Atlantis Movement Options

Note that each species (or functional group) is assigned to one of the following movement options. All age classes must follow the same movement model, but the different life stages can have different parameterisations (e.g. different habitat affinities). Note that if the species shows maternal (parental) care then the “unweaned” population stays with their parents rather than independently calculating their spatial distribution.

Advection

The animal floats passively on ocean currents, which is handled by the dispersion code not the movement routines.

Sedentary

Once settled animals do not leave the polygon they reside in. The can move vertically if they diurnally migrate, but they will not move horizontally. That is the number of species x of age class y in layer j of box i (Nx,y,i,j,t) at time t is equal to those in the box at the end of the last time step (after birth, aging, feeding and deaths):


							(1)

j,d,s,x the proportion of the population of species x of life stage s in depth layer j at that time of the day (d) due to the day-night vertical distributions; and Nx,y,i,t-1 is the total population of that age class of that species in that model box at the end of the previous time step.

Prescribed

Four quarterly (seasonal) distributions are input as parameters and the model interpolates between these as the calendar year progresses. This gives the number of species x of age class y in layer j of box i (Nx,y,i,j,t) at time t as:


		(2)

where j,d,s,x is defined as above; Nx,y,t is the total population of that age class of that species in the model domain (if the model is tracking genotypes then it is the total number of that genotype of that age class of that species in the model domain); q is the relative position in the quarter (a value between 0 and 1); and i,Q,s,x is the proportion of the population of species x of life stage s in box i in quarter Q – note that when the end of the year is reached the series of quarters loops so that Q+1 becomes the first quarter of the next year.

This is the basic form of dynamic movement in Atlantis. This movement option also allows for migration into/out of the model domain, especially on a seasonal time frame.

Home Ranges

Under this movement option the model domain is made up of a mosaic of home ranges (which may or may not overlap depending on the home range flag for that species). The movement algorithm then distributes individuals across the home-range based on weighted averages (where weights are areas of boxes in the home range). The individuals are drawn from the matrix that keeps track of the numbers of animals in each home range. This gives the number of species x of age class y in layer j of box i (Nx,y,i,j,t) at time t as:
	

						(3)

where Nx,y,t and j,d,s,x are as defined above; r,s,x is the proportion of the population of species x of life stage s in home range r; and i,r is the proportional of home range r in box i (set to 0 if not in that home range or if in the home range then set to the relative area of the box versus the total area of that home range)

Forage, density and mate dependent

This movement system allocates individuals based on the distribution of forage fields and prescribed quarterly distributions (if the species follows spawning migrations or any other non-forage movement drivers), but the degree of movement actually realised is then dependent on how density dependent the group is and how fast it swims. This gives the number of species x of age class y in layer j of box i (Nx,y,i,j,t) at time t as:


		(4)	

where Nx,y,t and j,d,s,x are as defined above, x the average cruising speed of species x;  the model time step;  the width of the model domain; x,y,i,j,t-1 is the proportional distribution of species x age class y in box i at time t-1; with the contribution to the spatial distribution due to non-forage drivers given by an equation similar to prescribed movement above:


			(5)

and the forage-based contribution given by:


					(6)

where r,s,x is the proportion of the total population of species x age class y having to move due to less than threshold local forage levels (this is so the final proportional distributions sum to one given some won’t change their distribution if local forage levels are sufficiently high); w is a weighting scalar for the forage field; k is the coefficient of forage field that scales the individual weight of age class y of species x at time t (Wx,y,t) to provide the forage movement trigger; and the local forage level (fi)is given by: 

	
where hi,x,y is the refuge status of box i for species x age class y if a habitat dependent species (if not habitat dependent than this is simply set to 1.0); ex is the primary assimilation efficiency of species x (i.e. assimilation rate of species x on its dominant food type); Ci,x,y is the maximum potential consumption possible for species x age class y in box i  given the prey biomasses available at that location – uses the same functional response as for the feeding equations, typically a type II Holling.

This is the more elaborate form of movement in Atlantis. This movement option also allows for migration into/out of the model domain, especially on a seasonal time frame.

Environmental sensitivity

If a group is sensitive to environmental conditions then after the initial distributions are calculated using the options above then any cell (layer per box) is compared against the species temperature, salinity, alkalinity and oxygen tolerances. Any cell outside the tolerances is zeroed. For sedentary species the numbers in those boxes are simply lost. For those species following the other movement options the relative distributions are re-normalised (so it assumes that individuals from the boxes now out of tolerable limits move to another location within the model domain until no tolerable boxes remain).




Atlantis IBM Movement

This is a grossly simplified form of movement that basically identifies a waypoint that best matches the current activity type and then heads for it at best possible speed. Thus movement is as follows with the destination at time t  given by:





with xt,f is the x coordinate of the location with the highest forage density that is within the search radius of current species at time t; xt,n is the x coordinate of the individual’s nest location (or spawning site); xt,o is the x coordinate of the location of the exit point for the emigrating individual; and if the current individual is a nursing infant in a species with maternal care then xt,f is the x coordinate of the mother’s position (or father in the case of species with paternal care). Similar for the y and z coordinates.

Where the search radius (s) is given by:




where the various s represent the search radius dependent on position in the reproductive cycle; and the final option uses the default cruising speed (per unit time) for that species – with dt the time step and d the distance between the current and destination locations.

Finally movement is executed as 




[bookmark: _GoBack]where xcurr  is the new x coordinate of the new “current location” and xface is facing (set equal to x coordinate of the destination point minus xt-1). Similarly for y and z dimensions. 

Note that the forage density map is updated during the general ecological routine to speed computation (rather than each individual building the map anew when they execute their movement decisions). This master list is then looped over as each individual executes to find the peak location in their local area.

Also note that movement increases the cost of metabolism.
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Nx,y,i, j ,t = Nx,y,t ⋅ υ j ,d ,s,x ⋅ ρr ,s,x ⋅ω i,r( )
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Nx,y,i, j ,t = Nx,y,t ⋅υ j ,d ,s,x ⋅ min(1,
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σ x,y,i =
q ⋅ ρi,Q+1,s,x − ρi,Q,s,x( ) + ρi,Q,s,x( )    if non-forage driver active
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ηx,y,i =
fi
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fi =



hi,x,y ⋅ε x ⋅Ci,x,y ⋅φw                 if following a steep step drop away and ε x ⋅Ci,x,y >φk ⋅Wx,y,t



hi,x,y ⋅ε x ⋅Ci,x,y



φw
                     if following a steep step drop away and ε x ⋅Ci,x,y ≤φk ⋅Wx,y,t



hi,x,y ⋅exp( −1
ε x ⋅Ci,x,y



)             if using an exponential drop away
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D xt , yt , zt( ) =



D xt−1, yt−1, zt−1( )              if status = nestling



D xt , f , yt , f , zt , f( )              if status = foraging



D xt ,n , yt ,n , zt ,n( )               if status = go to nest



D xt ,o, yt ,o, zt ,o( )               if status = emigrating



D xt ,m , yt ,m , zt ,m( )             if stage = infant AND flag_maternal_care = 1



⎧



⎨



⎪
⎪
⎪⎪



⎩



⎪
⎪
⎪
⎪










Dx

t

,

y

t

,

z

t

( )

=

Dx

t-

1

,

y

t-

1

,

z

t-

1

( )

             if status = nestling

Dx

t

,

f

,

y

t

,

f

,

z

t

,

f

( )

             if status = foraging

Dx

t

,

n

,

y

t

,

n

,

z

t

,

n

( )

              if status = go to nest

Dx

t

,

o

,

y

t

,

o

,

z

t

,

o

( )

              if status = emigrating

Dx

t

,

m

,

y

t

,

m

,

z

t

,

m

( )

            if stage = infant AND flag_maternal_care = 1

ì

í

ï

ï

ï

ï

î

ï

ï

ï

ï


oleObject8.bin

image9.emf



s =



sb                if incubating eggs    
sg                if guarding nest
sp                if provisioning young 
min(d,λ f ⋅dt)         otherwise for all mobile states (i.e. use default cruising speed)
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xcurr = xt−1 + x face ⋅ s ⋅dt
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Nx,y,i, j ,t =υ j ,d ,s,x ⋅Nx,y,i,t−1
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Nx,y,i, j ,t = Nx,y,t ⋅ υ j ,d ,s,x ⋅q ⋅ ρi,Q+1,s,x − ρi,Q,s,x( ) + ρi,Q,s,x( )
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