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Abstract:  The turnover rates (colonization and extinction) of isolated islands are mainly modeled after the Krakatau Islands.  In 1883 the islands were destroyed by a volcanic eruption.  All life had vanished and repopulation of the islands began soon thereafter.  From analyzing records kept from multiple expeditions to the islands after the eruption, a correlation was found to exist between flora and fauna colonization.  Using this data, immigration rates and growth rates were determined and used to build a model for the colonization of birds on the islands.   Further, the Levin’s metapopulation model was adapted and adjusted to model the floral growth as a function of island bird growth. 
Key Words:  Krakatau, volcano, island biogeography, immigration, population, plant, bird, Levin’s model, logistic model, solution.

Introduction
Krakatau, which lies in the Sundra Strait between Java and Sumatra in Indonesia(Fig. 1-1), was once a single island.  In approximately 416 AD, the volcano erupted and resulted in a sudden caldera collapse.   The remains of the ring of the volcano’s caldera became the three islands known today; Krakatau, Verlaten, and Lang (Dept., 2006).  After this 416 caldera collapse, three new volcanoes formed on the island of Krakatau.  On August 27, 1883 they erupted violently, destroying 75% of the island with an estimated force of 21,547 atomic bombs (Fig. 1-2)(IRFA, 2006).  Again, the caldera collapsed, sending a tsunami 40m in height towards Sumatra and Java, killing over 36 thousand people.  No evidence of life was left behind on the islands.  Although some controversy exists over this claim, if there were any seeds left, they had no impact on the recolonization of the islands (Carlquist, 1965).  In the spring of 1927, a new volcano rose out of the water from the caldera,  named Anak Krakatau (Son of Krakatau), and has been fairly active every since (Dept, 2006).
Krakatau’s Biogeography
The idea of studying and modeling plant dispersal on bare islands was brought up my K.W. Dammerman in 1948 and made into an actual field of study, Biogeography, by MacArthur and Wilson in the there book “ The Theory of Island Biogeography”(1967).  The 1883 eruption of Krakatau, gave scientist a “clean slate” to observe floral and faunal dispersal onto barren and isolated islands (Carter, 1995).  Starting just months after the eruption, scientists kept surveys of floral and faunal species(Fig. 2-1) on Krakatau Island from 1883 thru the 1930’s which were the basis for Dammerman, and MacArthur and Wilson’s work.
From examining a graph of this data (Fig. 2-2) one can see initially, 1883-1886, there are 26 plant species and no bird species present, thus no plant species due to bird colonization.  In 1897 birds began to colonize and the PTOTAL begins to diverge from PPLANT.  It is this increase in total plant species due to bird colonization that is of interest in this paper.

Mathematics
Species immigrating and colonizing a new area is best modeled using Levin’s basic metapopulation model.  Levin’s model is mathematically equivalent to the basic logistic model that is used when there is a limited environment for growth (Hanski, 1999):
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Levin’s Model:  P = Population, c = colonization rate, e = extinction rate

Logistic Model:  P = Population, r = growth rate, K = carrying capacity
The total number of plant species as a function of bird colonization needs to start with the bird colonization function.  Using the logistic equation and its solution:


[image: image2.wmf]÷

ø

ö

ç

è

æ

-

=

B

K

B

B

r

dt

dB

1

1

 ,  
[image: image3.wmf](

)

t

r

B

B

e

B

K

B

B

K

t

B

1

0

0

0

)

(

-

-

+

=


B = number of bird species, r1 = immigration rate of birds, KB = carry capacity of bird species.

And from looking at the data, let KB = 28, 1897 to t=0 making B0=8, Solve for r1 at t=23 B(23)=27 and get r1=0.183136.
The augmented logistic equation for the total plant species will be:
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PPtotal = total number of plant species, r2 = immigration of plants not introduced by birds, KPPplant = carrying capacity of plants not introduced by birds, r3 = rate on increase due to number of bird species, B(t) = number of bird species at time t.

To find r2, solve the logistic equation with out the bird factor for Plant not introduced by birds only:
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From looking at the data, let KPplant = 204, 1886 to t=0 making PP0 = 26, solve for r2 at t=48 PPlant(48)=203 and get r2 = 0.15076.
**Notice that t=0 was different to solve for r1 and r2, so we must add this time difference to B with t=t-11.  So, 1897 is t=11 for P but t=0 for B**
Now plug in the Ptotal=271, r1, r2, and KPplant into the augmented equation and solve for r3.
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 r3 = 10.157799
Our completed augmented system of equations is as follows:
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Ptotal=271, B0 = 8, KB = 28, KPplant = 204

Conclusion
This model is very sensitive to the fact that many things were assumed in this model.  There are many factors that effect plant recolonization like wind borne, sea borne, and human introduction.  Also, it was assumed all introductions by animals were through birds, when this is not true.  Birds were the large majority but not all.  Even though it is very close, it is not a perfect model and over estimates for lower values of the total population.  For higher values close to the assumed carrying capacities, it works just fine.  

Over all, this project was not very effective in showing what it wanted to.  It was a far reach to try and use simple deterministic equations as these to show total plant population as a function of bird immigration.  Stochastic modeling would have been best to show the randomness involved with such recolonization of bare islands.  Also a model based on the species-area relationship that was extensively discussed by MacArthur and Wilson would have been more accurate.
Fig. 1-1:  map and location of the Krakatau islands (Winchester, 2005).
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Fig. 1-2:  Illustration of the islands after the 1883 eruption (Dept., 2006). [image: image11.png]Verlaten Lang

Anak Krakatau

island before’
8/26/1883

Krakatau

(o] 5
Kilometers

From Simkin and Fiske, 1983





 INCLUDEPICTURE "http://volcano.und.edu/vwdocs/current_volcs/krakatau/landsat.jpg" \* MERGEFORMATINET [image: image12.jpg]Verlaten





Fig. 2-1:  Data for number of plant and bird species for Krakatau Island taken from MacArthur and Wilson 1967 and adapted to make table. (PTOTAL = Total number of plant species, PPLANT = number of plant species not introduced by birds, PBIRDS = Number of plant species introduced by animal(esp. birds), B = number of bird species present.)
	YEAR
	PTOTAL
	PPLANT
	PBIRDS
	B

	1883
	0
	0
	0
	0

	1886
	26
	26
	.0
	0

	1897
	64
	48
	16
	8

	1908
	115
	86
	29
	13

	1920
	184
	138
	46
	27

	1928
	214
	160
	54
	27

	1934
	271
	203
	68
	27


Fig. 2-2:  Graph of the data above.
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