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Preface

We have been developing a version of Ecopath with Ecosim (EwE) in
the Fortran 95/2003 language in order to facilitate the integration of the
widely-used EwE with existing models. Primarily we developed it in order
to conveniently couple it with available physical-biogeochemical models that
are mostly written in Fortran without using external couplers; however, the-

oretically FwE-F can be coupled with any other model.

The EwE-F does not have yet the extensive analysis capabilities (post-
processing) of Ecopath with Ecosim, but is fully compliant with EwE 6 fun-
damental equations (core routines of Ecopath and of Ecosim). Like its parent,
FwE-F is also an open source software freely available under the GNU Gen-

eral Public License v2 and is distributed by the Ecopath Consortium.

Under the Ecopath Consortium we will provide further efforts to evolve
FwE-F in line with the endeavours of Ecopath Consortium and the EwE

user community.
The EwE-F development team:

Ekin Akoglu; OGS and IMS-METU
Baris Salihoglu, Temel Oguz; IMS-METU
Simone Libralato, Cosimo Solidoro; OGS



Chapter 1

Introduction

1.1 What is FwE-F

FwE-F is the Fortran 95/2003 implementation of the widely-adopted eco-
logical modelling tool for aquatic ecosystems Ecopath with Ecosim (EwE)
(Christensen and Walters|, 2004} Christensen et al., 2005), written in Visual
Basic .NET for Microsoft Windows platforms.

1.2 The motivation behind FwE-F

Being written in Visual Basic .NET, EwE is constrained strictly to the
Microsoft Windows environment and this hampers the communicability of
EwE with other ecological models majority of which are conventionally pro-
grammed in Fortran. This difficulty in communicability is crucial consider-
ing that nowadays ecological modelling is facing an important challenge to
set basis for comprehensive description of marine ecosystems through what
are called End-to-End (E2E) models (Fulton, 2010). This increasing re-
quirement for setting-up holistic (end-to-end) representations of ecosystems
to explore ecosystem-based management options in marine and freshwater
environments under changing climatological and anthropogenic conditions
resulted in a pressing need for a Fortran implementation of such a popu-

lar higher-trophic-level (HTL) model that would be convenient for coupling
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with numerous state-of-the-art hydrodynamic and lower-trophic-level (LTL)
biogeochemical models.

Hence, the availability of a Fortran version of EwE is an important step
towards removing these obstacles mentioned above and help actuate the E2E

ecosystem modelling research in aquatic ecosystems.

1.3 How to read this manual?

This manual is separated into four chapters. In Chapter (this chapter), a
brief introduction to FwE-F is given. In Chapter [2| obtaining, compiling and
running FwE-F with its default configuration are introduced for UNIX-like
systems (e.g. Linux, Mac OS, BSD, Sun/Oracle Solaris etc.). Similarly, in
Chapter [3 obtaining, compiling and running EwE-F with its default config-
uration are introduced for Microsoft Windows systems. In the last chapter,
(Chapter W), structural details of FwE-F are introduced under two sepa-
rated sections; Section devoted to Ecopath-F, and Section devoted to
Ecosim-F. These two sections give detailed information on setting-up FwE-F
for your own custom ecosystem simulations by explaining the structure of the
input files required by FwE-F to run simulations as well as how to prepare
them. In addition, it provides information about the output files created by
the model. The chapter also gives important information about the source
code structure of both Ecopath-F and Ecosim-F' in their respective sections.

You may start reading the manual by directly heading to the chapter
related to your computing environment and skipping the other. However,
Chapter 4| is a must-read for all FwE-F users to learn how to correctly
prepare scenario files for FwE-F, how to interpret the results files output
by the FwE-F and provides detailed explanation of the source code files of
the model for those users wishing to modify FwE-F to meet their specific

needs.



Chapter 2

Instructions for UNIX-like

systems

2.1 Prerequisites

Before downloading the source code of FwFE-F, make sure that the fol-
lowing software is installed on your system; GIT distributed version control
system (http://git-scm.com/) in order to download the sources, a For-
tran compiler (e.g. GNU Fortran http://gcc.gnu.org/fortran/ or G95
(http://www.g95.0rg/)) in order to compile the code, and HDF5 libraries
(http://www.hdfgroup.org/HDF5/)) in order to be able to store model re-

sults.

2.2 Obtaining source code of FwE-F

First of all, request an invitation to the EwE-F Bitbucket® repositories at
ekin@ims.metu.edu.tr. An invitation offer will be sent to your e-mail address
containing a link to the repositories. Follow the link to become a user and
access the source code via the Bitbucket® web-based interface.

If you wish to access to and download the source code of EwE-F via GIT
version control software, the steps to follow (once your Bitbucket® account

is created as above) are:


http://git-scm.com/
http://gcc.gnu.org/fortran/
http://www.g95.org/
http://www.hdfgroup.org/HDF5/
mailto:ekin@ims.metu.edu.tr
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1. Create an empty directory for the files to be downloaded.
2. Open a terminal and cd to the empty directory you have just created.

3. Issue the commands below in the terminal / command prompt. For

downloading Fcopath-F

git clone https://bitbucket.org/ewe—f/ecopath—f

and for downloading Fcosim-F

git clone https://bitbucket.org/ewe—f/ecosim—f

If you completed the steps above successfully, you should have down-
loaded all the source files in your local directory. You will recognise that
two directories named ecopath and ecosim are created in your local direc-
tory. These two directories have a similar structure and contain a number of
folders and files. For the explanation of the files and folders under these two

directories see Section [4.1]

2.3 Compiling and running FwE-F

There is a Makefile in each of the ecopath and ecosim directories. To
compile the Fcopath-F or Ecosim-F model, just run make in the terminal
under the model’s respective root directory. The make command will create
an executable named ecoXXX.out (where XXX is either path or sim) un-
der bin directory. This binary file is the model. You can run it by typing
bin/ecoXXX.out in the terminal.
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M Important!

You may need to edit the Makefile before you run make in order to
correctly specify the command required by your Fortran compiler and
set its respective compilation and linking flags and the path to the folder
where HDF5 libraries are installed on your system. Once opened with
a text editor, you will see that it is quite self-explanatory and guides

you through the sections that need modification.

Whenever you wish to clean-up the FwE-F/ecopath or EwE-F/ecosim,
you can simply run make clean in the terminal. This will delete the object
and module files created by make and the respective executable. Then you

can type make again if you wish to recompile the code.

@ Information
The EwWE-F was compiled and tested against GNU FORTRAN, Oracle

Solaris Studio Fortran and Intel Fortran compilers. Other compilers

may or may not work.
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Instructions for Windows®

systems

3.1 Prerequisites

To be able to have EwE-F compiled and run on a Microsoft® Windows®
computer, the following software must be downloaded and installed in ad-

vance.

1. HDF5 libraries and software from
http://www.hdfgroup.org/HDF5/release/obtainb.html

@ Information
Be sure that you install the HDF'5 binary distribution with shared

library support enabled.

2. Microsoft® Visual Studio (Express) 2008/2010/2012/2013 from
http://www.visualstudio.com/downloads/download-visual-studio-

VS

3. Intel® Visual Fortran Compiler for Windows from
https://software.intel.com/en-us/intel-visual-fortran-compiler-

for-windows|


http://www.hdfgroup.org/HDF5/release/obtain5.html
http://www.visualstudio.com/downloads/download-visual-studio-vs
http://www.visualstudio.com/downloads/download-visual-studio-vs
https://software.intel.com/en-us/intel-visual-fortran-compiler-for-windows
https://software.intel.com/en-us/intel-visual-fortran-compiler-for-windows
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4. GIT distributed version controlling system for MS Windows from
http://git-scm.com/downloads.

After the installation of the prerequisite programs, we may proceed to

downloading the FwE-F source code (Section , setting up an EwE-F
project in Visual Studio (Section, and then compile and run the software

(Section [3.4)).

3.2 Obtaining source code of FwE-F

First of all, request an invitation to the EwE-F Bitbucket® repositories at
ekin@ims.metu.edu.tr. An invitation offer will be sent to your e-mail address
containing a link to the repositories. Follow the link to become a user and
access the source code via the Bitbucket® web-based interface.

If you wish to access to and download the source code of EwE-F via GIT
version control software (once your Bitbucket® account is created as above),
first, create an empty folder into which you would like to download the EwF-
F source code. Then navigate to this directory with Windows Explorer and
using your mouse right-click an empty area in the folder to open the context
menu where you will find the GIT commands (Figure B.1]). Select GIT Bash
Here. A GIT command window will be opened as in Figure 3.2l Type the

command:

git clone https://bitbucket.org/ewe—f/ecopath—f
for downloading Fcopath-F sources and

git clone https://bitbucket.org/ewe—f/ecosim—f

for downloading Ecosim-F sources to your local directory (Figure [3.2).
For this demonstration, we will use the Ecosim-F source code. Once finished,
a folder named ecopath/ecosim will be created in your local directory (Figure
. These two directories include the full source code of FwFE-F. Once you
navigate into one of these directories (which is ecosim for our demonstration),
you will see a folder structure like the one shown in Figure [3.4] This folder
structure is fully explained in the EFwE-F User’s Manual PDF file that you


http://git-scm.com/downloads
mailto:ekin@ims.metu.edu.tr
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could find in the ecopath/ecosim directories. Completing steps above, you
may proceed to Section [3.3]
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3.3 Setting-up an FwE-F project in MS Vi-
sual Studio 2010

First, launch the MS Visual Studio. Then, from the menu select File >
Open > Project... (Figure [3.5)). The New Project window will be opened.
From the right tree pane of this window, select Console Application under the
Intel(R) Visual Fortran tree item (Figure [3.6). In the middle pane, select
Empty Project. Rename your project using the Name field located below
the window. For this example, because we use ecosim-fortran we named
our FwE-F project as ecosim-fortran.) Then click OK push-button on the
bottom right. A new project will be created. Following, from the Solution
Ezplorer pane on the right of the Visual Studio window (Figure , right-
click Source Files item and from the context menu select Add > Ewisting
Item... as shown in Figure (3.7, The from the opened file explorer dialog
box, navigate to the src directory under the directory you downloaded the
ecopath/ecosim sources. In the sre directory, select all of the files with the
J90 extension and then click the button Add on the bottom right (Figure
. After successfully completing this step, you should know see the .f90
source files should be listed under the Source Files in the Solution Explorer
as shown in Figure [3.9]

After this step, in the Solution Fxplorer pane, right-click on the name
of your project (ecosim-fortran) as shown in Figure and select Proper-
ties from the context menu. A new window with project properties will be
opened (Figure . In this window, using the tree view on the left pane,
select General under the Fortran tree item. Then on the right pane, set the
Additional include directories (highlighted blue in Figure to the include
directory of your HDF5 installation as shown. Following, now select General
under the Linker tree item on the left pane (Figure . Then on the right
pane, set the Additional library directories (highlighted blue in Figure
to the lib directory of your HDF5 installation as shown. As the last step,
now select Input under the Linker tree item on the left pane (Figure .
Then on the right pane, set the Additional dependencies (highlighted blue in
Figure to the hdf5_fortran.lib as shown in the figure. Now proceed to
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Section B.4] to build and run EwE-F.
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Figure 3.12: Visual Studio: FwE-F; setting additional library directories.

BiFFE

> G
W s
17:28
.|

€ U4 LdVHO

SINH.LSAS @SMOANIM HOA SNOLLONY.LSNI

GG



—81X] rstan]

File Edit View Project Build Debug Team Data Tools Test Window Help

e g e L R a2 0 v B | I || 38 | virate JREF @R BB

Solution Explorer

nJ2g a

=

; Solution "ecosim-fortran’ {1 project)
=] ﬁ ecosim-fortran
3 Header Files
[C3 Resource Files
E [ Source Files
calculateDetritalFlows. f50

Jauojdx3 )

ecosim-fortran Property Pages llil

HOqoo] '}.‘r

lculateFishingMor talit
Configuration: | Active(Debug) | piatform: [active(winsz) | configuration Manager. . | c:Izlsz:&:ﬁulgrralE:fz
B Configuration Properties Additional Dependendies hdfs_fortran.lib ;l EalculatEMaxi.mumPuBRela
General Ignore All Default Libraries No ;aIC_UIEEP;”h'E”tCU”EE”‘T
Debugging Ignore Spedific Library Z;':;; i
Fortran Module Definition File e IR .
E1 Linker Add Module to Assembly VL TIg
General itisliseSplitGroups. f30

Embed Managed Resource File

multistanza, f30

:::::est File e Symbal Reetences readEcosimScenario_io. 31
Debugging Delay Loaded DlLs readForcingFunctions_io. f
System readHDF 5Database. f30
Optimization eadvulnerability_io.f30
Embedded IDL removelmpor tFromDiet. 5,
Advanced k.90
Command Line setArenavulnerabilityand=
Resources setEcosimScenarioParame
MIDL EfuraginghranaParaT
Manifest Tool | | 14
Build Events CIELEITEETI TS &3] solution... amE... B Cla
Custom Buid Step Spedfies additional items to add to the link ine (ex: kernel32.lib); configuration spedfic,

Properties

ecosim-fortran Project Properties

o 2d =

=

OK I Cancel Apply

{Name) ecosim-fortran
- m—— \

i \users'el

Show output from: |File Generation

» . MName of the praject.
B Error List PN

Figure 3.13: Visual Studio: FwE-F'; setting additional dependencies.

BiFFE

17:29

€ U4 LdVHO

SINH.LSAS @SMOANIM HOA SNOLLONY.LSNI

€¢
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3.4 Compiling and running FwE-F

In order to build the ecopath/ecosim, from the Build menu on the top
toolbar, select Build Solution. Once completed successfully (Figure [3.14)),
your FwE-F model executable is ready. You may close the MS Visual Studio
now.

Your FwE-F model (either ecopath-f.exe or ecosim-f.exe) is under the

C:\ Users\<User_Name>\Documents\ Visual Studio 2010\

Projects\ecosim—fortran\ecosim—fortran\Debug\

directory. Copy this executable file to the directory named ecosim, the di-
rectory into which you have downloaded the Fcosim-F sources with GIT.
Afterwards, you can run the model first by opening a GIT bash shell in the
same directory (Figure and then typing

./ ecosim—fortran .exe

in the shell (Figure [3.16]). You will see lots of numbers scrolling in the
shell command window while the simulation is running. Once it is completed,

you will receive the Simulation ended successfully. message in the GIT shell

(Figure |3.17)).
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Chapter 4

FwE-F: Structural details,
custom scenario set-up and

preparation of input files

4.1 Folder hierarchy

Both Ecopath-F and Ecosim-F root directories have the same folder and

file structure as summarised below:

bin: This is the directory in which the FwE-F executable (ecopath.out
for Ecopath-F and ecosim.out for Ecosim-FORTRAN) will be created
once you compile the programﬂ

mod: This directory will include the module files necessary for the

FEwE-F once you compile the programﬂ.

obj: This directory will include the object files created during the
compilation of EwE-Fﬂ

src: This directory contains all the source code files with the extension
.f90. These files are explained in detail under Section for Ecopath-
F and Section [4.3.1] for Ecosim-F in the manual.

1Only on Unix-like systems.

29
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testcases: This directory contains two sub-directories each for separate
test cases that you may use to test the FwE-F model. Under each test
case directory, there are three (if the test case model does not include
multistanza groups) or four (if the test case model includes one or
more multistanza groups) ASCII encoded text input files containing
the necessary input data required to run the model and an additional
EwE database file of the same model scenario for comparison purposes.
The ASCII input files are explained in detail under Section for
Ecopath-F and Section for Fcosim-F in the manual. There is
one additional HDF5 binary input file for the test case, which could,
if desired, be used along with the ASCII files as explained in Section
422

Furthermore, under each test case directory within this directory (only
in Ecosim-F), there is one NCL P| (NCAR Command Language) script
file (compar_box.ncl) that can be used to draw a box-whisker type resid-
ual plot of FwE-F simulation results for the test case model against
original EwE simulation results for the same test case if NCL is installed

on the user’s system. When run as

ncl compar_box.ncl

the NCL script produces a PDF plot of the residuals for the testcase
located in the script’s directory. As default, each NCL script in its test-
case directory produces a plot utilising data from two prepared results
files; one EwE-F output file (FwE-F_<TestCaseName>.tzt) and one
EwE 6.4 output (FwE-6.4_< TestCaseName>.tzt) file in the directory.

This folder also includes two prescribed Fortran NML files in its testcase
sub-directory with required parameters already set. These files are
named < TesCaseName>_filenames.nml and can be simply copied to
the model root directory to compile and test FwE-F with one of these

test cases.

Last, in each sub-folder under testcase directory, there is an EwE mdb

2http://www.ncl.ucar.edu
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database file for the respective testcase model, which can be used with
EwE 6.4 to reproduce the simulations and produce home-brewed results

to compare against FwFE-F.

Makefile: This file includes the commands and definitions of environ-
mental variables that are needed to compile the FwFE-F using the make
command'] Before compiling the model, you need to edit this file so as
to match the specifications of your system. Once opened with a text
editor, the file is quite self-explanatory and provides instructions to the
user about how and which parts of the file should be edited.

filenames.nml: This is a typical Fortran namelist file that includes file
paths to the model input files. Once you compile and run EwFE-F, this

file is read to locate the files that contain data for the model scenario.

4.2 FEcopath-F

4.2.1 Files in the src directory

The Ecopath-F source code is split into fifteen Fortran source files. The

list and corresponding descriptions of source files are as follows:

e statevartypesecopath.f90: Global variables and user-derived vari-
able types are defined in this module file. All other model routines

require this module.

e ecopath.f90: This is the main Ecopath-F model source file. All other

subroutines are called from this file.

e readEcopathScenarioParameters_io.f90: This subroutine reads the
main Ecopath scenario ASCII input file which comprises the matrix of

basic input parameters ASCII input files.

e setEcopathScenarioParameters.f90: This subroutine allocates the

variables utilising data read from the ASCII input files.
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e readDietComposition_io.f90: This subroutine reads the ASCII in-
put file which comprises the diet composition matrix of the state vari-

ables.

e readDetritusFate_i0.f90: This subroutine reads the ASCII input file

which comprises the detritus fate matrix of the state variables.

e calculateMultistanzaParameters.f90: This subroutine is called be-
fore mass-balance calculations only if there are multistanza groups in
the model. It calculates the parameters of multistanza groups using

their respective growth parameters.

e calculateSolvingOrderOfLinearEquations.f90: This subroutine com-
putes the precedence of the state variables from the least-predated
to the most-predated and aligns the primary producers and detritus
groups last in the order. This precedence determines the order of which

linear equations are to be solved.

e calculatePredation.f90: This subroutine calculates the predation

pressure on each state variable.

e calculateDetritalFlows.f90: This subroutine calculates flows to de-

tritus compartments from living groups.

e calculateDetritusFate.f90: This subroutine calculates flows between
detritus groups only if there is more than one detritus group defined in
the model.

e calculateEEofDetritus.f90: This subroutine calculates the ecotrophic

efficiencies of detritus groups.

e calculateEnergyBalance.f90: After mass-balance calculations are
finalised, this subroutine calculates and solves the second master equa-

tion of Ecopath; the energy balance equation for each state variable.

e writeHDF5ResultsFile.f90: This subroutine writes the results of
Ecopath-F model run to an HDF5 database file.
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e warnSanityChecks.f90: Before completing the model run, check the
computed results for any inconsistencies (e.g. Ecotrophic Efficiency >
1 or Respiration < 0) and print an error message to warn the user in

such case.

4.2.2 Setting up the model for run

In order to be able to run the model with a specific Ecopath scenario,
one must edit the filenames.nml file. The explanations of the fields in the

namelist file are as follows:

1. ImputData_fname: Enter the file path and name that comprises the
basic input parameters for the Ecopath-F model scenario between the

single quotation marks.

2. DietComp_fname: Enter the file path and name that comprises the
diet composition matrix for the Ecopath-F model scenario between the

single quotation marks.

3. DetFate_fname: Enter the file path and name that comprises the de-
tritus fate matrix for the Ecopath-F model scenario between the single

quotation marks.

4. GrowthParam_fname: Enter the file path and name that comprises
growth parameters of multistanza groups for the Ecopath-F model sce-
nario between the single quotation marks. If there are no multistanza

groups in your model scenario, leave this field empty.

5. Results_fname: Enter the HDF5 database file path and name that you
want the outputs of Fcopath-F run to be written.

6. HDF5_fname: If using binary input for the Ecopath model (see the
following item), enter the HDF5 database file path and name that

Ecopath-F input parameters are going to be read.

7. 1sASClIinputFile: If using ASCII input files as the only input to the
Ecopath-F model, set this Boolean value to .true. (default). If you
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wish to use the HDF5 binary Ecopath input file for better floating-

point arithmetical precision, set this value to .false..

4.2.3 Description of input files

The main parameters input file: InputData

M Tmportant!

In your main parameters input file, group your state variables, i.e. the
order of rows, so that detritus groups come last, primary producers are
located above them and the consumer groups are atop of the file. In the

remaining input files, follow the same row order unless stated otherwise.

This file is a TAB-delimited ASCII file. The first three rows are reserved
for the specification of the size (#rows * #columns) of the input data matrix
and the number of multistanza groups (#stanzas) (Figure [.1). If there is
no multistanza group in the model, then a value of 0 must be entered. On

the fourth row, the data matrix starts. The descriptions of the columns are

as follows:
B PB QB EE  P/Q Unass. Det. Catch Org. Multi- Stanza Age Leading
B rows > 53 la Import Type stanza? No. Start Stanza?
# columns —:-131 J{ l l l l l l l l l
# stanzas ——>»7
Group 1—> %8 5 55128 99 % 0.2 88 0 2 1 1 0 0
Group 2—>-80 2 §,267978 90 88 0.2 8 0 2 1 1 3 0
Group 3—>% 0.9 2.3 98 .89 0.2 W8 0 2 1 1 20
1 -989 062 1.48a217 -989 -89 0.2 -55 0.0 2 1 1 43 ]
: 002 0.6 1.3 898 .88 0.2 g ] 2 1 1 %0 1
1 99 B 17.5197 28 .8 0.2 -095 0 2 1 2 0 0
: -89 35 5.910765 888 .88 0.2 g ] 0 2 1 2 3 0
: -89 Ll 2635355 -9 <999 0.2 -599 0 2 1 i B ]
1 -39 0.6 151458 808 .88 0.2 g 0.005 2 1 2 18 ]
v 0.3 0.5 0.9 20 .8 0.2 -895 0.0005 2 1 2 k. 1
99 B 21713 888 .88 0.2 g ] 0 2 1 3 ] 0
-39 14 4.011731 298 8w 0.2 -599 ] 2 1 3 3 ]

Figure 4.1: Sample ASCII file containing the main input parameters matrix.

B (Biomass): This column contains the biomass values of the state
variables. If biomass is to be estimated, the value -999 should be entered;

otherwise, the amount of biomass is entered.
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P/B (Production/Biomass): This column contains the production
to biomass ratios of the state variables. If -999 is entered, P/B value is
estimated by the model for living groups. For detritus groups, -999 should
be entered.

Q/B (Consumption/Biomass): This column contains the consump-
tion to biomass ratios of the state variables. If -999 is entered, Q/B value
is estimated for consumer groups by the model. For producers and detritus

groups, -999 should be entered.

M TImportant!
For multistanza groups, only the Q/B value of the leading stanza should

be entered. The /B value of sub-stanzas should be entered as -999 so

that they are calculated once the Ecopath-F model is run.

EE (Ecotrophic Efficiency): This column contains the ecotrophic effi-
ciency values of the state variables. If -999 is entered, EE value is estimated
by the model. For detritus groups, an EE value of -999 should be entered.

P/Q (Production/Consumption): This column contains the produc-
tion to consumption ratios of the state variables. If -999 is entered, P/Q
value is estimated by the model. For producers and detritus groups, a value
of -999 should be entered.

Unass./Q (Unassimilated food/Consumption): This is the ratio
of unassimilated food to the consumption of the state variables. A value
between ( and I must be entered. For producers and detritus groups, a
value of -999 should be entered.

Det. Import (Detritus Import): This is the detritus import value
for detritus groups and ranges between 0 and 1. This value is entered only
for the detritus groups. For other state variables, a value of -999 should be
entered.

Catch: This is the fisheries yield. Enter 0 if the group is not fished.

Org. Type (Organism Type): This column specifies the organism
type; 1 for producers, 2 for consumers and 0 for detritus groups should be

entered.
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Multistanza: This column specifies if the group is a multistanza group

or not. I is entered for multistanza groups and 0 is entered otherwise.

Important!
If there is no multistanza group in the model, the last three columns in

the input parameters file; i.e. listed below as Stanza No, Age Start, and

Leading Stanza, should be entered as -999.

Stanza No: This is the identifier of the each unique multistanza group.
All members of the same multistanza group must have the same identifier
number. It starts from 7 and may go to infinity.

Age Start: This is the starting age in months of each sub-stanza in the
multistanza group.

Leading Stanza: This column specifies if the sub-stanza in the multi-
stanza group is the leading stanza or not. 1 is entered for the leading stanza

and 0 is entered otherwise.

The diet composition input file: DietComp

Similar to the input file comprising main input parameters matrix, this
file is also a TAB-delimited ASCII file. The first two rows are reserved for
the specification of the size (#rows * #columns) of the diet data matrix as
shown in Figure [4.2l On the third row, the data matrix starts. The prey
groups are located row-wise and the predators are located column-wise. The
last row is reserved for the imports in diet composition matrix. If there is
no predation on a prey and predator pair, a value of 0 should be entered.

Otherwise, the ration of the prey in the predator’s diet is entered.

The detritus fate input file: DetFate

This input file contains the detritus fate for each group. In other words,
how much of the flows originating from each group ends up in each detritus
compartment. As shown in Figure the first two rows are reserved for the

specification of the size (#rows * #columns) of the detritus fate matrix. If
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#rows —> 10
# columns —> 7

— Group 1—> 0o 0 0 0 0 o 0
Group 2—> 0.4 0 0 0 0 0 o
Group3—> 0 0 0.1 0 0 0 0

1 0.6 0.6 0.35 0] 0 0 0
Preys — I 0 0] 0 0 0 0 0

i e 0 0.2 1 0.5 0 0.15

I 0 0 0 0 0 0 0

I 0 0 0] 0 0.1 0.6 0.6

Y 0 0 0.3 0 0.4 0.4 0.25

Import——> 0 1(2.4 0 0 0 0 0
Group 1 Group 2 Gr/]c:up D o e >
‘ J
Y
Predators

Figure 4.2: Sample ASCII file containing the diet composition matrix.

there is only one detritus group, this file contains two columns; one for the
fraction of flows going to the detritus compartment and one for the amount of
flow that is exported instead of ending up in detritus. If there are more than
one detritus group, the columns should be replicated so that the number of
columns equals to the sum of the number of detritus groups plus one column

for the exported fraction.

#rows ——> 37

# columns —> 2

Group 1l —> 1
Group2—> 1 o]
: 1 0]
Groups 1 1 0
! 1 0
: 1 o]
v 1 0

(o
Detritus #1
Export

Detritus Groups +1 Export Column

Figure 4.3: Sample ASCII file containing the detritus fate matrix.
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The growth parameters input file: GrowthParam

This input file is only needed if there are multistanza groups in the model.
The order of the rows should represent the order of the multistanza groups,
i.e. multistanza group I should be listed first and multistanza group 2 should
be listed second, and so on. Similar to the input file containing main input
parameters matrix, this file is also a TAB-delimited ASCII file. The first two
rows are reserved for the specification of the size (#rows * #columns) of the
growth parameter data matrix as shown in Figure On the third row, the
data matrix starts. The descriptions of the columns are as follows:

K (von Bertalanffy Growth Coefficient): This is the VBGF (von
Bertalanffy Growth Function) K value of the multistanza group.

Recruit. Power (Recruitment Power): This is the recruitment power
of the multistanza group.

BA /B (Relative Biomass Accumulation Rate): This is the ratio of
BA (Biomass Accumulation) to B (Biomass) of the multistanza group.

Wmat/Winf (Weight at maturity age / Weight at infinite age):
This is the ratio of weight at maturity age to weight at infinite age.

K Recruit. BA/B Wmat/Winf
power
#trows ——> 7
# columns —> 4 l ‘/
Multi-stanza Group 1 —> ©-35 1 0] 0.25
Multi-stanza Group 2 —> 0.323 1 0 0.2
Multi-stanza Group 3 —> 0.32 1 0 0.25
: 0.3 1 0 0.35
I B.a3s 1 0 0.35
v 0.35 1 0 0.45
0.28 0.7 0 0.4

Figure 4.4: Sample ASCII file containing the growth parameters of multi-
stanza groups.
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4.2.4 Description of Ecopath-F output (results) files

Once the model finishes running, one TAB-delimited ASCII file named
Ecopath_Results.txt and an HDF5 database file are created under the di-
rectory where the model is run and in the user-specified directory respectively.
These two files comprise the model results as well as the inputs parameters.
Every row in the ASCII file corresponds to a state variable in compliance

with the order in the main scenario input file.

4.3 FEcosirm-F

4.3.1 Files in the src directory

The FEcosim-F source code is split into twenty-five Fortran source files.

The list and corresponding descriptions of source files are as follows:

e statevartypesecopath.f90: Global variables and user-derived vari-
able types for Ecopath-F are defined in this module file. Many other

model routines require this module.

e statevartypesecosim.f90: Global variables and user-derived variable
types for Ecosim-F are defined in this file. All other model routines use

this module.

e ecosim.f90: This is the main Ecosim-F model source file. Unless

explicitly specified otherwise, all other subroutines are called from this

file.

e readEcosimScenario_10.f90: This subroutine reads basic scenario

parameters of the Ecosim-F model scenario from an ASCII file.

e setEcosimScenarioParameters.f90: This subroutine allocates the

scenario variables utilising data read from the ASCII input files.

e readHDF5Database.f90: This module includes a subroutine to read
Ecopath-F outputs from its corresponding HDF5 database file.
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e readVulnerability io.f90: This subroutine reads vulnerability data
matrix from an ASCII file.

e setForagingArenaParameters.f90: This subroutine allocates the
foraging arena parameters utilising data read from the ASCII input
files.

e readForcingFunctions_io.f90: This subroutine reads time series of

forcing functions from an ASCII file.

e calculateMaximumPoBRelatedValues.f90: This subroutine cal-

culates the maximum P /B ratios of state variables.

e calculateNutrientConcentrations.f90: This subroutine calculates

the initial nutrient concentration in the system.

e removelmportFromDiet.f90: This subroutine accounts for and re-
moves the import fraction in the diet compositions of the state vari-

ables.

e initialiseSplitGroups.f90: This subroutine calculates the initial con-
ditions for the multistanza groups before running the Ecosim-F simu-

lation only if there are multistanza groups in the model scenario.

e setSplitPred.f90: This function calculates the abundances for each

multistanza group and its corresponding sub-stanzas.

e calculateLotkaVolterraEffectiveSearchRates.f90: This subroutine

calculates the initial values of search rates for consumer groups.

e initialiseRelativeSwitchingParameters.f90: This subroutine cal-

culates the initial prey switching parameters for consumer groups.

e setArenaVulnerabilityandSearchRates.f90: This subroutine cal-
culates the vulnerability rates and search rates between predator-prey

pairs for each foraging arena.
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e setRelativeSwitchingParameters.f90: This subroutine sets the sim-
ulation time prey switching parameters for consumer groups. This sub-

routine is called from derivs.f90 subroutine.

e calculateVulnerableBiomasses.f90: This subroutine calculates the
simulation time vulnerable biomass values of preys in a given arena.

This subroutine is called from derivs.f90 subroutine.

e updateForagingTimes.f90: This subroutine updates the feeding times

of consumer groups after each time step.

e multistanza.f90: This subroutine carries out the multistanza calcu-
lations after each time step only if there are multistanza groups in the

model.

e derivs.f90: This is the derivative function that calculates the sources
and sinks for the state variables in the model scenario and called by
the Runge-Kutta 4" order integrator routine rk4.f90.

e calculateFishingMortalities.f90: This subroutine calculates the fish-
ing mortality values of harvested state variables based on density-

dependent catchability and times series of fishing mortalities.
e rk4.f90: This is the Runge-Kutta 4 order integrator subroutine.

e calculateDetritalFlows.f90: This subroutine makes the detrital flow

calculations.

4.3.2 Setting up the model for run

In order to be able to run the model with a specific Ecosim scenario,
one must edit the filenames.nml file. The explanations of the fields in the

namelist file are as follows:

1. HDF5_fname: Enter the file path and name of the HDF5 database file
that comprises the results from the Ecopath-F run of EwE-F.
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2. GroupInfo_fname: Enter the file path and name that comprises the
group parameters for the Ecosim-F model scenario between the single

quotation marks.

3. Vulnerability_fname: Enter the file path and name that comprises the
vulnerability data matrix for the Ecosim-F model scenario between the

single quotation marks.

4. Forcing_fname: Enter the file path and name that includes the times
series of forcing functions of groups for the Ecosim-F scenario between

the quotation marks.
5. tf: Enter the number of years to run the model.

6. StepsPerMonth: Enter the number of time steps per month (default =

1).

7. NutBaseFreeProp: Enter the base proportion of free nutrients (default
= 0.9999).

8. NutPBmaz: Enter the maximum P /B rate due to the nutrient concen-
tration (default = 1.5).

9. relax: Enter the relaxation parameter for the rk4.f90 integrator (de-
fault = 0).



CHAPTER 4. EWE-F: DETAILS & CUSTOMISATION

4.3.3 Description of input files

The group parameters input file: Grouplnfo

M\ TImportant!

In your group parameters input file group your state variables, i.e. the
order of rows, so that detritus groups come last, primary producers
are located above them and the consumer groups are atop of the file
(same order you used in Ecopath-F main parameters input file). In
the remaining input files, follow the same row order you used in this

file unless stated otherwise.

43

This file is a TAB-delimited ASCII file. The first three rows are reserved
for the specification of the size (#rows * #columns) of the input data matrix
and the number of multistanza groups (#stanzas) (Figure [1.5)). If there is

no multistanza group in the model, then a value of 0 must be entered. On

the fourth row, the data matrix starts. The descriptions of the columns are

as follows:

#rows ———> 52
#columns —> 9
#stanzas —> 7

Groupl——> 2

Group 2 ————>

Groups

NNNNN

(_______

T

Maximum Feeding
Time

Relative
P/B

H e

T

NNNNNN

T

Maximum
Relative
Feeding
Time

T

000000

S

Feeding
Time
Adjust.
Rate

H e e

T

Other
Mortality  Feeding Catchability Consump.
Qmax/Qo  Qbmax/QBo Parameter

— >s>00000O0

Sensitive to Time
Changes in
Feeding

Time

i I

T

Fraction of Predator Density
Effect on Dependent Relative

1000
1000
1000
1000
1000
1000

T

Maximum

— >00000O0

Prey
Switching
Power

Figure 4.5: Sample ASCII file containing the group input parameters matrix.

Maximum Relative P /B: This column contains the maximum relative

P /B (Production/Biomass) ratio of the state variables. For consumer groups,

the default value of 2 is entered. For producers, enter the value specific to

your model. For detritus groups, this parameter should be entered as -999.
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Feeding Time: This column contains the feeding time parameters for
the state variables. Regardless of being consumer, producer or detritus, the
default value of 1 should be entered.

Maximum Relative Feeding Time: This column contains the maxi-
mum relative feeding times of consumer groups. For producer and detritus
groups, this value should be set to -999.

Feeding Time Adjustment Rate: This column contains the adjust-
ment rate of the changes in the feeding time of consumer groups. For pro-
ducers and detritus groups, this value should be set to -999.

Fraction of Other Mortality Sensitive to Changes in Feeding
Time: This column contains the parameter values only for consumer groups
and lists the fraction of predation mortality values caused by means of
changes in their feeding time. This value should be set to -999 for producer
and detritus groups.

Predator Effect on Feeding Time: This column contains the parame-
ters that specify how the feeding times of consumer groups change depending
on the abundance of their predators in the foraging arena. This value should
be set to -999 for producer and detritus groups.

Density Dependent Catchability (Qmax/Q0): This value should
be set to -999 for producer and detritus groups. Otherwise, set accordingly.

Maximum Relative Consumption: This column contains the param-
eters that specify how much the consumption rates of predators can increase
when there is abundant prey. This value should be set to -999 for producer
and detritus groups.

Prey Switching Power Parameter: This column contains the values
that specify how the preferences of consumer groups for specific types of prey

change. This value should be set to -999 for producer and detritus groups.

The vulnerability matrix input file: Vulnerability

Similar to the input file containing group information matrix, this file
is also a TAB-delimited ASCII file. The first two rows are reserved for the

specification of the size (#rows * #columns) of the vulnerability data matrix
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as shown in Figure [£.6] On the third row, the data matrix starts. The prey
groups are located row-wise and the predators are located column-wise. If
there is no prey-predator interaction (no foraging arena) between two given
groups, a value of -999 should be entered. Otherwise, the corresponding

vulnerability value specific to that foraging arena should be entered.

#rows —> 5
# columns —> 3

Group 1—> -999 -999 -999
Group 2—> -999 - 999 -999
: 10 10 -999
Preys — 1 10 -999 10
: -999  -999 19
1
1
Group1 Group2 ==m=m=m=-3 >
\ J
Y
Predators

Figure 4.6: Sample ASCII file containing the vulnerability matrix.

The forcing data input file: Forcing

This file is a TAB-delimited ASCII file. The first two rows are reserved for
the specification of the size (#rows * #columns) of the forcing data matrix.
The third row is reserved for the group numbers and the fourth row is reserved
for the forcing type (Figure . Currently, only fishing mortality forc-
ing type is enabled with type number of 4. If no forcing is applied to

the corresponding state variable, a value of -999 should be entered. After

the reserved first four rows, each row in the file corresponds to a time

step. The forcing time series data should be monthly, therefore, the number
of rows should equal to the number of months in the simulation time frame,
i.e. if the simulation is to be run for 51 years and the time steps per month
is equal to 1, then the forcing data matrix should include 612 rows (51 years

* 12 months), each row corresponding to one month.
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#rows —> 612
# columns —> S

Group number ——=> 1 2 3 4 S
Forcing type —> 4 4 4 4 4
[ Time Step1———> 0 0.25 0 0 0
Time Step2———> 0 0.438 0 0 0
. : 0 0.406 O 0 0]
Time < I 0 0.427 0 0 0
! 0 0.344 © 0 o}
: 0 0.462 0O 0 0]
- v T T
Group1 Group 2 === >
| Y J
Groups

Figure 4.7: Sample ASCII file containing the forcing time series data matrix.

4.3.4 Description of Ecosim-F output (results) files

Once the model finishes running, four TAB-delimited ASCII files are
created under the directory where the model is run; two files named Eco-
sim_absResults.txt and Ecosim_relResults.txt that comprise simulated
absolute and relative biomass values at each time step respectively, and two
files named Ecosim_absResults_ monthly.txt and Ecosim_relResults-
_monthly.txt which comprise simulated absolute and relative monthly av-
eraged biomass values respectively. Every column in these files corresponds

to a state variable in compliance with the order in the main scenario input
file.
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