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Objectives

ALFISHES Landscape Fish Model

e The ATLSS (Across Trophic Level System Simulation) models are designed to predict the im-

pact of hydrology scenarios on biota in the greater Everglades in support of the Comprehensive
Everglades Restoration Plan (CERP).

e The objective of the ATLSS landscape fish model ALFISHES, combined with the hydrologic
model SICS, is to predict the impact of hydrology on the availability of prey base fishes of the
Everglades mangrove zone of Florida Bay to wading birds (and crocodiles).
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FEverglades Ecology: Fish and Birds

Resident fish (food) of the mangrove zone north of Florida Bay — Sailfin
Molly (Poecillia latipinna)
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Everglades Ecology: The Habitat

The creeks and flats of the mangrove zone
Seasonal flooding

Changes in bay level

The Seasonal Concentration of Fish in the Mangrove Creeks

| Wet Season Early Dry Season

Based on: Lorenz (2000)

Jon C. Cline, GEER 2008 Conference, July 28, 2008



Everglades Ecology: The Hypotheses

The resident fish biomass is negatively impacted by saline period due to
reduced food availability

The resulting fish community is less robust than the historic one
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Everglades Hydrology: SICS

SICS utilizes a two-dimensional, dynamic surface-water model, called SWIFT2D,
coupled to a three-dimensional ground-water model, called SEAWAT'
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Linking Everglades Ecosystem Restoration and SICS

In order to model ecosystem restoration scenarios, the SICS model field-data-
produced boundaries are replaced with interpolated water-level values from the

SFWMM model.
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The Ecology: ALFISHES
hydrology: SFWMM and SICS (water levels, salinity)

landscape cell: 500 x 500 m cells with permanent vs. flooded habitat

ercent creek, percent flats
p p

lower trophic level: process model incorporating negative response of pe-

riphyton to salinity

fish population: age and size-structure model with movement within and

between cells

Resource
models

Delrilus
Periphyton
Macrophytes

Zooplankton

Benthic
Insects

Fish Dynamics in each Spatial Cell
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Note: Dashed line - model currently held constant
Dotted line - model not currently included
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The Ecology: ALFISHES — Landscape

Inputs:

1. SICS vegetation map at the 30 meter scale
2. hypsographs by habitat type based on surveys of study sites

Output:

distribution of habitat type within each 500 x 500 m cell and a corre-

sponding hypsograph

SICS veg type creek | high creek | flats | high flats
SAWZTass na na na na
sawgrass/bunchgrass na na na na
sawgrass/rush v

rush (dwarf mangrove) V
evergreens (tree islands)
mangrove/buttonwood Vi
mangrove /water V

open water
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The Ecology: ALFISHES — Lower Trophic Level Dynamics

@1 — 4By (t) — 61Ba(t)? — a [74Ba(5) + 75 B5(t)] By (t)

% = 2By — 02B5(t)*

s = 3 [01B1(t)? + 52Ba(t)? + 04Ba(t)? + 65B5(1)?] — 93 Bs(t)
d£ = 74 B1(t)B4(t) — 04B4(t)?

4% = v5B(t)Bs(t) — 65B5(t)

where

component

periphyton

macrophytes
detritus
mesoinvertebrates (those <1 mg body weight)
macroinvertebrates (those >1 mg body weight)

G x| ol o] | .

B, =biomass of component ¢
o 1s the inverse of assimilation rate of macroinvertebrates and macroinvertebrates

v;and §;are seasonally varying growth and death (percentage production and decay
rates for detritus) parameters
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FEverglades Ecology: ALFISHES — Lower Trophic Level Dynamics in the
Mangrove Zone

Revisiting a hypothesis: the resident fish biomass is negatively impacted
by saline period due to reduced food availability

Approach: as salinity increases, the lower trophic level system switches
from a periphyton-driven system to a detritus-drive system

61 = 8(t, x) =death rate of periphyton in cell & at time t= §,;,, exp’s(®?)

where
Omin =death rate of periphyton in freshwater
K =constant

s(x,t) =salinity in cell z at time ¢
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The Ecology: A Wading Bird SESI Model

Short-| Long-
legged | legged

Radius (km) | 1.5 3.0
Cycle len.(days) | 21 54
LoWaterlim (cm)| 0 5
HiWaterlim (cm)| 20 35
End season date | 31May |15JUL

1 if suitable.

Habitat cutoff (%) 50 "
0 otherwise.

Urban cutoff (%) 25

Start season date  1JAN
Reversal threshold (%) 20
Foraging area reversal(%) 20

StudyArea(x,y)=

Suitable FGAP habitat types:
Freshwater marsh  Mangroves
Muhlenbergia  Eleocharis
Typha Spartina

Get next day

Is
current yes
day in breeding
season

for (x,y) in study area:

rd SESI Core

no
Is (x,y) in foraging cycle? — Start cycle?
no yes | yes| | no
LoLimit < water depth < HiLimit?
\
o ¥ depth for day(i) > depth for day(i-1)?
es
m Interrupt cycle? Y
no
U) Increment cycleday count
- % yes
— Cycle completed? =—=NC(x,y)++
= no /
CU More days
to process In
this ,}/ear
: where:
no NC = number of successful foraging cycles
MaxNC = max, number of possible cycles
for (x,y) in study area Feeding Radius Factor = percent of pixels
NC(xy IndeXMap(va) - within foraging radius that are suitable
m * FeedingRadiusFactor(x,y) if < 50%, Feeding Radius Factor = 0
copyright 2002 ATLSS
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Provide a method to assess the impact of
management scenarios on species’ habi-
tat

Allow for the input of static and dynamic
landscape features importable from a ge-
ographic information system (GIS) or
spatial models of physical

Provide a method to rapidly assess al-
ternative local indices, in conjunction
with individuals highly familiar with the
species being modeled, to speed model
development

Provide a method to compare simple as-
sessments with those derived from more
complex models as part of a multimod-
eling approach to regional management
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Everglades Ecology: A SESI Model for Spoonbills

The critical period for spoonbills in Florida Bay: from December 1 to March 31.

— Nesting in Florida Bay between November 1 and December 15.

— Incubation period is approximately 21 days.

— Chicks require constant care and an unbroken supply of food for about 42 days.
— For another 42 days the chicks are still unable to leave the colony.

Foraging spoonbills require water levels at or below the concentration threshold of
12.5 cm somewhere within the coastal mangrove wetlands for the duration of this
period.

Florida % %7, Northeastem
Bay o Colonies
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The Model Implementation: ATLSS

ATLSS consists of a suite of component models that may be linked to-
gether as a multimodel

Integrates spatial data with agent-based models

The models and data are linked via the Landscape classes, a collection of
C-++ classes designed to manage spatial data

Incorporates preprocessed landscape and hydrology components

Model Type
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The Models: The Big Picture

Decision Models

A

Biotic| Results

Scenarios| (actions)

Ecological Models (e.g. ATLSS)

-
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The Modeling Challenge

Why? To simplify (we all do it)

e Refining the question

e How much simplification is appropriate?

From individuals to populations to ecosystems

e Addressing issues of scale

e “._searching for the intermediate scale of non-trivial determinism...” (Pascual and Levin 1999)

Atomic models: irreducible model components

e Inputs
e Model state
e State transitions

e Outputs
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Atomic Models

Approach: simplification of a complex hierarchy

Problem: complex systems may be described by multiple hierarchies with
multiple tops

Challenge: linking models with different world views
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Modeling Approach: Multimodeling

Suite of atomic models that may be linked as component models (I.e.
ecosystem components)

e Hierarchical assembly

e Coupling physical and biological models

Different model representations: multiple modeling paradigms

e Process-based models
e Stage-structured models

e Individual-based models

Incorporate different spatial and temporal scales

e Intermediate scale models to explicitly model linkages across scales (aggregation and distribu-
tion)
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Modeling and Simulation

Separate Models From Simulators
Separate Models From Experimental Frames

Use the DEVS (Discrete Event System Specification) Formalism (Zeigler
et al 2000)

Experimental Frame

Real World Simulator

~ /

modeling simulation
relation relation

Expelrllmental frame §peC|f|es Adapted from
conditions under which system Zeigler et al 2000
is experimented with and observed 9

Figure 1: Entities and relations in modeling
and simulation Figure 2: DEVS coordinator with a coupled

model

aaaaaaaaaaa
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ALFISHES Model Hierarchy

fish_in
LandscapeObserverfiowertropnic_in

#Update(): void

habitat_in

<<Atomics

TeTiSpaces
HydrologicModel FishCellSpace e O a——
TCTock( const efscape TPl (CTockTa L O >——[reethoaet(in xiant 7 Vomt. o Zoiney - aen
twater (in ai_layer:int,in ai_step:int) “out water_ int owertropnic_out
rmask(in a1_row:int.fn ai_col:1nt): bool sgetheignt: nt —e ) U—
getoeptnO: int Tsh_out
e
FishCell

“gethieignbors () std: vector<CellModel®>
+getlocation(): Index

+gethabitat(): Celliabitat*

+getlowerTrophic(in ai_habitat:int): LowerTrophic*
+getFishCommunity (in ai_habitat:int.in ai_group:int)

FishComnunit®

habitat_in .
fish_in
<FTshCe1ID1graph>) CellObserver
Towertrophic_{Fpaate (- vord
witer|in
habitat_out habitat_in| - | -
CellHabitat FishCommunity fish_out
EetDepth(in ai_step-int): float Oy ISgetFisn(in a1 group: in0) - Funceroup
+getsalinity(in ai_step:int): float LowerTrophic #UpdateDensity (): void
rgetcellAreat) : float habitat_in Pl Towertrophic_|
+getCellType(): short “hopulation(in ai_habitat:in): float_siic
+gethabitatArea(): float_slice Hpaatenionsss (). vord
rgetiietirac(): float_slice
+gethietFrac(in ai_habitat:int,in af_depth:float): flodt AlfishCommunity
+getHypsoMax () : float
+gethypsoin(): float imi_state: enun
+getbaysbry(): int_slice LowerTrophicSeries state(): enun
#Updatewaterlevel(): void  ——

#Updatedensity(): void
#Calculatergesurvivorship(): voi
#Intratove): void
#settleFish(): void

[#UpdateBionass(): void

#ove ) void
#update()
MarshHabitat LowerTrophicDyn [#1s_synchrontzed(): bool
—
P " C<float>
sl vpso_level <t Fpdatedionass (1 void

#nSt_max_pond_frac: float
#nSt randon freq: float

+getlietFrac(in ai_habitat:int.in af_depth:float): flogt
+gethypsotax() : float

FuncGroup

*population(in ai_habitat:int): float _siice

[+Updatelnput (in aCp_habitat:const CellHabitat’|
in aCpoprey:LowerTrophic®)

MangroveHabitat

4n5C 01 hvpsoRraph: FloatGeogridpir
getuetFrac(in a1_habitat:int.in af depth Tioat)
gethypsoin(): float

+gethypsotax(): float

+NumAges ()= int
+ComputeDensity(in ai_habitat:int): float

Tlogt

FreshFuncGroup

TCalculateAgesurvivorship(: void

+Intrakove ()

settleFish(): void

+Hove(): void

+HinAge(): int

Nums izes () int

NunS tage1(): int

#mainten(aCr nabitat_type;const TypeCadek.
in'ap_preaater Fresnruntbroup): void

#mainten2Stagevoid(in aCr_habitat_type:const TypeCode:

in 3F consumptron: ficat)

[#Reproduce (in aCr_habitat_type:const TypeCode)

[#AqvanceAges (in aCr_habitat_type:const TypeCode&)

#advancesize()

#Getsizeciassbata(in ai_age: int)

void
vo

const SizeClassData

_MangroveFunCGrou

[Fintrafiove O void |
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ALFISHES Model: Landscape Cell Habitat

Cell habitat: within cell environment

e pond/creek habitat

e marsh/creeks habitat
Lower trophic model: resource base
Fish community: fish functional groups

Cell observer: collections simulation model data

lowertrophic_in ish in

CellObserver

habitat_in

water|in

i habitat_in
CellHabitat —12itat out ™ ) L —— FishCommunity

O N fish_out
. lowertrophic_out |
LowerTrophic

7
habitat_in lowertrophic_in
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The Model Implementation

Open source software components and libraries

e Internet Connection Engine (ICE) - object-oriented middleware with bindings for C++, Java,

Python

e adevs (A Discrete EVent system Simulator) library - a C++4 implementation of the Parallel

DEVS formalism
e netCDF - Network Common Data Format

Uses open standards for geospatial data
Platform neutral
Model builder application

Client-server architecture implemented with ICE

e Java Application/Applet client

e (C++ server runs the simulation engine

e XML used to specify simulation parameters
e Visualization of simulation output

e Component models specified by XML and loaded on demand from a model repository
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Viewing Model Output

Using a standard netCDF dataviewer (ncview) to view alfishes output

000 X Ncview 1.92
ALFISHES Everglades mangrove fish model output
displaying spoonbill habitat suitability index
frame 4381505 (25-Jan-2002)
displayed range: 0 to 1
Current: (i=47, j=13) 0.943922 (x=536415, y=2.80232e+06)

Quit | =1 | 4 4 n » » Edit ? Delay: | Opts

X! fish_landscape.nc

Sgauss InvC ||Mag X7 Linear = Axes ||Range | Bi-lin  Print

Var: wet_frac days_dry LTL_in_flats  fish_in_flats_m2
fish_in_flats_m2 LTL in_creek fish_in_creek_m fish_in_creek_m
fish_total spoonbill_hsi_l:
Dim: Name: Min: Current: Max: Units:
Scan: time 9.96921e+36 25-Jan-2002 2520 days since 1€

Y: Y 2.77982e+06 -Y- 2.80882e+06 (]

X: X 512915 X- 357415
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What's Next?

Further development of ALFISHES

e Extend and expand model components (e.g. Lower Trophic Model)
e Add model components (e.g. individual-based spoonbird model?)
e Implement model contests

e Expand modeling area to incorporate TIME (Tides and Inflows in the Mangrove Ecotone)
hydrologic scenarios

Implement an interactive modeling environment for decision support
based on on REcursivePorous Agent Simulation Toolkit (Repast), a free,

open source ABMS toolkit (http://repast.sourceforge.net/)

e Integrated Development Environment (IDE) for models
e Visual model development

e Supports 2D, 3D, and GIS views of data

e Supports active links to GIS and relational databases

e Supports active links to external programs for data analysis and visualization such as R
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A screenshot of a 3D GIS display Repast Simphony (from the Repast

home page)

Layers
Stars
Atmosphere
Fog
NASA Blue Marble Image
WASA Blie Marble
i~cubed Landsat
USG5 Urban Ares Ortho
Place Names
Warld Map
Scale bar
Compass
GisAgent

Metwork

Altitude & km CFf globe

Paued I | @
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Summary

Developing linkages between models is important

e DBig picture
e Tool for managing complexity

e Framework for model contests

Frameworks make implementation of linkages easier

e Model assembly

e High performance computing

Models don’t have to be right to be useful (used only as directed)
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