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Abstract.—Catch Trophic Spectrum Analysis (CTSA) is based on a model of biomass flow
passing through the ecosystem from low to upper trophic levels, according to predation and
ontogenic processes. All the biomass of the ecosystem is distributed by fractional trophic classes
and moves from one class to another according to its trophic level. The model involves equations
of biomass flow and kinetics of transfer. A top-down effect linking prey transfer to their
predators abundance is also included in the model. Using CTSA, we show that exploitation
rates and biomass present in the ecosystem can be estimated in steady state, from total catches
by trophic class. Based on simulated data, sensitivity of such estimates is investigated according
to three types of parameters: transfer efficiency, kinetics of transfer and extent of top-down
control. Absolute estimates appeared sensitive to these parameters, but relative values were
robust. Thus, the method underlines which trophic levels are the most exploited, and displays
the distribution of the biomasses in the ecosystem. In order to test the CTSA, it was applied to
two European ecosystems: the North sea and the Celtic sea. Using ICES database and trophic
levels provided by Fishbase, catch trophic spectra are estimated as 7-year averages since the
1970s. The CTSA underlined different exploitation patterns in both ecosystems. In the Celtic
sea, the biomass of top predators remains high and exploitation rates appear globally low and
stable over the last two decades. In the North Sea, biomasses seemed to be more affected by
exploitation during the last two decades. Simulations showed that total catches could increase
with fishing pressure in both ecosystems, notably due to an increase in prey species. Such a shift
would imply a decrease in the trophic level of catches and biomasses. Despite the use of
empirical relationships and parameters, CTSA appears a useful tool to investigate ecosystem
functioning and fishing effects.

Introduction

Ecosystem modeling is obviously recognized
as a major task to implement an Ecosystem
Approach to Fisheries (EAF). We assisted in
the development of many recent ecosystem
case studies, using models that generally ex-
press trophic flow among various groups

present in the ecosystem. The most popular
model used in that way has been the mass-
balance Ecopath/Ecosim model (Polovina
1984; Christensen and Pauly 1992; Walters
et al. 1997) that relies on the allocation of
biomass in discrete trophic groups. Such mod-
els appear as useful tools to investigate ecosys-
tem function and to analyze the past effects of
fishing (Christensen and Walters 2004). Nev-
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ertheless, these models do not provide a gen-
eral theory on fisheries impact on ecosystems.
Probably due to their high number of param-
eters, the models also appear until now as poor
tools for forecasts and fisheries management.

We have recently proposed the trophic-level
based model as a theoretical representation of
ecosystem functioning and impact of fishing
(Gascuel 2005). All the biomass of the ecosys-
tem is distributed along a continuum of trophic
level values in this model and split into frac-
tional trophic classes. Due to predation and on-
togenic processes, biomass moves from one class
to the upper ones changing its trophic level. The
model is based on biomass flow and flow kinetic
equations and allows theoretical investigations
of potential harvesting rates and of the impact of
fishing on biomass at different ecosystem scales.
In this approach, a theoretical catch trophic
spectrum is defined as the distribution of yield
per trophic level at the ecosystem scale.

In this paper we present a method to apply such
a model to real case studies. Catch trophic spec-
trum analysis (CTSA) is used as a method for
estimating exploitation rates and biomass at the
ecosystem level. Based on past catches per trophic
level, such estimations allow us to simulate con-
sequences of various fishing patterns, in terms of
catch and biomass. We first summarize prin-
ciples and main equations of the trophic-level
based model. CTSA is then presented using the
reverse form of those equations. The method is
tested on simulated data in order to study its
sensitivity to the input parameters. As an ex-
ample of its potential, CTSA is applied to two
European ecosystems: the North Sea and the
Celtic Sea. Past changes were analyzed and simu-
lations of modified fishing pressure were con-
ducted. We finally discuss the use of some em-
pirical parameters and we address the usefulness
of CTSA to model ecosystem exploitation.

Method

The Trophic-Level Based Model

The trophic-level based model (Gascuel 2002
and 2005) expresses the total ecosystem bio-
mass per trophic level, as a result of the biom-
ass flow passing through the ecosystem from
lower to upper trophic levels, according to
predation and ontogenic processes. Conven-
tionally, the model is structured by trophic
classes of ∆ τ = 0.1 range step, from trophic
level 2 (secondary producers) to trophic level
5 (top predators).

Under steady state conditions, the biomass B
t

present in the trophic class ranging from
trophic level τ  to trophic level τ +0.1, is ex-
pressed as:

                                                              (1)

with t the time, τ the trophic level,

the biomass flow at trophic level τ , B(t,τ ) the
instantaneous biomass at trophic level τ , and
∆t the time required by a unit of biomass to
go from level τ  to level τ+∆ τ.

This equation is the key point of the model.
It means that the biomass per trophic class is
equal to the biomass flow divided by the speed
of the flow. Indeed, equation (1) can be re-
written as follows:

where     is the mean biomass flow in the
trophic class, equal to                    and

is the speed of the biomass flow through
trophic levels.
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Subsequently, the model is based on three
main assumptions.

1. The biomass flow Φ(τ) is assumed to fol-
low a decreasing curve due to natural losses
occurring during trophic and ontogenic trans-
fers (non predation mortality, egestion and ex-
cretion, dissipation of energy by respiration)
and finally to fishing losses (catches):

                                                               (2)

with µ
τ
 the natural loss rate of biomass flow,

and ϕ
τ
 the fishing loss rate of biomass flow.

The natural transfer efficiency between trophic
levels corresponds to        .

2. We empirically assume that the time re-
quired to go from trophic level τ  to trophic
level τ+∆τ follows a logistic curve. This corre-
sponds to fast transfers at low trophic levels,
and to slower but equivalent transfers at in-
termediate or high trophic levels. Such an as-
sumption defines the kinetics of transfers as
follows:

                                                               (3)

with a, b and c parameters of the flow ki-
netics.

3. Bottom-up effects are implicitly included
in the model, which takes into account the
biomass transfers from preys to predators. In
order to also take into account top-down con-
trols, we introduce an additional relationship
between the natural loss rate of biomass flow
at a given trophic level τ  and the biomass of
its predators at trophic level τ +1. We assume
that the natural loss rate at trophic level τ  is
known in the unexploited situation, and that
the natural transfer efficiency increases when
predator abundance decreases, compared to
the unexploited situation. The natural loss rate
is then defined as follows:

                                                                 (4)

with α a coefficient expressing the extent of
top-down control, µv

τ  
and Bv the natural loss

rate and the biomass in the unexploited (vir-
gin) situation respectively.

These four equations allow simulation of to-
tal biomass and catch per trophic class, for
various fishing scenarios (Gascuel 2005).
Here, we use them in a reverse form in order
to estimate biomass and fishing rates assum-
ing a known catch trophic spectrum.

From Trophic-Level Based Model to Catch
Trophic Spectrum Analysis (CTSA)

In usual monospecific models of population
dynamics, fishes move from one age to an-
other according to time. In our model it is
assumed that all the biomass of the ecosystem
is distributed by fractional trophic classes and
moves from one class to another according to
its trophic level. Thus the trophic-level based
model appears as a transposition of age-struc-
tured models to the ecosystem scale. Age is
“converted” into trophic level, and equation
for transfer kinetics (equation 3) expresses the
kinetics of the underlying process as growth
equation expresses kinetics of growth in a
length based mono-specific model. This anal-
ogy allows us to use modified version of usual
Virtual Population Analysis (VPA) equations.

Thus, according to Pope (1972), we use an
approximation considering that all the catch
made in interval [τ, τ+∆τ] occurs at trophic
level τ+∆τ/2. Just before that trophic level, the
biomass flow is equal to:

just after it is

( ) ( ) ( ) τ∆ϕµ×τΦ=τ∆+τΦ ×+− ττ      e
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 The difference between this two values is equal
to the catch made during the period of time
∆ τ required to go from τ  to τ+∆τ. Hence, the
catch made on the interval and for a time unit
is:

And hence:

                                                                                                                                                                                                                           (5)

This expression is equivalent to Pope equa-
tion. It allows back-calculations, the value of
biomass flow at trophic level τ  being deduced
from the value at trophic level τ+∆τ, knowing
the catches Yτ . Furthermore, based on equa-
tion (2), corresponding fishing flow loss rate
is calculated as:

                                                              (6)

In addition, exploitation rate is defined as fol-
lows:

 (7)

The catch trophic spectrum analysis (CTSA)
requires as inputs: catches per trophic level
Yτ ; natural loss rates in virgin situation µv

τ
;

the coefficient of top-down control intensity
α; and parameters of flow kinetics. In addi-
tion, as in a typical VPA, calculus must be
initialized from the highest trophic level by a
value of terminal fishing loss rate.

Then, for each trophic level τ , biomass flow
Φ(τ), fishing flow loss ϕ

τ
, exploitation rate

Ε
τ
, biomass Β

τ
 and natural loss rate µ

τ
 are

estimated from values at level τ+∆τ using equa-
tions (5), (6), (7), (1), and (4), respectively.
Because Β

τ
 and µ

τ
 are cross-dependent, the

equations must be solved by iterations. At the
first step µ

τ
 is initialized by µv

τ
. For each it-

eration until convergence, equations lead to

estimate Φ(τ), then Β
τ
 and then a new value

of µ
τ
.

Testing CTSA on Simulated Data

A theoretical catch trophic spectrum was simu-
lated based on the trophic-level based model
and using standard arbitrary parameters. We
used here an exact form of catch equation com-
ing from equation (2) (Gascuel 2005):

                                                              (8)

Standard natural loss rates in an unexploited
situation (µv

τ
) and parameters of kinetics of

transfers (a, b, c) were chosen in a range of
empirical values corresponding to realistic
curves (Table 1 and Figure 1a,b). Nonstand-
ard values were used hereafter for sensitiv-
ity analyses. In the same way, the coeffi-
cient of top-down control intensity (α) was
assumed to be equal to 0.6 for catches simu-
lation and a range of values was explored in
sensitivity analyses. Catches simulated cor-
responded to an harvest scenario targeting
high trophic levels, with a conventional se-
lectivity curve (Figure 1c) and fishing loss
rates equal to natural loss rates for the high-
est trophic levels (ϕ

τ
 = S

τ
 . µ

τ
) .

Thus, the catch trophic spectrum was simu-
lated (Figure 1 d) for a set of known param-
eters and for given exploitation rates per
trophic level. These simulated data were
used as input in CTSA. First, convergence
of CTSA in biomass and fishing loss rates
estimates was investigated using the set of
standard parameters and initializing calcu-
lus with different values of terminal fishing
loss rate. Secondly, sensitivity of the method
was explored using nonstandard values for
the three kinds of parameters: natural loss
rates (linked to transfer efficiency), inten-
sity of top-down control, and kinetics of
transfers.
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Notation Parameter definition Values used in simulations

B(t,τ ) Instantaneous biomass at time t

and trophic level t

Bτ Biomass in the interval [τ ; τ +∆ τ] Estimated by equation (1)

Bvτ Biomass in the interval [τ ; τ +∆ τ] Estimated by equation (1),

 in the unexploited situation with ϕτ  = 0

Φ(t) Biomass flow at trophic level τ Φ(2) =100; Φ(τ  ≠ 2) estimated by

equation (2)

µτ Natural loss rate of biomass flow, Determined by equation (4)

in the interval [τ ; τ +∆ τ]

ϕτ Fishing loss rate of biomass flow, ϕτ  = mf.Sτ .µvτ  , with mf = 0.5 to 2

in the interval [τ ; τ +∆ τ]

∆ t Time required by a unit of biomass to Estimated by equation (3)

go from level τ  to level τ+∆τ

a, b, c Coefficients of the transfer kinetics Empirical values corresponding to a

 model (equation 3) range of realistic curves (cf. Figure1b)

µvτ Natural loss rate of biomass flow in the Exploring values from e
–µ

τ  = 0.1

unexploited situation to 0.2

α Coefficient of top-down control 0 (“bottom-up ecosystem”) to 0.8

(equation 4)

Sτ Selectivity coefficient by trophic level Conventional logistic curve (Figure 1c)

Eτ Exploitation rate Determined by equation (7)

Yτ Yield per unit of time in the interval Estimated by equation (8)

[τ ; τ+∆τ]

Table 1. Catch trophic spectrum analysis: parameters definitions and values used in the
simulations.
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Example of CTSA Application to Two European
Ecosystems

As case studies, CTSA was applied to two
European ecosystems, the Celtic Sea and the
North Sea. Catch data come from the In-
ternational Council for the Exploration of the
Sea (ICES) database using the FishStatPlus
software (FAO 2000). Mean trophic levels τ
of each species were extracted from the
FishBase database (Froese and Pauly 2000)
and were assumed stable from year to year
within each study area. Catches were ag-
gregated by τ  increments of 0.1. In order to

take into account the intraspecific variabil-
ity of trophic level, the catch-distribution
was smoothed with a weighted moving av-
erage technique to spread the catch along
an empirical range of trophic levels around
the mean (Gascuel et al. 2005). To test the
ability of the method to detect long-term
changes, four catch trophic spectra were es-
timated as 7-years averages, from 1973 to
2001 (Figure 2).

Based on CTSA using the set of standard
parameters {µv

τ
, a, b, c, α}, exploitation

rates and biomass were estimated in both
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Figure 1. Simulation of the catch trophic spectrum using the trophic-level based model: (a) simulated
biomass flows for different values of transfer efficiency; (b) simulated times of transfer required for a
unit biomass to pass from τ to τ  +∆τ  (∆τ = 0.1) for different values of transfer speed; (c) fishery
selectivity curve used in the simulations; (d) simulated yield by trophic level in the reference situation.
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ecosystems and for each 7-year period. Past
changes were thus investigated in the two
cases. In addition, simulations were con-
ducted for modified fishing pressures. Here,
fishing loss rates of the last known period,
considered as the current situation, were
used to forecast with fishing effort multi-
pliers equal to 0.5, 1.0 (status quo), and
2.0. Corresponding catches and biomasses
per trophic level were estimated by the
mean of equations (8) and (1).

Results

CTSA on Simulated Data

Based on theoretical catch trophic spec-
trum, CTSA provides estimates of fishing
loss rates and biomass estimates per trophic
level (Figure 3). Logically, using standard
parameters leads to output results equal to
input data used for catches simulation.
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Figure 2. Catch trophic spectra from 1973 to 2001 by 7-year periods for the North Sea (a) and the
Celtic Sea (b).
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Only one value of terminal fishing loss rate
(the “true” one) allows us to find a curve
with constant rates for high trophic levels
(Figure 3a). For other values, convergence
property of CTSA is observed. Just as in a com-
mon VPA, relative error of fishing loss rates
estimated decreases from one trophic level to
the previous one, during back-calculation. Bio-
mass estimates also converge in terms of rela-
tive error (Figure 3b), but absolute errors in-
crease during back-calculation due to the
strong increase of biomass at low trophic lev-
els.

Modeling with input parameters which differ
from the standard set of catches simulation,
highlights the sensitivity of CTSA estimates
(Figure 4). Absolute values of fishing rates and
biomass appear sensitive to all parameters. If
transfer efficiencies, or top-down control ex-
tent, or speed of the biomass flow are overes-
timated, then fishing rates are overestimated
and biomass underestimated. Nevertheless,
the shape of the fishing rates curve remains

more or less unaffected and relative values ap-
pear robust. It is particularly true for uncer-
tainty due to transfer kinetics (Figure 4c). On
the other hand, biomass estimates for low
trophic levels are strongly affected by param-
eters changes. Conversely, if the shape of the
biomass distribution, or the absolute value of
biomass at trophic level 2, were estimated in-
dependently (for instance by direct methods),
then CTSA could be calibrated and should
provide more reliable estimates.

Application to Two European Ecosystems

Based on CTSA, retrospective analysis shows
different distributions of the biomass versus
trophic levels τ  in the two ecosystems. This
analysis also highlights distinct changes in
biomass among the 7 year periods considered.
The Celtic Sea displays a more stable biomass
distribution compared to the North Sea, char-
acterized by high fluctuations between suc-
cessive periods (Figure 5). Two major modes
of trophic levels (3.4/3.8 and 4.3/4.7) were
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Figure 4. Sensitivity analysis of exploitation rates (top) and biomass estimates (bottom), according to
(a) transfer efficiency (b) extent of top-down control, and (c) transfer speed.
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exploited in both ecosystems, although the
North Sea also targets low trophic levels (shell-
fish) in minor proportions. The North Sea
exhibits higher exploitation rates than the
Celtic Sea for the range of all levels exploited.
Exploitation rates increase in the intermedi-
ate trophic levels in both ecosystems while they
decrease for the high levels in the North Sea
and slightly increase in the Celtic Sea.

Simulations show that total yield could in-
crease with fishing pressure in both ecosys-
tems (Figure 6). The North Sea displays a

higher potential of yield than the Celtic Sea
for increasing fishing efforts. Regarding the
current fishing pressure applied, the biomass
distribution of the North Sea appears highly
impacted in the intermediate and high trophic
levels for high values of the effort multiplier
(Figure 6a), whereas, the distribution in the
Celtic Sea seems more stable (Figure 6b). High
exploitation rates mainly led to increased yield
in intermediate trophic levels, but could drive
a strong decline in the high trophic level
catches linked to their collapse. This implies
a decrease in the mean trophic level of the

(a) (b)

1

10

100

1000

10000

100000

2 2.5 3 3.5 4 4.5 5

Trophic level

B
io

m
a
s
s

(k
g
/k

m
²)

1973-80

1981-87

1988-94

1995-01

Β

τ

0.00

0.25

0.50

0.75

1.00

2 2.5 3 3.5 4 4.5 5

Trophic level

E
x
p
lo

it
a
ti
o
n

ra
te

1973-80

1981-87

1988-94

1995-01

τ

Ετ

2 2.5 3 3.5 4 4.5 5

Trophic level

1973-80

1981-87

1988-94

1995-01

τ

2 2.5 3 3.5 4 4.5 5

Trophic level

1973-80

1981-87

1988-94

1995-01

τ

Figure 5. Biomass trophic spectra (top) and exploitation rate spectra (bottom) for the North Sea (a) and
the Celtic Sea (b) estimated by retrospective analysis. A log scale is used for the biomass curves.
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catches as well as in the underlying biomass.
Actually, the total catch increase results both
from the increase in fishing effort and from a
biomass increase at intermediate trophic lev-
els released from predation.

Discussion

A Trophic Level-Based Approach

The concept of trophic level was firstly intro-
duced by Lindeman (1942). Odum and
Heald (1975) and Adams et al. (1983) de-
fined fractional trophic levels which may be

considered as the metric which expresses the
trophic process itself. It not only measures the
position of organisms in the food web, but also
characterizes each unit of biomass present in
an ecosystem. It then could be used to analyze
and model transfers of energy through the food
web due to predation as well as ontogenic pro-
cesses. Using this metric in a trophic-level based
approach appears to be a promising way to look
at the ecosystem from a tropho-dynamic point
of view by following biomass flows from low
trophic levels to upper ones.

In such an approach, not explicitly taking
species into account does not imply that
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they have no effects in the ecosystem func-
tioning. Species composition notably deter-
mines mean transfer efficiencies per trophic
class and flow kinetics, as well as the extent
of top-down control. Nevertheless, all pa-
rameters except transfer efficiencies are as-
sumed to be constant whatever the ecosys-
tem state. In a sense, they are considered as
ecological characteristics of a given ecosys-
tem, independently of changes occurring in
trophic classes’ species compositions, due to
fishing. Only the test of time will be able
to indicate in the future if such a simple
model is acceptable and useful for ecosys-
tem management, or if more sophisticated
models are needed.

Applying the approach to real case studies
requires estimates of trophic position for all
the species caught in the ecosystems stud-
ied. In our case studies we simply use the
rough mean trophic levels issued from
FishBase. A conventional smoothing tech-
nique was applied to spread catches of each
species around its mean trophic level. This
pragmatic method allowed us to represent
the potential variability around these trophic
level estimates, but such an approach re-
mains theoretical (Gascuel et al. 2005).
Field measures of mean trophic levels and
estimates of their corresponding intraspe-
cific variability should improve these types
of analyses. Progressively, such measures are
becoming more common, based on gut con-
tent analysis (Adams et al. 1983; Cortès,
1999; Stergiou and Karpouzi 2002) and
stable isotope approaches (e.g., Vander
Zanden et al. 1997; Post 2002). The next
step in the ecosystem approach to fisheries
should include the development of routine
estimations of catch trophic levels. This ap-
pears to be a key element in ecosystem mod-
eling, in the same way as age estimate can
be considered key in monospecific models
of population dynamics.

CTSA and Trophic-Level Based Model

Catch Trophic Spectrum Analysis is based on
the reverse form of equations used in the
trophic-level based model (Gascuel 2005). Such
equations simply express the dynamics of the
biomass flow passing through the ecosystem
according to predation and ontogenic processes.
These processes are not explicitly modeled. We
just take into account three main characteris-
tics of the ecosystem functioning: the loss of
biomass flow during transfers towards high
trophic levels; the transfer kinetics measuring
the speed of the biomass flow; and the possible
existence of top-down effects linking prey trans-
fers to their predators abundance.

The first aspect is well known and transfer
efficiencies have been estimated in many eco-
systems (Pauly and Christensen 1995;
Jennings et al. 2002). In simulations of catch
data as well as in case studies, a unique value
for all trophic levels (e–µτ = 0.15) was used.
Improvements in estimates of transfer effi-
ciency should lead to more accurate results.

The kinetics of transfers is less studied and we
did not find any estimate of corresponding
parameters in the literature. We used here an
empirical logistic equation to model the time
required by a unit of biomass to go from a
trophic level to the upper one. Some authors
have analyzed the delay occurring between
events of primary production blooms and cor-
responding abundance peaks for predators. For
example, Maury (1998) mentions a 3–6
months lag from primary production to yel-
lowfin tuna Thunnus albacares concentration
in Atlantic fisheries. According to this, the
equation was parameterized in such a way that
the time required to go from level 1 to level 4
was equal to 6 months. This value is probably
realistic but remains largely unknown. More
generally the model used is based on the as-
sumption that the flow speed should decrease
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from lower to higher trophic levels, due to
decreasing metabolic rates. But this assump-
tion must be confirmed in the future and fur-
ther investigations are needed to estimate ki-
netics of transfers.

Because predation is a major cause of natural
mortality, top-down control is recognized as
an important factor of ecosystem functioning
(e.g., Cury et al. 2003). Thus, it has to be
included in the model, in order to take into
account the impacts of predators on abun-
dance preys. No quantitative expression of this
process has been developed until now. Based
on the idea that top-down control could act
as a partial compensation effect of fishing, we
chose to assume that it modifies natural loss
rates of biomass flow, and thus transfer effi-
ciencies. Once again, we also used empirical
values of the corresponding parameter α. Sen-
sitivity analyses were conducted for a large
range of values, from α = 0 corresponding to a
“bottom-up ecosystem” (prey abundance in-
dependent of predators), to α = 0.8 corre-
sponding to a very strong top-down control.
These analyses highlight that absolute CTSA
estimates are sensitive to the top-down con-
trol coefficient, but relative and qualitative
results appear more robust.

More generally, using empirical equations and
parameters implies that we need to consider
our results exploratory. Case-studies have been
implemented to test CTSA, rather than for
their intrinsic quantitative results. The most
important result of this analysis was to show
that CTSA can lead to exploitation rates and
biomass estimates which appear useful to com-
pare ecosystems and analyze changes at the eco-
system scale. We for instance obtain higher
potential of yield in the North Sea than in Celtic
Sea. This seems consistent with the differences
in primary production derived from remote
sensing images in these ecosystems (Chassot et

al., in press).

Comparing results obtained for case studies
with sensitivity analyses led us to conclude
that the main incertitude lies in estimates con-
cerning low trophic levels, which are currently
less exploited. Conversely, this means that ex-
ternal data are required for those levels to cali-
brate CTSA. In the future, results could thus
be greatly improved by estimates of primary
and secondary production currently available
through remote sensing and data assimilation
methods and estimates of abundance indices
available through scientific surveys.

Finally, the analogy between CTSA and VPA
(Gulland 1965) makes it easy to understand
and help to solve the equations through the
use of well-known approximation methods
such as the Pope method (Pope 1972). The
essential property of convergence first observed
by Jones (1961) is also verified in CTSA. This
leads to accurate estimates of fishing loss rates
and biomass in the lower trophic levels and
can be coupled with sensitivity analyses of ter-
minal fishing loss rates. As in classic stock as-
sessments, projections were conducted for
different values of effort multiplier, based on
a mean recruitment (here the secondary pro-
duction) and on constant exploitation pat-
tern regarding the trophic levels targeted.
More sophisticated simulations could easily
be performed.

Conclusion

Catch trophic spectra analysis (CTSA) ap-
pears to be a promising tool to study the evo-
lution of secondary production along the food
web and its exploitation by fishermen at dif-
ferent levels of the ecosystem. The model uses
simple and well-known equations to repre-
sent the biomass dynamics between the dif-
ferent compartments of the web and should
help to better understand the effects of fish-
ing on marine ecosystems. The approach pre-
sented remains exploratory since some of the



1071EXPLORING CATCH TROPHIC SPECTRUM ANALYSIS

relationships and parameters used are em-
pirical. However, these results should lead
to further work in the field of trophic-level
based modeling.
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