Problem Set:

Question 1(a):


Lambda=1.51

The population is growing (see Fig 1.).

Stable age distribution given in proportions of,


Age class 1 : age class 2 : age class 3

The stable age distribution is,




11.3 : 2 : 1

Table 1: population growth simulation of a snouter population until the 20th generation.

	
	age class
	
	

	time
	0
	1
	2
	Nt
	lambda

	0
	6
	6
	6
	18
	 

	1
	78
	2
	5
	84
	4.67

	2
	47
	21
	1
	69
	0.82

	3
	95
	13
	16
	124
	1.79

	4
	193
	26
	10
	228
	1.84

	5
	188
	52
	19
	260
	1.14

	6
	382
	51
	39
	472
	1.82

	7
	555
	103
	38
	696
	1.48

	8
	756
	150
	77
	983
	1.41

	9
	1295
	204
	112
	1612
	1.64

	10
	1828
	350
	153
	2330
	1.45

	11
	2776
	493
	262
	3532
	1.52

	12
	4334
	750
	370
	5454
	1.54

	13
	6329
	1170
	562
	8062
	1.48

	14
	9741
	1709
	878
	12327
	1.53

	15
	14735
	2630
	1282
	18647
	1.51

	16
	22055
	3978
	1972
	28006
	1.50

	17
	33666
	5955
	2984
	42605
	1.52

	18
	50674
	9090
	4466
	64230
	1.51

	19
	76555
	13682
	6817
	97054
	1.51

	20
	116085
	20670
	10261
	147016
	1.51
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Figure 1: Population growth curve of a simulated population of snouters.
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Figure 2: Log-Transformed population growth curve of a simulated population of snouters.

Figure 1 and 2 basically indicate that the population is growing. The difference between the two is that in figure 1, the survivorship curve, has a very large scale and small details of the population size cannot be analyzed. The log-transformed curve on the other hand, shows in some detail the small fluctuations that the population growth goes through before stabilizing. 
1(b):
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Figure 3: Type III Survivorship curve of a simulated population of snouters.

Table 2: Summary of calculations of Ro (Ro = Σ lxbx).

	Age Class
	bx
	
[image: image4.wmf]lx
	lxbx
	Ro

	0
	0
	1
	0.00
	2.90

	1
	4
	0.27
	1.08
	

	2
	9
	0.2025
	1.82
	


Lambda = 1.51

Ro = 2.90

These two numbers in a way indicate the same thing. Lambda, being the measure of the proportion by which a population increases from one time period to the next, is larger than 1.00 so that indicates that the population is growing at this rate. If it were 1.00 the population would be stuck at the same population and if it were less than 1.00 it would mean that the population is decreasing. Ro on the other hand indicated the amount of daughters the parent females of the species leave for the next generation. In this case, each female of this population will leave on average 2.90 daughters. Remember that Ro for two populations cannot be compared when they have different generation times; Lambda does not suffer this limitation.
2- To support my answer I am presenting the results first.

Table 3: Time related changes in distribution.
	Initial distribution
	Lambda
	Time
	Stable age distribution

	6 : 6 : 6 
	1.51
	18
	11.3 : 2 : 1

	1 : 10 : 1
	1.51
	21
	11.3 : 2 : 1

	10 : 1 : 1
	1.51
	15
	11.3 : 2 : 1

	11 : 2 : 1
	1.51
	5
	11.3 : 2 : 1


When changing the initial distribution, neither lambda nor the stable age distribution changed. Lambda stays the same as long as the age-specific survival rate remains the same, and since the stable age distribution is going to be the same if lambda is the same, it will remain the same. The amount of time that lambda takes to stabilize changes. The closer the initial distribution is to the stable age distribution, the faster lambda will stabilize.

3- Hypothesis 1:

Null: if the population age specific survival rate is at its minimum possible value (It could be lower Px=0) and the age specific birth rate at the 1st age class is zero, the population will not change. 
Alternate: at the lowest possible value of age specific survival population would grow. 
Table 4: values used in Figure 4 to demonstrate the null hypothesis.
	Age class
	px
	fx
	nx

	0
	0.01
	0
	11

	1
	0.01
	4
	2

	2
	0.00
	9
	1


Table 5: lambda stabilization pattern and extinction time.

	
	age class
	
	

	time
	0
	1
	2
	Nt
	lambda

	0
	11
	2
	1
	14
	 

	1
	17
	0
	0
	17
	1.22

	2
	1
	0
	0
	1
	0.05

	3
	1
	0
	0
	1
	0.88

	4
	0
	0
	0
	0
	0.07

	5
	0
	0
	0
	0
	0.61

	6
	0
	0
	0
	0
	0.09

	7
	0
	0
	0
	0
	0.47



[image: image5.emf]-2.E+00

0.E+00

2.E+00

4.E+00

6.E+00

8.E+00

1.E+01

1.E+01

1.E+01

2.E+01

2.E+01

2.E+01

0 5 10 15 20 25 30 35 40 45

Time(t)

Figure 4: growth curve for null hypothesis. 
Conclusion
The population will become extinct very quickly This is due because a population with no birth rate in the first age class and a very low survival rate at the different age classes has no change of surviving because of the lack of reproductive females and or offspring. This could happen in a real population where most of the individuals have been killed by a natural disaster and the remaining individuals are unfit for reproduction. 
Hypothesis 2:

Null: with the number of individuals surviving each age class increasing steadily, and the age class survival rate in age class 1 being 9 times as much as the one in age class 2, lambda would not change.
Alternate: with the number of individuals surviving each age class increasing steadily, and the age class survival rate in age class 1 being 9 times as much as the one in age class 2, lambda reaches equilibrium fast.

Table 6: data used in the demonstration of the null hypothesis.

	Age class
	px
	fx
	nx

	0
	0.10
	0
	1

	1
	0.99
	4
	2

	2
	0.00
	9
	3


Table 7: lambda stabilization time and age class proportions (stabilization time in bold)

	
	age class
	
	

	time
	0
	1
	2
	Nt
	lambda

	25
	192
	18
	16
	225
	1.09

	26
	213
	19
	17
	249
	1.11

	27
	234
	21
	19
	274
	1.10

	28
	256
	23
	21
	300
	1.09

	29
	283
	26
	23
	332
	1.11

	30
	311
	28
	25
	365
	1.10

	31
	341
	31
	28
	400
	1.10
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Figure 5: log transformed population growth curve.

Conclusion
As seen in Table 7, the population growth takes a longer time to stabilize than if the population had a regular or decreasing age specific survival rate. Figure 5 shows the fluctuations this population growth rate causes in the beginning, stabilizing only after time = 30. This could be possible in a population that has a lot of predation of their young, but after the 1st age class, they do not get predated upon as much.
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Sheet1

		Population Growth Simulator

		Before using:		Please, save a copy to your diskette and work from that copy as a courtesy to others.

		You can change the cells containing coloured numbers to see how these affect growth of the population.

		Make the graphs of your choice (XY scatterplots work best!) to display patterns.

		Age class		px		fx		nx		lx		age

		0		0.27		0		6		1		0.00

		1		0.75		4		6		0.27		1.00

		2		0.00		9		6		0.2025		2.00

				age class

		time		0		1		2		Nt		lambda				log nt

		0		6		6		6		18						1.2552725051		0.333		0.333		0.333

		1		78		2		5		84		4.67				1.924899264		0.927		0.019		0.053

		2		47		21		1		69		0.82				1.8404511336		0.678		0.304		0.018

		3		95		13		16		124		1.79				2.0922102769		0.770		0.103		0.128

		4		193		26		10		228		1.84				2.3581330915		0.846		0.113		0.042

		5		188		52		19		260		1.14				2.4145793068		0.725		0.200		0.074

		6		382		51		39		472		1.82				2.6736777867		0.809		0.108		0.083

		7		555		103		38		696		1.48				2.8427746046		0.797		0.148		0.055

		8		756		150		77		983		1.41				2.9924961836		0.769		0.152		0.079

		9		1295		204		112		1612		1.64				3.2072742615		0.804		0.127		0.070

		10		1828		350		153		2330		1.45				3.3674384728		0.784		0.150		0.066

		11		2776		493		262		3532		1.52				3.5480055889		0.786		0.140		0.074

		12		4334		750		370		5454		1.54				3.7367258325		0.795		0.137		0.068

		13		6329		1170		562		8062		1.48				3.9064244546		0.785		0.145		0.070

		14		9741		1709		878		12327		1.53				4.0908683603		0.790		0.139		0.071

		15		14735		2630		1282		18647		1.51				4.2706031996		0.790		0.141		0.069

		16		22055		3978		1972		28006		1.50				4.447249079		0.788		0.142		0.070

		17		33666		5955		2984		42605		1.52				4.6294607437		0.790		0.140		0.070

		18		50674		9090		4466		64230		1.51				4.8077382346		0.789		0.142		0.070

		19		76555		13682		6817		97054		1.51				4.9870139661		0.789		0.141		0.070

		20		116085		20670		10261		147016		1.51				5.1673648787		0.790		0.141		0.070

		21		175032		31343		15502		221878		1.51				5.3461136679		0.789		0.141		0.070

		22		264893		47259		23507		335659		1.51				5.5258976632		0.789		0.141		0.070

		23		400600		71521		35444		507565		1.51				5.705491456		0.789		0.141		0.070

		24		605081		108162		53641		766883		1.51				5.8847292869		0.789		0.141		0.070

		25		915414		163372		81121		1159908		1.51				6.0644233825		0.789		0.141		0.070

		26		1383580		247162		122529		1753271		1.51				6.2438489849		0.789		0.141		0.070

		27		2091407		373567		185371		2650345		1.51				6.4233024121		0.789		0.141		0.070

		28		3162609		564680		280175		4007464		1.51				6.6028696236		0.789		0.141		0.070

		29		4780294		853904		423510		6057709		1.51				6.7823083734		0.789		0.141		0.070

		30		7227207		1290679		640428		9158315		1.51				6.9618155694		0.789		0.141		0.070

		31		10926573		1951346		968010		13845928		1.51				7.1413220768		0.789		0.141		0.070

		32		16517470		2950175		1463509		20931154		1.51				7.3207931695		0.789		0.141		0.070

		33		24972283		4459717		2212631		31644631		1.51				7.5003000401		0.789		0.141		0.070

		34		37752546		6742517		3344788		47839850		1.51				7.6797898127		0.789		0.141		0.070

		35		57073155		10193187		5056887		72323230		1.51				7.8592778117		0.789		0.141		0.070

		36		86284737		15409752		7644891		109339379		1.51				8.0387766028		0.789		0.141		0.070

		37		130443023		23296879		11557314		165297215		1.51				8.2182655374		0.789		0.141		0.070

		38		197203340		35219616		17472659		249895615		1.51				8.3977586361		0.789		0.141		0.070

		39		298132397		53244902		26414712		377792011		1.51				8.5772527696		0.789		0.141		0.070

		40		450712016		80495747		39933676		571141440		1.51				8.7567436718		0.789		0.141		0.070





GROWSIM

		Population Growth Simulator

		Before using:		Please, save a copy to your diskette and work from that copy as a courtesy to others.

		You can change the cells containing coloured numbers to see how these affect growth of the population.

		Make the graphs of your choice (XY scatterplots work best!) to display patterns.

		Age class		px		fx		nx

		0		0.33		0		6

		1		0.50		9		6

		2		0.00		12		6

				age class

		time		0		1		2		Nt		lambda

		0		6		6		6		18

		1		126		2		3		131		7.28

		2		54		42		1		96		0.74

		3		386		18		21		425		4.41

		4		409		127		9		546		1.28

		5		1253		135		64		1452		2.66

		6		1980		414		68		2461		1.70

		7		4533		653		207		5393		2.19

		8		8363		1496		327		10185		1.89

		9		17383		2760		748		20890		2.05

		10		33812		5736		1380		40928		1.96

		11		68185		11158		2868		82211		2.01

		12		134839		22501		5579		162919		1.98

		13		269457		44497		11251		325205		2.00

		14		535478		88921		22248		646648		1.99

		15		1067269		176708		44460		1288437		1.99

		16		2123895		352199		88354		2564448		1.99

		17		4230035		700885		176099		5107020		1.99

		18		8421161		1395912		350443		10167516		1.99

		19		16768517		2778983		697956		20245456		1.99

		20		33386319		5533611		1389492		40309421		1.99

		21		66476395		11017485		2766805		80260685		1.99

		22		132359030		21937210		5508743		159804983		1.99

		23		263539804		43678480		10968605		318186889		1.99

		24		524729582		86968135		21839240		633536957		1.99

		25		1044784097		173160762		43484068		1261428927		1.99

		26		2080255670		344778752		86580381		2511614803		1.99

		27		4141973342		686484371		172389376		5000847089		1.99

		28		8247031852		1366851203		343242186		9957125241		1.99

		29		16420567051		2721520511		683425601		19825513164		1.99

		30		32694791818		5418787127		1360760256		39474339201		1.99

		31		65098207210		10789281300		2709393563		78596882074		1.99

		32		129616254462		21482408379		5394640650		156493303492		1.99

		33		258077363214		42773363973		10741204190		311591931377		1.99

		34		513854726029		85165529861		21386681986		620406937876		1.99

		35		1023129952582		169572059589		42582764930		1235284777102		1.99

		36		2037141715470		337632884352		84786029795		2459560629617		1.99

		37		4056128316706		672256766105		168816442176		4897201524987		1.99

		38		8076108201058		1338522344513		336128383053		9750758928623		1.99

		39		16080241697246		2665115706349		669261172256		19414618575851		1.99

		40		32017175424219		5306479760091		1332557853175		38656213037485		1.99
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Sheet1

		Population Growth Simulator

		Before using:		Please, save a copy to your diskette and work from that copy as a courtesy to others.

		You can change the cells containing coloured numbers to see how these affect growth of the population.

		Make the graphs of your choice (XY scatterplots work best!) to display patterns.

		Age class		px		fx		nx		lx		age

		0		0.27		0		6		1		0.00

		1		0.75		4		6		0.27		1.00

		2		0.00		9		6		0.2025		2.00

				age class

		time		0		1		2		Nt		lambda				log nt

		0		6		6		6		18						1.2552725051		0.333		0.333		0.333

		1		78		2		5		84		4.67				1.924899264		0.927		0.019		0.053

		2		47		21		1		69		0.82				1.8404511336		0.678		0.304		0.018

		3		95		13		16		124		1.79				2.0922102769		0.770		0.103		0.128

		4		193		26		10		228		1.84				2.3581330915		0.846		0.113		0.042

		5		188		52		19		260		1.14				2.4145793068		0.725		0.200		0.074

		6		382		51		39		472		1.82				2.6736777867		0.809		0.108		0.083

		7		555		103		38		696		1.48				2.8427746046		0.797		0.148		0.055

		8		756		150		77		983		1.41				2.9924961836		0.769		0.152		0.079

		9		1295		204		112		1612		1.64				3.2072742615		0.804		0.127		0.070

		10		1828		350		153		2330		1.45				3.3674384728		0.784		0.150		0.066

		11		2776		493		262		3532		1.52				3.5480055889		0.786		0.140		0.074

		12		4334		750		370		5454		1.54				3.7367258325		0.795		0.137		0.068

		13		6329		1170		562		8062		1.48				3.9064244546		0.785		0.145		0.070

		14		9741		1709		878		12327		1.53				4.0908683603		0.790		0.139		0.071

		15		14735		2630		1282		18647		1.51				4.2706031996		0.790		0.141		0.069

		16		22055		3978		1972		28006		1.50				4.447249079		0.788		0.142		0.070

		17		33666		5955		2984		42605		1.52				4.6294607437		0.790		0.140		0.070

		18		50674		9090		4466		64230		1.51				4.8077382346		0.789		0.142		0.070

		19		76555		13682		6817		97054		1.51				4.9870139661		0.789		0.141		0.070

		20		116085		20670		10261		147016		1.51				5.1673648787		0.790		0.141		0.070

		21		175032		31343		15502		221878		1.51				5.3461136679		0.789		0.141		0.070

		22		264893		47259		23507		335659		1.51				5.5258976632		0.789		0.141		0.070

		23		400600		71521		35444		507565		1.51				5.705491456		0.789		0.141		0.070

		24		605081		108162		53641		766883		1.51				5.8847292869		0.789		0.141		0.070

		25		915414		163372		81121		1159908		1.51				6.0644233825		0.789		0.141		0.070

		26		1383580		247162		122529		1753271		1.51				6.2438489849		0.789		0.141		0.070

		27		2091407		373567		185371		2650345		1.51				6.4233024121		0.789		0.141		0.070

		28		3162609		564680		280175		4007464		1.51				6.6028696236		0.789		0.141		0.070

		29		4780294		853904		423510		6057709		1.51				6.7823083734		0.789		0.141		0.070

		30		7227207		1290679		640428		9158315		1.51				6.9618155694		0.789		0.141		0.070

		31		10926573		1951346		968010		13845928		1.51				7.1413220768		0.789		0.141		0.070

		32		16517470		2950175		1463509		20931154		1.51				7.3207931695		0.789		0.141		0.070

		33		24972283		4459717		2212631		31644631		1.51				7.5003000401		0.789		0.141		0.070

		34		37752546		6742517		3344788		47839850		1.51				7.6797898127		0.789		0.141		0.070

		35		57073155		10193187		5056887		72323230		1.51				7.8592778117		0.789		0.141		0.070

		36		86284737		15409752		7644891		109339379		1.51				8.0387766028		0.789		0.141		0.070

		37		130443023		23296879		11557314		165297215		1.51				8.2182655374		0.789		0.141		0.070

		38		197203340		35219616		17472659		249895615		1.51				8.3977586361		0.789		0.141		0.070

		39		298132397		53244902		26414712		377792011		1.51				8.5772527696		0.789		0.141		0.070

		40		450712016		80495747		39933676		571141440		1.51				8.7567436718		0.789		0.141		0.070





GROWSIM

		Population Growth Simulator

		Before using:		Please, save a copy to your diskette and work from that copy as a courtesy to others.

		You can change the cells containing coloured numbers to see how these affect growth of the population.

		Make the graphs of your choice (XY scatterplots work best!) to display patterns.

		Age class		px		fx		nx

		0		0.33		0		6

		1		0.50		9		6

		2		0.00		12		6

				age class

		time		0		1		2		Nt		lambda

		0		6		6		6		18

		1		126		2		3		131		7.28

		2		54		42		1		96		0.74

		3		386		18		21		425		4.41

		4		409		127		9		546		1.28

		5		1253		135		64		1452		2.66

		6		1980		414		68		2461		1.70

		7		4533		653		207		5393		2.19

		8		8363		1496		327		10185		1.89

		9		17383		2760		748		20890		2.05

		10		33812		5736		1380		40928		1.96

		11		68185		11158		2868		82211		2.01

		12		134839		22501		5579		162919		1.98

		13		269457		44497		11251		325205		2.00

		14		535478		88921		22248		646648		1.99

		15		1067269		176708		44460		1288437		1.99

		16		2123895		352199		88354		2564448		1.99

		17		4230035		700885		176099		5107020		1.99

		18		8421161		1395912		350443		10167516		1.99

		19		16768517		2778983		697956		20245456		1.99

		20		33386319		5533611		1389492		40309421		1.99

		21		66476395		11017485		2766805		80260685		1.99

		22		132359030		21937210		5508743		159804983		1.99

		23		263539804		43678480		10968605		318186889		1.99

		24		524729582		86968135		21839240		633536957		1.99

		25		1044784097		173160762		43484068		1261428927		1.99

		26		2080255670		344778752		86580381		2511614803		1.99

		27		4141973342		686484371		172389376		5000847089		1.99

		28		8247031852		1366851203		343242186		9957125241		1.99

		29		16420567051		2721520511		683425601		19825513164		1.99

		30		32694791818		5418787127		1360760256		39474339201		1.99

		31		65098207210		10789281300		2709393563		78596882074		1.99

		32		129616254462		21482408379		5394640650		156493303492		1.99

		33		258077363214		42773363973		10741204190		311591931377		1.99

		34		513854726029		85165529861		21386681986		620406937876		1.99

		35		1023129952582		169572059589		42582764930		1235284777102		1.99

		36		2037141715470		337632884352		84786029795		2459560629617		1.99

		37		4056128316706		672256766105		168816442176		4897201524987		1.99

		38		8076108201058		1338522344513		336128383053		9750758928623		1.99

		39		16080241697246		2665115706349		669261172256		19414618575851		1.99

		40		32017175424219		5306479760091		1332557853175		38656213037485		1.99



&F

Page &P




_1130524716.xls
Chart1

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24

		25

		26

		27

		28

		29

		30

		31

		32

		33

		34

		35

		36

		37

		38

		39

		40



un-transformed population size

Time(t)

Population size(Nt)

Population growth

18

84.12

69.255

123.6546

228.1041

259.7642055

471.7129365

696.26506419

982.8702359438

1611.6630960965

2330.4429343055

3531.8771487917

5454.1343616858

8061.6595684668

12327.3112142934

18646.7522081164

28005.8706749676

42605.0170728155

64230.0462282572

97054.1177437692

147016.093541724

221877.70641427

335658.510613081

507564.753407203

766883.311402134

1159907.56927212

1753270.73939893

2650345.00984428

4007463.94354929

6057708.53318638

9158314.83947443

13845928.2529599

20931153.8283646

31644631.3081388

47839850.3756531

72323229.6649843

109339378.964788

165297215.347811

249895615.346405

377792010.738962

571141439.545503



Chart2

		1.2552725051

		1.924899264

		1.8404511336

		2.0922102769

		2.3581330915

		2.4145793068

		2.6736777867

		2.8427746046

		2.9924961836

		3.2072742615

		3.3674384728

		3.5480055889

		3.7367258325

		3.9064244546

		4.0908683603

		4.2706031996

		4.447249079

		4.6294607437

		4.8077382346

		4.9870139661

		5.1673648787

		5.3461136679

		5.5258976632

		5.705491456

		5.8847292869

		6.0644233825

		6.2438489849

		6.4233024121

		6.6028696236

		6.7823083734

		6.9618155694

		7.1413220768

		7.3207931695

		7.5003000401

		7.6797898127

		7.8592778117

		8.0387766028

		8.2182655374

		8.3977586361

		8.5772527696

		8.7567436718



log-transformed population size

Time(t)

Population size(logNt)

Log-transformed population growth



Chart3

		0

		1

		2



Age(x)

Survivorship(lx)

Survivorship Curve

1

0.27

0.2025



Sheet1

		Population Growth Simulator

		Before using:		Please, save a copy to your diskette and work from that copy as a courtesy to others.

		You can change the cells containing coloured numbers to see how these affect growth of the population.

		Make the graphs of your choice (XY scatterplots work best!) to display patterns.

		Age class		px		fx		nx		lx		age

		0		0.27		0		6		1		0.00

		1		0.75		4		6		0.27		1.00

		2		0.00		9		6		0.2025		2.00

				age class

		time		0		1		2		Nt		lambda				log nt

		0		6		6		6		18						1.2552725051		0.333		0.333		0.333

		1		78		2		5		84		4.67				1.924899264		0.927		0.019		0.053

		2		47		21		1		69		0.82				1.8404511336		0.678		0.304		0.018

		3		95		13		16		124		1.79				2.0922102769		0.770		0.103		0.128

		4		193		26		10		228		1.84				2.3581330915		0.846		0.113		0.042

		5		188		52		19		260		1.14				2.4145793068		0.725		0.200		0.074

		6		382		51		39		472		1.82				2.6736777867		0.809		0.108		0.083

		7		555		103		38		696		1.48				2.8427746046		0.797		0.148		0.055

		8		756		150		77		983		1.41				2.9924961836		0.769		0.152		0.079

		9		1295		204		112		1612		1.64				3.2072742615		0.804		0.127		0.070

		10		1828		350		153		2330		1.45				3.3674384728		0.784		0.150		0.066

		11		2776		493		262		3532		1.52				3.5480055889		0.786		0.140		0.074

		12		4334		750		370		5454		1.54				3.7367258325		0.795		0.137		0.068

		13		6329		1170		562		8062		1.48				3.9064244546		0.785		0.145		0.070

		14		9741		1709		878		12327		1.53				4.0908683603		0.790		0.139		0.071

		15		14735		2630		1282		18647		1.51				4.2706031996		0.790		0.141		0.069

		16		22055		3978		1972		28006		1.50				4.447249079		0.788		0.142		0.070

		17		33666		5955		2984		42605		1.52				4.6294607437		0.790		0.140		0.070

		18		50674		9090		4466		64230		1.51				4.8077382346		0.789		0.142		0.070

		19		76555		13682		6817		97054		1.51				4.9870139661		0.789		0.141		0.070

		20		116085		20670		10261		147016		1.51				5.1673648787		0.790		0.141		0.070

		21		175032		31343		15502		221878		1.51				5.3461136679		0.789		0.141		0.070

		22		264893		47259		23507		335659		1.51				5.5258976632		0.789		0.141		0.070

		23		400600		71521		35444		507565		1.51				5.705491456		0.789		0.141		0.070

		24		605081		108162		53641		766883		1.51				5.8847292869		0.789		0.141		0.070

		25		915414		163372		81121		1159908		1.51				6.0644233825		0.789		0.141		0.070

		26		1383580		247162		122529		1753271		1.51				6.2438489849		0.789		0.141		0.070

		27		2091407		373567		185371		2650345		1.51				6.4233024121		0.789		0.141		0.070

		28		3162609		564680		280175		4007464		1.51				6.6028696236		0.789		0.141		0.070

		29		4780294		853904		423510		6057709		1.51				6.7823083734		0.789		0.141		0.070

		30		7227207		1290679		640428		9158315		1.51				6.9618155694		0.789		0.141		0.070

		31		10926573		1951346		968010		13845928		1.51				7.1413220768		0.789		0.141		0.070

		32		16517470		2950175		1463509		20931154		1.51				7.3207931695		0.789		0.141		0.070

		33		24972283		4459717		2212631		31644631		1.51				7.5003000401		0.789		0.141		0.070

		34		37752546		6742517		3344788		47839850		1.51				7.6797898127		0.789		0.141		0.070

		35		57073155		10193187		5056887		72323230		1.51				7.8592778117		0.789		0.141		0.070

		36		86284737		15409752		7644891		109339379		1.51				8.0387766028		0.789		0.141		0.070

		37		130443023		23296879		11557314		165297215		1.51				8.2182655374		0.789		0.141		0.070

		38		197203340		35219616		17472659		249895615		1.51				8.3977586361		0.789		0.141		0.070

		39		298132397		53244902		26414712		377792011		1.51				8.5772527696		0.789		0.141		0.070

		40		450712016		80495747		39933676		571141440		1.51				8.7567436718		0.789		0.141		0.070





GROWSIM

		Population Growth Simulator

		Before using:		Please, save a copy to your diskette and work from that copy as a courtesy to others.

		You can change the cells containing coloured numbers to see how these affect growth of the population.

		Make the graphs of your choice (XY scatterplots work best!) to display patterns.

		Age class		px		fx		nx

		0		0.33		0		6

		1		0.50		9		6

		2		0.00		12		6

				age class

		time		0		1		2		Nt		lambda

		0		6		6		6		18

		1		126		2		3		131		7.28

		2		54		42		1		96		0.74

		3		386		18		21		425		4.41

		4		409		127		9		546		1.28

		5		1253		135		64		1452		2.66

		6		1980		414		68		2461		1.70

		7		4533		653		207		5393		2.19

		8		8363		1496		327		10185		1.89

		9		17383		2760		748		20890		2.05

		10		33812		5736		1380		40928		1.96

		11		68185		11158		2868		82211		2.01

		12		134839		22501		5579		162919		1.98

		13		269457		44497		11251		325205		2.00

		14		535478		88921		22248		646648		1.99

		15		1067269		176708		44460		1288437		1.99

		16		2123895		352199		88354		2564448		1.99

		17		4230035		700885		176099		5107020		1.99

		18		8421161		1395912		350443		10167516		1.99

		19		16768517		2778983		697956		20245456		1.99

		20		33386319		5533611		1389492		40309421		1.99

		21		66476395		11017485		2766805		80260685		1.99

		22		132359030		21937210		5508743		159804983		1.99

		23		263539804		43678480		10968605		318186889		1.99

		24		524729582		86968135		21839240		633536957		1.99

		25		1044784097		173160762		43484068		1261428927		1.99

		26		2080255670		344778752		86580381		2511614803		1.99

		27		4141973342		686484371		172389376		5000847089		1.99

		28		8247031852		1366851203		343242186		9957125241		1.99

		29		16420567051		2721520511		683425601		19825513164		1.99

		30		32694791818		5418787127		1360760256		39474339201		1.99

		31		65098207210		10789281300		2709393563		78596882074		1.99

		32		129616254462		21482408379		5394640650		156493303492		1.99

		33		258077363214		42773363973		10741204190		311591931377		1.99

		34		513854726029		85165529861		21386681986		620406937876		1.99

		35		1023129952582		169572059589		42582764930		1235284777102		1.99

		36		2037141715470		337632884352		84786029795		2459560629617		1.99

		37		4056128316706		672256766105		168816442176		4897201524987		1.99

		38		8076108201058		1338522344513		336128383053		9750758928623		1.99

		39		16080241697246		2665115706349		669261172256		19414618575851		1.99

		40		32017175424219		5306479760091		1332557853175		38656213037485		1.99
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Sheet1

		Population Growth Simulator

		Before using:		Please, save a copy to your diskette and work from that copy as a courtesy to others.

		You can change the cells containing coloured numbers to see how these affect growth of the population.

		Make the graphs of your choice (XY scatterplots work best!) to display patterns.

		Age class		px		fx		nx		lx		age

		0		0.27		0		6		1		0.00

		1		0.75		4		6		0.27		1.00

		2		0.00		9		6		0.2025		2.00

				age class

		time		0		1		2		Nt		lambda				log nt

		0		6		6		6		18						1.2552725051		0.333		0.333		0.333

		1		78		2		5		84		4.67				1.924899264		0.927		0.019		0.053

		2		47		21		1		69		0.82				1.8404511336		0.678		0.304		0.018

		3		95		13		16		124		1.79				2.0922102769		0.770		0.103		0.128

		4		193		26		10		228		1.84				2.3581330915		0.846		0.113		0.042

		5		188		52		19		260		1.14				2.4145793068		0.725		0.200		0.074

		6		382		51		39		472		1.82				2.6736777867		0.809		0.108		0.083

		7		555		103		38		696		1.48				2.8427746046		0.797		0.148		0.055

		8		756		150		77		983		1.41				2.9924961836		0.769		0.152		0.079

		9		1295		204		112		1612		1.64				3.2072742615		0.804		0.127		0.070

		10		1828		350		153		2330		1.45				3.3674384728		0.784		0.150		0.066

		11		2776		493		262		3532		1.52				3.5480055889		0.786		0.140		0.074

		12		4334		750		370		5454		1.54				3.7367258325		0.795		0.137		0.068

		13		6329		1170		562		8062		1.48				3.9064244546		0.785		0.145		0.070

		14		9741		1709		878		12327		1.53				4.0908683603		0.790		0.139		0.071

		15		14735		2630		1282		18647		1.51				4.2706031996		0.790		0.141		0.069

		16		22055		3978		1972		28006		1.50				4.447249079		0.788		0.142		0.070

		17		33666		5955		2984		42605		1.52				4.6294607437		0.790		0.140		0.070

		18		50674		9090		4466		64230		1.51				4.8077382346		0.789		0.142		0.070

		19		76555		13682		6817		97054		1.51				4.9870139661		0.789		0.141		0.070

		20		116085		20670		10261		147016		1.51				5.1673648787		0.790		0.141		0.070

		21		175032		31343		15502		221878		1.51				5.3461136679		0.789		0.141		0.070

		22		264893		47259		23507		335659		1.51				5.5258976632		0.789		0.141		0.070

		23		400600		71521		35444		507565		1.51				5.705491456		0.789		0.141		0.070

		24		605081		108162		53641		766883		1.51				5.8847292869		0.789		0.141		0.070

		25		915414		163372		81121		1159908		1.51				6.0644233825		0.789		0.141		0.070

		26		1383580		247162		122529		1753271		1.51				6.2438489849		0.789		0.141		0.070

		27		2091407		373567		185371		2650345		1.51				6.4233024121		0.789		0.141		0.070

		28		3162609		564680		280175		4007464		1.51				6.6028696236		0.789		0.141		0.070

		29		4780294		853904		423510		6057709		1.51				6.7823083734		0.789		0.141		0.070

		30		7227207		1290679		640428		9158315		1.51				6.9618155694		0.789		0.141		0.070

		31		10926573		1951346		968010		13845928		1.51				7.1413220768		0.789		0.141		0.070

		32		16517470		2950175		1463509		20931154		1.51				7.3207931695		0.789		0.141		0.070

		33		24972283		4459717		2212631		31644631		1.51				7.5003000401		0.789		0.141		0.070

		34		37752546		6742517		3344788		47839850		1.51				7.6797898127		0.789		0.141		0.070

		35		57073155		10193187		5056887		72323230		1.51				7.8592778117		0.789		0.141		0.070

		36		86284737		15409752		7644891		109339379		1.51				8.0387766028		0.789		0.141		0.070

		37		130443023		23296879		11557314		165297215		1.51				8.2182655374		0.789		0.141		0.070

		38		197203340		35219616		17472659		249895615		1.51				8.3977586361		0.789		0.141		0.070

		39		298132397		53244902		26414712		377792011		1.51				8.5772527696		0.789		0.141		0.070

		40		450712016		80495747		39933676		571141440		1.51				8.7567436718		0.789		0.141		0.070
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Sheet2

		Population Growth Simulator

		Before using:		Please, save a copy to your diskette and work from that copy as a courtesy to others.

		You can change the cells containing coloured numbers to see how these affect growth of the population.

		Make the graphs of your choice (XY scatterplots work best!) to display patterns.

		Age class		px		fx		nx

		0		0.01		0		11

		1		0.01		4		2

		2		0.00		9		1

				age class

		time		0		1		2		Nt		lambda

		0		11		2		1		14

		1		17		0		0		17		1.22

		2		1		0		0		1		0.05

		3		1		0		0		1		0.88

		4		0		0		0		0		0.07

		5		0		0		0		0		0.61

		6		0		0		0		0		0.09

		7		0		0		0		0		0.47

		8		0		0		0		0		0.11

		9		0		0		0		0		0.39

		10		0		0		0		0		0.12

		11		0		0		0		0		0.34

		12		0		0		0		0		0.14

		13		0		0		0		0		0.31

		14		0		0		0		0		0.15

		15		0		0		0		0		0.29

		16		0		0		0		0		0.16

		17		0		0		0		0		0.27

		18		0		0		0		0		0.17

		19		0		0		0		0		0.25

		20		0		0		0		0		0.18

		21		0		0		0		0		0.24

		22		0		0		0		0		0.18

		23		0		0		0		0		0.24

		24		0		0		0		0		0.19

		25		0		0		0		0		0.23

		26		0		0		0		0		0.19

		27		0		0		0		0		0.23

		28		0		0		0		0		0.20

		29		0		0		0		0		0.22

		30		0		0		0		0		0.20

		31		0		0		0		0		0.22

		32		0		0		0		0		0.20

		33		0		0		0		0		0.22

		34		0		0		0		0		0.20

		35		0		0		0		0		0.22

		36		0		0		0		0		0.20

		37		0		0		0		0		0.22

		38		0		0		0		0		0.21

		39		0		0		0		0		0.21

		40		0		0		0		0		0.21





GROWSIM

		Population Growth Simulator

		Before using:		Please, save a copy to your diskette and work from that copy as a courtesy to others.

		You can change the cells containing coloured numbers to see how these affect growth of the population.

		Make the graphs of your choice (XY scatterplots work best!) to display patterns.

		Age class		px		fx		nx

		0		0.33		0		6

		1		0.50		9		6

		2		0.00		12		6

				age class

		time		0		1		2		Nt		lambda

		0		6		6		6		18

		1		126		2		3		131		7.28

		2		54		42		1		96		0.74

		3		386		18		21		425		4.41

		4		409		127		9		546		1.28

		5		1253		135		64		1452		2.66

		6		1980		414		68		2461		1.70

		7		4533		653		207		5393		2.19

		8		8363		1496		327		10185		1.89

		9		17383		2760		748		20890		2.05

		10		33812		5736		1380		40928		1.96

		11		68185		11158		2868		82211		2.01

		12		134839		22501		5579		162919		1.98

		13		269457		44497		11251		325205		2.00

		14		535478		88921		22248		646648		1.99

		15		1067269		176708		44460		1288437		1.99

		16		2123895		352199		88354		2564448		1.99

		17		4230035		700885		176099		5107020		1.99

		18		8421161		1395912		350443		10167516		1.99

		19		16768517		2778983		697956		20245456		1.99

		20		33386319		5533611		1389492		40309421		1.99

		21		66476395		11017485		2766805		80260685		1.99

		22		132359030		21937210		5508743		159804983		1.99

		23		263539804		43678480		10968605		318186889		1.99

		24		524729582		86968135		21839240		633536957		1.99

		25		1044784097		173160762		43484068		1261428927		1.99

		26		2080255670		344778752		86580381		2511614803		1.99

		27		4141973342		686484371		172389376		5000847089		1.99

		28		8247031852		1366851203		343242186		9957125241		1.99

		29		16420567051		2721520511		683425601		19825513164		1.99

		30		32694791818		5418787127		1360760256		39474339201		1.99

		31		65098207210		10789281300		2709393563		78596882074		1.99

		32		129616254462		21482408379		5394640650		156493303492		1.99

		33		258077363214		42773363973		10741204190		311591931377		1.99

		34		513854726029		85165529861		21386681986		620406937876		1.99

		35		1023129952582		169572059589		42582764930		1235284777102		1.99

		36		2037141715470		337632884352		84786029795		2459560629617		1.99

		37		4056128316706		672256766105		168816442176		4897201524987		1.99

		38		8076108201058		1338522344513		336128383053		9750758928623		1.99

		39		16080241697246		2665115706349		669261172256		19414618575851		1.99

		40		32017175424219		5306479760091		1332557853175		38656213037485		1.99
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Sheet1

		Population Growth Simulator

		Before using:		Please, save a copy to your diskette and work from that copy as a courtesy to others.

		You can change the cells containing coloured numbers to see how these affect growth of the population.

		Make the graphs of your choice (XY scatterplots work best!) to display patterns.

		Age class		px		fx		nx		lx		age

		0		0.27		0		6		1		0.00

		1		0.75		4		6		0.27		1.00

		2		0.00		9		6		0.2025		2.00

				age class

		time		0		1		2		Nt		lambda				log nt

		0		6		6		6		18						1.2552725051		0.333		0.333		0.333

		1		78		2		5		84		4.67				1.924899264		0.927		0.019		0.053

		2		47		21		1		69		0.82				1.8404511336		0.678		0.304		0.018

		3		95		13		16		124		1.79				2.0922102769		0.770		0.103		0.128

		4		193		26		10		228		1.84				2.3581330915		0.846		0.113		0.042

		5		188		52		19		260		1.14				2.4145793068		0.725		0.200		0.074

		6		382		51		39		472		1.82				2.6736777867		0.809		0.108		0.083

		7		555		103		38		696		1.48				2.8427746046		0.797		0.148		0.055

		8		756		150		77		983		1.41				2.9924961836		0.769		0.152		0.079

		9		1295		204		112		1612		1.64				3.2072742615		0.804		0.127		0.070

		10		1828		350		153		2330		1.45				3.3674384728		0.784		0.150		0.066

		11		2776		493		262		3532		1.52				3.5480055889		0.786		0.140		0.074

		12		4334		750		370		5454		1.54				3.7367258325		0.795		0.137		0.068

		13		6329		1170		562		8062		1.48				3.9064244546		0.785		0.145		0.070

		14		9741		1709		878		12327		1.53				4.0908683603		0.790		0.139		0.071

		15		14735		2630		1282		18647		1.51				4.2706031996		0.790		0.141		0.069

		16		22055		3978		1972		28006		1.50				4.447249079		0.788		0.142		0.070

		17		33666		5955		2984		42605		1.52				4.6294607437		0.790		0.140		0.070

		18		50674		9090		4466		64230		1.51				4.8077382346		0.789		0.142		0.070

		19		76555		13682		6817		97054		1.51				4.9870139661		0.789		0.141		0.070

		20		116085		20670		10261		147016		1.51				5.1673648787		0.790		0.141		0.070

		21		175032		31343		15502		221878		1.51				5.3461136679		0.789		0.141		0.070

		22		264893		47259		23507		335659		1.51				5.5258976632		0.789		0.141		0.070

		23		400600		71521		35444		507565		1.51				5.705491456		0.789		0.141		0.070

		24		605081		108162		53641		766883		1.51				5.8847292869		0.789		0.141		0.070

		25		915414		163372		81121		1159908		1.51				6.0644233825		0.789		0.141		0.070

		26		1383580		247162		122529		1753271		1.51				6.2438489849		0.789		0.141		0.070

		27		2091407		373567		185371		2650345		1.51				6.4233024121		0.789		0.141		0.070

		28		3162609		564680		280175		4007464		1.51				6.6028696236		0.789		0.141		0.070

		29		4780294		853904		423510		6057709		1.51				6.7823083734		0.789		0.141		0.070

		30		7227207		1290679		640428		9158315		1.51				6.9618155694		0.789		0.141		0.070

		31		10926573		1951346		968010		13845928		1.51				7.1413220768		0.789		0.141		0.070

		32		16517470		2950175		1463509		20931154		1.51				7.3207931695		0.789		0.141		0.070

		33		24972283		4459717		2212631		31644631		1.51				7.5003000401		0.789		0.141		0.070

		34		37752546		6742517		3344788		47839850		1.51				7.6797898127		0.789		0.141		0.070

		35		57073155		10193187		5056887		72323230		1.51				7.8592778117		0.789		0.141		0.070

		36		86284737		15409752		7644891		109339379		1.51				8.0387766028		0.789		0.141		0.070

		37		130443023		23296879		11557314		165297215		1.51				8.2182655374		0.789		0.141		0.070

		38		197203340		35219616		17472659		249895615		1.51				8.3977586361		0.789		0.141		0.070

		39		298132397		53244902		26414712		377792011		1.51				8.5772527696		0.789		0.141		0.070

		40		450712016		80495747		39933676		571141440		1.51				8.7567436718		0.789		0.141		0.070
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Sheet2

		Population Growth Simulator

		Before using:		Please, save a copy to your diskette and work from that copy as a courtesy to others.

		You can change the cells containing coloured numbers to see how these affect growth of the population.

		Make the graphs of your choice (XY scatterplots work best!) to display patterns.

		Age class		px		fx		nx

		0		0.01		0		11

		1		0.01		4		2

		2		0.00		9		1

				age class

		time		0		1		2		Nt		lambda

		0		11		2		1		14

		1		17		0		0		17		1.22

		2		1		0		0		1		0.05

		3		1		0		0		1		0.88

		4		0		0		0		0		0.07

		5		0		0		0		0		0.61

		6		0		0		0		0		0.09

		7		0		0		0		0		0.47

		8		0		0		0		0		0.11

		9		0		0		0		0		0.39

		10		0		0		0		0		0.12

		11		0		0		0		0		0.34

		12		0		0		0		0		0.14

		13		0		0		0		0		0.31

		14		0		0		0		0		0.15

		15		0		0		0		0		0.29

		16		0		0		0		0		0.16

		17		0		0		0		0		0.27

		18		0		0		0		0		0.17

		19		0		0		0		0		0.25

		20		0		0		0		0		0.18

		21		0		0		0		0		0.24

		22		0		0		0		0		0.18

		23		0		0		0		0		0.24

		24		0		0		0		0		0.19

		25		0		0		0		0		0.23

		26		0		0		0		0		0.19

		27		0		0		0		0		0.23

		28		0		0		0		0		0.20

		29		0		0		0		0		0.22

		30		0		0		0		0		0.20

		31		0		0		0		0		0.22

		32		0		0		0		0		0.20

		33		0		0		0		0		0.22

		34		0		0		0		0		0.20

		35		0		0		0		0		0.22

		36		0		0		0		0		0.20

		37		0		0		0		0		0.22

		38		0		0		0		0		0.21

		39		0		0		0		0		0.21

		40		0		0		0		0		0.21
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Sheet3

		Population Growth Simulator

		Before using:		Please, save a copy to your diskette and work from that copy as a courtesy to others.

		You can change the cells containing coloured numbers to see how these affect growth of the population.

		Make the graphs of your choice (XY scatterplots work best!) to display patterns.

		Age class		px		fx		nx

		0		0.10		0		1

		1		0.99		4		2

		2		0.00		9		3

				age class

		time		0		1		2		Nt		lambda

		0		1		2		3		6

		1		35		0		2		37		6.18

		2		18		4		0		22		0.59

		3		15		2		3		20		0.92

		4		38		1		2		42		2.07

		5		22		4		1		28		0.66

		6		29		2		4		35		1.26

		7		43		3		2		48		1.39

		8		31		4		3		38		0.80

		9		43		3		4		50		1.31

		10		51		4		3		58		1.16

		11		45		5		4		54		0.93

		12		59		4		5		68		1.25

		13		63		6		4		74		1.08

		14		63		6		6		76		1.03

		15		77		6		6		90		1.19

		16		82		8		6		96		1.06

		17		88		8		8		103		1.08

		18		102		9		8		119		1.15

		19		108		10		9		127		1.07

		20		119		11		10		140		1.10

		21		134		12		11		156		1.12

		22		144		13		12		169		1.08

		23		159		14		13		187		1.11

		24		177		16		14		207		1.11

		25		192		18		16		225		1.09

		26		213		19		17		249		1.11

		27		234		21		19		274		1.10

		28		256		23		21		300		1.09

		29		283		26		23		332		1.11

		30		311		28		25		365		1.10

		31		341		31		28		400		1.10

		32		377		34		31		442		1.10

		33		414		38		34		485		1.10

		34		455		41		37		533		1.10

		35		501		45		41		587		1.10

		36		550		50		45		645		1.10

		37		606		55		50		710		1.10

		38		667		61		54		782		1.10

		39		733		67		60		859		1.10

		40		806		73		66		945		1.10





GROWSIM

		Population Growth Simulator

		Before using:		Please, save a copy to your diskette and work from that copy as a courtesy to others.

		You can change the cells containing coloured numbers to see how these affect growth of the population.

		Make the graphs of your choice (XY scatterplots work best!) to display patterns.

		Age class		px		fx		nx

		0		0.33		0		6

		1		0.50		9		6

		2		0.00		12		6

				age class

		time		0		1		2		Nt		lambda

		0		6		6		6		18

		1		126		2		3		131		7.28

		2		54		42		1		96		0.74

		3		386		18		21		425		4.41

		4		409		127		9		546		1.28

		5		1253		135		64		1452		2.66

		6		1980		414		68		2461		1.70

		7		4533		653		207		5393		2.19

		8		8363		1496		327		10185		1.89

		9		17383		2760		748		20890		2.05

		10		33812		5736		1380		40928		1.96

		11		68185		11158		2868		82211		2.01

		12		134839		22501		5579		162919		1.98

		13		269457		44497		11251		325205		2.00

		14		535478		88921		22248		646648		1.99

		15		1067269		176708		44460		1288437		1.99

		16		2123895		352199		88354		2564448		1.99

		17		4230035		700885		176099		5107020		1.99

		18		8421161		1395912		350443		10167516		1.99

		19		16768517		2778983		697956		20245456		1.99

		20		33386319		5533611		1389492		40309421		1.99

		21		66476395		11017485		2766805		80260685		1.99

		22		132359030		21937210		5508743		159804983		1.99

		23		263539804		43678480		10968605		318186889		1.99

		24		524729582		86968135		21839240		633536957		1.99

		25		1044784097		173160762		43484068		1261428927		1.99

		26		2080255670		344778752		86580381		2511614803		1.99

		27		4141973342		686484371		172389376		5000847089		1.99

		28		8247031852		1366851203		343242186		9957125241		1.99

		29		16420567051		2721520511		683425601		19825513164		1.99

		30		32694791818		5418787127		1360760256		39474339201		1.99

		31		65098207210		10789281300		2709393563		78596882074		1.99

		32		129616254462		21482408379		5394640650		156493303492		1.99

		33		258077363214		42773363973		10741204190		311591931377		1.99

		34		513854726029		85165529861		21386681986		620406937876		1.99

		35		1023129952582		169572059589		42582764930		1235284777102		1.99

		36		2037141715470		337632884352		84786029795		2459560629617		1.99

		37		4056128316706		672256766105		168816442176		4897201524987		1.99

		38		8076108201058		1338522344513		336128383053		9750758928623		1.99

		39		16080241697246		2665115706349		669261172256		19414618575851		1.99

		40		32017175424219		5306479760091		1332557853175		38656213037485		1.99
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