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Understanding Colonial Wading Bird

Metapopulation Dynamics in the

NJ Meadowlands and NY Harbor
Introduction 

There are date on wading birds such as Great Egrets (Casmerodias albus), Blue Herons (Ardea herodias), and Black- and Yellow-crowned Night Herons (Nycticorax nycticorax, Nyctanassa violacea) in the Meadowlands region of northeastern New Jersey, as well as the adjacent New York harbor area (including Jamaica Bay and portions of Long Island Sound), which has been collected by different organizations for a number of years. 

These data show fluctuations in nesting population.  The data tells us that some islands that where populated before are now empty.  Some other islands have gone from high population to low or no population and then gone back to high population again. The Great Egret nesting data graph is an example of the mentioned data.

Great Egret Nesting Data

· N
= number of nests

· t  
= time in years

· Every colored line represents the Great Egret population on a different island 
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Overview
The goal of this project is to understand the reason for these fluctuations in the wading bird population to get a better understanding of the health of the system and then manage it in a more efficient way.  

We can see in the data that bird population fluctuates greatly from island to island.  However, if we look at the cumulative population of the islands, the cumulative population does not fluctuate as much.  Therefore, we can start to see that there should be some kind of relationship between an abrupt population decrease in one island and a great population increase in another island.
Hypothesis
To try to understand the fluctuations in the data, we have decided to look as the system as a metapopulation, a group of spatially separated populations of the same species that interact at some level, rather than looking at each island separately.  We believe that the fact a patch/island may go from populated to empty does not mean that the birds which used to inhabit the patch/island are not breeding at all, or are dead, but rather that they decided to nest somewhere else.  


Moreover, by comparing historical nest counts from these islands with current counts we see that there is always ‘empty space’ for nesting on any given year.  The existence of empty nesting spaces suggests a global carrying capacity for the system that is lower than the total nesting capacity of the islands.  The global carrying capacity is assumed to be based on food and other resources needed for the physical survival of the birds.  For example, we might say that there is space for 100 nests, but because of food availability there can only be 50 nesting pairs of birds. 

In addition, we are including behavioral decisions in the model in the form of site fidelity and aggregation.  Site fidelity is the tendency of a bird to try to go back to nest on the same island as last season.  Aggregation behavior is the tendency for birds to try to nest where other birds are already nesting — a characteristic feature of these birds.  Therefore, in the model, each bird chooses where to nest based on where they nested the previous year and the islands population at the time the bird arrives to nest. Aging Hypothesis and Aggregate Behavior:

· As the population of a patch approaches maximum capacity, new individuals choose different patches.

· Old populations have lower reproduction success and young ones high.

· Old populations start to decrease until their patch is no longer attractive to them so they move to a more attractive patch

Method

To study our hypothesis we use a computer simulation.  The simulation it is divided into two main events: colony development and population dynamics.  Colony development is how birds decide where to nest.  Population dynamics consists of processes of aging, birth and death.


Every breeding season wading birds arrive to the islands.  They decide where to nest, forming colonies on different islands.  At the end of the breeding season, adult birds and offspring fly south and do not come back until next year.


The following diagram represents the main events happening during and between breeding seasons. 


[image: image2]
Simulation
Patch Allocation
The way in which actual birds arrive in the general area is unknown to us.  We assume that birds arrive one at the time in a random order, and each bird chooses where to nest based on each island’s current nesting population and where they nested previously.  If a bird is nesting for the first time, it has higher site fidelity for the island where it was born than for the rest of the islands, but this fidelity is not as high as the fidelity of a bird which bred on that island the previous season. 

Patch allocation is a function representing the bird’s decision making.  To calculate patch allocation we calculate a value we call ‘patch attractiveness’ based on site fidelity, the desire to aggregate and whether the site is approaching nesting capacity.  More specifically
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, where the A terms on the right hand side represent components of attractiveness based on fidelity, aggregation and site capacity, respectively.

Site Fidelity

Attractiveness based on site fidelity is calculated for every patch.  First, we check if the patch is the same patch where the bird was last breeding season.  If the bird was not in this patch the previous year, 
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.  On the other hand, if the patch is where the bird was present the previous year, we check if the bird nested.  If the bird did nest, 
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are constants representing the relative attractiveness of a patch based on previous breeding or non-breeding presence. The relationship between the three possible fidelity values is 
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Aggregation Behavior

We model the attractiveness of a patch based on the desire to nest colonially as a linear function:
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 is the breeding population in the ith patch when the individual arrives, m describes the rate of increase in the attractiveness of a site as a function of the number of birds already present, and c is the attractiveness of an empty patch (which is low, but greater than zero).
Site Capacity

We model the attractiveness of a patch based on the desire to nest colonially as a theta-logistic function:
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where 
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 is the maximum nesting capacity of the ith site, and 
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is a parameter which controls the way in which attractiveness decreases as 
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. Later on in the paper we will explain plausible values for
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Note that the aggregation and capacity terms are both functions of
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, so we can write a combined function that describes how the number of birds already present in a site affects its attractiveness through both the desire to aggregate and the need to find an empty within the patch to nest in.
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This is a unimodal function that starts at c, rises to a peak and then descends to zero at
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. Figure X shows the A_A and A_C functions separately, as well as the A_N function, for a sample set of parameters.
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Finally, the patch allocation algorithm calculates the attractiveness of each patch and assigns each arriving bird to the patch with the highest attractiveness score. Because each assignment changes one of the
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, the attractiveness scores must be recalculated for each arrival until all birds have been assigned to a patch.

Population Dynamics

After all the birds have been assigned to a patch, we start calculating population dynamics.  First, we simulate breeding.  

Reproduction Rate (rP):

We start by calculating a birth rate R based on another theta-logistic model in which an intrinsic birth rate r is modified by a form of global density dependence.
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where 
[image: image25.wmf]  

N

G

=

N

i

i

å

, 
[image: image26.wmf]  

K

G

 is a global limit to the number of nesting pairs, and 
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 describes how fast the birth rate declines to zero as the global limit is approached. 

Each individual is assumed to produce a number of offspring as a random draw from a Poisson distribution with mean R.  The Poisson distribution μ describes the number of points in a unit interval, where points are distributed with uniform density μ.  It follows that the number of births in the ith patch can be calculated as a random draw from a Poisson distribution with parameter
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This graph represents the number of new born and not the number of laid eggs.  

[image: image29]
Death rate:
Next, we simulate death.  We assume life expectancy for these birds to be 16 years.  When a bird reaches life expectancy, the bird is taken out of the simulation. Individuals less than sixteen years of age have a probability d of dying accidentally in each year. In all the simulations presented here, d = 0.1, a somewhat arbitrary value which results in ~80% of individuals dying before reaching maximum age.

Population Aging:
Finally, to close one breeding season, we make the surviving population a year older and use it as the new population for calculate patch allocation for the following breeding season.
Theta Values (Θ, ΘG)
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THETA (Θ) controls the value of N at which aggregate attractiveness is at its maximum value.  As THETA increases or decreases so does the maximum value of Aggregation and the value of N at which the maximum is achieved.  

THETAG (ΘG) controls the population size at which reproduction probability stars decreasing drastically.

As Θ or ΘG increases, density dependence decreases.  For Θ or ΘG values greater than 1, we refer to the model as low density dependent and high density dependent for values lower than 1.
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Simulation Results


The simulation gives us a lot of data.  Since there are many variables involved in it we have to choose the values that give us the closest result possible to the real data.  The number of patches p to be use is 5 since it is approximately the number of patches observed in real life.  Our hypothesis says that the global carrying capacity is smaller that the summation of the carrying capacity of the patches.
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Death rate was chosen to be 0.1, reproduction rate 1.

c = 0.1, m = 0.009, Fa = 2, Fn =1.1

The previous values where chosen by trial and error.  However, the theta values are the ones that we are interested in since they govern the way in which patches are populated, THETA, and the frequency of patches switching form populated to empty, THETAG.  THETA = 5 since density dependence should not affect decision making until there are only a few empty nest left in a patch.  THETAG = 5 since foraging areas are very big and these birds can fly long distances for food.  Therefore, birds should not compete for food until population density is high.
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Simulation Results Analysis


When we look at the resulting graphs from the simulations, we see a lot of movement and noise.  To get a better understanding of our results, we want to look at the main switches in population sizes, get their frequency, and categorize the population size switches.
Frequency of large population fluctuations

In the next graph, we can see the relationship between THETAG and the number population fluctuations over 50%.  The number of patches’ population fluctuating increases in a none-linear form.

[image: image34]
Population transitions as ΘG increases 
Bird movement and Total population by Age
Figure 1 shows age distribution of the total bird population during 500 years, and figure 2 shows age distribution of the total number of birds which switch patches during different nesting seasons. 
By looking at both figures, we can see that 73% of switches are done by young birds, ages 1 and 2, although they only represent 23% of the total population, which agrees with our hypothesis that young birds have lower site fidelity than adults, causing them to switch more often than adults.
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Figure 1: age distribution of total number of birds
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Figure 2: age distribution of birds switching patches
Changes in intrinsic reproduction rate r
Figure 3 and 4 show the effects of changing the intrinsic reproduction rate while keeping the rest of the variables the same.  Figure 3 has an intrinsic reproduction rate r=2 and figure 4 has an intrinsic reproduction rate r=1.

The effect from changing r suggests a direct relationship between increasing r and the number of switches.   The results form varying r show a relationship similar to varying ΘG. 

[image: image37]
Figure 3: r =2

[image: image38]
Figure 4: r = 1
Conclusions

In our hypothesis, we proposed that the observed dynamics could be explained solely by intrinsic processes (colonial behavior, site fidelity) and the results from the model show than it does.  

We have showed that development of new colonies is initiated by young birds.  Moreover, as the reproduction rate multiplier becomes weakly dependent on density, increase of ΘG, the number of population fluctuations of more that 50% of the population increases in a none-linear form.  Old colonies decline due to mortality of adults and emigration of young birds.
Moreover, testing different ΘG values shows that nature of system-wide limit on reproductive success (ΘG) affects the frequency of patch switching.  Island managers should consider entire system, rather than automatically looking for island-specific causes of population fluctuations. 
In addition, the model also suggests that aggregation behavior accelerates transition in patch dominance, number of fluctuating patches.  However, we have not jet found a way to quantify these results.  

Discussion 

Our model it is totally based on made up values.  A way to prove the model could be done by bird tagging and monitoring bird movement closely.  Bird tagging would allow us to formulate more accurate assumptions about birds’ nesting preferences.  Moreover, the results from varying r and ΘG support the existence of a factor other than nesting space limiting population development. 
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