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Introduction

An Integrated Ecosystefssessment (IEA) pject haseenrecentlyinitiatedin the

Gulf of Mexico, with the intent taleliverecosystem considerations and parameter estimates

to SEDARonN a regular basigttp://www.noaa.gv/iea/gulfofmexico.htn)l In particular, two
ecosystem saulaion modelshave been developed for the West Florida Shelf regi\dfs
Ecopath with EcosimWFS EwE) (Chagaris and Mahmoudi, 2018)d OSMOSENFS
(Gruss et al., 2013WFS EwE was used to estimatatural mortality rate®r gag grouper
(Mycteroperca microlepjsdrom 1950 to 2009underalternateassumptions about
compensatory survivand predatioriChagaris and Mahmoudi, 2018)hile a calibration of
OSMOSEWEFS was being s#mptedat the time of the SEDAR 33 Data WorksH&guss et

al., 2013)

We initially tried to calibrate OSMOSR/FS using afneuristic, derivative free
method thed@enetic algorithrddeveloped byuboz et al. (2010)This attempt waaseful to
detect errorsrad inconsistencies in modebde andonfiguration, as well as to understand the
sensitivity of the dynamicsf themodeled system timputs. Unfortunatelythe genetic
algorithmdid not convergéo an optimalgenotypéanddid nothelpto reproduce the
referencebiomasses predicted by WFS Ecopatierthe period 20052009 Consequently, we
decided to attempt a calibration of OSMQBE-S using a more sophisticated evolutionary
algorithm developed by OliverdRames et al. (h prep.). This evolutionary algorithmas
successful in calibrating OSMOSEFS to a reference state matching the mean conditions in

the West Florida Shelf region in the 2000s predicted by WFS Ecopath

In this paper, wdirst briefly recall the mairhypotheses of the OSMOSEFS model.
We then describe the differences between the OSM@EE model reported iGriiss et al.

(2013)and thatused to provide parameter estimates to the SEDAR 33 Assessment Workshop.


http://www.noaa.gov/iea/gulfofmexico.html

Next, we provide aoverview of the evolutionary algorithm utilized for model calibration.
Finally, we report and discuss the natural mortality rates angalietrnsof gag grouper

evaluatedoy OSMOSEWFS.

Material and methods

Overview of the OSMOSEVFS model

OSMOSEWES is a twedimensional, individuabased and multispecies model
explicitly representing major processes in the life cycle of a bunch of pelagic, deametsal
benthic high trophic level (HTL)groups of marine speci€Bhe basic units of the OSMOSE
model are schools, which consist in organisms belonging to the same HTL group, which have
the same length, age, food requirement and, at a given time stegpmthszatial coordinates.
OSMOSE-WFS builds on WFS EwE effortslowever, OSMOSBNFS and WFS EwE differ
greatly in both their structure and assumptidomgparticular, OSMOSBNFS explicitly
considersonly a limited number oA TL groups Moreover dietcompo#ionsin OSMOSE
WFSare notdeterminedh priori but rather emerge from model simulatiomsOSMOSE
WEFS, a HTL group can feed on any model group (i.e., low trophic level (LTL) or HTL group)
provided: (1) the predator and its potential prey occur irséineée geographical area; (2) there
is size adequacy between theand(3) the potential prey is accessible to the pred&iae
adequacy between predators and prey in OSM®@&TS is dictated byninimum and
maximum predator/prey size ratios, while accedgjtilf the prey to the predators is
determined by accessibility coefficients, which primarily reflect the degree of overlap of

model groups in the water column (et subsection

Currently, 12 HTL groupare explicitly considered in OSMOSWFS. Specis of a

given HTL group share similar life history traits, size ranges, diets and exploitation patterns.
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HTL groups include 10 fish species/groups of fish species and two crustacean groups: (1)
king mackerel $comberomorus cava)ta(2) amberjacks; (3) regrouper Epinephelus

morio); (4) gag grouper; (5) red snappkufjanus campechanygq6) the sardinderringscad
complex; (7) anchovies and silversides; (8) coastal omnivores; (9) reef carnivores; (10) reef
omnivores; (11) shrimps; and (12) large craligese 12 groups were selected for their
contribution to total biomass and economadue in the West Florida Shelf region durthe
2000s, and/or because they are key toMest Florida Shelfood web and, particularly, to

the diet of gag grouper and rgebuper. A reference species was identified for each of the

HTL groups (Tabldl). Growth, reproduction, mortality and diet parameters of each group are
those of the reference species of the gr@a®pMOSEWEFS is currently forced by the biomass
of 9 LTL graups, consisting a? phytglankton groupgphytoplankton and diatoms), 2
zooplankton groups (small copepods and large mesozoopla@kid®d benthos groups
(meiofauna, small infauna, small mobile epifauna, bivalves, and echinoderms and large

gastropods)Biomass of LTL groups ia local input in each model cell asdch month.

The following succession of events occurs in OSM@®BES within a time step: (1)
schools are distributed on a tomensional grid; (2) mortalities (fishing mortality, predation
and sarvation mortalities, and natural mortality from other sources) are applied to schools; (3)
the growth in size and weight of schools is evaluated based on their predation success; and,
finally, (4) reproduction takes placBor more details, the readsireferred taGruss et al.

(2013) The current inputs of OSMOSWFS are those described in Tables 2, 4 and Simand

Boxes 1, 2, 3 and 4 @russ et al. (2013)nlessstated otherwise inext subsectian

Recent changes iIOSMOSEWFS



To be able teroperly calibrate OSMOSEV/FS, we had to make some changes in the

hypotheses anparameterseported inGruss et al(2013)

Themajor change that was madedMOSEWFSwas the introduction of
availability coeffcients for LTL benthos groups. In the OSMOBE-S model reported in
Gruss et al(2013) availability coefficients were estimated during the calibration process for
plankton groups only. Curréyg, theaccessibility of a given HTL grougdo a given LTL

groupj (d;;, in %),j being a plankton group arbenthos grougs evaluated as:

a,=r; .a, (1)

where r,;is the theoretical accessibility coefficient of HTL grdup a LTL groupj (in %);
and a the availability coefficient of LTL groupto all HTL groups.Ther parameteswere
determined from the literature and fraxpert opinion (J. Simoh¢Box 1), while thea

parameters were estimated during the calibration process of OSIMGBSHsedelow). The

values attributed to the theoretical accessibility coefficients of HTL groups to LTL benthos
groupsare meant to reflect the degree of overlap of model groups in the water column and, to
a lesser extent, strong diet preferences. Intentionally, these values differ from the default
value of 80% only if it is completely unrealistic to assume somethindhelsdow (10% or

40%) or no accessibility (0%), so as to let the diet compositions of the HTL groups emerge
primarily from spatial ceoccurrence and size adequacy between predators and prey.
Theoretical accessibility coefficients to plankton groups artosather 0% or 100%

(Appendix AB).

The rationale behind the estimationavfilability coefficientis to account for
oecotrophic efficiencyodo, i.e., for the fact

groups is effectively utilized by HTL grougRicker, 1969; Polovina, 1984)he introduction



of a parameters for LTL benthos groupverns the system from being overproductive and,

thereforeanexplosionin the biomass of some HTL groups belonging to high trophic levels

accompanied bthe collapse of HTL groups belonging to low trophic levels.

Some of the parameteardluencing predatiomn OSMOSEWEFS, i.e., some
predator/prey size ratios and accessibdigfficients werealsomodified. Our intent here
was toconstrain diets so as to prevamtexplosionn the biomass of some HTL groups, but
also to ensure that the diet compositiomegging from model simulations are relevaife
tried to modifyaccessibility coefficients as little as possibleasdo let the diet compositions
of HTL groupsessentially emerggom size adequacy betweeney and predatomndspatial
co-occurrenceAll changes in predator/prey size ratios and accessibility coefficiergs/are
in Table 2 and Box 2, respectiveRor example, we set the accessibility of anchovies and
silversides tanost HTL groups to 10% to account for the fédettanchovies and Isiersides
are found primarily in very coastal areas (estuaries and bays), whevstsfotherHTL
groups (e.g.king mackerehnd amberjacks) occur more offshore waterd&obinette, 1983
SEDAR 9, 2006SEDAR 16, 2002 We alsoincreased the minimupredator/prey size ratio
of anchovies and silversides so as to pretr@atHTL group to feed on the early stages of
HTL groups belonging to high trophic levels, which is unrealistic according to theurnera
(Odum and Heald, 197Zarr and Adams, 197%heridan, 197:8in, 1981 Peebles and
Hopkins, 1993 All these different changes in model parameterizaitowed the biomass of
anchovies and silversides to be within its valid interval at tdeoésimulationgi.e., after 30

to 50 years of simulations; see below)

Calibration of OSMOSEWFS



OSMOSEWES was calibratedsing a sophisticated evolutionary algorit(EEA)
developed by OlivereRamoset al. (in prep.)The main goal of the EA was &msure thathe
biomasses of HTL groupgzedicted by OSMOSHEVFS after 30 to 50 years of simulation
match the mean values of biomasses predicted by WFS Ecopath for the peri@d@905
(hereafter refemasd etsd; CGhajaidaneNahmoead, 2063hé i o
EA was preferred to the genetic algoritdesigned bypuboz et al. (201Q)essentially
because itonverges faster @ solution is more reilable to find a global optimum, and is

more intuitive.

The EA was applied to a set of 21 unknown parameters, comprising the larval
mortalities MO parameters) of the 12 HTL groups considered in OSM@&ES and the
availability coefftient of the 9 LTLgroupsto all HTL groups {parameters). Reference
biomasses were associateith coefficients of variatiomnd, therefore, valid intervafse.,
minimum and maximum possible valueShese coefficients of variation were defined to
reflect the uncertainty of WFS Ecopath biomass estimates, according to the criteria specified
in Okey and Mahmoudi (200ZTable 3) So asda justify comparisons between OSMOSE
WFS and WFS Ecopath, we considered similar individuals to those modeled by means of
functional groups in WFS Ecopath for evaluating biomasses in OSMWSE during the
calibration process. Thus, to calculate biomass&@&SKMOSEWFS during calibration, we
only took into account individuals older than 1 month for all HTL groups, except for the
shrimps group for which we only took into account individuals older than 4 months. For all
HTL groups except the shrimps group, widuals younger than 1 month belong to the
6ichthyoplanktoné group in WFS Ecopath. Shri
shrimps(Hart and Nance, 201®elongt o t he &6és mal | mobile epifaur

Ecopath.



The EA method aims at selecting the best set of unknown parameters based on the
Darwinian theory of evolution, which makes the assumption that only thadasted
genotypes survive and reproduce. The calibration process begir3siks of unknown
parametes, constituting the O6genotype&Qmostet r and
1 for larval mortalities and [0; 1] for availability coefficient3hese genotypes are evaluated
by running OSMOSE simulations for 50 years: the closer the biomasteskTL groups
produced by OSMOSHEVFS to reference biomasses, ineer the erroof the genotypes
tested Thiserror estimateesults from a combination of 12 peerorfunctions (one per HTL
group), each of which increases witicreasinglistance betweethe biomass simulated by
OSMOSEWES and the referencéodmass Only the besR1 genotypes are selected and cross
combined to determine@aussiardistribution law for the different parametefhese
distribution laws are employed to prodg®new genotypeso be evaluated at the next
generationUsing distribution laws allows the introduction of newuesd of parameters called
O6mut at i omgedeen shdwn to mprove the convergence of Edchnical details

about the EA will soon bevailable in a dedicated paper.

Evaluation of natural mortality rates and diet patterns of gag grouper

Once calibrated, wasedthe OSMOSEWFS toevaluate the natural mortality rates
and diet patterns of gag grouper in West Florida Shelf ecosystem in the reference
situaton, i.e., in the 20009 he following patterns were analyzed from the outcomes of the
OSMOSEWEFS, and compared to the outcomeshulations oMWFS EwWE undetthe
daselinéscenariqChagaris and Mahnuali, 2013): (1) the diet composition gig grouper
expressed as percage of prey groups in magg) ther trophic level (TD; (3) thear relative

degree of omnivoryand(4) thar annual natural mortalitysates OSMOSEWFS was run for



50 years, and the outputs of the model were saved for the last 20 years of simulation. Since
OSMOSE is a stochastic model, 10 simulations were considered for analyzing the outcomes
of the reference scenario. The maximum number of schools per annual aasws®t\wo 240,

SO as to ensure lortgrm system stability while allowing for reasonable computation time.

The diet composition of the HTL groups in WFS Ecopath was deénmbri,
primarily from data of stomach contents collated by the Florida Fidh4ldlife Research
Institute (FWRI) and information in FishBa@eéroese and Pauly, 201@y contrast, the diet
composition of each HTL group in OSMOSKEFS emerges from encounters at the different
time steps with prey of siaible size that are accessible. calculate the diet composition of
HTL groups represented in OSMOSH-S, we only took into account individuals older than
1 month, except for the shrimps group for which we only took into account individuals older
than 4 nonths.For all HTL groups except the shrimps group, individuals younger than 1
monthwere assumed toelongto the ichthyoplankton, while for shrimps individuals younger
than 4 monthsvere considered thelongto small mobile epifaund.he rationale behinthat
is to allow for rigorous comparisons between the outcomes of the OSM*SEand those
of WFS Ecopath. Still with the aim to make rigorous comparisons between the outcomes of
OSMOSEWFS and WFS Ecopath, we did not evaluate the diet composition dffihe
group as a whole for king mackerel, red grouper, gag grouper and red snapper. Rather, we
calculated the diet composition of juveniles and adults of king mackerel and red snapper, and

that of @1, 1-3 and 3+ years old red grouper and gag grouper.

TLs provided by Ecopath rely on predetermined dietary linkages and the relative
abundance of each of the functional groups. By contrast, the TLs predicted by OSMOSE are

estimated from the diet compositions of the HTL groups emerging from model simulations.



Unde the assumption that the turnover rate of tissues is 2 months, the trophic level of each

schooli at timet, TL, ,, is calculated afTravers et al., 2010)

el d o)
a D\/\/i,t%+ a TLj,t DCj,i,t 8
.I_Li’t — t=t-2 (; j - (2)

t?t.-l
a DW,

t=t-2

where DC,

1ix 1S the proportion of preyin the diet of schodl and DW,, the weight increase

of schooli at timet. The mean TL of each HTL group at tithis then evaluated as the sum of
the TLs of all the schools of the HTL groupt ateighted by the schools biomasg.at

Following Travers(2009) we assume that the TL of eggs is identical to that offiéesding

larvae (TL = 3), and that indiduals that have not fed enough to fulfill maintenance in the
previous two months keep their previous TL. We also consider that the TL of LTL groups is
constant through time. TL of LTL groups varies from 1 (small phytoplankton, and diatoms) to
2.5 (echinodems and large gastropod§jruss et al., 20)3The mean TL of the HTL

community at time is assessed as the sum of the TLs of all HTL groamvatghted by the

HTL groups biomass at

In OSMOSEWEFS, the degree of omnivory of a given HTL group is the variance of
the TL of that HTL group. Then, the relative degree of omnivory of the HTL gf@Dpis
obtained by dividing the degree of omnivory of the HTL group by the mean degree of
omnivay of the HTL community. In Ecopath, an omnivory indé}, is calculated for each
functional group as the variance of the TL of the functional g(Baply et al., 1993)The

relative degree of omnivory of HTL growgppredicted by WFS Ecopath is calculated as:

_ o™
oD, = = (3)
g

©)



where Ol j*is the maximum Ol across all the stanzas of HTL gigugnd O1 7** the mean

value of O

|max
9

of the HTL community.

Thenaturalmortality rates wevaluated for gag grouper from simulations of
OSMOSEWEFS comprise: (1xhetotal instantaneous natural mortality rat®);((2) thetotal
instantaeous predation mortality ratBar); and (3) the instantaneousatural mortality rate
due to all other causeBl{tnery, Which is the sum dflgiverseand the instantanes starvation
mortality rate S These natural mortality rates were evaluated fboy 83 and 3+ years old
gag groupers so as to alldar comparisons with natural mortality rates predicted by WFS
Ecopathln WFS EcopathiM is the sum 0Pt and unexplained mortality, which is the
equivalent of théMomersvariable evaluated with OSMOSEFS (Chagaris and Mahmoudi,

2013).

Results
Calibration of OSMOSEWFS

The calibration process of OSMOSHEFS was useful to estimate the value of
unknown parameters, i.e., larval mortality rates of HTL groups and availability coefficients of
LTL groups, but also, as mentioned earlier, to detect errors in model code andsiecmness
in model configuration and make necessary adjustment€EEAhevealed incoherence in
model configuration when it found no solution to fit the biomasses of HTL groups to
reference biomasseafter 19 attempts of calibration with the EA, we obtadrecalibrated
OSMOSEWFSmodelsuch as the biomasses of all HTL groups but shrivgygeon average
within valid intervals after 30 to 50 years of siation (Fig. 1). The biomass of shrimps is on

averagel.15 higherafter 30 to 50 years of simulatidiman its maximum biomass reported in
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Table 3.The system modeled in OSMOSKEFS reaches a steady state after around 20 years

of simulation (Fig. 2).

Availability coefficients to be used f@valuating the natural mortality rates and diet
patters of gag grquerusually arevery low, and estimated to be: (8)8.102 for small
phytoplankton; (2B.10* for diatoms; (3)1.46.10 for smallcopepods(4) 0.2058for large
mesozooplanktan(5) 1.10* for meiofauna; (6B.10* for small infauna; (y2.10* for small
mobile epifauna; (8).10* for bivalves; and (9%.23.1 for echinoderms and large

gastropods

Monthly larval mortality rates to be used for the reference scenario for the different
HTL groups are split intéour groups (Table3). The firstgroup compriseking mackerebnd
amberjacks, whodarval mortality ratesreextremely high (greater than h%onth'). The
second grouncludesred grouper, gag grouper and red groupdiich have very higharval
mortality rates ¢ver the range dfl1 to 13 month?). Reef carnivoresshrimps and large crabs
constitute the third group, characterized by high larval mortality rates the range of 9 to
11 month?). Finally, the fourth groucomprises all thether HTLgroupsthat are explicitly
considered in OSMOSRKV/FS, i.e., the sardinberringscad complex, anchovies and
silversides, coastal omnivoresd reef omnivores. Thaonthlylarval mortality rates of these
HTL groups are lowand \ary betweer0.63 ands.14month®. The larval mortalityrateof gag

grouper is estimated to Hd.94month’ by the EA.

Natural mortality rates of gag grouper

Theinstantaneousaural mortality rate®f 0-1 year old, 13 years old and 3+ years
old gag grouper in the West Florida Shelf ecosystem in the 2000s estimated by OSMOSE

WEFS are displayed in Fig. 3.
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Thetotal annualinstartaneous natural mortality raté, of 0O-1 year old gagvaluated
by OSMOSEWFS isvery high (2.99+ 0.38 year'), and essentiallgesults frompredationby
HTL groups that are explicitly considered in the mo&ela (Fig. 3a) Reef carnivores
(46%), king mackere(20%), amberjack$10%), gag groupe(10%) and red groupgi9%) are
the maincontributors ofPital for 0-1 year old gagKig. 43. The mearM estimated for 4
year old gag grouper over the period 2@0®9 with WFS EWwE is significantly smaller than
that predicted by OSMOSW/FS (1.65 vs. 2.99 yedr Chagaris and Mahmoudi, 201Reef
carnivoresand gag groupeto not predate on-0 year old gagn WFS Ecopdt. King
mackerel, red gruper and amberjaclkse the only HTL groups explicitly represented in
OSMOSEWEFSthat feed ord-1 year old gag groupan WFS EwE. The aforementioned
speciesontribute, respectively, 80.5%, 23.1% an@d% of the Pital Of 0-1 year old gagn
WFS EwE(i.e.,t0 60.6% ofthe Pita 0f 0-1 year old gagn WFS EwEin total ;Chagaris and

Mahmoudi,2013)

TheM of 1-3 years old gag grouper in OSMOSES is high (0.4} 0.16 year), and
also mainly results frorRwtal (Fig. 3b).King mackerel (51%) and, to a lesser extent, gag
grouper (20%) and amberjacks (18%) are respon&iblbe bulk of thePwta Of 1-3 years old
gag (Fig. 4b)The mearM estimated for 43 years old gag grouper over the period 20089
with WFS EWE isgreate than that estimated with OSMOSEFS (0.65 vs. 0.41 yedr
Chagaris and Mahmoudi, 2012)ymnong the HTL groupgxplicitly considered in OSMOSE
WEFS, only king mackerel and amberjacks predate-8rydas old gagin WFS EwE. The two
groups account for, respectiveh.7% and 11.1%f Potal Of this age groupniWFS EwE
(i.e., for 59.8% othePtal Of this agegroup n WFS EWE in totgl Chagaris and Mahmoudi,

2013).

Finally, theM of 3+ years oldjaggrouper evaluated I SMOSEWFSis very low

(0.05+ 0.01year') andis mainly caused bgtarvation plugpredation by organisntgat are

13



explicitly represented ilWFS Ecopath but not in OSMOSHEEFS, i.e., Mothers (Fig. 3¢).In

WFS EwE, 3+ years old gag is predated by the billfish/groaponly, and its predation

mortality rate is negligible3(64.10° year!; Chagaris and Mahmoudi, 2013 hereforejn
OSMOSEWES,the bulk ofM for 3+ years old gag grouper is caused by starvaboity 3

HTL groups feed upoB+ years old gag in this model: king mackerel, amberjacks and gag

grouper which contribute, respectively, to 51%, 33% and 16%heP.ta Of this age group

(Fig. 4c).ThemeanM evaluatedor 3+ years old gag grouper over the period 22089 with

WFS EwEis higherthanthatwith OSMOSEWFS andisquase nt i r el y due to Ou

cause$0.13 vs. 0.05 yedr Chagaris and Mahmoudi013.

Diet patterns of gag grouper

Themgor prey of G1 year oldgag grouper in OSMOSK/FS comprisezooplankton
(21% of the diet), anchovies and silversides (17%), reef omnivores (15%), the-sardine
herringscad complex (13%) and adult shrimps (13Fy. 5a). The magor prey of ths age
groupin WFS Ecopatlare slightly different and inclué anchovies and silversides (a0,

adult shrimpg20%),coastal omnivores (13%nd small mobile epifauna (11%8ig. 5b).

Bothin OSMOSEWFS amnl WFS EwE, 13 years oldjag groupefeeds mainly on the
same preywhich areadult $irimps (20% of the diet in OSM@SWFS), coastal omnivores
(19% in OSMOSBENFS), the sardinberringscad complex (12% OSMOSEWFS) and

anchovies and silversides (11% in OSMO®ES) (Figs. 5¢ and d).

Finally, the sardineherringscad complex represents only 10% of the di&+oyears
old gag grouper in OSMOSWFS vs. 50% in WFS Ecopath (Figs. 5e and’he major prey

of 3+ years tnl gag in OSMOSBNFS are relatively different from those in WFS Ecopath and

14



comprise coastal omnivores (28% of the diet), adult shrimps (16%), and echinoderms and

large gastropods (11%) (Fig. 5e).

The examination of diet compositions of gag grouper revbatshe species feeds
uponmany differenfprey iteman OSMOSEWFS(Fig. 5 and Table 4)n particular, 61 year
old gaggrouperand, to a lesser extent3lyears old gagrouperconsume a verharge
spectrum of prey siz€&igs 5a, ¢c and e and Table Ay a resultthe biomass of the gag
population distributes largely across TLs (Figs. 6 and 7), which indicates a high degree of
omnivory forthe speciesThe mean TL of gag groupgr OSMOSEWFSis 4.44+ 0.54 (vs.
4.12 inWFS Ecopath), and 5.11 timeggreaterthan the mean TL of the HTL community
(3.70)(Fig. 6) Thedegree of omnivory of gag groupearOSMOSEWFSis 1.36 times
greaterthan the mean degree of omnivory of the HTL community, suggds@ngag is one
of the most opportunist HTL groups being explicitly considered in the model (Fign8a).
fact, gag groupes the second most opponistic HTL group in OSMOSEVFS after
amberjacksThe degree of omnivory of gag grouper in WFS Ecopath is 2 gneeder than
the mean degree of omnivory of the HTL community, though the species is far from being the

most opportunistic functional group in this mogfelg. 8b)

Discussion

In this paper, we detailed the calition process of OSMOS®WFSand reported the

natural mortality rates and dipatternsof gag grouper evaluated bye model.

Switching fromthe genetic algorithm developed BDuboz et al. (2010 a more
sophisticated evolutionary algdrih (EA) designed by OlivereRamos (in prep.) allowed us
to fully calibrate a first OSMOSE model foretWest Florida Shelf ecosystelhebiomasses

of HTL groupspredicted by OSMOSEVFS are oraverage within valid intervals after 30 to
15



50 years of simulain, except for shrimps. However, the biomagshrimpsafter 30 to 50
years of simulatiomvason averagenly 1.15 higher tharts maximum possible biomass in

the 2000s (according to WFS Ecopath), whichreatlyacceptable.

The calibration of OSMOSEVFS using the EAlso provided estimates for
parameters that were unknown, and that are highly difficult to estimate from empirical
studies: availability coefficients for LTL groups and larval mortality rates for HTL groups.
The availability coefficients that were evaluated by the gébally were very low,
confirming the idea that only a very small fraction of the production of LTL groups must be
effectively utilized by HTL groups to prevent the modelgstsm from being overprodtive
(Ricker, 1969f0lovina, 1984)The monthly larval mortality rate of gag grouper was
estimated to be 11.9%onth by the EA.This value may not beery reliable since it strongly
depends on thealue specified for gag relative annual fecundity. However, the larval
mortality rates evaluated by OSMOSHE-S may be the best availal@dstimategiven that
the quastotality of them has never beassessedndthattheyare very difficult or

impossibleto obtain.

The instantaneous natural mortality rates predicted by OSM@BEE andby WFS
Ecopathf rom 2005 to 2009 u nadckeetativelyhddferemtbtlaosghtheé ne s c
two models globally aran agreementegardingpatterns of natural mortality for gag grouper.
Both in OSMOSEWFS and WFS Ecopath; Dyear oldand 13 years oldyag suffer
respectivelyyvery highand highnatural mortalityessentially due to predatigmessurgand
in great part because of the predatof king mackerel and amberjack3n the other hand,
reef carnivores and gag grouper exert a high predation pressure on juvenile gag in OSMOSE
WEFS, whereas they do not feed®a year old and-B years old gag in WFS Ecopath.

OSMOSEWES, eef carnivoresire responsible for 46% of the predation mortalft@-1
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year old gag, while gag groupesntribute to, respectivel{t0% and 20% of the predation

mortality of1-3 years old gag.

By contrast3+ yearsld gag suffetow natural mortalityprimarily due tostarvation
in OSMOSEWFS, andquasientirelytoo unex pl ai nedd c¢ aRredaten i n WFS
pressure on 3+ years old gagOSMOSEWEFSis very lowand comes from king mackerel
and, to a lesser extent, amberjacks and gag grouper. Preplagsure on 3+ years old gag
WES Ecopath is negligible, amdmes only from the tuna/billfish group, which is contentious
for some of the authors of the prespaper.One could reasonabhssumé hat dunexpl ai
causes of natural mortality in WFS Ecopathessentiallyed tideblooms Gray et al. (2013)
used another EWE model for the West Florida SésglEystem to estimate the natural
mortality onadultgag groupe(2+ years old individuals in their modeljused by red tide
blooms.The authors founded tide mortality on adult gag be on the order d3.03 b 0.15
year! over the perio@0052009,while the natural mortalitdue tocausesther than the
predation of HTL groups represented in OSMGSES was found tbe0.05 year in

OSMOSEWFS and).13 year in WFS Ecopath.

The diet compositionsstimated from OSMOSE simulatiomglicatethat adult
shrimps are major prey afl age classes of gag groupehile the sardinéherringscad
complex and anchovies and silversides have an important contribution to thejuhende
gag 0-1 year old and B years oldndividuals) and coastal omnivorés the diet of 13 and
3+ years old gagZooplankton and reef omnivores also largely contritboitine diet o0-1
year old gag, andchinoderms and large gastropods to that of 3+ years old’age diet
patterns emergkfrom model simulations bwverehighly influenced by the minimum
((LpredLprey)min) and maximunpredator/prey size ratiqflpred Lprey)max) Specified for gagsAll
age classes of gag grouper feed on various prey items in OSM@SE butuvenile

individualsconsume a larger spectrum of prey sirest3+ years old individua(gadults)
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because of the predator/prey size ratios that were defined fol(thggdLprey)min) = 1.5for
juvenilesvs. 3.9 for adults andLpred Lprey)may) = 200for juvenilesvs. 23 for adultsTable 3.

As a result, gag grouper has a high degree of omnivory in OSM®SE Unsurprisingly,

the trophic level of gag in OSMOSWFS is greatethan 4, and higher than the mean trophic

level of the HTL community explicitly considered in the model.

OSMOSEWES and WFS Ecopath are more or less in agreement regarding the diet
compositions of gag grouper. The diet 0-1 year oldgag in WFS Ecopatand OSMOSE
WES are pretty similar. On the other hand, the diet compositbh3 and3+ years old gag
in WFS Ecopath and OSMOSW®WFSare relatively differentDiets in Ecopath are defined
priori, while those in OSMOSE emerge from model simulations asdpted earlier, are
highly influenced by predator/prey size ratios defined by model UBerdation in OSMOSE
is therefore highly opportunistiand any HTL group explicitly considereal the model will
feed upon any prey item, provided the prey itemf isuitable size and accessibléus,
OSMOSE allows for &igh degree of opportunism in feeding behawiod cannibalismpoth
of which aretypically reportedfor fish populationsn the literaturge.g.,Bond, 1979
Laevastu and Larkins, 198Crawford, 198). We can note, that in WFS Ecopath the degree
of omnivory of the HTL groups represented in OSMEDSFS is generally high (Fig. 8b;
Chagaris and Mahmoudi, 2013his stems from the fact that many more functional groups
are explicitly considered in WFS Ecopath than in OSM&@®ES when calculating diet
compositions (70 vs. 26), but alsom the fact thait is generallynecessary to distribute the
predation pressure of certain functional groups over a wide mdngedel groupso balance

Ecopath modslproperly(Okey and Mahmoudi, 200Z hristensen et al., 20P5

Based on cmparisons with WFS\EE and on insights from the literatyrine
predictions of OSMOSEVFSreported in the present paper and those not presented here

(e.q., the diet compositions of model groups other than gag gragrebe deemed relevant.
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We believethat the outcomes of OSMOSHEFS reported here could be used for SEDAR 33,
provided it is clearly stated that they were afeeai under specific assumptiofifietotal
annualinstartaneous natural mortality rates of gag grouperestimated¢ouldbeused as

priors in the Stock Synthesis (SS) moeeiployed for SEDAR 33 gsessmer(iSchirripa et

al., 2013) Moreover, thediet compositions and predation rates emerging from OSMOSE
WFSsimulations could be used to parameterize diets in the Ecopath models developed for the
West Florida Shelf ecosystein. particular, these outcomes of OSMOBES would be

usefulto define predtion pressuren functional groups such as 3+ years old ga@/FS

Ecopath This idea was already mentioned in Chagaris and Mahmoudi (2013).

Short-term and longerm perspectivelor OSMOSEWEFS are numerous. Most of
them are detailed iGruss et al. (2013Dne very interesting perspective when considering
the resuls reported herés the representation of red tide blooms in OSMABES.
OSMOSEWEFS and WFS Ewlboth agreehat the bulk of the natural mortaliby of adult
gag groupers not due to predation by HTL groups explicitly considered in OSMQ&1S.
TheM of adult gag mainlyesults fromb u n e x p | a i imWRrS&wWECGhagarie and
Mahmoudi, 2013), while it mainlgomes from starvation in OSMOSEFS. Mortality due to
unexplained causas WFS EwWE andtarvation mortalityn OSMOSEWFSfor 3+ yeas old
gagare on the order of the red tide mortality on gag grouper over the perioe2Q095
reported inGray et al. (2013)Giventhat red tide outbreaks may significantly impact a wide
range of species in the West Florida Sij@lalter et al., 2013components of total mortality
in future versions of OSMOSB/FS mg includered tide mortalityn addition to natural
mortality due to various causdddjersg, Starvation moslity, predation mortalitieand

fishing mortality
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Tables

Table 1 High trophic level (HTL) groups explicitly considered in the OSMOSE-WFS

model. The reference species of each group is indicated in bold.

HTL group Species
King mackerel King mackerel (Scomberomorus cavalla
Amberjacks Greater amberjack (Seriola dumeril) , bandedrudderfish(Seriola zonatg lesser

Red grouper

Gag grouper

Red snapper
Sardineherringscad complex
Anchovies and silversides

Coastal omnivores

Reef carnivores

Reef omnivores

Shrimps

Large cabs

amberjackSeriola fasciata

Red grouper Epinephelus morid

Gag grouper (Mycteroperca microlepis

Red snapper Lutjanus campechanus

Scaled sardine Harengula jaguang, Spanish sardiné&sgardinella auritg, Atlantic
thread herring@pisthonema oglinunround scat@ecapterupunctatu®

Bay anchovy @nchoa mitchilli), stiped anchovyA&nchoa hepsetjissilversides
(Atherinidae spp.), alewifedosasp.)

Pinfish (Lagodon rhomboi@s), spottail pinfish Diplodus holbrook), orangefilefish
(Aluterus schoep, fringed filefish Monacanthus ciliatg), planehead filefish
(Monacanthus hispidysorangespotted filefistO@antherhines pullys honeycomb
filefish (Acanthostracion polygonijisAtlantic spadefish@haetodipterus fabégr
scrawled cowfishl{actophrys quadricornis pufferfish (Tetraodontidae spp.)

White grunt (Haemulon plumier), black sea bas€éntropristis striaty, rock sea bass
(Centropristis philadelphica belted sandfishSerranus subligariys longail bass
(Hemanthias leptysbutter hamletilypoplectus unicoldr creole fish Paranthias
furcifer), splippery dick Halichoeres bivittatugs painted wrasseHalichoeres caudaljs
yellowhead wrasseHalichoeres garnoji blueheadThalassomaifasciatun), reef
croaker Odontoscion dentgxjackknifefish (Equetus lanceatysleopard toadfish
(Opsanus pardysscopian fish (Scorpaenidae spp.), bigeyes (Priacanthidae spp.),
littlehead porgy Calamus proridens jolthead porgy Calamus bajonado saucereye
progy Calamus calamyswhitebone progyGalamus leucostelisknobbed progy
(Calamus nodos)sFrench gruntflaemulon flavolineatuin Spanish gruntHaemulon
macrostomur margate ldaemulon albur)y bluestriped grunt{aemulon sciurus
stripedgrunt Haemulon striatum , s ai | Kaentubn pgrrayparkfish
(Anisotremus virginicys neon gobyGobiosoma oceanops

Doctorfish (Acanthurus chirurgug, other surgeons (Acanthuridae spp.), blue angelf
(Holacanthus bermuden$jgray angelfishPomacanthus arcuatjischerubfish
(Cantropyge argi, rock beautyKlolacanthus tricolo), cocoa damselfisfPomacentrus
variabilis), bicolor damselfishKomacentrus partitysbeau gregoryRomacentrus
leocostictuy, yellowtail damselfishNlicrospathodon chrysurjsseaweed blenny
(Parablennius marmorejsstriped parrotfish§carus croicens)shbibled goby
(Coryphopterus glaucofraengpBermuda chubKyphossus sectanix

Pink shrimp (Farfantepenaeus duorarury brown shrimp Farfantepenaeus aztequs
white shrimp Litopenaeus setiferjisother shrimp species

Blue crab (Callinectes sapidus stone crabd\enippe mercenariandMenippe ading
horseshoe crak.imulus polyphemyshermits crab (e.gRylopagurusoperculatusand
Clibanaris vittatu$, spider crabs (e.gStenocionops furcatysarrow crabs (e.qg.,
Stenorynchus seticornis
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Table 2 Feeding size ranges of the high trophic level (HTL) groups explicitly considered

in OSMOSE-WEFS expressed as predator/prey size ratio&inresis the size threshd that
separates two sets of predator/prey size ratios for some HTL groups, one set for the juvenile
individuals and one set for adult individuald_pred Lprey)min: Minimum predator to prey body

size ratio- (LpredLprey)max Mmaximum predator to preyody size ratio. The predator to prey

body size ratis that have been modified sinGeliss et al(2013)arehighlighted in grey.

HTL group Lthres (Lprec/Lprey)min (Lprec/Lprey)max
(cm TL)

Juveniles Adults Juveniles Adults
King mackerel 97.5 2.9 4.5 18 30
Amberjacks 90.3 45 45 12 12
Red grouper 34.1 3 45 50 30
Gaggrouper 46.8 15 3.9 200 23
Red snapper 34.6 2.5 5 400 100
Sardine-herring-scad complex 9.3 10 100 150 10000
Anchovies and silversides 4.6 12 12 500 500
Coastal omnivores 15.3 2 2 80 80
Reef carnivores 17.4 15 1.5 50 50
Reef omnivores 155 30 30 1000 1000
Shrimps 8 3 5 10000 242
Large crabs 131 1.1 1.1 50 50
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Table 3. Target biomass of the 12 high trophic level (HTL) groups considered in

OSMOSE-WFS, associated pedigree and coefficient of variatioand larval mortality

rates of the different HTL groups estimated through the calibration of OSMOSEWFS.

Biomass values come from the calibration of the WFS Ecopath model. Coefficients of

variations were set from biomass pedigree categories accordimg ¢ateria specified in

Okey and Mahmoudi (2002)

HTL group Target Pedigree category of  Associated  Minimum Maximum Larval
biomass the biomass estimate  coefficient possible possible mortality rates
(tons) of variation  biomass (tons) biomass (tons) (month?)

King mackerel 9703 Approximate or indirect 0.25 4852 14 555 15.40
method

Amberjacks 1328 Approximate or indirect 0.25 663 1991 15.28
method

Red grouper 19 759 Approximate or indirect 0.25 9 880 29 639 11.94
method

Gag grouper 9189 Approximate or indirect 0.25 4594 13783 12.67
method

Red snapper 8 786 Approximate or indirect 0.25 4 393 13179 11.63
method

Sardineherring | 289 000 From other model 0.4 57 800 520 200 0.68

scad complex

Anchovies and | 162 120 From other model 0.4 32424 291 816 6.14

silversides

Coastal 303450 From other model 0.4 60 690 446210 2.86

omnivores

Reef carnivores| 276 980 From other model 0.4 55 396 498 564 9.81

Reef omnivores| 78862 From other model 0.4 15774 141 970 3.97

Shrimps 154 710 Approximateor indirect 0.25 77 355 232 065 9.39
method

Large crabs 109 640 From other model 0.4 21928 197 352 10.75
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Table 4.Prey accounting for lesgshan 1% of the diet of O-1 year old, £3 yearsold and

3+ years old gaggrouper.

Age class

High trophic level groups
accounting for less than 1% of the
diet of this age class

Low trophic level groups accounting
for less than 1% of the diet of this age
class

0-1 year old gag grouper

Red grouper, gag grouper, red
shapper

Phytoplankton, meiofauna, small
infauna, bivalves

1-3 years old gag groupe

Red grouper, gag grouper, red
shapper

Phytoplankton, meiofauna, small
infauna, bivalves, ichthyoplankton

3+ years old gag groupet

Red grouper, gag grouper, red
shapper

Smallinfauna, bivalves
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Figures

Fig. 1. Biomasses predicted by WFS Ecopath (gray boxplots) and OSMOSEFS

(black boxplots) for the 12 high trophic level (HTL) groups that are explicitly considered

in OSMOSE-WFS. Biomasses predicted by WFS Ecopath correspond to mean biomasses +/
standard deviations in this model, where standard deviations were estimated from biomass
pedigree categories according to the criteria specified in Okey and Mahmoudi (2002).
Biomasses simated with OSMOSBENFS correspond to mean biomassesstandard

deviations for 1@eplicatesafter 30 to 50 years of simulatiomthe reference situatioa)

km: king mackerel am: amberjacks rg: red grouper gg: gag groupei rs: red snapper; (b)
shsc: sardineherringscad compleXx as: anchovies and silversideso: coastal omnivorés

rc: reef carnivores ro: reef omnivore$ shr: shrimpg Ic: large crabs.
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Fig. 2.Biomass trajectories predicted by OSMOSEWFS.
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Fig. 3. Annualinstantaneousmortality rates predicted by OSMOSEWFS after 30 to 50
years of simulationfor (a) 0-1 year old,(b) 1-3 years oldand (c) 3+ years old gag

grouper (Mycteroperca microlepis M: total instantaneousatural mortality rate Piotar: total
instantaneoupredation mortality rate Mothers iNStantaneous natural mortality rate due to all

other causes

(@) 0-1 year old gag grouper (b) 1-3 years old gag grouper
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Fig. 4. Main contributors to the predation mortalitiesof (a) 0-1 year old, (b) 3 years

old and (c) 3+ years old gag grouper.
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Fig. 5. Diet composition of (a,b)0-1 year old, (c,d) 13 years oldand (e,f) 3+ years old

gaggrouper (Mycteroperca microlepis predicted by (a,ce) OSMOSE-WFS and (b,d,f)

WEFS Ecopath expressed as percentage of prey in mass.the case of OSMOSRE/FS

600t her6 refers to model groups accounting fo
gag grouper (listed in Table 4), whilethe case of WFEcopathd Ot her 6 ref ers t o

groups (HTL or LTL groups) noepresented in OSMOSWFS.
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Fig. 6. Mean trophic level (TL) of the HTL groups explicitly considered in OSMOSE
WES in the reference situationpredicted by OSMOSE-WFS (black diamonds) and by
WES Ecopath(grey circles).For OSMOSEWEFS, standard deviatianaround mean Tlare

also represend.
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Fig. 7. Distribution of gag grouperbiomass across tropit levels predicted by OSMOSE

WEFS. The vertical black line represents the mean trophic levitleo§pecies
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Fig. 8. Relative degree of omnivoryof the HTL groups explicitly considered in
OSMOSE-WFS in the reference situation predicted bya) OSMOSE-WFS and by (b)
WES Ecopath. km: king mackerei am: amberjacks rg: red grouper gg: gag groupei rs:
red snappershsc: sardinderringscad complex as: anchovies and silversideso: coastal

omnivores rc: reef carnivores ro: reef omnivore$ shr: shrimps Ic: large crabs.
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