Tree Swallow Migration using Matrices


Migration is an ancient phenomenon demonstrated by various animal species across the globe.  Migration is defined as the periodic passage of groups of animals (especially birds or fishes) from one region to another for feeding or breeding.  Many examples of migration can be seen across the animal kingdom. The American Buffalo who once roamed the great plains of North America migrated seasonally between feeding grounds and salt licks. The Native Americans of the plains also demonstrated migration patterns by following their food source, the buffalo, south for the winter.  The most common example of annual migration is demonstrated by avian species.

Bird Migration is a mainly northern hemisphere phenomenon. The lack of wide expanses of land in the southern hemisphere leads to a more stable climate and less overall seasonal movement of organisms. Most species travel to tropical regions for the winter, although there are exceptions, like aquatic species of the far north that only travel far enough south to escape frozen waters. Most species, though, move with their food source to warmer climates.  Migration seems like a large cost for an evolutionary lifestyle choice because the long-distance flights can be very dangerous and taxing. However, birds gain the benefit of breeding in northern grounds while the days are long in the summer and there is an abundant food supply.

Tree Swallows are a migrant species that is common across North America. Also known as Tachycineta bicolor, they are a rather small bird weighing around 20 g and ranging in size from 12-15 cm. They live in open areas near water and fields, especially wooded swamps and shorelines. This habitat choice is because their main source of food is flies and other insects hatching out of the water. They catch their prey by swooping over open fields and collecting their meal mid-flight. Because of this foraging technique the swallows must fly south to survive when the insects in the north begin to die off in the cold winter.   


Tree swallow migration paths range from the Northern United States and Canada down to the gulf coast and southern California into Mexico.  Typically swallows will leave their breeding grounds individually, but join a flock to travel long distances. They roost in large numbers in trees at dusk; sightings can number up to the thousands.  Of the North American swallow species, tree swallows migrate the least distance south in the winter, and subsequently are the first to return each summer. Tree swallows are also very specific migrants. Adults will return to the same nest box to breed year after year. Often they will try to return to the same nest box in which they were reared.

Tree Swallows typically nest in nest boxes or open cavities in trees. The grass-cup nest is lined with feathers to keep the brood warm.  Eggs are small and white and an average clutch size usually ranges from five to seven eggs. Out of the entire brood, an average of 4.6 chicks from each nest fledges per year (Cornell, 2003). Each pair of birds also only nests once each season, then leave the breeding ground to travel south again, and a new mating pair takes the empty nest box.


Matrices are a very useful model for many different systems. Metapopulations can be modeled as such:
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X = Metapopulation
s = survival rate

d = dispersal rate

In this model, the new population of an area can be determined by summing the survivors of the remaining population there and the new individuals entering the habitat.

Modeling various age groupings within a population can also be easily done with the Leslie Matrix Model:
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X = Age Group

s = survival rate of respective age group

m = reproductive rate of respective age group

This model can demonstrate the size of different age groups of an organism at a certain time by calculating the number of individuals surviving to that age from the previous age grouping.

In order to model the movement of populations within different migrant zones, elements of these matrices can be combined into a similar model:
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Here, the variables are assigned as such:

X1 =Population of Northern Region
X2 = Population of Birds Flying South

X3 = Population of Southern Region
X4 = Population of Birds Flying North

a = Survival rate for Northern Region
b = Survival rate for Flight South

c = Survival rate for Southern Region
d = Survival rate for Flight North

e = Dispersal rate of Northern Population

f  = Dispersal rate of Population Flying South

g = Dispersal rate of Southern Population

· h = Dispersal rate of Population Flying North

· m = Reproductive Rate


In this way the new population of X1, for example, can be calculated by adding together the product of the dispersal rate of the Returning Bird Population, survival rate of the population and population of birds currently returning, and the product of the survival rate for the North, reproduction rate, and the remaining fraction of population in the North.  The reproduction rate is only included in the matrix in the northern population, because procreation only takes place in the northern breeding grounds.


In order to model these populations over an annual period, I first created a simpler model using a Matlab program with the following commands:

clear all 
m=1.0046 
x=[0; 400] 
y=zeros(2,1460); 
y(:,1)=x;  %initialize 


for n=1:1459 
  a=sin((n-91)*2*pi/365)*.004+.9959 
  b=-sin((n-91)*2*pi/365)*.004+.9959 
  d=-sin((n-91)*2*pi/365)/50+.02 
  e=sin((n-91)*2*pi/365)/50+.02 
  A=[a*(1-d)*m b*e; a*d b*(1-e)] 
   y(:,n+1)=A*y(:,n);   %update with matrix model   
end 

plot([1:1460],y(1,:),'*r',[1:1460],y(2,:),'xb') 
legend('North','South') 

This model only contains two population groups, North and South. The variable, n, is measured in days, n=1 representing January 1st.  The survival and dispersal parameters have been replaced with sinusoidal functions reflecting the seasonal changes in habitat suitability. The survival rate of the northern population reaches its peak in mid summer, whereas the southern population reaches its survivability peak in mid winter. The dispersal rates also vary seasonally but are the inverse of the survival rates.  


The graph of this program appears as
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The graph represents four years of migration. The population fluctuates annually between the two population areas, each year the population replenishes in the northern grounds with the reproduction constant.


After verifying the success of this program, I modified and expanded it to create a more accurate model of the system:

clear all 
m=1.0093 
x=[30; 4000; 4700; 20] 
y=zeros(4,730); 
t=zeros(1,730); 
y(:,1)=x;  %initialize 
t(1,1)=sum(y(:,1)); 

for n=1:729 
  a=sin((n-(365/4))*2*pi/365)*.004+.99339  %survival rate North 
  b=-sin((n)*2*pi/365)*.003+.997  %survival rate Trip Down 
  c=-sin((n-(365/4))*2*pi/365)*.003+.997  %survival rate South 
  d=sin((n)*2*pi/365)*.003+.997  %survival rate Trip Back 
  e=-sin((n-(365/4))*2*pi/365)/50+.02  %Dispersal Rate North 
  f=sin((n)*2*pi/365)/50+.02  %Dispersal Rate Trip Down 
  g=sin((n-(365/4))*2*pi/365)/50+.02  %Dispersal Rate South 
  h=-sin((n)*2*pi/365)/50+.02  %Dispersal Rate Trip Back 
  A=[a*(1-e)*m 0 0 d*h; a*e b*(1-f) 0 0; 0 b*f c*(1-g) 0; 0 0 c*g d*(1-h);] 
  y(:,n+1)=A*y(:,n);   %update with matrix model 
  t(1,n+1)=sum(y(:,n+1));  %update the sum 
end 
plot([1:730],y(1,:),'-b',[1:730],y(2,:),'-g',[1:730],y(3,:),'-k',[1:730],y(4,:),'-r',[1:730],t(1,:),'-m') 
legend('North','Trip Down','South','Return Trip','Total')
In this program, I included all four defined populations (northern population, southern population, birds traveling south and birds traveling north). The parameters are again sinusoidal functions dependant on the day of the year. The reproduction rate was calculated using the established average fledgling rate per nest. 
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Because the average of fledglings per nest is 4.6, the average number of fledglings per adult is 2.3. Also, reproduction only takes place in the summer season, or 90 days out of the year. Therefore

If 
[image: image6.wmf]1

0

=

P

, then 
[image: image7.wmf]3

.

2

=

n

P


n = 90


[image: image8.wmf]0093

.

1

3

.

2

90

=

=

m

m


The survival rate can also be calculated in the same manner. The annual survival rate of adult Tree Swallows has been studied to be 0.4 per year (Butler, 1988). Therefore

s = daily survival rate
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Therefore, the constant used in the sinusoidal survival functions is 0.997. The daily survival rate used in the northern population is significantly lower to make up for the much higher death rate of very young birds just leaving the nest.


The graph produced by this program appears as this:
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In this figure, the regional populations also fluctuate to represent the seasonal movement between areas. Each year the population is replenished in the northern breeding grounds and the new fledglings and adults enter the population traveling south. The total population of swallow can also be observed to fluctuate annually with the repopulation occurring in the breeding season.

Reviewing the program, one can calculate the eigenvalue according to n. A graph of the eigenvalue, lambda, as a function of n appears as
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The eigenvalue fluctuates, rising above 1 in the summer months during breeding, and falling below 1 in the winter months when no reproduction is taking place. Overall, the population is able to stay constant because of this replenishing mechanism. 

With this program one can estimate the approximate population of each area group by adjusting the value of n. The system can be continued out for years to come, or can be approximated for any point during the year.  Future trends of the population could be predicted by more accurately estimating the survival rate for each geographical area. 


Destruction of habitat in either seasonal location, therefore lowering the survival rate, could be detrimental to the population. Migratory species are particularly fragile because they depend on success in multiple locations across the globe. After deforestation and other destruction of swallow habitats, swallow populations have been seen to decrease in a number of areas. Conservation efforts to restore swallow habitat in many states across the country have been accordingly implemented.  Additional applications of this model could be used to study other migratory species and their population behavior. 
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