is controlled by a particular group in
the ecosystem, and if a pattern of control mechanisms between
ecosystems could exist. The study ensures that the comparison
between different types of ecosystems is relative to the ecosystems’
metabolic state (explained below) and assumes an implicit and neg-
ligible influence from factors such as the taxonomic aggregation
level of the functional groups and environmental variability.

2. Materials and methods

2.1. The food web model

The food webs analysed in this paper are based on the approach
proposed by Polovina (1984) and improved by the Ecopath model
of Christensen and Pauly (1992). The data were obtained using the
Ecopath with Ecosim software (EwE version 5.1.218, Christensen
and Walters, 2004). The Ecopath model is based on a system of
linear equations that represent the mass-balance of species in
an ecosystem through compartments and energy flows that are
expressed quantitatively as,

Bi

(
P

B

)
i
EEi −

n∑
j=1

(
Q

B

)
j
BjDCji − Yi − Ei − BAi = 0 (1)

where Bi and Bj are the biomass of the prey and the predator
group, respectively; Pi, Qj, Yi, Ei and BAi are the rates of produc-
tion, consumption, fisheries capture, net migration and biomass
accumulation, respectively; DCji is the fraction of the prey i in
the average diet of the predator j. The sum describes the preda-
tor consumption; for its prey, it is equivalent to the mortality rate
of predation (M2i); EEi is the ecotrophic efficiency and indicates
the proportion of production used in the system. The model is
balanced under the following thermodynamic condition of con-
sumption (Qi):

Qi = Pi + Ri · Di (2)

Such that,

Pi = Yi + M2i · Bi + Ei + BAi + M0i · Bi (3)

where Ri, Di and M0i are the rates of respiration, waste and
mortality from different causes related to fishing and predation,
respectively. The energy units are expressed in terms of wet  weight
biomass.

2.1.1. The chosen models
Out of 124 available Ecopath trophic models (Table A1), we

selected 16 to represent several types of aquatic ecosystems, such
as oceans, the continental shelf, reefs, bays, coastal lagoons, rivers,
lakes and reservoirs. These systems have several characteristics
that might influence the comparison (Table 1) between their own
implicit natural variability (space–time) and the criteria used for
the construction of each model. The food web used to experiment
with biomass changes of the functional groups were selected based
on their biomass and respiration flow. Ta

b
le

 

1
Fo

od

 

w
eb

 

m
od

el
s  

u
se

d

 

to

 

an
al

ys
e  

m
ar

in
e  

an
d

 

fr
es

h
w

at
er

 

ec
os

ys
te

m
s.

 

Fo
r 

th
ei

r 

se
le

ct
io

n
, b

io
m

as
s 

an
d

 

h
et

er
ot

ro
p

h
ic

 

re
sp

ir
at

io
n

 

at
tr

ib
u

te
s 

w
er

e 

co
n

si
d

er
ed

.

Ec
os

ys
te

m

 

Fo
od

 

w
eb

Fu
n

ct
io

n
al

gr
ou

p
s

B
io

m
as

s
(t

/k
m

2
)

R
es

p
ir

at
io

n
(t

/k
m

2
ye

ar
)

B/
Pa

St
u

d
y  

p
er

io
d

(y
ea

r)
St

u
d

y  

ar
ea

(k
m

2
)

Lo
n

gi
tu

d
e  

La
ti

tu
d

e  

W
at

er
te

m
p

er
at

u
re

 

(◦ C
)

C
on

ti
n

en
ta

l  S
h

el
f

W
es

t  

Fl
or

id
a  

( O
ke

y  

et

 

al
.,  

20
04

)
59

 

45
1.

16
59

77
.3

3
0.

05
1

U
n

kn
ow

n

 

17
0,

00
0  

−8
3.

25
0  

27
.2

50

 

U
n

kn
ow

n
C

oa
st

 

of

 

Sa
ra

w
ak

 

(G
ar

ce
s 

et

 

al
., 

20
03

) 

29

 

9.
63

 

26
8.

92
 

0.
01

9 

19
72

 

76
,6

68

 

11
2.

50
0 

3.
26

0 

U
n

kn
ow

n
O

ce
an

ic

 

C
en

tr
al

 

Pa
ci

fi
c  

O
ce

an

 

(C
ox

 

et

 

al
., 

20
02

)
26

 

59
.9

0 

15
74

.9
0 

0.
01

5 

19
90

–1
99

8 

36
,2

90
,0

00

 

17
0.

00
0 

20
.0

00

 

25
.2

b

B
al

i  S
tr

ai
t  

( B
u

ch
ar

y  

et

 

al
.,  

20
02

)
14

 

12
.8

5
46

6.
65

0.
03

4
19

95
–1

99
8

31
26

 

11
4.

76
0

−8
.5

70
27

.7
b

C
or

al

 

re
ef

 

Lo
oe

 

K
ey

s 

(V
en

ie
r 

an
d

 

Pa
u

ly
, 1

99
7)

 

20

 

38
76

.9
2 

24
90

4.
01

 

0.
13

2 

U
n

kn
ow

n

 

30

 

−8
1.

40
0 

24
.6

55

 

U
n

kn
ow

n
M

ex
ic

an

 

C
ar

ib
be

an

 

( A
lv

ar
ez

-H
er

n
án

d
ez

,  2
00

3)
18

 

24
01

.6
0

13
49

4.
73

0.
13

7
19

90

 

U
n

kn
ow

n

 

−8
7.

24
0  

19
.3

00

 

27
.5

B
ay

 

To
n

go

 

B
ay

 

(W
ol

ff
, 1

99
4)

 

18

 

18
3.

34
 

35
71

.8
1 

0.
02

4 

19
78

–1
98

9 

60

 

−7
1.

54
8 

−3
0.

28
3 

14
.6

M
ap

u
to

 

B
ay

 

( D
e  

Pa
u

la

 

et

 

al
., 

19
93

)
10

 

51
.8

1
12

81
.3

2  

0.
06

3 

19
72

–1
98

5 

11
00

 

32
.7

66

 

−2
6.

02
4 

24
.5

C
oa

st
al

 

la
go

on
C

el
es

tu
n

 

La
go

on

 

( C
h

áv
ez

 

et

 

al
.,  

19
93

)
16

 

76
.1

7
16

87
.3

6
0.

17
6

U
n

kn
ow

n

 

28

 

−9
0.

39
3

20
.8

16
U

n
kn

ow
n

Sa
ku

m
o 

La
go

on

 

(P
au

ly
, 2

00
2)

 

13

 

10
.1

0 

31
8.

63

 

0.
02

4 

19
71

 

1 

0.
01

3 

5.
63

0 

U
n

kn
ow

n
R

iv
er

 

Pa
ra

n
á  

R
iv

er

 

( A
n

ge
li

n
i  a

n
d

 

A
go

st
in

h
o,

 

20
05

)
40

 

7.
21

24
9.

73
0.

08
4

19
92

–1
99

5
93

3,
00

0  

−5
2.

84
0  

−2
2.

36
0 

U
n

kn
ow

n
G

ar
on

n
e 

R
iv

er

 

(P
al

om
ar

es

 

et

 

al
., 

19
93

) 

10

 

30
.0

8 

31
5.

86

 

0.
02

1 

19
90

–1
99

1 

5 

1.
31

9 

43
.7

61

 

4.
0

La
ke

 

A
w

as
sa

 

La
ke

 

( F
et

ah
i, 

20
05

)
14

 

72
.9

7  

16
19

.6
4 

0.
15

7 

20
03

–2
00

4 

90

 

38
.4

43

 

7.
06

4 

25
.5

G
eo

rg
e  

La
ke

 

(M
or

ea
u

 

et

 

al
., 

19
93

)
14

 

41
.4

5
85

6.
37

0.
04

1
19

70
s  

25
0  

30
.2

00
0.

00
0

16
.5

c

R
es

er
vo

ir

 

Sr
i L

an
ka

n

 

R
es

er
vo

ir

 

(M
or

ea
u

 

et

 

al
., 

20
01

) 

17
 

76
.4

9 

71
88

.1
0 

0.
02

6 

19
70

 

25

 

80
.9

82

 

7.
90

9 

27
.5

c

B
ro

a 

R
es

er
vo

ir

 

(A
n

ge
li

n
i a

n
d

 

Pe
tr

er
e,

 

19
96

) 

11
 

1.
25

 

59
.4

2 

0.
30

0 

19
70

s 

6 

−4
7.

88
8 

−2
2.

19
2 

24
.7

a
B/

P 

is

 

th
e 

bi
om

as
s/

p
ro

d
u

ct
io

n

 

ra
ti

o 

an
d

 

re
fl

ec
ts

 

th
e 

av
er

ag
e 

si
ze

 

of
 

or
ga

n
is

m

 

in

 

a 

sy
st

em

 

(s
en

su

 

C
h

ri
st

en
se

n

 

et

 

al
., 

20
05

).
b

M
ea

n

 

te
m

p
er

at
u

re

 

ob
ta

in
ed

 

fo
r 

th
e 

sa
m

e 

ar
ea

 

an
d

 

p
er

io
d

 

st
u

d
y 

th
ro

u
gh

 

th
e 

Ea
rt

h

 

Sc
ie

n
ce

 

In
fo

rm
at

io
n

 

Pa
rt

n
er

 

Fe
d

er
at

io
n

 

(O
ce

an

 

ES
IP

: 

h
tt

p
:/

/p
oe

t.
jp

l.n
as

a.
go

v)
.

c
M

ea
n

 

te
m

p
er

at
u

re

 

fr
om

 

th
e 

In
te

rn
at

io
n

al

 

La
ke

 

En
vi

ro
n

m
en

t 
C

om
m

it
te

e 

(h
tt

p
:/

/w
ld

b.
il

ec
.o

r.
jp

/)
. B

io
m

as
s,

 

re
sp

ir
at

io
n

 

an
d

 

B
/P

 

ar
e 

es
ti

m
at

es

 

of

 

th
e 

st
at

ic

 

m
od

el

 

Ec
op

at
h

.

http://poet.jpl.nasa.gov/
http://wldb.ilec.or.jp/


Download English Version:

https://daneshyari.com/en/article/6296893

Download Persian Version:

https://daneshyari.com/article/6296893

Daneshyari.com

https://daneshyari.com/en/article/6296893
https://daneshyari.com/article/6296893
https://daneshyari.com

