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Human Population Dynamics

Background

We are asking the overall question:  Is there a sex difference in longevity? 

There are biological and cultural differences between the sexes that could potentially lead to a difference between longevity in human females and human males.  Cultural differences may include deaths due to war, childbirth, economics, or lifestyles.  One of the main evolutionary theories for an inherent gender difference in longevity is known as the “grandmother theory.”  Simply put, it states that females are under evolutionary pressure to live longer because they can improve the fitness of their genes by helping their offspring to care for the next generation.  In other words, there is an evolutionary advantage to the survival of grandmothers.  In this lab we will test the hypothesis that there is a difference in female and male survivorship.

Instructions

You will be collecting data from the Lexington Cemetery.  Divide yourselves into groups of 2. Each person will record the year of birth and year of death for 25 females and 25 males, such that each team of 2 students has data for 50 males and 50 females.  Please record data on the sheet provided. 
Each group of 2 students may work together on analyses, but each student must fill out an individual exercise sheet. You may work alone if you so prefer.
Data Analysis

We will analyze the data in 3 ways:

1.
by performing a t-test to see if there's a significant difference in age at death between human females and males,

2. 
by comparing life expectancy curves (ex) between human females and males, and 

3. 
by comparing the survival curves (lx) between human males and females.
1.
The t-test:

When we calculate the average age at death for females, and compare it to the average age at death for males, there will almost certainly be a difference. Does that mean that the difference is significant? Or could it just be due to random variation in the sample we collected?  In this experiment, we will try to answer these questions by performing a "t-test". We will let Microsoft Excel do the test for us, but it's important that you have some understanding of what the results mean.

Statistical tests always test the null hypothesis which states that there is no difference between the two groups being compared. In this case our null hypothesis (H0) is that there is no difference between the average ages of human males and females. In order to support our alternate hypothesis that there is a difference between average age of males and females, we must be able to statistically reject the null hypothesis. The t-test produces a number called a "p-value", which is the probability that the difference we see (between the average age at death of human females and males) is due to chance alone.  In this class (as is the typical case in ecology), we will consider p-values less than 0.05 to indicate significance. 

· high p-values (>0.05) mean it's likely that the difference is just due to chance - that the difference in age at death between females and males is not significant, and therefore we have not supported our hypothesis (accept null hypothesis).

· low p-values (<0.05) mean it's unlikely that the difference is just due to chance - that the difference in age at death between females and males is significant, and therefore we have supported our hypothesis (reject null hypothesis).

Excel calls p-values "P (T<=t)", and provides both a one-tailed and a two-tailed version. You will have to decide correctly which to use, depending on which type of hypothesis you make. Use the one-tailed p-value if you specify a particular direction of difference in your hypothesis. For example, use the one-tailed p-value if you hypothesize that females live longer than males.  However, if you hypothesize that there is a difference in longevity of males and females, but in no particular direction, then you would use the two-tailed p-value.

Life Tables – estimating life expectancies, ex, & creating survivorship curves

Our goals are to compare survival curves and life expectancies for the two sexes,  so we need a table that will help us calculate those values.

2.  Life expectancy (ex)


Life expectancy at birth, e0, is the average age of death or lifespan, but this time it is calculated from the frequency distributions in the M life and F life table worksheets, rather than from raw data in the age at death worksheet. Your mean ages of death for the two sexes from your age of death worksheet should be pretty close to your mean e0s from your M life and F life worksheets. Life expectancies for older ages, ex, are weighted averages that estimate how many more years an individual aged x expects to live. If you were to add ex to x for each age class, the resulting column of numbers would be estimated age of death for each age class, which increases with age; the longer you’ve already lived, the older your expected age of death. The “years left to live” column, on which the ex column is based, is a cumulative total for the cohort of survivors still alive at age x, and is divided by nx to give ex.
3.
Survivorship curves


We will plot survivorship curves as lx (the number of individuals alive at the start of age class x) as a function of x (age class, in years).  Our figure will show one survivorship curve for females and one for males, on the same graph. 

Instructions For Analyzing Your data

Enter the data

1.
Copy the file cemetery template.xls to the desktop of your computer.
2.
Rename that file with a different file name that includes your name, e.g. Kay_cemetery.xls.  Work with this file (not the template file) from the desktop, and save to your disk periodically.

3.
You will find 6 worksheets (look at the tabs along the bottom):



raw
age at death
F life table
M life table
surv curves
4.
Enter your data in the worksheet raw, by entering the birth and death years for females and males in the columns indicated (A, B, D, E), starting in row 2. (Note: I have frozen the window, to keep the column headings in view, so you may need to scroll up to find row 2.) You should have data for 50 males and 50 females. Do not type anything in columns C or F yet. Enter all your data & save before moving to the next step. 

5.
Calculate the age at death for females and males:


Into cell C2 (female age at death), type the formula: 
=B2-A2
and hit ENTER.


You do not have to type this again into every cell! Instead, highlight cell C2, place your cursor on the lower right corner of that cell until you see a “plus” sign, and then pull down to highlight all the cells you want to fill with this formula. (Or Edit...fill...down.) 

Do the same thing for column F, Male age at death.

6.
Copy the data in the age at death columns (C & F) , and paste special (Go to Edit … Paste Special ... Values) into worksheet age at death in the appropriate columns.

Perform a t-test & calculate standard errors

In worksheet age at death,
1.
Click on “Office button” (the squiggle on the top left hand corner of the screen). 


Click on “Excel Options” … Select “Add-ins” … Select “Analysis ToolPak” … Click on Go.

2.   Go to Data … Data Analysis … t-Test: two sample assuming equal variances and click OK.  A dialog box will pop up.


In the empty box against "Input variable 1 range" type: $A:$A
and against Input variable 2 range type: $B:$B. Make sure that the "labels" box is checked.  Click on OK. You should end up in a new worksheet, with the t-test results. 

3.   
Rename the worksheet "t-test". Double-click on the lines between A & B, B & C, and C & D, so that you can see all the data. Now you have all the t-test statistics.

4.
In cell A16, type:
Standard deviation & in cell B16 type =SQRT(B5/B6)  



Copy B16 & paste into C16.  Now you have the standard deviations for female and male age at death. (Standard deviation = square root of variance)

5.
SAVE the file to the desktop and your disk before going on.

Life tables

We've set the template up so that your life tables are automatically created for you (see worksheets F life table and M life table – they should now be filled with numbers).  BE VERY CAREFUL HERE – do not click anywhwere on the tables. You need to check some things though, since you may have more or fewer data points than I based your template on.

Each table should look something like this:
	Age at start
	Age at end
	# died during x
	# alive at start of x
	prop alive at start of x
	# alive at midpoint
	years left to live
	life expectancy 

	x
	 
	dx
	nx
	lx
	Lx
	Tx
	ex

	0
	10
	2
	40
	1.00
	39.0
	2200
	55.00

	10
	20
	1
	38
	0.95
	37.5
	1810
	47.63

	20
	30
	3
	37
	0.93
	35.5
	1435
	38.78

	30
	40
	5
	34
	0.85
	31.5
	1080
	31.76

	40
	50
	7
	29
	0.73
	25.5
	765
	26.38

	50
	60
	7
	22
	0.55
	18.5
	510
	23.18

	60
	70
	4
	15
	0.38
	13.0
	325
	21.67

	70
	80
	4
	11
	0.28
	9.0
	195
	17.73

	80
	90
	2
	7
	0.18
	6.0
	105
	15.00

	90
	100
	3
	5
	0.13
	3.5
	45
	9.00

	100
	110
	2
	2
	0.05
	1.0
	10
	5.00

	110
	120
	0
	0
	0.00
	0.0
	0
	#DIV/0!

	
	total dx=
	40
	
	
	
	
	


You need to check and make sure that:

	· n0 = total dx = total number of females or males
	· lx decreases to zero

	· l0 = 1.00
	· Lx decreases to zero

	· ex decreases
	· Tx decrease to zero


The variables you need to understand are:

x = age at the start of the age class.  Therefore, x=0 is birth.

dx = the number of individuals that died during that age class. In this example, 2 individuals died between the ages of 0 & 10 yrs, 1 died between 10 and 20 years, and so on.

nx = the number of individuals alive at the start of age class x. In this example, n0=40 (40 individuals were alive at 0 yrs old). The formula I entered calculates n0 by adding up the dx values (n0 is also just the total number of individuals, since they were all alive at birth). Then, n10 is calculated by subtracting d0 from n0 (38 = 40 – 2), and the rest are calculated in this same way.
You do not need to know the calculations for arriving at ex, but you do need to know that it's an estimate of the number of years that the average person in that age class has left to live. Hence which cell will give you the life expectancy at birth?
Email the Excel file with your name to yourself in case you do not complete your work today.
Human Population Dynamics Class Exercise

Detach this sheet and turn in to your TA

10 points
Do not copy answers from the hand-out. Write in your own words as you understand it. Numbers should be followed by units wherever appropriate.
1. What is the basic hypothesis you are testing? State the null and the alternate hypotheses and state which you would like to be able to support. 

3. Why do you hypothesize as you have stated above? Provide an evolutionary explanation. You may use the internet to further your understanding of the topic. 

2. The data collected span what years? 
3. How did you collect the data? 

(Randomly – covered entire cemetery, and randomly picked headstones from all over.

Systematically – collected data from every nth tombstone.

Opportunistically – collected data from tombstones that you passed by, not random)

4. Fill in the following table:
	
	Male
	Female

	Average age of death 
	
	

	Standard deviation
	
	

	Sample size
	
	

	p-value for difference between male and female age at death
	


[standard deviation = square root of variance; sample size = number of observations]

5. According to your data, is there a significant difference in average age of death of human males and females? What statistical evidence supports this? 

6. What is the life expectancy at birth for males and females?

Male = 




Female = 

7. Draw the survivorship curves for males and females below. Label axes correctly, and indicate which curve is for males and which is for females. 

8. Draw the life expectancy curves for males and females.

9. What do these two sets of curves tell you about differences between the sexes in lifespan and age specific schedules of mortality?
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