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1. Introduction
This user’s guide aims at providing step-by-step instructions to using and modifying the Bay of Bengal
model built with the Ecopath and Ecosim (EwE) software. The goal is to allow the user to quickly
learn the basics and be able to understand and modify the model, and play with simulations.
The following set of instructions describes the process of entering and modifying the data in the
present model, following the Ecopath navigator window located on the left side. It focusses on items
relevant to the Bay of Bengal model (Guénette 2013) although a heading “Other parameters” was
added sometimes to mention additional possibilities. This process follows the logical order for model
building. The sheets names and commands are signalled by the use of the small caps font.
Experienced users can obtain additional information by clicking the help button within Ecopath and
search for information, or going directly online
(http://sources.ecopath.org/trac/Ecopath/wiki/UsersGuide). Also, the technical user guide (in pdf
format) provided with the software is available online
(http://www.ecopath.org/index.php?name=Publications&sub=ViewPublications&value=ManualsPub
).

2. Basics
The EwE interface contains a menu bar (1 in Figure 1) that allows the user to access features and
options of file management, Ecopath, Ecosim, Ecospace, Help, etc. The help menu gives access to the
user guide and help online. The second row of commands is the shortcut menu (2) gives fast access
to existing models (Ecopath button), or to scenarios and time series (Ecosim button).
The navigator window (to the left, 3) shows the various elements of data entry and results sheets
under Input data, Ecopath, Ecosim and Ecospace. Clicking on one item opens it in the main screen to
the right (4) in a new tab. In figure 1 basic input and diet composition are open. It is possible to
switch from one to the next by clicking the tabs bar (5). Remarks on input parameters are entered by
selecting the desired cell (e.g. 1 Carangids) and clicking on the remarks tab (7) and typing or editing
the text. The remarks are signalled with an oblique line in the upper right corner of the cell and can
be read directly by holding the mouse over the cell. The status tab (6) contains all error and warning
messages.
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Figure 1 EwE6 user interface showing the basic input window. The numbers are used in the text.

It is possible to open the model in 2 ways: 1. double clicking the model file named: BOBLME
19dec2013.ewemdb in Windows Explorer; or 2. opening the EwE software and use the menu bar:
File – Open model, and navigate to the right directory. The software will keep this file in memory
which will facilitate the opening of the file in subsequent working session by using the menu: File –
Open Recent Model; or clicking on the arrow besides the Ecopath button on the shortcut menu
(second line) and choose from the list.
The user can create a new version of the model by using File - Save As. The default directory may be
changed by changing the Options: Tools - Options - File Management; and specifying the Output
location. This is important when several simulation outputs are produced.
It is possible to import values directly from an Excel spread sheet using copy -paste. Also any table in
EwE may be exported to an Excel sheet by selecting the table entirely (by clicking the upper left
corner of the spread sheet).

3. Input to Ecopath model
3.1.

Basic equations

The production Pi(t/km2/year) of species i is the product of its biomass Bi(t/km2) and the production
per unit of biomass (P/B)I per year which is the sum of fishing (Fi/year) and natural (Mi/year)
mortality rates. For each species, the annual production is equal to the sum of catches (Yi) the
biomass consumed Bi·M2i, the net emigration (Ei), the biomass accumulation (BAi), and the biomass
lost to other mortality Bi·M0i.
( ⁄ )

equation 1
2

All these terms are expressed in t/km /year. The biomass consumed is defined as the sum of prey i
consumed by all predators j:
∑

( ⁄ )

equation 2
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M2i is the predation mortality rate per year, DCji (diet composition) is the proportion of the diet of
predator j that is composed of prey i, (Q/B)j is the consumption per unit of biomass for predator j.
The other mortality M0i can also be expressed as the loss of production not used in the system Pi
(1-EEi) where EEi, the ecotrophic efficiency. EE and M0 being complements, they have the same
function and the user can choose to enter either one of them (see the next section).
For each group, it is required to input diet composition and catches, and only 4 of the next 5
parameters: biomass, P/B, Q/B, P/Q, (EE or M0). The missing parameter will be estimated by
Ecopath. The next section provides details on each parameter.

3.2.
Model parameters
Basic input
Functional groups are defined, renamed, erased, or added by clicking the button Define groups in the
upper left corner of the Basic input sheet. Note that removing or adding a group will require
adjusting the basic parameters, diet composition and fishery.

3.2.1.

Biomass

In the model, the biomass was entered in the column Biomass in habitat area (t/km 2) for two
reasons: 1. surveys were carried out on continental shelves which constitute variable proportions of
the EEZ; 2. it is easier to compare regions by comparing densities on continental shelves directly. The
column habitat area (fraction) in the Ecopath sheet is the proportion that each habitat represents in
the study area. Ecopath calculates the biomass for the study area by multiplying column 1 and 2. The
habitat considered for each functional group is listed in Appendix 1.2 in Guénette (2013).

3.2.2.

P/B

The P/B entered for each group is equivalent to the instantaneous rate of total mortality (Z) used in
fisheries under the balance biomass principle. It is the sum of the fishing and natural (predation and
other) mortality. The values found in the model right now are the sum of fishing and natural
mortality. There is large uncertainty about the fishing mortality which was often derived from the
ratio catch/biomass, the biomass estimate being often unreliable (Guénette 2013).

3.2.3.

Q/B and P/Q

The model requires entering the rate of consumption per unit of biomass (Q/B) for each functional
group. These values are either based on bioenergetics model or empirical relationships based on
temperature, growth rate parameters and the aspect ratio of the caudal fin (e.g. Palomares and
Pauly 1998). The empirical relationships often overestimate Q/B leading to very small ratio of
production to consumption ratio (P/Q). To avoid this, the ratio Q/B was not entered and replaced by
entering the ratio P/Q as Q/B = (P/B) / (P/Q).
P/Q, a dimensionless parameter, corresponds to the gross efficiency (GE). Normally, P/Q values will
range from 0.05 to 0.3, i.e., the consumption of most groups is about 3-20 times higher than their
production. Exceptions are top predators, e.g., marine mammals, which can have lower P/Q values,
and small fast-growing fish larvae, nauplii or bacteria (up to 0.5 for bacteria), which can have higher
P/Q values.

3.2.4.

Other mortality and EE

‘Other mortality’ consists of organisms dying due to diseases, starvation, etc., and the animals or
plants concerned end up as part of the detritus. 'Other mortality' is called 'M0' in some other
models. These may also include a term for mortality called 'M1', referring to the mortality caused by
predators not explicitly included in the model.
M0i can also be expressed as the loss of production not used in the system Pi(1-EEi) = (1-other
mortality) where EEi is the ecotrophic efficiency which is the fraction of the production that is used in
the system, i.e. consumed by predators in the system, exported, or accumulated (see BA).It is what is
accounted for in Ecopath. Ecotrophic efficiency is difficult to measure directly. It varies between 0
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and 1 and can be expected to approach 1 for groups with considerable predation pressure.
Intuitively one would expect EE to be very close to 1 for small prey organisms, diseases and
starvation probably being, for such groups, much less frequent than predation. For some groups, EE,
may however, be low. It is often seen that phytoplankton simply die off in systems where blooms
occur (EE of 0.5 or less). Also, kelps and seagrass are hardly consumed when alive (EE of 0.1 or so),
and apex predators have very low EEs when fishing intensity is low: many incidences of tunas or
cetaceans simply dying and sinking have been reported from open oceans, and there are indeed
abyssal organisms (such as ratfishes) specialized in feeding on such carcasses. An EE of 0.95, based
on Ricker (Ricker 1968) was used for many groups in Polovina's original model (Polovina 1984) and in
later models.
In absence of biomass estimate it was customary to enter a value of ecotrophic efficiency (EE). Now
in the new versions it is possible to give an estimate of the other mortality instead. EE and M0 being
complements, they have the same function and the user can choose either one of them.

3.3.

Other parameters

The biomass accumulation (BA) conveys the idea that the Ecopath model is not in a steady state. It is
calculated as the biomass of one year minus that of the previous year. A negative value means that
the biomass is decreasing. By default BA is set at 0 but can be modified for each functional group in
the sheet Other production found in the Navigator window. In this sheet, the user can also input
immigration/emigration parameters.

3.4.

Diet composition

The Diet composition sheet shows predators across columns, so that the diet composition of oceanic
sharks is shown in column 1. The sum by column adds to 1 (see the bottom of the spread sheet) and
cannibalism are signalled by the greyed cells. Diet compositions are modified by entering a new
value directly in a cell and adjusting the total by modifying the value for another prey or clicking on
the Sum diets to one in the upper left corner. The latter will spread the difference between the old
and new value to all other prey, and thus this method could yield different results than manually
choosing which prey will be modified.

3.5.
3.5.1.

Fishery data
Definition of fleets

The definition of fleets is done by choosing: Fishery – Definition of fleets - and clicking the button in
the upper left corner. The fleet structure used for this model, is one fleet for region 1 and 3, one
industrial and one small scale for region 2 and four fleets for species of interest: hilsa, big eye and
yellow fin tunas, and marlins. Although it is possible to include economic data by fleet (fixed cost,
sailing cost, off-vessel value etc.), these parameters were left at default values in this version.

3.5.2.

Landings

It is possible to separate landings and discards (their weight and their fate) in Ecopath. In the present
case though, the sheet Landings contains catches (=landings + discards) because it is not yet possible
to follow discards directly in Ecosim and compare them with time series. Due to present settings, the
initial rate of discards would be kept constant in subsequent years, which is unlikely during the study
period. Thus, it was not useful to keep them separate in the Ecopath model. Catches were entered
by fleet and functional group for year 1978.
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4. Balancing the Ecopath model (Parameterization)
4.1.

Principles and checking

To parameterize the model (calculate all missing parameters), click on Basic estimates in the
Parameterization section. The values estimated by Ecopath will appear in blue, the incorrect values
in red.
The first criterion used to detect functional groups that are not balanced is the value of EE which
should be between 0 and 1. A high EE value indicates that the functional group is highly used in the
ecosystem. A value higher than 1 requires checking inconsistencies in data, adjusting biomasses, P/B
ratio, and diet composition, starting with parameters deemed less reliable.
A useful way of balancing a model is to identify the functional group with the highest EE value (Basic
estimate sheet) and then look at the Mortalities and Predation mortality rates sheets, both under
the Mortality rates section. Often the mortalities sheet will show that predation on the group is too
high. The predators responsible for excessive predation mortality are identified by examining the
sheet Predation mortality rates. Excessive predation can be caused by a predator with higher
biomass and/or higher production than its prey which is not sustainable. Also, the proportion of the
prey in the diet may be overestimated because of inherent uncertainty in diet studies. The biomass
or the P/B of the prey may also be too low but any change in P/B has to be considered carefully as
obviously, natural mortality cannot be increased indefinitely. Fishing mortality may be increased or
lowered depending on hypotheses about biomass estimates and level of exploitation at the time
(1978 in the present model).
Also, the biomass of a functional group left to be estimated by EwEmay be overestimated because
predation and cannibalism are too high, and in turn, creating problems for its prey. Predation
mortalities on this group should thus be checked for likeliness.
When P/Q is left to be estimated, it is important to check for values that are physiologically realistic.
Too high Q/B will lead to higher consumption of prey and create higher predation mortality for its
prey, often resulting in EE>1.
Changes should be done one at a time and documented to describe the rationale and hypotheses
used to make the changes. In the BOBLME model, all parameters (cells) that were modified contain
remarks, showing the original value entered and perhaps rationale. There is not only one way to
balance a model as it depends on the knowledge of the ecosystem brought by modellers and the
hypotheses they want to pursue. It is important to recognise that a balanced Ecopath model is one
image of the ecosystem that could be changed as new data or knowledge becomes available.

4.2.

Basic estimates

The sheet Basic estimates are the first window to examine when balancing the model. Notice the
trophic level, estimated from the diet composition. The biomass in the habitat area is useful in this
case to compare the density among regions. Ecotrophic efficiency is relatively high for most fish
except oceanic sharks, S bathy and 1 L pisc.

4.3.

Mortality rates

The sheet Mortalities decomposes P/B ( = Z) into its components: fishing, predation, BA, net
migration, and other mortality. This is very useful to appreciate the relative importance of the
various sources of mortality by species.
The sheet Predation mortality rates breaks down the mortality rates for each prey caused by its
predators. Unusual mortalities will be shown in a different colour and suggest that a change in diet
composition is necessary, based on auxiliary information and the modeller understanding of the
ecosystem. In other cases, changes in diet composition should preferably be done starting with
predators (in columns) exerting the higher pressure on prey (in rows) with EE>1.
5
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The sheet Fleet fishing mortality rates breaks down fishing mortality by fleet and functional groups.

4.4.

Results from the balanced models

Several sheets show results from the balanced model that can be useful to ecologists.
The sheet Consumption shows the consumption of prey i by each predator j calculated as: (Q/B)ij·Bj.
The sum (at the bottom of the sheet) is the total consumption for any one predator. This amount
divided by the biomass of predator j would give back the (Q/B)j found in the Basic estimates. The
flows to detritus are shown at the right side of the matrix.
The section Niche overlap contains the matrix Prey overlap and Predator overlap separately and the
synthesis graph: Niche overlap plot. The predator overlap quantifies the similarity of two predators
based on the consumption of similar prey. The index is calculated for each pair of functional group
and ranges from 0 to 1. Two predators with similar proportion of prey in their diet would have a high
value of overlap index, close to one. A similar index is calculated to compare prey and the level of
similarity in their predators (Prey overlap). Both indices are presented in the niche overlap plot that
can be modified to identify rapidly the pairs with the highest similarity.
The Electivity sheet describes the predator’s preference for a particular prey. The electivity index of
a predator for species iis calculated as the forage ratio (Si):
( ⁄ )⁄ ∑

⁄

Where ri is the relative biomass of prey in a predator’s diet and Pi is the prey’s relative biomass in the
ecosystem. Si is scaled from - 1 to 1. A value of - 1 corresponds to total avoidance, Si = 0 represent
non-selective feeding while a value of 1 corresponds to exclusive feeding on prey i.
The Flow diagram located in the Tools section illustrates the structure of the ecosystem and the links
between functional groups ranked by trophic level. Several options are available by clicking on
Options and choosing the appropriate changes in the right hand windows that appears. It is useful to
colour code the bubbles (nodes) by biomass level (section Misc., Auto-colour = Biomass). Holding the
mouse over a functional group highlights the prey-predator links.
The Network analysis section contains several interesting features, but we will concentrate on the
mixed trophic impact. The user should be warned that the initial calculations for most of these
features require a lot of time.
The Mixed Trophic Impact (MTI) routine, accounts for direct and indirect interactions within the
ecosystem to assess the relative impact of a slight increase in abundance of any group on the
biomass of other groups in the food web (Christensen and Walters 2004). The MTI index, scaled
from - 1 to 1, was calculated for every group of the model. The net cumulative impact Q ij of a
predator j on a prey iis calculated as:
qji = DCji –Qji/Qj
where DCji is the proportion of the prey i in the predator’s diet (the positive effect of the prey), while
Qji/Qj is the negative effect, Qji is the quantity eaten by predator j of prey i and Qj is the total
consumption by predator j. To this direct impact are added all indirect impacts of the predator on
the prey calculated as the sum of all indirect paths calculated as the product of the Qij values in each
paths (Christensen and Pauly 1992; Bondavalli and Ulanowicz 1999). The results can be examined
using the matrix or the plot.

4.5.

Uncertainty and pedigree

The Ecopath model resulting from the balancing procedure constitutes only one possible realization
of the ecosystem. Different input parameters will give different model description, even though they
all are limited by the mass-balance constraints. The impact of uncertainty can be evaluated through
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a process that first involves definition of the “pedigree” of the parameters. The pedigree describes
the origin and uncertainty of parameters based on their type, and it is a standardized approach used
in Ecosim through Monte Carlo approaches where random models are constructed based on the
uncertainty defined through the pedigree.
A first step is to evaluate the uncertainty around each parameter, which can be done by using the
pedigree routine located in: Input data – Tools – Pedigree in menu 3. The pedigree classifies the data
origin using a pre-defined table for each type of input parameters (biomass, P/B, Q/B, diet, catch).
The rank (order from the top) of a category is named index. Each category is characterised by
associated with an index value between 0 and 1 describing how well the parameter is rooted in local
data and a confidence interval expressed as a percentage of the mean. The index value is used in the
estimation of an overall quality of the model (the average of individual pedigree value). The
confidence of interval is used in the Monte Carlo routine in Ecosim to evaluate uncertainty.
Note: The pedigree has already been defined for all groups and parameters for the BOBLME model,
so please feel free to explore and read the remarks that will appear as the cursor go over a cell. If
you wanted to modify or create a new pedigree, go to the sub-section “Creating a pedigree”. The use
of the pedigree in the Monte Carlo routine is explained in the Ecosim section Monte Carlo routine.
The average pedigree value for the entire model is found in the table of Ecopath Statistics Table:
Parameterization (Ecopath) – Tools – Statistics.
The categories and their corresponding colour codes are shown in window 1 (Figure 2). The rank
(order from the top) of category is named index. The level of confidence in the parameter varies
from low confidence (light blue) to highest confidence level (deep red). Window 2 shows the quality
of the parameters for each functional group using the code chosen in rolling menu view as (item 4 in
figure 2). Figure 2 shows the case of choosing colour coding but it is also possible to see the index,
the value for the level of confidence, or the confidence interval. By clicking anywhere in a given
column of window 2 (e.g. P/B), the corresponding table of confidence will appear in window 1. The
same can be achieved by choosing the parameter in the category menu (3 in figure 2).
Creating a pedigree
If the routine has not been used before, EwE will ask if you want to define the pedigree levels. You
can answer no and use the default levels.
To create the pedigree click on Define pedigree, a secondary window will appear featuring one
parameter and showing the name of each level of confidence, the colour, the index value, and
confidence interval. If the table is empty the user can create a table or use the default table by
clicking on the Create defaults button. The table can be modified for the needs of each model. Click
on the Variable menu to see the table for another parameter (e.g. diet composition).
Assigning pedigree values in the cells of window 2 is easily done by selecting one or multiple cells
and clicking the category level in window 1. The code (colour or number) will appear in the chosen
cell.
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3

2

4

1

Figure 2 Pedigree window showing the category window (1) and the assigned value window (2) for the parameter
Biomass in the habitat area (3). According to the option chosen in 4, the value appears in window 2 in the colour
corresponding to the category chosen.

5. Ecosim simulations
Ecosim provides a tool for temporal simulations based on parameters calculated in Ecopath. It
should only be run with a balanced Ecopath model. It is possible to run scenarios using default values
for temporal simulations to explore model behaviour and effects of fishing. More interestingly,
temporal simulations and explorations would be based on a model fitted with time series of biomass
and catches (see below).
Ecosimuses a system of differential equations to describe changes in biomass and flows with the
system by accounting for change in predation and fishing.

DBi
 g i  Q ji   Qij  I i  ( M 0,i  Fi  ei ) Bi
dt
j
j

equation 3

where gi is the net growth efficiency; Qji and Qij are the consumption of group j by group i and the
consumption of group i by group j respectively; Ii the immigration in t/km2; M0,I the annual
instantaneous rate of non-predatory natural mortality; Fi the annual rate of fishing mortality; and ei
the immigration rate. The estimation of consumption of prey i by predator j (Qij) at each time step is
based on the foraging arena theory (Walters and Kitchell 2001; Christensen and Walters 2004) and
calculated as:

Qi j  (ai j vij Bi B j ) /( 2vij  aij B j )

equation 4

Where aij is the rate of effective search for prey i, v (vulnerability) is the rate of exchange between
the vulnerable and invulnerable prey biomass pools. The estimate of aij is obtained by solving
equation 4 using parameters from the Ecopath model and conditional on the value of v (default
value = 2). Low vulnerability (1>vij<1.5) implies a bottom-up control or type II functional response,
which would occur when a prey is protected most of the time (e.g. by hiding in crevices) and
becomes available to its predator. This means that an increase in predator biomass will not result in
8
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a noticeable increase in prey mortality. A large v value implies that a change in biomass of the
predator will cause a corresponding change in the mortality rate of its prey, a top-down control.
Model fitting is achieved by estimating vulnerability values that minimize the sum of squares of
differences between model predictions and time series of biomass and catch. The search for the best
fitting is performed with a procedure (Fit to time series) which estimates vulnerabilities for all
selected functional groups iteratively to minimize the sum of squares of differences between model
predictions and the catch and biomass series data (see the section Fit to time series).
In the next sections, the reader is led first to the exploration of an unfitted model without time series
to explore Ecosim features. Then the reader is taken through the fitted models and scenarios
developed by Guénette (2013) and the various result sheets are explained. Finally, the exploration of
Ecosim capabilities continues with suggested management scenarios.

5.1.

Simple run without time series

Running Ecosim without time series and effort requires the following steps:
1. go to Time dynamic (Ecosim); Output; Run Ecosim
2. Ecosim will ask you which scenario to use. Create a new scenario and name it or leave the
default name.
3. the window you will see (Figure 3) has 3 areas: the graph of relative biomass in the center,
the list of functional group on the right hand side, and fishing effort at the bottom.
4. click on the Run button in the lower right part of the window.
You see that the relative biomass remains at 1 throughout the simulations which spans 100 years by
default. This indicates that the model is stable and this should be checked for every new model. Only
groups with BA values should depart from 1 over time under constant effort. You can try this by
adding a negative BA in the Ecopath Other production sheet for any fish group and run Ecosim again.

Figure 3 Initial window for Ecosim

In the bottom window, you see a red rectangle which by default represents a stable effort for all
fleet (see the hook icon representing the fleet) based on the initial Ecopath values. Click on the little
window besides the icon (it is written (All) in it now) to choose any fleet. All of them are constant
through time by default. To quickly try a fishing scenario, choose one fleet or all of them and
decrease the effort by first pointing the mouse where you want the change to appear and, holding
the left button of the mouse, drawing the effort trends you desire (Figure 4).
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The biomass trends change for some groups. Each line can be identified by holding the mouse over
it. To locate a specific group, click on the group in the right hand window: the group biomass trends
will be shown in colour while all other lines will be greyed. It is also possible to select the species that
should be shown in the main window by using the Show groups button. In this example, reducing
fishing globally leads to increased biomass of large pelagics, sharks, and large predators in the
ecosystem.
You can save this scenario by using Ecosim – Save Scenario as.

Figure 4 Drawing a scenario of fishing effort (in red) and resulting relative biomass in the upper window.

5.2.
5.2.1.

Ecosim time series and scenarios
Formatting the time series file

Time series typically contain biomass, catches and fishing effort or mortality. The file is saved as a csv
file to be read in EwE. The header of the file contains 3 lines (Table 1). The first line is the name of
the time series, defined by the user. The second line gives the pool number which is the number of
the functional group (defined in the Ecopath model) in the case of catches and biomass. In the case
of fleet effort, the pool number is the fleet number as defined in the Ecopath model. The third line is
the type of time series: 0 = relative abundance of functional groups, 3 = effort by fleet, 6 = catches by
functional group. Additional types of series are described on the EwE web site. The first column must
contain the line titles for the first 3 lines (as read in Table 1), followed by the years included in the
time series starting with the year for which the model was built (1978 for the Bay of Bengal model).
The effort time series is always rescaled so that is starts at 1 in the first year. An empty cell in both
effort and catch time series is interpreted as zero. Biomass time series do not have to be filled
entirely as empty cells are interpreted as missing values (see Hilsa B in Table 1).
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Table 1 Extract of the time series file used for the Bay of Bengal model.
name

E
Region1

E
Region3

E India
small

E India
industr

E
hilsa

E
BET

E
YFT

E
marlin

Hilsa C

Hilsa B

BET C

marlin C

pool

1

2

3

4

5

6

7

8

29

29

46

48

type

3

3

3

3

3

3

3

3

6

0

6

6

1978

1

1

1

1

1

1

1

1

0.037

0.004

0.0011

1979

1.0625

1.0625

1.071774

1.072362

1.01

0.62

0.75

0.57

0.036

0.0033

0.0005

1980

1.125

1.125

1.137757

1.16783

1.02

0.64

1.1

0.68

0.035

0.0039

0.0009

1981

1.1875

1.1875

1.174178

1.229848

1.04

0.44

1.28

0.89

0.034

0.0039

0.001

1982

1.25

1.25

1.232129

1.33134

1.05

0.5

1.42

1.09

0.035

0.0048

0.0004

1983

1.3125

1.3125

1.301166

1.426034

1.06

0.96

2.78

1.6

0.036

0.0047

0.0006

1984

1.375

1.375

1.371469

1.541786

1.07

1.18

3.48

1.59

0.037

0.005

0.0004

1985

1.4375

1.4375

1.502319

1.78123

1.09

0.93

2.89

1.88

0.037

0.007

0.0007

0.005

0.0007

0.0049

0.0006

1986

1.5

1.5

1.576256

1.911475

1.1

0.92

3.14

1.63

0.043

1987

1.5625

1.5625

1.617962

1.965443

1.11

0.72

2.52

1.48

0.046

5.2.2.

0.219

Managing time series

The csv file can be imported in EwE in two ways:
1. Ecosim in the menu bar, Import time series, use the browse button to locate the csv file,
check that there is no problem, click on the OK button. or
2. Click Time series in the navigator section Ecosim – Input. Then click the Import button in the
menu of the lower left window, use the browse button to locate the csv file, check that there
is no problem, click on the OK button.
The time file will be integrated to the EwE database and will be directly available for future use by
using the Load time series under the Ecosim button in the menu bar and in the shortcut bar, or
under the Time series in the Navigator section Ecosim – Input. The time series can be examined in
the Time series grid item of the navigator window.

5.2.3.

Managing scenarios

There are two scenarios saved in the Bay of Bengal model: Minimal and Effort Plus. The minimal
scenario was fitted with the time series time series 19dec2013minimal.csv while the Effort Plus
scenario was fitted with the time series time series 19dec2013 large vessels.csv (Table 2). These
scenarios and time series are directly available in the shortcut menu under Ecosim; choose the
appropriate items.
Table 2 Scenarios and corresponding time series included in the Bay of Bengal model. The Effort time series are
described in Guénette (Guénette 2013).

Scenario Time series used for fitting

Description

Minimal

time series
19dec2013minimal.csv

The Indian (region 2) industrial fleet only includes
industrial vessels

Effort
Plus

time series 19dec2013 large
vessels.csv

The Indian (region 2) industrial fleet includes both
industrial and large vessels

5.3.

Exploring the results

Open one of the scenarios and run it, we will explore the available results sheets under the Output
section: Ecosim results, Ecosim all fits, and Ecosim Group plots.
After time series data have been loaded, a statistical measure of goodness of fit to these data is
generated each time Ecosim is run. This goodness of fit measure is a weighted sum of squared
deviations (SS) of log biomasses from log predicted biomasses, scaled in the case of relative
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abundance data by the maximum likelihood estimate of the relative abundance scaling factor q in
the equation y = qB (y = relative abundance, B = absolute abundance).
The Run Ecosim sheet show the sum of squares of deviations (SS) of observed compared to
predicted values for all-time series, shown in the upper right corner of the window. The SS for each
functional group is seen by clicking on the functional group in the Groups window.
The Ecosim results sheet shows the biomass and catch at the beginning (1978) and the end (2010) of
the simulations, and the ratio end/start for each functional groups.

3

2

1

Figure 5 View of the Ecosim group plots window for hilsa using the minimal scenario. Plot Predation mortality: line 1
indicates the annual mortality caused by 2 S Pelagics, line 2 by Indian mackerel, and line 3 by 3 S Pelagics.

The Ecosim all fits sheet shows all plots of catch, mortality, and biomass for the functional groups for
which time series are available. Each plot shows the observed data (dots) and Ecosim predictions
(line). This is the typical form used to present Ecosim fitting results. The user can choose which plots
to show in one sheet: all biomass of catch, etc., by clicking on buttons of the left window, or choose
functional groups to be included by clicking on the Choose plots button on the top menu. These plots
can be saved as images and the data can be saved in a csv file with the Save plots button.

5.3.1.

Ecosim group plots

The Ecosim group plots sheet provides a series of plots that allows understanding the dynamics
behind the results. The group plots sheet is divided into one main window and 4 windows on the
right (Figure 5). All data for all functional groups can be saved by using the button Save results to .csv
located in the lower right corner. The main window contains plots among which biomass, mortality
(synthesis), predation mortality, prey (%), catch, and fishing mortality are the most commonly used.
The plots to be displayed are chosen by clicking the Show plots button in the upper right corner.
To display the plots for a given functional group, click on the functional group in the Group window
on the right. The biomass plot shows the data (dots) compared to the model predictions (line).
Holding the mouse over a line displays the name of the variable, and the point coordinates.
The biomass plot shows the predicted and observed biomass where the observed relative biomass is
rescaled as explained in the previous section. For this reason, the match between the two series
must be evaluated by taking into account the trends. For instance, at first glance the predicted
biomass for big eye tuna appears to fit the data pretty well but it cannot replicate the sharp decrease
of the first 10 years (Figure 6).
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The mortality plot displays the trends in predation (red), fishing (blue), and total mortalities (black).
These are cumulative so that the distance between fishing and total mortality corresponds to the
sum of other mortalities. The catch plot shows the observed catch (dots) compared with the
predicted catches by fleet (area plot, colour code in the window Fleets). The Fishing mortality plot
displays the fishing mortality inflicted by each fleet over time.
The importance of a prey in the diet of any given predator is not constant as shown by equation 4.
The plot Predation mortality shows the mortality caused by each predator over time. All predators
are listed in the window Predators ranked. The mortality varies in part as a function of the predator’s
biomass. The plot Prey (%) shows the relative importance of each prey over time. The trends are
mainly defined by the prey biomass and its vulnerability to predators. All prey is listed in the window
Prey ranked.

Figure 6 View of the Ecosim group plots window for big eye tuna using the minimal scenario.

Examples from the Minimal scenario
In the scenario Minimal saved with the model, the predicted biomass for hilsa (in Figure 5, plot
biomass) decreases over time but does not replicate the scale of decline and does not replicate the
increasing trend at the end of the biomass time series taken from the single species model (BOBLME
2012) used as observed data (dots). During this period, predation mortality decreased with that of
the predation mortality caused by 2 S pelagics (line labeled 1 in plot Predation mortality, Figure 5)
and 2, 3, Indian mackerel (line 2), and in spite of the increase in predation mortality caused by 3 S
pelagics (line 3). Fishing mortality is predicted to increase to 0.5 at the end of the time series while
predicted catches are 3-fold higher than the observed. These gaps between observed and predicted
biomass and catches suggest inadequate parameterization and incomplete data and understanding
of the situation. The difference in predation caused by S pelagics from regions 2 and 3 is at least
partially caused by initial assumptions about the biomass distribution, diet, and population dynamics
of these species among regions.
The predicted biomass for big eye tuna (BET) does not decrease as much as the data suggests (Figure
6) while the predicted catches do not generally reach the observed values. The fishing mortality (plot
F (fishing mortality)) follows closely the variations of effort directed at BET (Run Ecosim, Effort
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window, BET) and the maximum feeding time used (2) as default. Predation mortality from marlins
varies with the biomass of both marlins and big eye tuna.

5.4.

Fit to time series

The fitting procedure can be used when time series are loaded, and there is fishing mortality or
effort time series to drive the model.
Starting from the Ecopath model and the time series of catches and biomasses (observed data), the
fitting can be performed by using the search procedure (Fit to time series) which estimates
vulnerabilities for all selected functional groups iteratively until the sum of squares of differences
between model predictions and the catch and biomass series data is minimized. In addition, time
series of effort by fleet or fishing mortality by species are needed to drive the model with fishing.
When available, time series of nutrients loading, climate or primary productivity can be used to
modify the production of one or several groups in the model. Alternatively, climate forcing can be
estimated by the fitting procedure to attempt a better fit (see below).
The Bay of Bengal model contains 2 scenarios fitted to slightly different effort time series (see the
Ecosim time series sections). In this section, the reader is walked through the fitting procedure using
the large vessels time series in a new scenario.


First, run the model (Output – Run Ecosim) and note the SS ( = 21070).
There are several ways to fit a model to time series; we will explore a few of them using the
fitting procedure in Time dynamic (Ecosim) – Tools – Fit to time series.
First, search for sensitivity of SS to vulnerability parameters. It can be done by prey-predator
pairs or by predators.
Using predator-prey pairs click OK. The most influential pairs are coloured (significant) while
all the others are in black. Click search in the Iterations window. The resulting SS is shown in
the Output window. When the solution has been reached, run Ecosim again. You should also
examine the vulnerabilities sheet to identify the changes estimated by the model.
The resulting SS is lowered to 526 with minimal changes to vulnerabilities (see the
vulnerabilities sheet). However, the fit to time series for several functional groups is
not good. For instance, the biomass of most of the large species (groups 1-4) is
predicted to decrease sharply while predicted catches become lower than the
observed. Of the 4 species of interest (with biomass time series), only marlins’
predicted biomass trend is relatively similar to the observed while predicted catches
are higher than the observed and fishing mortality is predicted to increase up to 1.4
which is quite high.



Second, search by predator and proceed to search for a solution by iterations.
The SS decreases to 316. Several species fit to the observed catches are improved
but the fit was not improved in any of the 4 groups of interest.



Third trial, click the button Search groups with time series. Uses only the group for which
there is a time series, if only catches.
The SS = 321. The results are similar to the second trial.

Additional steps in fitting a model is to start from different Ecopath parameters and use forcing
functions to experiment with some hypotheses and use the search function to make sure the
non-linear algorithm does not get trapped into a non-optimal solution. This is more difficult to do
with the present model because of the lack of abundance time series that would provide guidance.
Nevertheless, possible insights could come from auxiliary data and expert advice. For instance,
knowledge of decreasing primary productivity during the study period (Heileman et al. 2009) could
be used as a forcing function (see next section) to modify the model and see how the fit would
change.
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There are several reasons explaining the discrepancies between observed and predicted. The
abundance index time series may be biased because of change in catchability over time, or the
model used to produce the index did not take into account changes in natural mortality for example.
It could also be that there is undue influence from one species to the other that cannot be true over
time. Also, a perfect fit can be statistically adequate and still fit for the wrong reasons. For instance,
it is difficult to differentiate between contrasting population dynamics (high mortality and low initial
biomass or low mortality and high initial biomass) without time series that include contrasting
situations. A more detailed comment on fitting the time series is added in Appendix I.

5.4.1.

Monte Carlo routine

It is possible to complete a sensitivity analysis of the Ecopath input parameters by repeating Ecosim
simulations combined with the pedigree information. Each simulations starts with initial Ecopath
parameters chosen from normal distributions centred on the initial input estimates (with confidence
intervals that can be based on the model pedigree, as discussed in the Ecopath section.
The routine is accessed in the navigator window (left) and choosing Time dynamic (Ecosim) – Tools –
Monte Carlo simulations. A table allow defining the CV and boundary limit of each parameter. The
values entered in the pedigree can be used for this analysis by clicking on Load CV from pedigree for
each parameter (shown in tabs). For parameters you do not wish to change, set the CV to zero.
Choose the number of simulation trials (upper left) and click on Run trials (lower right). The initial
sum of squares (SS) of the run using the minimal scenario (396.5) is written on the right side. For
each new simulation, the current SS will be written. Each new simulation result will be added to the
graph (tab Biomass plot). Clicking on Save output will make the routine save the results of all trials in
one csv file. Note that the location of this file (and other output results) can be determined by
choosing Tools - Options - File management - Output location and enter a suitable directory.
The tab Settings contains basic options such as Show biomass trajectory (default) and Retain better
fitting estimates (use trials for search). The latter option saves the better fitting estimates and
resamples from there which makes the search a Marko Chain Monte Carlo (MCMC) method.
The variable Ecopath runs tracks the number of parameter-combinations tried until a balanced
Ecopath model is achieved. The routine keeps track of the lowest SS and after all trials have been
completed, the parameter-values that resulted in the lowest SS are shown on the tab Best fitting
trial. When the trials are completed, the software automatically displays this tab. Clicking the Apply
best fits button replaces the original Ecopath input data with the new ones. Make sure you keep a
copy of the original Ecopath model somewhere is you want to explore the model resulting from this
routine.

5.4.2.

Forcing functions

Forcing functions represent physical or other environmental parameters that may influence trophic
interactions. These forcing functions can be used to directly influence primary production (see
Primary production in Ecosim), or to modify the Q/B ratio of the consumer groups in the model (not
explore here).
Forcing functions can be imported from a csv file where the pool number does not represent a
functional group but a new set of number designating forcing functions (FF) which can start at 1. The
csv files is of the same structure as the time series csv file (see Table 1) except that the type of the
time series is set at 2 (third line of the csv file). The file is imported the same way a time series would
be Ecosim - Import Time Series.
A quick way to try time series is to draw one. Go to Time Dynamic (Ecosim) – Forcing function. You
will see two empty windows because the model does not contain any FF. Click on the menu Add… at
the top of the bottom window. A red rectangle (upper value = 1) will appear in the top window. You
can shape manually by using the mouse as you did for fishing effort in the Simple run section. By
default, the values you draw are considered as annual values (all months have the same values) and
the long-term button is active and highlighted. You can see the values corresponding to the shape
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you draw by using the Values… button. You can change the shape of the FF by using the Change
shape… button. The small window that appears displays the shape you draw, and give you the choice
of modifying the shape for another shape of trend for which you choose the parameters. Once you
accept the shape, the shape appears in the bottom window with its number. You can add as many
shapes as you need.
The forcing function is applied to the primary productivity by clicking on Time Dynamic (Ecosim) –
Forcing function – Apply FF (primary producer). This will display a spread sheet with only primary
producers in column; go down and search for the white cells which are the intersection of a group
with itself. Click one white cell and a small window will let you choose one FF from the left window
(by clicking), and send it to the right window by clicking on the green arrow in the middle. Do this for
phytoplankton groups (# 42-44).
You can run the model and search for new vulnerability values and see what is changed.

5.5.

Projections

It is possible to project in time further than the time series (1978-2010 in this case) will allow. Click
on Time Dynamic (Ecosim) – Ecosim parameters and see that in the section Initialization, Duration of
simulation (years) is set to 33 because the loaded time series file loaded is that length. To increase
the time simulations by 50 years for example, enter 83. Upon returning to Run Ecosim, the length of
simulation has increased to 83 years. All Effort data were extended using the last year value for the
supplementary 50 years (see BET for example).
The user can draw new Effort values for the last 50 years for one or several fleets to explore the
effects of the new fishing scenario on functional groups. Modifying the effort by fleet, Figure 7 shows
the resulting biomass increase for large fish particularly, as effort was decreased for fleets 1 and 3
and all species of special interest (hilsa, tunas, marlins). It is also possible to make more precise
scenarios by constructing a csv file spanning the 83 years and making explicit effort scenarios for
each fleet.

Figure 7 Display of results from decreasing effort by about half for region 1 and 3 and tunas, marlins and hilsa, for the 50
years starting in 2011.
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Appendix I

Comments on fitting to time series

This text is extracted from the online section on fitting a model supplemented with figures from the
5.1 Ecopath user model. It was deemed interesting for users of all level of experience with the model
to read this.
3.8 Hints for fitting models to time series reference data
A critical step in development of credible models for policy analysis is to show that they can at least
reproduce observed historical responses to disturbances such as fishing. See also Time series fitting
in Ecosim. See Time Series for instructions for setting up time series data into your model.
This demonstration necessarily involves an iterative exercise in 'fitting' the model to data, by
correcting parameter estimates and time series forcing information so as to show what values (or
ranges of values, or alternative hypotheses about key processes) could explain the observed
historical patterns. For any such fitting exercise, it is critical to have as long a reference period, with
as many different disturbance patterns, as is possible to assemble. Note though, that only where a
time series is used to 'drive' the model, (i.e. fishing mortalities and effort series) is it necessary to
have information for all years in the time series. Estimates of relative abundance, catches, etc. are
not required for all years. Short reference data series carry little information about responses to
some disturbances, and hence ability of a model to fit such short series is no test at all of its ability to
make useful predictions about disturbances not represented in the reference data. In more vivid
terms, many model errors (structure and parameter values) will only reveal themselves (make
themselves evident through strong departures of predicted from observed patterns) when the
model is challenged to reproduce very long time series of responses.
Here we recommend an iterative, stepwise procedure for model fitting. It is generally not possible,
or even wise, to try fitting a large ecosystem model using one big nonlinear estimation scheme that
simultaneously varies all uncertain model parameters and inputs. There are simply too many inputs,
some of the parameters are constrained in complex ways by mass balance considerations, and many
model errors involve qualitative omissions of interaction terms (or processes, or disturbing inputs)
entirely. Such possible omissions are most productively viewed as 'alternative hypotheses' about
what processes and inputs have been important in shaping historical ecosystem behaviour.
The basic idea in this procedure is as follows. Set up an Ecosim model and reference time series (of
forcing inputs like fishing rates, and indices of temporal system response like relative biomasses and
estimated total mortality rates). Examine the simulated and observed time patterns of response
indices, look for groups that show large discrepancies in time pattern (trend), with particular
emphasis on groups that have high biomass and are important prey or predator for other groups. As
an example, sardines and anchovy in a Benguela model (Shannon et al., 2004) showed upward trend
in data but not in initial simulation results (Figure 3.5). Focus in turn on each such group, and
examine alternative hypotheses for the discrepancy (by varying appropriate parameters to see if the
model fit is improved). The following are common hypotheses that should be examined in roughly
the order listed:
Bad trend data - it is possible that the model predictions are sound, but that the trend data are
misleading for some reason, (e.g., increasing catchability in CPUE indices). Incomplete or incorrect
forcing data, especially for fishing mortality rates - Ecosim-simulated patterns for exploited species
will obviously not track observed patterns if those patterns have been caused by fishing, but no good
time pattern of fishing mortalities (or at least fishing efforts) have been provided. Inappropriate
vulnerability parameters for the group's prey - low vulnerability settings (e.g., the 2.0 default) for a
group's column in the vulnerability matrix (of its prey to it) can cause two errors: (i) failure of the
group to increase following reductions in mortality (due to preventing the group from increasing its
total food intake); (ii) and/or failure of the group to decrease following increases in mortality, due to
overestimates of compensatory Q/B responses to decreased intraspecific competition. Check this by
clicking the 'sensitivity of SS to vulnerabilities' button in the Fit to time series form to determine
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whether
vulnerability
changes
would
cause
changes in goodness of fit,
and consider using the
fitting interface to search
for improved vulnerability
estimates.
See Effect of P/B (Z) and
vulnerability for time series
fitting for more information
(next section). Incorrect P/B
(Z) setting in Ecopath for the
group - it is common to see
P/B, i.e. Z values set far too
large in the Ecopath inputs,
resulting in low EE and
hence low sensitivity of a
group to changes in
mortality agents. Check the
simulated time plot of total,
fishing,
and
predation
mortality rate components
on the Ecosim Run Ecosim
form to see if the total
mortality rate and its
partitioning among factors
are reasonable. See Effect
of P/B (Z) and vulnerability
for time series fitting for
more information.

Figure 3.5 Initial time series fit for the Benguela model. Estimated using default
values in Ecosim.

Changes in system productivity - in some systems we have seen correlated declines or increases
across a variety of species, despite differences among species in harvesting impacts, which might be
explained by changes in basic productivity due to factors like upwelling. The Ecosim Fit to time series
form can be used to 'reconstruct' an apparent temporal pattern in primary productivity, by fitting the
model to time series for all groups while varying a time series of productivity 'anomalies'.
Trophic mediation effects - evaluate the possibility that changes in consumption and mortality have
been caused by 'indirect' or 'mediation' effects, such as groups providing hiding places for other
groups or driving behaviour of groups so as to make those groups more or less vulnerable to other
predators. In systems that have benthic and pelagic primary producers, note that shading effects by
phytoplankton on benthic plants are not represented explicitly in Ecosim, and must be modelled as
mediation effects (by setting up a mediation function that causes negative effects on benthic plant
production as phytoplankton biomass increases). This is also the case with turbidity and decreased
foraging efficiency of visual predators that can be caused by phytoplankton.
If none of these hypotheses produces predicted patterns similar to the data, look closely at the
Ecosim predicted patterns of change in consumption, growth, and mortality rates, and try to
evaluate how these rates would have to change in order to produce observed trend patterns.
Examine the observed time series for other groups, particularly prey and predators of the group
under study, to see if those time series suggest changes in trophic conditions (growth, mortality) that
have not yet been captured by the model due to inappropriate parameter settings for the other
groups.
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Repeat the multiple hypothesis evaluation steps above for each group, with initial emphasis on those
groups for which the model predictions depart strongly from the data. Note that 'correcting' the
parameters and time inputs for any one group can either improve or degrade the model fits for other
groups, including groups for which good fits have already been obtained. This means that the
fitting/evaluation process is necessarily iterative, requiring several passes or tries to obtain an overall
valid model. For example, in the Benguela model example, obtaining good fits to strong time trends
in sardine and anchovy biomass (using hypotheses (3) and/or (5) above) resulted in predicted
increases in several predator populations, particularly hakes, for which the data do not indicate such
increase (Figure 3.6). An interesting question then arose about why the predators did not show
responses to the apparently large prey increases, and this question led to examination of a variety of
hypotheses about why the response did not occur (limitation of recruitment due to cannibalism,
undetected increases in fishing impact as responses started to occur so as to prevent those
responses from being expressed, errors in initial estimates of diet composition and dependency on
sardines and anchovy by the predators, etc.).

Figure 3.6 Time series fit for Benguela model after estimating vulnerabilities (for 15 groups of consumers).
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It is possible for the step-wise, iterative process of hypothesis evaluation and model testing/fitting
described above to fail completely, in at least two basic ways. First, it may result in an apparently
endless cycle back and forth between groups, with each step in the cycle resulting in improvement in
fit to one group at the expense of poor fit to others. Such cycles have not yet been seen in case
studies, but would indicate either 'contradictory data', where the model structure is valid but one or
more trend data sets are misleading and apparently contradict the others, or a fundamental failure
of the model structure to represent some important interactions or processes.
Second, the model may fail to capture (due to lack of correct input data or structural error) the
dynamics of some particular, important group that has driven the dynamics of several others, and
inability to simulate this one group may contaminate a variety of model predictions. For example, in
models of the Bering Sea ecosystem, we have had trouble simulating (explaining) declines that
apparently occurred in small, inshore pelagic fish species in the late 1970s and early 1980s. These
declines were associated with onset of a rapid decline in Stellar Sea Lion, and onset of a strong
upward trend in jellyfish (which compete with small pelagic fish for zooplankton). In that model,
simply forcing the small pelagics to decline (with an arbitrary fake fishery) results in considerably
better fits to the data for the other groups. In several models of relatively small oceanic regions
(North Sea, West Coast of Vancouver Island), we have had to deal with apparently unpredictable
biomass dynamics of species (especially mackerels) that have apparently invaded the regions in
conjunction with changing ocean climate regimes. In fact, it is probably a general principle that for
any region that might be arbitrarily defined for analysis, there are at least some species that have
potentially important impact (on predator-prey relationships) within the region but display changes
that can only be explained by examining their dynamics (production, fishing impacts) over some
much larger spatial domain. With respect to any small study region, it is appropriate to treat the
abundances of such species as forcing functions provided policy choices made within the region are
unlikely to affect the larger scale dynamics of those species.
In most early Ecosim fitting exercises, the goal has been to find even one reasonably good fit to the
data, i.e. to simply demonstrate whether the model is capable of describing historical patterns.
During such exercises, interesting alternative hypotheses and parameter changes that might have
provided equally good explanations have not been thoroughly documented and pursued, nor have
users typically even recorded the often simple research studies and auxiliary measurements that
would be needed to test among alternatives (e.g., diet composition studies to detect rare prey in
cases where an abundant predator may have big impacts on such prey despite such prey not being
important to support of the predator). This failure to document the 'brainstorming' process involved
in model fitting/testing can be costly for people who then try to use the model for policy analysis for
several reasons:


Clear articulation of alternative hypotheses that could equally well explain historical changes
is a critical part of adaptive policy design involving planned experimental comparisons of
policy options;
 Analyses based on the model are left open to attack by stakeholders who have vested
interest in presuming some particular hypothesis to be true (e.g. people who want to blame
stock declines on environmental factors so as to avoid restrictions in fishing);
 Potential value of the modelling to help guide and prioritize research projects is lost, and this
is a very big issue indeed in situations where very limited scientific resources are expected to
provide useful information for complex ecosystem management planning.
Documentation of alternative hypotheses and parameter-changes during the sequential fitting
process would appear at first glance to be an exceedingly complex process, involving geometric
increase in number of hypothesis combinations as more time series and groups are examined (e.g. if
there are two ways to explain changes in group 1, and two ways to explain changes in group 2, there
are 4 possible ways to explain the joint dynamics). This 'explosion' in hypotheses is not that serious a
problem in practice, for at least two reasons:
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1. uncertainty about why a group has responded or not may be independent of uncertainty
about why other groups have responded, e.g. we can examine hypotheses (and policy
implications) about failure of hake to increase following sardine-anchovy increases in the
Benguela system, without regard to what drove those increases in the first place; and
2. typically the alternative hypotheses involve 'environmental forcing' versus fishing effects,
and the environmental forcing hypotheses are not independent for each group (i.e.
hypotheses about increases or decreases in productivity due to factors like upwelling are
expected to apply to a variety of groups).
The main implication of point (2) is that we can generally identify just a few overall hypotheses for
why an ecosystem has behaved as it has, each with very different policy implications. For example, in
the Georgia Strait, B.C. models, two main hypotheses have emerged (can be made to fit the data
using Ecosim) about why a whole suite of fish species has declined: either the system as a whole has
experienced major decreases in primary production, or the observed dramatic growth in marine
mammal populations (harbour seal) has had devastating impacts not reflected in the relatively crude
diet information available from historical studies (in conjunction with modest declines in primary
production).
3.9 Effect of P/B (Z) and vulnerability for time series fitting
For the balancing it is useful to think of how growth and mortality is modelled in Ecosim. Mortality is
considered a linear function of biomass (solid line in Figure 3.9), while the population increase will be
a non-linear function of the biomass (dotted line in Figure 3.9). This non-linear function corresponds
to the consumption times the gross food conversion efficiency (from Ecopath, where it is estimated
as base production over base consumption). For a given biomass, the population will increase or
decrease depending on the area between the lines. The growth/decline of a given population can
hence be modified by changing either the mortality rate, or food consumption. Food consumption, in
turn, is a function of complex predator-prey relationships modelled using a variable 'vulnerability'
setting for top-down vs. bottom-up control.
This can be illustrated using a model of the Gulf of
Thailand (Christensen, 1998) along with time series data
from research vessel surveys in the Gulf, an initial
simulation using default settings throughout (most
notably a default vulnerability setting of 2 for all
predator-prey interactions) produces the fit shown in
Figure 3.10 for the 'large piscivores' group. During the
time period included the fishing intensity increased with
more than an order of magnitude. The model (solid
line) shows a clear decline in biomass over the time,
while the CPUE from the surveys (dots) indicates much
less decline over time. As described above we have Figure 3.9 Effect of P/B (Z) and vulnerability for
some handles that can be used to manipulate how time series fitting.
Ecosim models the growth of the population. Panel B
thus shows the effect of raising the group’s total mortality rate from 0.8 year-1 to 1.2 year-1. The
effect of this is to make the group much better able to tolerate the grossly increased fishing intensity
over time, but it is also clear that a 50% increase in the initial mortality rate setting is insufficient to
optimize the fit over time. A second handle is therefore invoked. The vulnerability setting affects
how the consumption is influenced by changes in predator and prey abundance. Using the default
setting of 2 (panels A and B) corresponds to assuming that if the biomass of large piscivores was
increased drastically they would be able to double the predation mortality they are causing their
prey. Changing the value to 1.01 for all prey of the large piscivores makes prey availability largely
independent of changes in the predator abundance. As the increased fishery leads to a reduction in
the biomass of large piscivores, those remaining will have a good time (from a food perspective:
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their consumption rate will increase, and this will tend to counterbalance the increased fishing
pressure). The result is increased resilience as can be seen from panels C and D in Figure 3.10.
Comparing panels B and C shows that the fit is better through incorporating bottom-up control,
while panel D shows the best fit overall.
For illustration the panels E and F are included in Figure 3.10 to show the effect of using a high
vulnerability (v = 100) for the interactions between the large piscivores and each of its prey groups. It
is apparent that this does not result in any improvement in fit between model and CPUE, but in fact
in the opposite. The best fit in the example is thus obtained using the parameter settings of panel D.

Figure 3.10 Biomass over time (lines) for 'large piscivores' in the Gulf of Thailand. P/B is the production/biomass ratio
(equals Z, the total mortality) for the group, while v is the vulnerability setting describing how the group interacts with
each of its prey groups. Dots represent CPUE from surveys.
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