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Diet composition
e.g., for a tuna

oo oo, AUXIOS 1.7%
Saraines (%

: Partly aigested
Anchovies 8.8% fish 31.6%

Squids 12.3%>

Euphausiids 3.5%

Portunids 15.8% Others 19.3%

Use volume or weight!



HISTORY OF THE SAB MODEL

2001 - Strawman 48-group model constructed
2004 - Preliminary 98-group model developed

2014 - Model refined to address forage fish
questions (99 groups)

o articulate the
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AEBSTRACT

The hiological commumities of the Atlantic
continental shelf adjacent to the southeastern
United Statez are well known, but thiz knowledze
is not integrated into a cohesive description of
that region. We constructed a preliminary food
web model of this area using Ecopath with
Ecosim, as a wav to initiate a longz-term process of
integrating thiz knowledge, learning more about
the structure and resiliency of the system, and
helping to gnide research priorities in the future.
The current model iz considered to be a first
iteration that can be used as a vehicle to stimulate
a2 more rigorous refinement effort in the near
future. The ecologically defined area covered by
this model extends from Cape Hatteras, North
Carolina to the easternmost extent of the Florida
Keys, and from the intertidal zome (or the
entrance of estuarine systems) to the soo m
isobath. The time period characterized by this
preliminary model is the four years from 1995 to
1998,

Sontheastern United States, Atlantic Shelf Page 167

the Gulf Stream advect the underlving nutrient
rich slope waters onto the shelf (Mallin ef al.
2000).. This region as a whole supports a diverse
azzemblage of marine organizms, as it is
somewhat of an ecolegical interface, or gradient,
between warm-water and cold-water species
assemblages. We refer the reader to Mallin et al.
(zoo0) for a general description of the ecological
zetting, procezzes, and related rezearch. A brief
overview of special habitats is presented below.

Human activities along the east coast of the
southeastern United States have influenced the
adjacent continental shelf ecosystem for
thousands of wears, as mnative Americans
condncted some limited artisanal fisheries and
modified fire regimes and the wvegetation in
upland watersheds (e.g., Cromom, 1983).
Modifications to the ecology of the continental
shelf ecosystem accelerated soon after the arrival
of Europeans, who began fishing coastal waters
(e.g., Mowat, 1084; Reeves ef al, 1og9g9) in
addition to introducing domesticated livestock,
weed plants, disease, and new kinds of agriculture
(e.g., Croshy, 1986).

Other profound anthropogenic modifications to
thiz continental shelf occurred during the 2ot
century with the widespread use of powered
fishing amnd whaling wessels, and coastal
urbanization and  industrialization. One
particularly destructive type of fishing iz bottom
trawling, which destroys biogenic seafloor habitat
in addition to simply removing fishes (Watling
and Norse, 1998; Turner et al., 1999).

Trawling activity is intense MR GRINEA itk
doubt remains that thEedoOktvAtlE (Qke
cous_iderabl}f modified the i 1
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NEW 99 BOX SAB MODEL (FORAGE)
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Articulated forage groups in the 2014
99-box South Atlantic Bight EWE model

Atlantic silve

Halfbeaks Pelagic oces

Mullets Squids
Sardines Shrimps




Forage Groups in the 99-box South Atlantic Bight model

Group Species included Q/B
'km- - | (year
')

Anchovies Bay (Anchoa mitchilli), striped (A. hepsetus), . . 17.50
_ silver (Engraulis eurystole)
Atlantic Brevoortia tyrannus (not B. patronus) 7.05 1.70 7.84

N (Lolo) ([ WIS [ [ Menidia menidia 1.18 2.00 14.90
Halfbeaks Ballyhoo (Hemiramphus brasiliensis), balao 1.22 2.60 11.70
(H. balao), common or Atlantic silverstripe

(Hyporhamphus unifasciatus)

ITES siriced (Mugil cephalus), other (Mugil spp.) 0.11 0.70 11.03

Spanish (Sardinella aurita), scaled 1.93 1.11 11.82
(Harengula jaguana)

Round (Decapterus punctatus), rough 2.28 0.92 10.00
(Trachurus lathami), bigeye (Selar

crumenophthalmus)

Shad SR

Thread herring Atlantic thread herring (Ophistonema
oglinum)

Pelagic oceanic Chub mackerel (Scomber japonicus), 3.95 0.87 11.71
planktivores lanternfish (Diaphus spp.), antenna codlet

(Bregmaceros atlanticus), striated argentine

(Argentina striata), flyingfish (Exocoetidae)

Shortfin (lllex illecebrosus), longfin (Loligo 0.45 2.67
pealei)

Rock shrimps and penaeid shrimps




Species / Groups in the 2014 SAB 99-box model

Coastal bottlenose dolphin  Thread herring Seabass Estuarine infaunal crustaceans
Manatees Shad Wreckfish Estuarine polychaetes
Large coastal sharks Anchovies Other fishes Bivalves/Oysters

Small coastal sharks Atlantic silverside Sea turtles Offshore infaunal crustaceans
Baleen whales Halfoeaks Carnivorous jellies Offshore polychaetes

Pelagic sharks Pelagic oceanic invertivores  Birds -- oceanic piscivores  Small mobile epifauna

Rays and skates Demersal coastal invertivores  Birds -- shorebirds Calico scallops

Dogfish sharks Demersal coastal omnivores  Birds -- shelf piscivores Benthic meiofauna

Adult mackerel Benthic oceanic piscivores Birds -- herbivores Deep-burrowing infauna
Juvenile mackerel Benthic oceanic invertivores  Birds -- wading piscivores Carnivorous zooplankton
Bluefish Benthic coastal piscivores Birds -- shelf invertivores Aquatic and other insects
Weakfish Benthic coastal invertivores Birds -- raptors Ofther zooplankton

Red drum Benthic coastal planktivores  Encrusting fauna Ichthyoplankton
Atlantic menhaden Reef associated piscivores Squids Microbial heterotrophs
Mullets Reef associated omnivores Stomatopods Phytoplankton

Other Drums & Croakers Triggerfish Octopods Microphytobenthos
Striped bass Shallow water grouper/tilefish  Blue crabs Benthic macroalgae
Highly migratory pelagics  Goliath grouper Horseshoe crabs Pelagic macroalgae

N\

Dolphinfish Nassau grouper Golden crabs Seagrasses

Pelagic oceanic piscivores Deep-water grouper/tilefish  Stone crabs Marsh vegetation

Pelagic coastal piscivores  Shallow-water snapper Spiny lobster Estuarine benthic detritus

Nearshore piscivores Mid-shelf snapper Rock shrimps Offshore benthic detritus

Pelagic oceanic

planktivores Jacks Penaeid shrimps Water-column detritus

Sardines Red porgy Megafaunal predators Dead CArCass€sitqchment 10
Echinoderms and Tab01_A10_Oke

Scads Grunts and porgys gastropods yPresSouthAtlan




Focused on predatory fish of particular
value in the 99-box SAB ecosystem model

Spanish/king mackerels
Vermillion snapper

Gag grouper
Dolphinfish

Black seabass

Greater amberjack
Cobia

Red snapper

Attachment 10
Tab01_A10_Oke
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Effect of Menhaden on other groups

Biomass change (year 10 / baseline)

Striped bass

Bluefish

Large coastal sharks
Atlantic menhaden

Small coastal sharks
Highly migratory pelagics
Weakfish

Pelagic sharks

Birds -- raptors

Coastal bottlenose dolphin
Reef associated piscivores
Pelagic coastal piscivores
Juvenile mackerel
Dolphinfish

Pelagic oceanic piscivores
Benthic oceanic piscivores
Wreckfish

Birds -- shelf piscivores
Adult mackerel
Nearshore piscivores
Dogfish sharks

Shallow water grouper/tilefish

Red porgy
Triggerfish

1 2 3 4
e | 00000 |
S

Reduce Menhaden 50%
O Reduce Menhaden 100%
M Increase Menhaden 50%
M Increase Menhaden 100%

Attachment 10
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Stomatopods

Squids

Reef associated omnivores
Red porgy

Calico scallops

Seabass

Dogfish sharks

Small coastal sharks
Megafaunal predators

Red drum

Sardines

Other fishes

Estuarine infaunal crustaceans
Deep-water grouper/tilefish
Shad

Penaeid shrimps

Mid-shelf snapper

Thread herring

Birds — wading piscivores
Scads

Coastal bottlenose dolphin
Deep-burrowing infauna
Anchovies

Pelagic sharks

Pelagic oceanic invertivores
Atlantic silverside

Striped bass

Carnivorous zooplankton
Weakfish

Grunts and porgys

Highly migratory pelagics
Aquatic and other insects
Pelagic oceanic piscivores
Wreckfish

Shallow water grouper/tilefish
Jacks

Nearshore piscivores
Nassau grouper
Bivalves/Oysters

Sea turtles

Pelagic oceanic planktivores
Spiny lobster

Benthic coastal invertivores
Large coastal sharks
Benthic coastal piscivores
Blue crabs

Birds — shelf piscivores
Horseshoe crabs

Demersal coastal invertivores
Ichthyoplankton

Benthic oceanic invertivores
Benthic oceanic piscivores
Octopods

Benthic coastal planktivores

Biomass change (year 10 / baseline)

3 4

Reduce Squids 50%
O Reduce Squids 100%

M Increase Squids 50%
M Increase Squids 100%




Pelagic oceanic planktivores
Jacks

Pelagic sharks

Marsh vegetation
Shallow-water snapper
Birds — oceanic piscivores
Bluefish

Wreckfish

Highly migratory pelagics
Shallow water grouper/tilefish
Adult mackerel

Pelagic coastal piscivores
Juvenile mackerel

Pelagic oceanic piscivores
Weakfish

Seagrasses

Grunts and porgys
Nearshore piscivores
Other fishes

Striped bass

Dolphinfish

Pelagic oceanic invertivores
Other Drums & Croakers
Carnivorous zooplankton
Halfbeaks

Dogfish sharks

Mid-shelf snapper

Birds -- wading piscivores
Birds — shelf piscivores
Reef associated piscivores
Seabass

Shad

Sardines

Thread herring

Red porgy

Scads

Biomass change (year 10 / baseline)

|

2 3 4

Reduce Pelagic oceanic planktivores 50%

0O Reduce Pelagic oceanic planktovores 100%
B Increase Pelagic oceanic planktovores 50%

M Increase Pelagic oceanic planktivores 100%

Attachment 10
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Biomass change (year 10 / baseline)
0 1 2 3 4 5

Anchovies | ‘
Weakfish
Other Drums & Croakers & Reduce Anchovies 50%
Seabass 0O Reduce Anchovies 100%
Bluefish

B Increase Anchovies 50%
Shallow-water snapper

Carnivorous jellies

Birds — oceanic piscivores
Atlantic silverside
Ichthyoplankton

Pelagic oceanic planktivores
Scads

Benthic coastal planktivores
Mid-shelf snapper

Pelagic oceanic piscivores

Pelagic oceanic invertivores
Shad

M Increase Anchovies 100%

Aftachment 10
Tab01_A10_Oke




Halfbeaks !

Dolphinfish

Birds — oceanic piscivores
Weakfish

Other Drums & Croakers
Juvenile mackerel
Seabass

Highly migratory pelagics
Bluefish

Birds -- wading piscivores
Adult mackerel

Pelagic oceanic piscivores
Birds - shelf invertivores
Birds -- shorebirds

Birds - raptors

Birds - herbivores
Aquatic and other insects
Seagrasses

Marsh vegetation

Biomass change (year 10 / baseline)

3 4

3 Reduce Halfbeaks 50%
OReduce Halfbeaks 100%
M Increase Halfbeaks 50%
M Increase Halfbeaks 100%

Adttaockhooaont 1
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Biomass change (year 10 / baseline)
2 3 4

Rock shrimps
Penaeid shrimps

Red porgy

Shallow-water snapper

Small coastal sharks

Birds — wading piscivores
Juvenile mackerel
Stomatopods

Demersal coastal invertivores
Nassau grouper

Blue crabs

Birds — shorebirds
Deep-burrowing infauna
Estuarine polychaetes

B Reduce Shrimps 50%
OReduce Shrimps 100%
M Increase Shrimps 50%
W Increase Shrimps 100%




Bluefish

Juvenile mackerel
Weakfish

Adult mackerel

Large coastal sharks
Striped bass

Highly migratory pelagics
Atlantic menhaden
Mullets

Pelagic oceanic planktivores
Sardines

Scads

Thread herring

Shad

Anchovies

Atlantic silverside
Halfbeaks

Pelagic sharks

Dolphinfish

Small coastal sharks

Jacks

Reef associated piscivores
Pelagic coastal piscivores
Birds -- shelf piscivores
Birds - wading piscivores
Birds -- oceanic piscivores
Red porgy

Coastal bottlenose dolphin
Spiny lobster

Shallow water grouper/tilefish
Horseshoe crabs

Stone crabs

Wreckfish

Birds -- raptors

Benthic meiofauna
Bivalves/Oysters

Other Drums & Croakers
Benthic oceanic piscivores
Goliath grouper

Demersal coastal omnivores
Rays and skates

Rock shrimps

Triggerfish

Golden crabs

Birds -- shelf invertivores
Offshore polychaetes

Reef associated omnivores
Stomatopods

Nearshore piscivores
Baleen whales

Benthic coastal invertivores
Seabass

Red drum

Shallow-water snapper
Nassau grouper
Deep-water grouper ftilefish
Benthic coastal piscivores
Pelagic oceanic piscivores
Penaeid shrimps

Birds -- herbivores

Other zooplankton
Carnivorous jellies
Seagrasses

Squids

Carnivorous zooplankton
Ichthyoplankton

Birds -- shorebirds

Benthic coastal planktivores
Mid-shelf snapper

Other fishes

Aquatic and other insects
Pelagic oceanic invertivores
Dogfish sharks

Marsh vegetation

Biomass change (year 10 / baseline)

E Reduce Forage fish 50%
1 Reduce Forage fish 100%
M Increase Forage fish 50%
M Increase Forage fish 100%




Juvenile mackerel

Small coastal sharks
Bluefish

Red porgy

Stomatopods

Weakfish

Highly migratory pelagics
Pelagic sharks

Adult mackerel

Jacks

Birds -- wading piscivores
Dolphinfish

Striped bass

Atlantic menhaden
Mullets

Pelagic oceanic planktivores
Sardines

Scads

Thread herring

Shad

Anchovies

Atlantic silverside
Halfbeaks

Squids

Rock shrimps

Penaeid shrimps

Coastal bottlenose dolphin
Pelagic coastal piscivores
Birds -- oceanic piscivores
Reef associated piscivores
Calico scallops

Megafaunal predators
Shallow water grouper/tilefish
Reef associated omnivores
wreckfish

Shallow-water snapper
Estuarine infaunal crustaceans
Large coastal sharks

Stone crabs

Benthic meiofauna

Birds -- raptors

Red drum

Goliath grouper
Deep-water grouper /tilefish
Grunts and porgys

Seabass

Phytoplankton

Microbial heterotrophs
Demersal coastal omnivores
Rays and skates

Pelagic oceanic piscivores
Triggerfish

Other Drums & Croakers
Golden crabs

Baleen whales

Spiny lobster

Offshore polychaetes
Other zooplankton
Carnivorous jellies
Encrusting fauna

Nearshore piscivores

Birds -- shelf piscivores
Dogfish sharks

Sea turtles

Other fishes

Mid-shelf snapper
Carnivorous zooplankton
Birds -- shelf invertivores
Adquatic and other insects
Horseshoe crabs

Nassau grouper

Birds -- herbivores
Seagrasses

Benthic coastal invertivores
Blue crabs

Pelagic oceanic invertivores
Demersal coastal invertivores
Estuarine polychaetes
Benthic coastal piscivores
Birds -- shorebirds
Octopods

Benthic oceanic invertivores
Benthic oceanic piscivores
Ichthyoplankton

Marsh vegetation

Biomass change (year 10 / baseline)
3

E Reduce All Forage 50%
O Reduce All Forage 100%
M Increase All Forage 50%
M Increase All Forage 100%




Effects of menhaden on valued predatory fish

Atlantic menhaden

- 50%
O - 100%

Shallow-water grouper E‘ @ +50%
W +100%

Dolphinfish

Adult mackerel

Soapass —
Jacks e

NN NN\

Pelagic coastal piscivores T —
Mid-shelf snappers ‘1_'
-100 0 100 200 300

Biomass change (%)




Effects of all forage fish on valued predatory fish

All forage fish
- 50%
Shallow-water grouper O - 100%
TR B +50%

Dolphinfish

Adult mackerel ¢

Seabass

Jacks

Pelagic coastal piscivores

B + 100% |
%

-100 0 100 200 300

Mid-shelf snapper

Biomass change (%)




Effects of all forage on valued predatory fish

- 50%
All forage i
- @ +50%
Shallow-water grouper i__ B+ 100%

Dolphinfish

Adult mackerel !

Seabass

Jacks '

Pelagic coastal piscivores :

Mid-shelf snapper :‘r_‘

-100 0 100 200 300

N 00 NN N\

Biomass change (%)




Articulated Managed Species / Groups In
the 2017 SAB 137-box model

Adult king mackerel
Juvenile king mackerel
Spanish Mackerel
Juvenile spanish mackerel
Spotted seatrout

Snook

Tarpon

Cobia

Bonefish

Permit

Atlantic Spadefish

Hogfish

Ocean triggerfish

Gray triggerfish

Gag grouper

Red grouper
Black grouper
Scamp grouper
Other shallow grouper/tilefish
Showy grouper
Yellowedge grouper
Other deep grouper
Blueline tilefish

Golden tilefish
Yellowtail snapper
Mutton snapper

Gray snapper

Lane snapper

Cubera snapper
Other shallow snapper

Vermilion snapper
Silk snapper
Red snapper

Other mid-shelf snapper
Greater amberjack
Almaco jack

Bar Jack

Banded rudderfish

Blue runner

Other jacks

Other porgys

NN\

White grunt
Other grunts
Black Seabass

Aftachment 10

Bank/Rock seabrassio oke



Species / Groups in SAB 137-box model

Coastal bottlenose dolphin
Manatees

Large coastal sharks
Small coastal sharks
Baleen whales

Pelagic sharks

Rays and skates

Dodfish sharks

Adult king mackerel
Juvenile king mackerel
Spanish mackerel

Juv Spanish mackerel
Bluefish

Weakfish

Red drum

Atlantic menhaden
Spotted seatrout

Mullets

Other Drums & Croakers
Striped bass

Highly migratory pelagics
Dolphinfish

Pelagic oceanic piscivores
Snook

Tarpon

Pelagic coastal piscivores
Cobia

Bonefish

Nearshore piscivores

Pelagic oceanic planktivores
Sardines

Scads

Thread herring

Shad

Anchovies

Atlantic silverside

Halfbeaks

Pelagic oceanic invertivores
Permit

Demersal coastal invertivores
Demersal coastal omnivores
Atlantic spadefish

Benthic oceanic piscivores
Benthic oceanic invertivores
Red Lionfish

Summer flounder

Southern flounder

Gulf flounder

Benthic coastal piscivores
Benthic coastal invertivores
Hodfish

Benthic coastal planktivores
Reef associated piscivores
Reef associated omnivores
Ocean triggerfish

Gray triggerfish

Gag grouper

Red grouper

Black grouper

Scamp grouper

Goliath grouper

Nassau grouper

Other shallow grouper/tilefish
Snowy grouper

Yellowedge grouper

Other deep grouper

Blueline tilefish

Golden ftilefish

Yellowtail snapper

Mutton snapper

Gray snapper

Lane snapper

Cubera snapper

Other shallow snapper
Vermilion snapper

Silk snapper

Red snapper

Other mid-shelf snapper
Greater amberjack

Almaco jack

Bar jack

Banded rudderfish

Blue runner
Other jacks

Red porgy

Other porgys

White grunt

Other grunts

Black seabass
Rock/Bank seabass
Wreckfish

Other fishes

Sea turtles

Carnivorous jellies

Birds -- oceanic piscivores
Birds -- shorebirds

Birds -- shelf piscivores
Birds -- herbivores

Birds -- wading piscivores
Birds -- shelf invertivores
Birds -- raptors
Encrusting fauna

Squids

Stomatopods

Octopods

Blue crabs

Horseshoe crabs
Golden crabs

Stone crabs

Spiny lobster

Rock shrimps

Penaeid shrimps

Megafaunal predators
Echinoderms and gastropods
Estuarine infaunal crustaceans
Estuarine polychaetes
Bivalves/Oysters

Offshore infaunal crustaceans
Offshore polychaetes

Small mobile epifauna

Calico scallops

Benthic meiofauna
Deep-burrowing infauna
Carnivorous zooplankton

Other zooplankton
Ichthyoplankton

Microbial heterotrophs I
Phytoplankton !
Microphytobenthos I
Benthic macroalgae

Pelagic macroalgae

Seagrasses

Marsh vegetation

Estuarine benthic detritus

Offshore benthic detritus
Water-column detritus

Dead carcasses

Aftachment 10




4 A | B C , D E 1 F G | H | I J
1 Status Determination — Fishing Level Recommendation
1 oladri ock Status )
2 | Stock Criteria Ibs ww unless otherwise noted
= Dvedishing| Ovarfshed | ool ousmnan OFL ABC Year
4 MFMT MSST
M=
= Almaco Jack Faosse | (1-M)*SSBaoxsen UNK UNK UNK 302,517 2013 e 302,517
6 UNK UNK 0
_MYE
B Attantic Spadefish Foser | (1-M)*SSBsoxsen UNK UNK UNK 189,460 2013 I Hi a0
8 UNK UNK 0
M=
B Banded Rudderfish Foser | (1-M)*SSBsoxsen UNK UNK UNK 145,434 2013 | e
10 UNK UNK 0
M=
il Bar Jack Faoser | (1-M)*SSBsoxsen UNK UNK UNK 24,780 2013 | 2
12 UNK UNK 0
M=
Bl Black Grouper Faousen | (1-M)*SSBusy No No 627,552 GMISA 256,430 2013 [i s
14 0.216 5.92 mp 294,949 SA 0
— %
131 Black Sea Bass Fuasy (1-M)*SSBysy No No 2,296,000 2,133,000 2013 3,000
16 0.610 256E10 eggs 0
_MYE
71 Black Snapper Faossen | (1-M)*SSBsoxsen UNK UNK UNK 382 2013 382
18 UNK UNK 0
M E
191 Bluckfin Shapper Faoxsen | (1-M)*SSBaoxsen| )y UNK UNK 3,665 2013 08
20 UNK UNK 0
1 F -M)* 3
2 Blue Runner sosser | (1-M)*SSB3onsen UNK UNK UNK 1,125,729 2013 B o7
22 UNK UNK 0
=| x
2l Biueline Tilefish Fuasy (1-M)*SSBysy Yes Yes UNK 631,341 2013 _ e,
24 0.302 221.9 mt 0
=1 *x
23] Coney Faosser | (1-M)*SSBaossen| UNK UNK 2,718 2013 sl
26 UNK UNK 0
= -
S8 Cubera Snapper Faoxser | (1-M)*SSBaoxsen UNK UNK UNK 24,680 2013 2580
28 UNK UNK 0
29 Faosser [ (1-M)*SSB3osespr 3,285
= Snapper UNK UNK UNK 3,285 2013
30 0og Snappe UNK UNK 0
1 F -M)* ;
3 Gag soxser | (1-M)*SSBusy Yes No 1,095,000 gw | 805,000 gw| 2013 B 0008w
32 0.21 6.82 mp 0
—T— | —
Atta

Snapper Grouper | Sheet2 | Sheet3 |

C)



Requires only a few ex

Used, among others, to assess

Quantify combined effect of species dynamics, fishing
Impacts, and environmental impacts on a food web over time /

Replicate past scenarios (time series fitting)
Explore future scenarios

Explore fishing policy alternatives

Test model robustness
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CALIBRATING THE MODEL

E2 Ecosim Geogia Strait hi coho: 506G 1950
[Individual grou jl;‘l'-. Herring j F=2 | Fiz2 | F=0 | Reset F'sl F-f | Wallies | Time =eries | Fligse s
[T Save end state [ | Start franm saved|end state [T Evolve [ Dwverlay[™ Save [ V¥ Linear |
3.0 Einmassx’nriginal biomassz &, Herring
4, Res Coho

- 4. Res. Chinook

1355 1360 1965 1370 1375 1320 1385 1330

ears L
Allachmen
_Prepare Ecosim  Temporal simulation (Ecosim) | Eguilibrium I_ﬁpatial gimulation [Ecozpace] I Tab01_A10_C







ECOSPACE

SCatSea model 1978 - Ecopath with Ecosim 6.5.10838.0
Eile  VMiew [Ecopath Ecosim  Ecespace Tools Windows Help
= | "3 Ecopath + i Ecosim - "ﬁ Ecospace - . Ecotracer Y| H

Navi_gator o Basic input " Maps
4 £2 Ecopath

2 & ot ] Savei | Position = | @ @, 100% ~ (O, Reset B 2@ 17 Edit map details
ﬁ Model parameters ¢ MPAs (1)
I Fisli'!lm
w Reference (1)
T Data layers (3)
Regions (1)
> Basemap (2)
Depth

= | | ] ] [

%

Excluded cells

T Habitat capacity (2)
Environmental drvers (1)
Importance (0)
Habitatz (7)
0-50

& 50-150 sand

& | &

[ ﬁ Habitat based foragin:
ﬁ Dispersal

N

T 50-150 mud
& 50-150 rock
& 150-400 sand
& 150-400 mud

i
=
=
|
|
]
|

=400

# Selected layer
Mame: epth

i

Max value:
Min value:

Cursor;

|8 Status temarks |
(Depth map) row 37, col 46; lon 1,950000, lat 39.70000; value:




o 3

Spatial temporal component of EwWE, executes
Ecosim for every ‘water’ cell in a grid




File  View Ecopath Ecosim Ecospace Tools Windows Help

= | f_; Ecopath « iz Ecosim "‘,‘-J Ecospace ~ . Ecotracer v| H

Ecospace fishery

al | 050 | 50-150ssnd | 50-150mud | 50-180rock | 150-400sand | 150-400 mud MPAT
0 | [

Ll
Furse seine fishery —
Longline fishery - Reference (1)

Troll bait fishery 5 Reference

5 Data layers (3)

> Environm__drivers (1) #

» | 4| Habitat based foraging
[J Dispersal # Habitats (7)
[ Advection
[ Ecospace fishery
[ Edemal data

# Selected layer
Mz value:
Min value: l:l

1: MPA1 {Name) row 1, col 16; lon 0.450000, lat 41.50000




=
=i

File  View Ecopath Ecesim

4
vy 7

Ecospace Tools Windows Help

= | fa Ecopath “?9’ Ecosim v 4 Ecospace v . Ecotracer v| E!

SCatSea madel 1978 - Ecopath with Ecosim 6.5.10838.0

E Run Ecospace
E Ecospace results
[ 3¢+ Tools
[ 3¢ Tools

Mavigator o Basic input ]/Maps/l/Run Ecospace ]
Fl Ecopath .
? & Input [=] Distribution of
[ Model parameters (®) Relative biomass
[ Basic input () Fishing effort
[ Diet composition SEE
E Dietritus fate () Catch
L Other production () Catch/biomass |2 |Legend max.
[» e Fishery
[ Growth input
[» $* Tools
b = Output
P ;‘3 Ecosim [=] Display options
4 Ecospace
‘?Q Input (@) Show all
[ Ecospace paramsters () Selected groups Aleets: | Choose ..
Maps ) i
[» % Habitat based foraging @ ST
[ Dispersal 19: Adult hake v
[ Advection .
[ Ecospace fishery =
[l Edemal data Show MPAs
a T Output

| Show IMB pa
[=] Labels
Show labels
Invert color

Top - left

Macrozooplankig

Benthopelagic

¥ Status | (2] Remarks

1: MPAT (Name) row 1, col 2; lon -0.250000, lat 41.50000

Afttachmen

f& S5CatSea model 1978 “Ibg" constant fishing ‘:‘J 5CatSea Ecosp;rcce]Fa)rgOe]bEérlaop_p
PresSSOUTNA




Spatial impd
Management options, €.g. |

Impact of environmental change (EwE version
6.3+)

Running model has been linked to Marxan & Aflantis
Includes an IBM approach
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1. SELECT GROUP CAPACITY MODEL

ﬁ Anchowy Bay - Ecopath with Ecosim £.5.14149.0

Eile  View Ecopath Ecosim  Ecospace Tools Windows Help

= | £ Ecopath + %% Ecosim + &4 Ecospace ~ @ Ecotracer v| = D:\Sources\EcopathbDatabase\Anchovy Bay Spatial.ewemdb
“« Basic input /5% Group capacity model | - X

% Habitats J& Environmental responses *‘, Both Apply | %

LA
&

| Group name | LIse habitat | |Ise environmental responses |
Wwhales
Seals

Cod
Wwhiting
Mackerel
Anchowy
Shrimp
Eenthos
Zooplankton

G Ecospace parameters
[l Maps
W G Habitat based foraging

u Apply foraging responses
[ Group capacity model
u Habitat foraging usage
u Functional responses grid

[ Dispersal

[l Advection

G Ecospace fisheny

[l Marine Protected Areas

[l Bxdtemal data

» = Output

LY === B = IS R o SR R S R
O00FERRREEEE
DDDDDDDDDDDE

KREROOOOO0O00

[{9 Status I@ Remarks ] Afttachment
1: Temperature (Marne) £2 Anchovy Bay %5/ New Ecosim scenario 44




2. DEFINE ENVIRONMENTAL DRIVERS

% Anchovy Bay - Ecopath with Ecosim 6.5.14149.0
File  View  Ecopath  Ecosim  Ecospace  Tools  Windows  Help
= | @ Ecopath - ﬁi Ecosim - ﬁ Ecospace - . Ecotracer 1|r| D

Navigator Define environmental input maps - X

v £2 Ecopath E
w = |nput i N | Apply |m

Other
Temperature maortality

Distance from coast

>

[{9 Status ]@ Remarks l Aftachment
1: Ternperature (MNarme) @ Anchovy Bay ﬁi Mew Ecosim scenario 'ﬁ




3. POPULATE ENV. DRIVER MAPS

-] Anchowy Bay - Ecopath with Ecosim £.5.14149.0

Eile  View Ecopath Ecosim  Ecospace Tools Windows Help
= | £ Ecopath + %% Ecosim + &4 Ecospace - . Ecotracer v| =

Mavigator
v €3 Ecopath
: l_:ﬂ?nput .Save image... | Position - | @ Q 100%
(5 Model parameters eeccce e

[l Basicinput 00000000 OO0
[l Diet composition 03

[l Detritus fate
ﬁ l""ther pmductiun

v &3 Ecospace
= Input
ﬁ Ecospace parameters
(4 Maps
» ﬁ Habitat based foraging
[ Dispersal
[l Advection
ﬁ Ecospace fisheny
4 Marine Protected Areas
[ Extemal data
» By Output
%4+ Tools
ools

CRC RO NG RC R RO R B0 R NG

|{a Status &ﬂ Remarks |

1: Temperature (Mame] €2 Anchovy Bay &3

L AL R0 L B R B B L L G L

& BExcluded cells

T Flow (1)
& Hahilit{:qn:itym
& Environme.. dnvus{!} &

& & Temperature
@

hstance from coast

# Environmental dnvers ———

Cursar:

\\

Value:



4. DEFINE ENV. RESPONSE CURVES

& Anchovy Bay - Ecopath with Ecosim 6.5.14149.0
File  View  Ecopath  Ecosim  Ecospace Tools Windows Help
= | ﬂ Ecopath - ’ﬁi Ecosim = ﬁ Ecospace - . Ecotracer 1|I'| u DASources\Ecopathb\Database\Anchovy Bay Spatial.ewemdb

Navigator s ‘w Basic input /54 Habitat based foraging | - X

Save to image... | Max. value: |0.904121 Malues... Change shape... Reset.. | Options...

2 Depth whiting

[ Ecospace parameters
[ Maps
* [ Habitat hased foraging

[ Apply foraging responses
[ Group capacity model
[l Hahitat foraging usage
[ Functional responses grid

[ Dispersal

[ Advection

[ Ecospace fishery

4l Marine Protected Areas Import... | Add... | Aa 7 | Define foraging response....

[ Extemal data _— = N
. . Foraging response to 2: Depth whiting

1: Depth 2. Depth whiting
shrimp-terthos 0.3

o I : :
0 50 1040 150
= : zsigned driver maps
< 3 Nenth cod 4 Nenth nelacics Q QQ|HE=]m
[{9 Status I@ Remarks ] Afttachment

1: Ternperature (Narne) &2 Anchovy Bay 2 Mew Ecosim scenario G




= Med model - Ecopath with Ecosim 6.5.10321.0 S .

File View Ecopsth Ecosim Ecospace Tooks Windows Help
& Ecopath ~ G Ecosim ~ @ Ecospace v @ Ecotracer ~| [

Basicinput }"Maps | Foraging response |~ Apply environmental response

[ Saveimage... | Postion » | @, &, 100% + O Reset B &

17 Edit map details

k-

8
8
=
&
k-
el
8
=

B
==
B

o

# Selectd

Name:

MPAs (0)

Fishing (2)

Reference (1) 4
Data layers (3)

Wigration _czans ) ||
PP (relative) ||
Contaminants (rel) [T
Regions (1) 7
Basemap (2)

Excluded cells B
Habitat capacity (2)
Cap. (1: Pceans W) [T

Cap. com_ilchard W) [T ~
layer

Derth

Max value: 4323

Min value: 3

Cursor

J S

@ Land

Water [1

(Depth map)




|
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2. Define environmental responses

Here we are using a plug-in to import environmental
responses from AquaMaps species envelopes

A (0812013 - CURRENTLY OPTIMIZED FOR MOZILLA FIREEOX):
Standardized distribution maps for over 17,00 species of fishes, marine mammals and invenebrates

File  View Ecopath
= | £2 Ecopath ~

[~] Sardina pilchardus (European pilchard) [~] Depth (m)
[ Temperature {A°C)
[ Salinity {psu)
[ Primary Production

Sea lce Concentration
74l Habitat forading usage M

[ Func ior al resg. wnse <
[ Dis versa
Eu Adveton View example file...
ﬁ Ecospace fishery
ﬁ Marine Protected Areas -/ pthshrimp-benthos

Search Marine Species by Common Heme [ Extemal data

containg v | Search | (0.5 blue whate)
" - by
O e © EUROPEAN COMMISSION
Search Uarine Species by Scieatific ame
Genus (3 | (e Batsenoptera)

Species | contains (e.9 musculus) - : Temperature (Name)




.

£ Med model - Ecopath with Ecosim 6.5.10321.0

Eile

d|<S

ioyeBinen il

View [Ecopath Ecosim  Ecospace

Tools

Windows  Help

Ecopath ~ % Ecosim ~ 4 Ecospace ~ @ Ecotracer v| =

|8 Save image... | Position = | &, 3 100%

Basic input/]/hlaps ]/Foraging resporse }/-Apply environmental response - X
= (O, Reset jﬂ‘ -} Edit map details
=l & MPAs (0) & .
+ 5 Fishing (2)
2l 5 Reference (1) &

=l & Datalayess (3)
Migration _ceans W) l_

PP (relative) |_

g 0

i5 Contaminants (rel) l_
#l 5 Regions (1) &
=I T Basemap(2)

 Depth l_

T Excluded cells B
=I & Habitat capacity (2)

@ Cap. (1: P_ceans W) l_

=l & Environm_drivers (3)
& MSFD W l_
5 Selected layer —

m

-

Mame: Cap. computed (2: Others




2 Med model - Ecopath with Ecosim 65103210 . = | E e

File View Ecopath Ecosim Ecospace Tools Windows Help

= |'E:,‘ Ecopath ~ % Ecosim ~ @4 Ecospace ~ @ Ecotracer v| =

| 3

Basic input)/Maps }/Foraging FESPOnse I/Apply environmental response - X
2 Saveimage.. | Position = | &, =L 100% * & Reset i 1 || Edit map details
g L] P

a SOUNRY WULOWIGIS TU) |

=

103eb e

Reference (1)

Reference

31N

Data layers (3)

Migration _ceans W)

[
@ Ule Ul

PP (relative)

m

Contaminants (rel)
Regions (1)
Regions
Basemap (2)
Depth
Excluded cells
Habitat capacity (7)
Cap. (1: P.ceans W) l_
=] ¥ Environm_drivers (3) & _
12, Selected layer —
MName: m
[ET—

Bl 11171

4

o
R VR R ¥

]




;‘ Med model - Ecopath with Ecosim 6.5.10321.0

File  View Ecopath Ecosim Ecospace Tools Windows Help
Basic input I/Foraging response ]/Appl}r environmental response)/Run Ecospace I
=| Distnbution of T

@ Relative biomass
Fishing effort
Catch
Catch/biomass 2 Legend max.

io3eBraen i

Display options

Show all

Selected groups.fleets: | Choose...

Show single group/fleet:

[1: Piscivores feeding cetaceans \ v‘

[T Overlay
Show MPAs

+| Labels
Run

| | Mutti-stanza




Roger Pugliese — South Atlantic Fishery Management Council
Dr. Rua Mordecai, SALCC, Dr. Simeon Yurek, USGS

Dr. Marcel J. Reichert — Marine Resources Research Institute, South Carolina
Department of Natural Resources (Tracey Smart, Wally Bubley)

Dr. Howard Townsend — NOAA/NMFS/ST/Ecosystems
Dr. Luiz Barbieri — Florida Fish and Wildlife Conservation Commission, FWRI

Dr. Ruoying He — Department of Marine, Earth and Atmospheric Sciences, North
arolina State University

and Director, Coastal and Oceanographic
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Connected to existing Ecospace driver
layers

! Attachment 10
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SPATIAL TEMPORAL DATA FRAMEWORK

erge
Y 4
| .
{EwE modelt——b h— n time ste
beek et al. 2013. Ecological Modelling 263, 139-151



SPATIAL TEMPORAL DATA FRAMEWORK

Expert
opinions

Web services

' Static
Ecospace .' maps

Spatial temporal
data framework

Spatial
time series

Models

Uncertainty
analysis




SPATIAL TEMPORAL DATA FRAMEWORK

CASE STUDY

Spatial-temporal [ Food web model

SeaWiFS PP data framework |/ (Adriatic)
(NetCDF, 10y) [

—Start of SENWHS data
~——Zooplankson
——Sardine

—— Anchowy
)

wLarge pelape fuh
——take

Biomass
(ESRI .ascii) |

WE OE WE IS'E 16




depth, and u

Work-around (EwWE version 6.5+)

Applying advection flow fields does work: flow

layer content can be entered or driven by spatial
temporal framework

Ongoing developments

New Advection model only requires depth axd
wind input to calculate advection and upwelling

/



1. CALCULATE ADVECTION

"',‘.'-"' Anchovy Bay - Ecopath with Ecosim £.5.14149.0

Eile  Miew Ecupath Ecosim  Ecospace
=l | — Ecopath -
Mavigator
3. Ecopath
;. Ecosim . Save image... | Position -

ﬁ- Ecospace Wind map 7 Wind
W = Input
Mz value: |23.34146

'1

Min walue: | 10.55253

Cursar:

JTools  Windows  Help
, Ecosim p‘T‘ Ecospace - . Ecotracer "l H

‘e Diet composition

R A
Y rrEY]
ek bAoA daaa

ﬁ Ecospace fisheny
[l Marine Protected
[l Bxdtemal data

» & Output

3 % Tools Upweliing

%4+ Tools

PP upwelling

.
\

—

T Ao |

ﬁ Anchovy Bay & 20 Mew Ecosim scenario G



