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Figure 45 - Screenshot of ‘Catch forecast’ window of ET-Dynamics

5.3.3. Catch past analysis

To hindcast the EcoTroph model from historical catch data and derive biomass trophic spectra and
fishing mortalities, first make sure to have a properly formatted historical catch data file. The catch data has
to be smoothed and the user has the option of using the theoretical smooth model (see the ‘ET-Smooth’ box)
or setting the sigma manually for each species/species group. The file can easily be created by entering the
data in an Excel spreadsheet and saving as a .csv file.

= File format if using ‘Automatic smooth’ for the catch trophic spectrum:

Use figure 46 as a reference. Enter ‘Automatic smooth’ in the first row of the spreadsheet (Fig.46,
cell A1) and type the value for the smooth factor in the second row (cell A2). In the third row, from the first
column onwards input the year vector for the historical catch data, starting with the oldest (one year per
column —cells C1 onwards). From the fourth row onwards, enter in the first column the names of the
species/species group for which there is catch data (column A), in the second column the corresponding
trophic levels of the species/species group (column B) and the reminding columns the catch data for the
species/species group by year (column C onwards, so that years in row 3 cells C1+ correspond to catches in
cells C3+). Save the file as a .csv file when all the data is entered.
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A | B | C | D | E |
_ 1 |Automatic smooth
2 0.075
(3| 1985 1986 1987 1988 1989
_4 |Whales 4021554 0 0 0
_5 |Dolphins 4 631557 0 0 0
_ B |Turtles 213375 0 0 0
_ T |Sea birds 3.810006 0 0 0
_ 8 |Rays+ 412213 0.0132 0.0164 0.0187
9 |Sharks+ 4 342297 0.00839 0.0108 0.0125
10 |Large pelagic  4.318938 0.0323 0.0231 0.0254
11 |Barracudas+  4.123038 0.0073 0.0035 0.0106
_12 |Carangids 4 200097 0.007 0.0093 0.0102
13 |Horse macke  3.129251 0.0731 0102 0.1096
_14 |Ethmalosa 253125 02611 03125 0.3639
15 |Sardinella+ 28826445 0.0472 00532 0.0673

Figure 46 - Example of format for a spreadsheet with historical catch data to be
smoothed using the Automatic smooth model.

»  File format if using ‘User defined sigma’ for the catch trophic spectrum:

Use Figure 47 as a reference. If manually entering the standard deviation values for each
species/species group (see the ‘ET-Smooth’ box for more information), proceed similarly but enter ‘User
defined sigma’ in the first row of the spreadsheet (Fig.47 cell A1), the species, trophic levels and historical
catch data by year as above (columns A, B and C to G) and input the standard deviations in the very last
column (i.e. directly after the most recent year for which catch data is available) (Fig.47 column H). Save as a
.csv file.

A | B | C | D | E | F | G | H

1 |User defined sigma

2 1985 1986 2003 2004

3 |Whales 4021554 0 0 0 0 0.059
4 |Dolphins 4 631557 0 0 0 0 0.331
5 |Turtles 2.19375 0 0 0 0 0.338
6 |Sea birds 3.810006 0 0 0 0 0.353
7 |Rays+ 412213 0.0132 0.0164 0.0311 0.0246 0.329
8 |Sharks+ 4.342297 0.0089 0.0108 0.0095 0.0045 0.633
9 |Large pelagic  4.318938 0.0323 0.0231 0.1087 0.0959 0.263
10 |Barracudas+ 4123038 0.0073 0.0095 0.0279 0.0251 0.259
11 |Carangids 4200097 0.007 0.0093 0.0242 00452 01346
12 |Horse macke — 3.129251 0.0731 0.102 0.1222 0.0794 0.3671
13 |Ethmalosa 263125 0.2611 0.3125 1.2301 0.7586 0.2868
14 | Sardinella+ 2882645 0.0472 0.0592 0.2376 0.1792 0.6095

Figure 47 - Example of format for a spreadsheet with historical catch data when manually entering standard deviations
for each species/species group.

*  Running the routine

Once the data file has been created in the proper format, click ‘Catch past analysis’. This will open a
directory window, from which the file to be used as a data source can be selected. Press OK and the routine
runs with default values of the primary production index. To adjust the PPindex, enter for each year a value
by which to multiply the baseline EcoTroph model’s primary production in the row ‘Index PP’ highlighted in
green (this can be done under any tab of ‘Catch past analysis’) (Fig.48 option 1) and press ‘Calculate’. The
results presented now account for the new values of the primary production index.
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Figure 48 - Screenshot of ‘Catch past analysis’ window of ET-Dynamics

5.3.4. Results

Both the ‘Catch forecast’ and ‘Catch past
analysis’ routines provide a summary table
where total, accessible and predator biomass

& Catch past analysis - Summary

EBEX

[—— Accessible biomass

—— Accessible production]

1850

18856 2000

Year

. . 3000
and production are given for each year, as well
as total catch and predator catch (predators [ . |
defined as TL > 3.5). The figure produced
under the ‘Summary’ tab shows, in the first [ zo0m |
plot, the accessible biomass and production
over time, and in the second plot the total | o0 |
catch and predator biomass, production and
catch over time (Fig. 49). 1eco
50D
0
1885
25

—&— Predator biomass
—— Total catch

—e— Predator production
—e— Predator catch

Figure 49 - Example of a plot produced under ET-

Diagnosis ‘Summary’
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Additionally, the following values are given by trophic levels for each year (with the trophic level
intervals spaced to be equivalent to 0.1 time step): catches, biomass, production, kinetic, fishing loss rate,
fishing mortality, accessible biomass, accessible fishing loss rate, accessible production, the updated kinetics
and the predator biomass (each under their individual tab). A line plot can be produced for any variable by
clicking ‘Plot’, with each line representing a different year. Figure 50 shows as an example catch trophic
spectra over time, computed with the ‘Catch past analysis’ routine.

& Catch past analysis - Catches = | J
—— Yaar 1985 —— Y=ar 1956 Year 1957 —— Year 1955 Yaar 1959
—— Yaar 1930 Yaw {39 —— Yam 1380 —— Year1983 — Yaar 1984
—— Y135 —— Yawr 1395 Yamr 1997 —— Year 1938 Yaar 1333
—— YW —— Yew20m Ye 2002 —— Yew2003 —— Year2004

0.9 T T T

Catches

5 : | Figure 50 - Example of a plot (catch)
produced under ET-Dynamics’ detailed
results tables.

Trophic level

5.4. Example of application

The Guinean case study illustrates the use of ET-Dynamic for hindcasting (Fig.51). The model is
initialised by a baseline EcoTroph model derived from the 1985 Ecopath model (using ET-Transpose). Catch
trophic spectra for each year of the 1985 to 2004 period are used as input, assuming a constant primary
production. During that period of time, the fishing effort strongly and progressively increased, inducing
greater catches for all trophic levels (Fig. 51, left panel). The ET-Dynamic routine allows us to estimate
biomass trophic spectra and thus total biomass for each year of the period. Thus, we reconstructed the
history of the ecosystem biomass over the past 20 years.

Low trophic levels (TL lower than 3) provide high catches (mainly due to the bonga exploitation),
but appear little affected by the increasing fishing intensity. Biomass of these TLs is very high and decreases
by less than 5%. Conversely, higher trophic levels are more impacted, with decreases in abundance that
reach 20% for TLs 3.5 or 4.0 and around 50% for higher TLs (Fig.51, right panel). Globally, these results
appear consistent with the decrease observed in scientific surveys or single species stocks assessment.
Nevertheless, the decrease based on the EcoTroph dynamic simulation seems a bit underestimated
(independent observations indicate a three-fold decrease, see above). This could be due either to a bias in
the baseline EcoTroph model (inducing for instance an over-estimation in the mean trophic efficiency), or to
a failure in the hypothesis of constant primary productions. More investigations are needed to evaluate these
potential explanations.

Additionally, the model indicates that the decrease in biomass did not occur smoothly. It was slow
during the first 10 years and accelerated during the 1999 to 2002 period. This observation might be linked to
a rapid increase in the fishing mortality at the ecosystem scale (not shown here).
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Figure 51 — Hindcasting of the functioning of the Guinean ecosystem, over the 1985 to 2004 period. Catch trophic
spectra are used as input (top left panel; only years 1985 and 2004 are presented for clarity). ET-Dynamic
provides estimates of biomass trophic spectra (top right), from where we deduced estimates of relative changes
in biomass per trophic class (bottom right) or changes in the total ecosystem biomass (bottom left).

Finally, even if still preliminary, these results confirm the global reliability of both the Ecopath or
EcoTroph models of the Guinean ecosystem functioning and the usefulness of the ET-Dynamic routine. The
latter provides a useful tool to analyse the story of the ecosystem and its exploitation. It might also be used
to calibrate the value of an uncertain parameter by comparing between the output of the model and
independent observations. Finally, it allows users to test various scenarios regarding the past (for instance
linking the primary production to known environmental indices) or the near future (for instance in order to
analyse various fishing scenarios). This routine eventually appears for EcoTroph as equivalent to the Ecosim
model, compared to Ecopath.

When the required data are available, it is of course strongly advised to develop both the ET-
Dynamic and the Ecosim model as complementary tools for analysing the ecosystem functioning.
Conversely, in data-poor situations, EcoTroph dynamic simulations might constitute a first and useful step
in ecosystem modelling.
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APPENDIX Il - ESTIMATING TRANSFER EFFICIENCY FROM
CATCH DATA

Transfer efficiency (TE) represents the proportion of the production of lower trophic levels that is
transferred to higher trophic levels (see § 1.3.2 in main text). TE accounts for individual energy losses due to
respiration, digestion, excretion, etc., as well as losses due to non-predatory mortality, e.g. when individuals
are not being consumed because they are protected from predation or because consumers are saturated,
such as may happen during phytoplankton blooms (Cushing 1973). TE is thus a general measure of an
ecosystem’s efficiency at transferring energy from low to high trophic levels.

In EcoTroph, the decline of production between trophic levels is modelled as a declining exponential
function, with TE representing the proportion of production left over a transfer of one TL unit. In other
words:

Production(TLn+1) = Production(TLn)xexp(log(TE))

In EcoTroph, most especially in the catch trophic spectrum analysis (CTSA), results are very
sensitive to the value of TE (see § 3.2.2 in main text). Also, in marine ecology and in fisheries science in
general, TE is an essential parameter involved in answering a number of important questions, such as the
fraction of total primary production that is used by fisheries (Pauly and Christensen 1995), the effects of
fishing at an ecosystem scale (Libralato et al. 2008), or the energy used by different groups of fish (Jennings
et al. 2008). An average value of TE=10% is obtained for marine ecosystems in general (Pauly and
Christensen 1995), which, perhaps surprisingly, also seems to apply to other systems (Morowitz 1991)
However, the average value estimated by Pauly and Christensen (1995) masks a great variability between
ecosystem types (Pauly and Christensen 1993; Jarre-Teichmann and Christensen 1998). Thus, having access
to ecosystem-specific estimates of TE would greatly contribute to our understanding of ecosystem
functioning and its interaction with fishing.

Here, we elaborate on a method T
previously presented in Pauly and Palomares &
(2005) to estimate the transfer efficiency of an Q
ecosystem based on time-series of catch and ~
TL data. This method assumes that, for agiven ¢4
ecosystem, the proportion of production level ~— catch
exploited at each trophic level is constant, so
that we would expect total catches to decrease Iy

with increasing mean TL of the catch at a rate &&(P % of prodectk —_—

by brophic leved

——

that is proportional to TE (see Fig. A4).
Assuming that production declines
exponentially with trophic levels (as modelled
in EcoTroph), the relationship between the PRIMARY PRODUCTION

mean trophic level of the catch and the

log(catch) is thus linear, and the TE can be Figure A4 - lllustration of the rationale behind the
extracted from the slope as TE=10Y, where b is the estimation of TE from mean TL/catch time-series. If

slope and the mean trophic level is the explanatory the proportion of production exploited is constant
variable. between TLs, catch should decline with increasing TL
at a rate proportional to TE, reflecting the concurrent
decline in production by TL.

For this method to work optimally, the
total catch/mean TL time-series used need to have
sufficient contrast in the mean TL of the catch, and not be affected by major changes in the effort patterns of
the underlying fleet. Moreover, the catch must come from the same ecosystem (or a relatively small region);
otherwise an observed increase of the catch could reflect a geographic expansion of the fleet (Bhathal and
Pauly 2008). If dealing with catch data from larger regions (e.g. FAO areas, as in Pauly and Palomares
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APPENDIX I — A NON- CONTINUOUS SIMULATION OF ECOTROPH

One of the main hypothesis of EcoTroph is to assume that the biomass resulting from abrupt trophic
level jumps due to predation events can be modeled using an equation of continuous flow (see §1.2.3).
Following a suggestion of Carl Walters, we developed a modified version of EcoTroph where this assumption
is released for all trophic levels higher than 3 and we compared the results with the standard version of
EcoTroph.

A theoretical fishery that targets only trophic levels in the 3.0-3.3 range is used to compare the two
versions of the model. In the standard EcoTroph model (Fig. A1), this exploitation pattern induces an
increase in the flow kinetics (graph P/B) for the exploited trophic levels and a decrease in the biomass flow
(graph flow P) that starts at TL 3 and propagates to upper trophic levels. As a result, the biomass decreases
for all trophic classes higher than 3.
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Figure A1 — A theoretical simulation of catch and fishing impact on biomass flow, kinetics (P/B) and
biomass, using the standard version of EcoTroph.
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In the modified version of EcoTroph (Fig. A2), the same exploitation pattern induced a similar
increase in the flow kinetics. The pattern for the biomass flow is, however, different. It does decrease for the
exploited trophic classes but since biomass is set to jump abruptly between trophic levels (at intervals of 1),
the flow of higher trophic levels is not affected until it reaches levels 4.0 and levels higher than 4.3 are not
affected. A biomass decrease is thus observed for the exploited TL 3.0-3.3 and the levels that feed on them,
TL 4.0-4.3, but the effect is most pronounced for the former since two effects cumulates: the decrease in
biomass flow and the increase in the speed of the flow (P/B).
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Figure A2 — A theoretical simulation of catch and fishing impact on biomass flow, kinetics (P/B) and
biomass, using a modified version of EcoTroph.
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The modified version of EcoTroph thus changes the estimate of biomass per trophic level for trophic
levels higher than 3.3. Nevertheless, changes are limited and when considering the total ecosystem biomass ,
accessible biomass or caches (Fig.A3), both version of EcoTroph lead to very similar results.

We thus conclude that modeling the trophic flow (and its abrupt jumps) through an equation that
represents a continuous process is an acceptable representation of the functioning of marine ecosystems.
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Figure A3 — Comparison of results of the two version of EcoTroph at the
ecosystem scale



EcoTroph: a trophic level based software, Gascuel, Tremblay-Boyer and Pauly

APPENDIX Il - ESTIMATING TRANSFER EFFICIENCY FROM
CATCH DATA

Transfer efficiency (TE) represents the proportion of the production of lower trophic levels that is
transferred to higher trophic levels (see § 1.3.2 in main text). TE accounts for individual energy losses due to
respiration, digestion, excretion, etc., as well as losses due to non-predatory mortality, e.g. when individuals
are not being consumed because they are protected from predation or because consumers are saturated,
such as may happen during phytoplankton blooms (Cushing 1973). TE is thus a general measure of an
ecosystem’s efficiency at transferring energy from low to high trophic levels.

In EcoTroph, the decline of production between trophic levels is modelled as a declining exponential
function, with TE representing the proportion of production left over a transfer of one TL unit. In other
words:

Production(TLn+1) = Production(TLn)xexp(log(TE))

In EcoTroph, most especially in the catch trophic spectrum analysis (CTSA), results are very
sensitive to the value of TE (see § 3.2.2 in main text). Also, in marine ecology and in fisheries science in
general, TE is an essential parameter involved in answering a number of important questions, such as the
fraction of total primary production that is used by fisheries (Pauly and Christensen 1995), the effects of
fishing at an ecosystem scale (Libralato et al. 2008), or the energy used by different groups of fish (Jennings
et al. 2008). An average value of TE=10% is obtained for marine ecosystems in general (Pauly and
Christensen 1995), which, perhaps surprisingly, also seems to apply to other systems (Morowitz 1991)
However, the average value estimated by Pauly and Christensen (1995) masks a great variability between
ecosystem types (Pauly and Christensen 1993; Jarre-Teichmann and Christensen 1998). Thus, having access
to ecosystem-specific estimates of TE would greatly contribute to our understanding of ecosystem
functioning and its interaction with fishing.

Here, we elaborate on a method T
previously presented in Pauly and Palomares &
(2005) to estimate the transfer efficiency of an Q
ecosystem based on time-series of catch and ~
TL data. This method assumes that, for agiven  gp4c
ecosystem, the proportion of production level —— catch
exploited at each trophic level is constant, so
that we would expect total catches to decrease Iy

with increasing mean TL of the catch at a rate &&& % of prodiuction epioled

by brophic leved

——

that is proportional to TE (see Fig. A4).
Assuming that production declines
exponentially with trophic levels (as modelled
in EcoTroph), the relationship between the PRIMARY PRODUCTION

mean trophic level of the catch and the

log(catch) is thus linear, and the TE can be Figure A4 - lllustration of the rationale behind the
extracted from the slope as TE=10", where b is the estimation of TE from mean TL/catch time-series. If

slope and the mean trophic level is the explanatory the proportion of production exploited is constant
variable. between TLs, catch should decline with increasing TL
at a rate proportional to TE, reflecting the concurrent
decline in production by TL.

For this method to work optimally, the
total catch/mean TL time-series used need to have
sufficient contrast in the mean TL of the catch, and not be affected by major changes in the effort patterns of
the underlying fleet. Moreover, the catch must come from the same ecosystem (or a relatively small region);
otherwise an observed increase of the catch could reflect a geographic expansion of the fleet (Bhathal and
Pauly 2008). If dealing with catch data from larger regions (e.g. FAO areas, as in Pauly and Palomares
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2005), this issue can be addressed by computing the Fishing-in-Balance (FiB) indices for the time-series and
using only those periods where the FiB index is constant, since they correspond to periods where the fleet
was using the same fishing grounds (Bhathal and Pauly 2008).

We present an example of the application of the method to three different types of large marine
ecosystems (LMEs): the California Current (upwelling), the South China Sea (tropical) and the Sea of Japan
(temperate) (Fig. A5). The catch data originate from the Sea Around Us Project global fisheries database,
which presents catches spatialized at a resolution of 0.5 degree Lat./Long. (Watson et al. 2004) and the
trophic levels from FishBase (www.fishbase.org) We randomly selected three 0.5 degree square cell in each
LME from a subset of cells that satisfy the conditions listed above. The mean trophic level of the catch is
calculated as:

TLy=Zi(TLiXYiy)./Zi(Yiy)

with Yi, the catch of species group i in year y and TL; the trophic level of species group i. To reduce
the noise induced by abrupt changes in the species targeted by the fishing fleet, years where the mean
trophic level of the total catch changes by more than 10% are not used in the linear regression. Also, we
consider half-degree cells to be small enough for an expansion of the fisheries over the cells’ area to be a
negligible factor. Therefore, unlike Pauly and Palomares (2005), we did not use the FiB index to identify
periods where the area of the fishing grounds was constant.

We estimate transfer efficiencies of 0.101 for the California Current, 0.062 for the South China Sea
and 0.082 for the Sea of Japan (see Fig. A5). These ecosystem-specific TE estimates are generated from the
mean TL/total catch data of three cells, and can be made more reliable by using data from more cells in the
ecosystem. Despite the fact that they are preliminary, these estimates occur in the region of the TE expected
for ecosystems and support the view that TE is not constant amongst global marine ecosystems. They
demonstrate the usefulness of the method presented here to derive approximations of ecosystem-specific
TE.

Lastly, the key assumption behind the method is that the proportion of production extracted by
fishing is the same for all exploited trophic levels, and it is likely that this assumption is not always met in
practice. However, the method can be made robust to violations of this assumption by accounting for the
relationship between trophic level and the proportion of production exploited, which can be estimated using
data from Ecopath models. This theme will be explored by one of us (L.T-B.) and the results presented in a
forthcoming publication.
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Figure Aj5 - Estimation of TE from time-series of mean TL of the catch and log(catch) for three LMEs (three
cells/LME, one color for each cell). The left and center panels show time series of mean TL and total catch; the right
panels show the regression lines fitted through to the plot of mean TL vs. log(total catch). Points that were not used
in for the regression (because of high variations in their TL; see text) are shown as open dots.
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