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Objective

This document is part of the AQUAEXCEL3.0 project, WP4 ‘Technological tools for improved
experimental procedures’ which aims to develop a virtual laboratory system, comprising of an
array of mathematical models (fish growth, hydrodynamic flow field, water quality,
behavioural) that enables virtual experiments in aquaculture research facilities. This report
relates to the fish growth component of the system, which is the bioenergetic model
AquaFishDEB. The model captures the effects of feeding level, feed composition, feeding
schedule and water characteristics on individual growth, feed consumption, waste production
(faecal and non-faecal nitrogen loss, faecal dry matter, CO3), and oxygen consumption for
different species. The model includes a digestion module and has been developed and
validated for several fish species. Earlier versions of the model including the prototype and
the incorporation of the digestion module have been presented in detail in previous
deliverables (AQUAEXCEL2020, D5.6) which also contain complete descriptions of the
modelling framework, the data used, and the parametrization and validation processes.
Within AQUAEXCEL3.0, the objective was to expand the capabilities of the AquaFishDEB
model and add functionalities. Namely, these include the parametrization of the model for
two new species (the European sea bass and the pikeperch), further testing and validation,
refinements of the digestion module including the addition of predictions for body
composition and finally, the modelling of swimming effects on metabolism. The deliverable
resulting from this work (D4.6 ‘Final models for growth’) is the code containing these
modifications which is provided as part of the FMU (Functional Mock-up Units) and also in
standalone matlab files. This document is an accompanying file for this code, aiming to further
assist user orientation. Specifically, it contains background information for the modelling
framework, it describes the improvements, updates, and added functionalities that have been
implemented and provides selected examples of model outputs.




AQUA
EXCEL

AQUAculture infrastructures
for EXCELlence in European
fish research 3.0

Deliverable 4.6 Final models for growth

Background

The AquaFishDEB model is based on the Dynamic Energy Budget theory (DEB), a qualitative
and quantitative framework to study individual metabolism throughout the entire life cycle
of an organism making explicit use of energy and mass balances (Kooijman, 2010). Its ability
to model the bioenergetics of organisms as a function of temperature and food quantity and
quality throughout their life cycle has established the DEB theory as a widely applicable
approach to study fish metabolism on both wild populations and farmed fish (e.g., Pecquerie
et al., 2009; Serpa et al., 2013; Fore et al., 2016; Sadoul et al., 2019; Sara et al., 2018). DEB
theory describes the interconnections among the processes of assimilation, maintenance,
development, growth, and reproduction of an organism throughout all stages of its life cycle,
and in a dynamic environment. The AquaFishDEB model captures the effects of feed quality,
feeding schedule and water characteristics on individual growth, feed consumption, waste
production (faecal and non-faecal nitrogen loss, faecal dry matter) as well as gaseous
exchange (oxygen consumption, carbon dioxide production) and body composition for
different species.

This document describes the updates implemented in the final version of the code delivered
for the AquaFishDEB model. It builds on the report D5.6 (Lika et al., 2020) which described
the DEB model framework on which the AquaFishDEB was based, the input/outputs of the
model, the development of a new module, modelling the assimilation-digestion of food, and
the methodology to estimate and calculate parameters. It also contained the
parameterization of the AquaFishDEB model for three species, the gilthead seabream, the
rainbow trout, and the Atlantic salmon as well as the performance, the validation, and the
sensitivity of the model. Within AE3.0 an aim is to extend the model to other species, improve
the existing model, and add functionality. Specifically, we have developed DEB models for two
additional species, the E. sea bass (Dicentrarchus labrax) and the pikeperch (Zander
lucioperca). The E. sea bass is among the most established commercial species in
Mediterranean aquaculture while pikeperch is at the early stages of domestication and its
farming is performed semi-intensively in ponds, often in polyculture with other species. Due
to the complex trophic interactions at the pond level, the pikeperch model has been
developed as a stand-alone model while the one for E. sea bass has been integrated into the
virtual laboratories. Model improvements have been implemented for all species, mainly via
the calibration of the digestion module with targeted nutritional data. Finally, new
functionalities have been added to the AquaFishDEB, namely the inclusion of predictions for
body composition as well as the explicit modelling of the effects of swimming on fish
metabolism.
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Methodology

The section contains a brief description of the AquaFishDEB model and its main structure.
Furthermore, it describes the methodology used for the inclusion of two new species, the
pikeperch and the E. seabass model, as well as refinements on the digestion module including
the addition of body composition predictions. Finally, it describes the process for modelling
the energetic costs of swimming.

Model description

The AquaFishDEB model is the end product of a two-step modelling procedure. The first step
involves the development and parameterisation of the DEB model which describes the
dynamics of an individual fish of a given species. In the second step, these parameters are fed
to the AquaFishDEB model that simulates the dynamics for a group of fish exposed to
specified rearing conditions. Variables of interest for aquaculture researchers can then be
obtained such as growth (e.g., weight-at-time, biomass of the population), feeding
characteristics (e.g., feed intake, feed conversion ratio) as well as waste production (faecal
and non-faecal nitrogenous loss) and gaseous exchange (O, consumption and CO;
production).

Regarding the structure of the DEB model, the state of an individual fish is described by four
variables: volume of structural mass V, energy reserve E, energy invested to maturation Ey,
and energy invested to reproduction Er (for adults). An individual fish convert food to reserves
(a process called assimilation) and allocates mobilized reserves to somatic and maturity
maintenance, growth (i.e., increase in structural body mass) and maturation/reproduction.
Food uptake depends on food availability and fish size. Food is converted into reserves with
a constant efficiency, which is specific to feed quality. A fixed fraction k of the mobilized
energy is used for somatic functions, such as somatic maintenance and growth, while the
remaining 1-k fraction is allocated to maturation/reproduction, after subtraction of maturity
maintenance costs. In addition, a digestion-assimilation module is incorporated in the
AqguaFishDEB to model the food, Mx, dynamics in the gut and the process of assimilation of
the food from the gut wall. This module, accounts for the proximate composition of the food,
follows the differential digestion of its various macronutrients (proteins, lipids,
carbohydrates) for the formation of reserves and allows the explicit monitoring of gut
contents and nitrogenous waste under various feeding regimes (feeding level, composition,
feeding schedule). Model equations and parameters are summarized in Tables A1-A3 in the
Appendix. For a more comprehensive description of the DEB theory and a full list of the
equations and the nomenclature used we refer to, see Kooijman (2010) and Stavrakidis-
Zachou et al., (2019) as well as D5.6 (Lika et al., 2020) for the derivation of the digestion
module.
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Model refinements

The digestion module describes the rates at which the ingested food is digested and
assimilated into reserves. For AquaFishDEB, we do not explicitly model the ingestion process,
but rather assume that at the time of feeding, food is instantaneously transferred to the
stomach. The amount that is consumed is however constrained by the physical properties of
the stomach, specifically stomach volume. We here assume stomach volume (V;) to be
proportional to the structural volume of the fish via the shape coefficient §4: V; = §,V. Once
ingested, food is processed by enzymes and broken down to form products that will then be
absorbed through the digestive wall and form the reserve molecules. The rate at which the
products are generated by the digestion process is proportional to the digestive surface area
and the mass of food, Mx(in mol), in the stomach (Helander and Fandriks, 2014). This rate
therefore is noted as j; = {Jxym}L?My, where {Jx;m} is the maximum surface-area-specific
rate of digestion and L the structural length, a metric for the size of the individual.
Subsequently, we model the absorption of the products, which we distinguish between
protein ( Xp) and non-protein (X,,p), through the digestive wall and the transformation into
reserves (assimilation process) using the synthesizing unit (SU) concept of DEB theory
(Kooijman, 2010). The SUs are generalized enzymes that bind and process one or more
substrates to form one or more products. In this case, the two complementary substrates
(protein and non-protein) are processed in parallel to produce the generalized reserves, E.
The rate of reserve formation or assimilation rate is Jz4 = {J%4m}fxL> Where fy represents
the scaled functional response for digestion and {JZ,,,} is the maximum surface-specific
assimilation (Table Al).

It is evident from the above, that the application of the digestion module requires the
estimation of additional species-specific parameters like the shape coefficient for the
stomach and the surface-area-specific maximum digestion and assimilation rates. To
accomplish this, we relied on published experimental data. Specifically, data were gathered
on gastric evacuation for various temperatures and fish sizes, as well as data on stomach
volume as a function of fish size. Examples of model fitting are shown in results.

The final version of AquaFishDEB incorporates predictions for the body composition of the
fish. Typically, the wet weight of the fish consists of more than 95% water (‘moisture’),
proteins, and lipids as well as small amounts of inorganic compounds (‘ash’) and negligible
contributions from carbohydrates (Breck, 2014; Silva et al., 2015), which we here exclude
from the formulations for simplicity. In the DEB framework, the total biomass of an organism
is the sum of the mass of structure and reserves: M = My + Mg (in mol). Structure and
reserves are both generalized compounds of constant chemical composition with their
composition being expressed as the relative abundance of hydrogen (H), oxygen (0O), and
nitrogen (N) to carbon (C). Thus, for example, a molecule of reserve has the formula
CHyyyp OnppNny e Where nye are the chemical indices, e.g. nne represents the molar N:C ratio
of reserve. Each generalized compound has specified chemical potential (1 %), specific density
(d%), and molecular weight (wx). Therefore, by multiplying the components of the fish
biomass with the wet and dry molecular weights of reserve and structure, respectively, the
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Using the same rationale, the amount of a compound such as protein or lipids in fish biomass
is the sum of the compound in both the structure and reserves. While the macronutrient
composition of reserve and structure remains constant over time, their relative abundance
will vary depending on rearing conditions, leading to differences in body composition. To
simulate these changes, the macronutrient composition of structure and reserve needs to be
known. We define 85,y and 0, the fraction of protein and lipid in structural biomass and
the respective fractions Op,; and 6, in reserve. Assuming that an egg consists approximately
only of reserve and that a sufficiently starved individual has depleted its reserves and consists
only of structure, the above aforementioned fractions can be estimated from relevant data.
This approach allows for the approximate calculation of these fractions based on observations
of individuals at these physiological extremes. Specifically, here we used the proximate
composition of eggs and the whole-body composition of fish in starvation trials: Rennie et al.
(2005) for Atlantic salmon, Washburn et al. (1990) for rainbow trout, Fernandez-Palacios et
al. (1997) for gilthead seabream and Cerda et al. (1994) for E. seabass.

An organism must perform energy-demanding processes in order to maintain the
functionality of its vital systems and therefore remain alive. These energetic costs are known
as maintenance costs and the aforementioned processes include, amongst others, the
maintenance of concentration gradients across membranes, a basal cost of movement, the
turnover of structural body proteins and the continuous production of scales, and epithelial
cells. Since these processes are performed at a cellular level, the assumption that the basic
maintenance costs are proportional to the volume of the organism is rather straightforward,
and it is the one adopted by the DEB framework. Therefore, during the development of the
AquaFishDEB model, we have modelled somatic maintenance (ps) as proportional to the
structural volume (V) and dependent on a species-specific parameter, the volume specific
somatic maintenance rate ([py], ) d* cm3)
s = [PmlV

Swimming is an energetically costly activity since any movement differential to that of water
requires the production of thrust to overcome drag forces. While there are many factors
affecting the total costs of swimming, these costs are positively correlated primarily with two
factors: swimming speed and the fish size. This is because drag increases with increasing
swimming speed as well as the surface of the frontal area of the fish (Ohlberger et al., 2005).
In fact, respirometry shows that swimming costs, as indirectly measured via oxygen
consumption, increase exponentially with swimming speed (Hejlesen et al., 2024; Hvas and
Oppedal, 2019), while the capacity for oxygen acquisition, which is crucial for sustaining
swimming, is dependent on the surface area of the gills which deliver oxygen to the
bloodstream, and the ventilation rate (Portner et al., 2017). Moreover, drag is highly
dependent on the morphology of the fish. In particular, the shape of certain species is more
streamline than others, allowing them to reduce the drag and therefore the overall costs of
locomotion.
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Based on the above, we here incorporate the metabolic cost of swimming as an additional
cost to the somatic maintenance costs described below. This additional term assumes that
the swimming costs are proportional to the surface area of the fish and depend on the
swimming speed of the fish compared to a reference baseline value (v;..5) as well as species
specific parameter accounting for morphological traits, the surface specific cost for
locomotion ({p..}, ] d* cm?). Thus, the somatic maintenance rate is given by

2
. . . v
Ds = [pM]V+{pL}< ) y2/3
vref

For each of the species, respirometry data under increasing swimming speeds were obtained
from literature for the parametrization of this function.

Inclusion of new species

The DEB parameters can be estimated as described in Marques et al. (2019) and Stavrakidis-
Zachou et al. (2019), wusing the freely downloadable DEBtool software
(http://www.bio.vu.nl/thb/deb/deblab/) and a number of zero- and uni-variate data sets. For
the pikeperch, parameters were estimated using data obtained from the literature and from
partners of the AQUAEXCEL3.0 project. For E. seabass, the main DEB parameters were taken
from previous parametrization of the species (Stavrakidis-Zachou et al., 2019). The add-on
digestion module for digestion was then calibrated using additional data relating to gastric
evacuation. Subsequently the model was validated against nutritional data from literature.
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Results and Discussion

Model refinements

Parameter values for the digestion-assimilation module were estimated using literature data,
while core DEB parameters remained constant. Data availability, however, varies among the
species.

The most complete datasets were available for trout, which included gastric evacuation for
different sizes (ranging between 5g and 71g) and temperatures (5°C, 10°C, and 15°C) (Figure
1), stomach volume at fish weight, as well as data on the relationship between water content
and dry mass content in the stomach (Figure 2) and weight increase during a digestibility trial
(Figure 3). Figures 4 and 5 illustrate the datasets used to estimate the digestion-assimilation
parameters along with the predictions for Atlantic salmon. The data include gastric
evacuation for different sizes and temperatures (Figure 4), as well as data on the relationship
between stomach volume and fish weight increase during a digestibility trial (Figure 5).
Figures 6 and 7 illustrate the datasets used to estimate the digestion-assimilation parameters
along with the predictions for gilthead seabream and E. sea bass, respectively. The data
include gastric evacuation and fish weight increase during a digestibility trial. Measurement
of stomach volume were not available for both seabream and sea bass. Since this information
is essential for estimating the digestibility parameters, data from related species were used
as a substitute. Stomach capacity measurements were obtained from Gosch et al., (2009) for
species including white bass, bluegill, black crappie, spotted bass, and white crappie.
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Figure 2. Species: Rainbow trout. Relationship between stomach volume and fish size (left) water in stomach content and
stomach content dry mass (middle), and stomach content dry mass and stomach volume (right). Points indicate
observations and lines model predictions. Data from Pirhonen and Koskela (2005) (red dots) and Ruohonen and Grove

(1996) (blue dots).
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Figure 3. Species: Rainbow trout. Weight increase of rainbow trout during a 90-day digestibility trial (points) compared
to model predictions (line). Data from Zhu et al. (2001)
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Figure 4. Species: Atlantic salmon. The stomach content as % of the initial amount ingested is plotted over time.
Observations are represented by points, while model predictions are depicted by lines. Left: T=6°C and W=154g (red),
T=10°C and W=263g (magenta), T=14°C and W=296g (blue), T=18°C and W=251g (black). Data from Handeland (2008).
Right: T=13.5°C and W=1131g. Data from Aas et al. (2017).
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Figure 5. Species: Atlantic salmon. Relationship between stomach volume and fish size (left) and weight increase over 12
weeks of digestibility trial. Data from Cunjak (1992) and Villasante et al. (2022).
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The model accurately predicts the inverse relationship between temperature and gastric
evacuation time (Figures 1, 4, 6 and 7), capturing the rate and duration of stomach emptying
across a range of temperatures and fish sizes. The model generally supports the trend of
larger fish emptying their stomachs faster. Stomach volume shows a positive relationship with
fish size, with considerable scatter (Figures 2 and 5 (left) and Figures 6 and 7 (middle)).

The data used for the parametrization of the function for the metabolic cost of swimming and
the results of the process are shown in Figures 8-11 for the different species. Respiration data
at increasing speeds were obtained for a range of fish sizes and different temperatures, as
depicted on the graphs. Model fitting was successful with a generally close match between
observations and predictions. For all species, the swimming cost function was able to capture
the upward-curving trajectory in respiration caused by increasing swimming speed despite the
diverse nature of the datasets.

10
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Figure 8. Oxygen consumption rate as a function of swimming speed for Atlantic salmon (Salmo salar). Points denote
observations and lines model fitting. Data taken from Wilson et al. (2007) (left) and Castro et al. (2011) (right).
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Figure 11. Oxygen consumption rate as a function of swimming speed for E. sea bass (Dicentrarchus labrax). Points denote
observations and lines model fitting. Data taken from Claireaux et al. (2006) at different temperatures

Examples of model outputs

To showcase the AquaFishDEB model functionalities, examples of model outputs are provided
in Figure 12. These examples serve to show the range of the variety of variables the model
can predict and highlights some of the effects it is capable of capturing. Specifically, the
simulation performed here demonstrates effects of feeding in terms of feeding level,
composition, and schedule on a 10-d trial simulation on rainbow trout.

12
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Figure 12. Model output examples. Simulations for a 10-day rainbow trout experiment under different feeding regimes. Left
column: effects of feeding level (red: satiation feeding; blue: restricted feeding) on weight gain and body composition. Middle
column: effects of feed composition (red: 45% protein, 20% fat, 15% carbohydrates; blue: 30% protein, 35% fat, 15%
carbohydrates) on waste production such as solids and nitrogenous non-faecal and faecal loss. Right column: effect of feeding
frequence (red: 1 meal/d; blue: 3 meals/day) on weight gain, oxygen consumption and carbon dioxide production.

Regarding the feeding level, it has strong effects on growth and body composition. As
expected, feeding to satiation correlates with faster fish growth compared to restricted
feeding. In addition, a higher feeding level results in a higher accumulation of fat and a
decrease in moisture levels. With respect to effects of feed quality, the simulations show that
diet composition results in substantial differences in waste production. Notably, simulating a
high and a low protein diet caused large differences in the excretion of nitrogenous waste,
both faecal and non-faecal, while the effect on the amount of solids produced was negligible.
Finally, the model captures effects of the feeding schedule. Specifically, the frequency of
feeding, whether it’s a single meal per day or several meals per day plays a significant role in
regulating the fluctuations of gaseous exchange. While feeding frequency itself hardly effects
the growth of the fish or total waste production (not shown) it determines the oscillations of
oxygen demand and carbon dioxide production throughout the day, namely, a higher feeding
frequency tends to smooth out gaseous fluctuations.

Inclusion of new species

The parameter estimation for pikeperch resulted in an acceptable goodness of fit, quantified
by the mean relative error (MRE = 0.208), giving an overall good match between predictions
and observations. Comparison of the DEB model predictions against the observed data are
given in Table 1 and Figures 13-14.
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Table 1: Comparison of model predictions with observed data for pikeperch.

Symbol (unit) Interpretation T (°C) Observations | Predictions | Source
ay, (d) Age at birth 15 10.21 18.34 Glralp et al.
(2017)
tj (d) Time since hatch at | 19 26 18.82 Ostaszewska
metamorphosis et al. (2008)
ap (d) Age at puberty 16 1460/1278 745.1/675.8 | Aarts (2007)
female/ male
am (d) Life span 16 5840 6454 Aarts (2007)
L, (cm) Length at at 40/35 42/38 Aarts (2007)
puberty  female/
male
L; (em) Ultimate total 120 120.1 Aarts (2007)
length
wr () Wet weight at birth 3.810% 3.110% Aarts (2007)
WP (9) Wet weight at 741/496 772.8/608.4 | Aarts (2007)
puberty female/
male
Wi (9) Ultimate wet 210 1.81 10 Aarts (2007)
weight
8- 8000
7 F
o 6000
£ :
= =)
55 © 4000
3
347 s
£ 2000
3 -
Glralp et al. 2017 Aarts, 2007
21o 12 14 16 18 20 0o 20 40 60 80 100

temperature, C

3 8

total length, cm
8 & 8 3

total length, cm

Aarts, 2007

1000 2000 3000 4000

time since birth, d

Figure 13. Fitting the pike perch DEB model to literature data, comparison of model predictions (lines) to observations (points):
incubation time at different temperatures (Gliralp et al., 2017), weight as a function of length (Aarts, 2007), length-at-time

(Aarts, 2007).
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Figure 14 Fitting the pike perch DEB model to AE3.0 partner data (HAKI), comparison of model predictions (lines) to
observations (points).

Regarding the validation of the E. seabass model, it was performed via comparison of model
predictions to literature data on variables such as weight, oxygen consumption, carbon
dioxide production and total ammonia nitrogen (TAN) excretion. The datasets included
different fish sizes, temperatures, and diets that differed in quantity as well as quality. For
each dataset, a simulation was run using as input the rearing conditions (temperature, trial
duration, initial size, feed composition, ration size, and feeding schedule) of the respective
study. Then, model predictions were plotted against the actual measurements while the line
of equality (y=x) was also inserted for visualizing complete agreement between model
predictions and observations (Figure 15). Overall, the results of this process showed a fairly
accurate model. The model is able to capture the general patterns of the observations that
were used, which is promising, especially given the diverse nature of the datasets that were
used in terms of fish sizes, temperatures, diets, and experimental protocols. Particularly for
growth and to a lesser extent for TAN, the validation points were scattered around the
equality line indicating close match of predictions to observations. However, the model
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tended to overestimate oxygen consumption. This bias appeared mainly under satiation
feeding conditions (highlighted points) but was negligible for low feeding levels.
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Figure 15 Model validation for E. sea bass (Dicentrarchus labrax). Observations vs. predictions, with line of equality.

Conclusion

In the course of AQUAEXCEL3.0, updates, improvements and new functionalities have been
implemented in the AquafishDEB model. Namely, DEB models were developed for two new
species, the E. sea bass and the pikeperch, and various refinements were implemented
including the improvement of parameter estimates for the digestion module, the addition of
predictions for body composition, and the incorporation of the effects of swimming speed on
metabolism. The model captures the effects of the rearing environment with particular
emphasis on aspects of nutrition and generates the model outputs relating to fish growth,
feed consumption, waste production, body composition, and gaseous exchange that are
required for the operation of the virtual laboratories and the establishment of
interconnections with the other constituent models. This document, complements the code
delivered as part of D4.6 by offering descriptions of the changes that have been implemented
in the course of the project compared to previous version of the model.
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Appendix
Model equations and parameters

Tables Al and A2 give the equations of the AquaFishDEB model. Table A3 defines all model

parameters and A4 provides the numerical values for the different species.

Table A1: State variables, energy fluxes and dynamics of the DEB model. Brackets [.] indicate quantities expressed per unit

of structural volume and braces {.} per unit of structural surface area.

State variables

V,l=V13 Structural body volume (cm3), Volumetric structural length (cm)
E [EI=E/V Energy in reserve (J), Reserve density (J/cm3)
Ey, Eg Energy investment (J) into maturation, - to reproduction
My Mass content of the food in the gut (mol)
Fluxes
Pa Assimilation rate: Py = {Dam}fL?, with fy = annd
My+ME
{gam} -1 -1
Mg == ((}’Expap) + (}’Exnp(l —ap))
UXgm}

- (yEXpaP + Yex,, (1 — aP))_l)

k[Elv .

; - . Ny —Ps
Pc Reserve mobilization rate: L3[E](v/L — ) with 7 = [EGL]+[E]x
Ds Somatic maintenance rate: [py]L3
1 Maturity maintenance rate: fc, min{Ey, EI'_;}

De Growth rate: kp¢ — Ps
Dr Energy flux to maturation/reproduction: (1 — x)p¢ — p;

Dp Dissipating power: ps + p; + Pr (larvae/juveniles);

Ps + Dy + (1 — kg)Pg (adults)

Dynamics

Ly =yy

<[E] = [pal — [E]v/L

%EH = pr(Ey < ER)

SEg = pr(Ey = ED)

%MX = —xpetYx,pE + YPE)Da/UE

Table A2: Model equations that produce the output quantities. The equations use quantities defined in Table A1.

Wet weight (g) W = dy, (V + (E + Ep) WEd )
dgalie
Group size i—I: = mN, with m the mortality rate

Food consumed per meal (g) My; = min (WXdX_W (Mg — My) kXW)
i = gm ’
dxa

. d 1g
with Mg,, = (yHdein + 1) Wi;(sg

Feeding rate (g/d) Jx = nMy;, where n number of meals per day
S Jx
Feed conversion ratio FCR =
dw /dt
Faeces production (g/d) Jp=2Ep
HE
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; YpE

Jpn = 14nyp——py

. ) HUE )

In = NnpPp + NMneBe

Jo =NoaBa + Nopbp + Nocbe
Jec =NcaPa + NepPp + NeePe

Table A3: Description of all parameters in the AquaFishDEB model.

Symbol Units Interpretation

{Pa,} J/cm2.d Surface-specific max assimilation rate
v cm/d Energy conductance

K - Allocation fraction to soma

Kxp, KXppr KXcn

- Digestion efficiency of protein, lipid and carbohydrates to
reserves

Ky - Digestion efficiency of food to reserves

Kp - Faecation efficiency of food to faeces

KR - Reproduction efficiency

[Dm] J/emid Volume-specific somatic maintenance rate

[Ec] J/em3 Specific costs for structure

EB, EI{;, Eg J Maturity threshold at birth, metamorphosis, puberty

k] 1/d Maturity maintenance rate coefficient

U J/mol chemical potentials of +=X(food), P(product), V(structure),
E(reserves)

w, g/mol molecular weights of «

d, g/cm?3 specific density of «

nC*: nH*: nO*: nN*

- chemical index of elements (C,H,O,N) in organic compounds *

auxiliary parameters

Ty K Arrhenius temperature

&g - Gut-volume shape coefficient

{ngm} mol/cm?-d Surface-specific max assimilation rate

{Pa,} = 1elita,} J/cm2d Surface-specific max assimilation rate

{ngm} 1/cm2d Surface-specific max digestion rate

ap - Fraction of protein in food

[Mgm] mol/cm3 Volume-specific max capacity of the gut (dry weight)
dxq “dya

= (yHXd rm + 1) W_X‘Sg

KXnF = KXLaL + KXNFE(l - aL)

- Digestion efficiency of non-protein to reserves, with a; the
fraction of lipids in the non-protein part of food

VEXxp = KxpWxp /Wg

mol P/mol E yield of reserve on protein

YEXpp = KanWan/WE

mol nP/mol E yield of reserve on the non-protein

Ky = QPKXP + BLKXL + QAKXA
+ HChKXCh

- Digestion efficiency of food to reserves, where 8 are the
fractions of protein, lipid, ash, and carbohydrates in food and k
their respective digestibilities.

Kp = 61:)(1 - KXP) + HL(l -
kx,) +04(1 —Kx,) + Ocn(1 -
KXCh)

- Digestion efficiency of food to faeces, where 0 are the fractions
of protein, lipid, ash, and carbohydrates in food and k their
respective digestibilities.

KpUg - yield of faeces on reserve
YpE = Kllp
ky - Food as fraction of body (wet) weight
YHxy - g of water absorbed per g of dry food ingested
{p.} J/cm2.d Surface-specific cost for locomotion
Oprv, Opri - Fraction of protein in dry structure and reserve
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Table A4. Numerical values for the main AquaFishDEB parameters for the five species. Compound and food-specific

Deliverable 4.6 Final models for growth

parameters are excluded.

Symbol Atlantic Gilthead Rainbow E. sea bass | Pikeperch
salmon seabream trout

{pAm} 170.77 29.49 8234 64.32 521.53

v 29103 38103 32103 34103 7103

K 0.94 0.97 0.62 0.72 0.77

KR 0.95 0.95 0.95 0.95 0.95

[Pl 52.11 66.38 343.88 20.65 159.67

[E¢] 5230 5234.23 5267.56 5230 5200

E}’,, EI{I Eg 15.01, 2.4 104, 2.4107?, 212.8, 43.29,854.1, 0.78, 317.3, 29103, 1.99,
2.6 10° 3.810° 3.9 106 1.3 106 1.110°

fc] 0.002 0.002 0.002 0.002 0.002

Ty 3804 8000 8000 3689 8000

6g 0.12 0.15 0.59 0.14 -

U, 47 10% 88 10° 42.9 10 11.2810% -

Uxgn) 10.8 103 79 103 1828 0.11 -

Vix, 92103 92103 84.25 107 92103 -

.} 7.95 101 1.69 1010 6.24 1010 1.93 101 -

Opyy, Opre | 0.73,0.69 0.55, 0.65 0.89, 0.68 0.78, 0.62 -
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