
Teacher Background Info - Station 4: Age and Survivorship 
 
Students begin this station by estimating the age of trees and of Dall sheep using photographs of 
tree rings and Dall sheep horns, respectively. Then students create a survivorship curve using 
data from the classic Dall sheep experiment (Murphy and Whitten, 1976). Students also create 
their own tree core using a jumbo straw or dowel rod and data on rainfall as they relate yearly 
precipitation with width of a ring.  
 
Knowing the ages of individuals in a population is important. In forests, old trees have a huge 
impact on ecosystem health – they have survived weather events, insects, diseases, and the proof 
of that is in their features (Lindenmayer, et al., 2012). Cavities, for example, form when insects 
or birds or fungi work on the bark, and these cavities are vital to wildlife as shelter or as food 
sources. Red cockaded woodpeckers, an endangered species, can only make nesting cavities in 
old longleaf pines, those old enough to have heart rot. Forest management focuses on ensuring 
that forests have stands of older and younger trees, so that all stages of succession are 
represented (Lindenmayer, et al., 2012). With animals, age is also important. Knowing the age 
structure and sex ratio of a population helps researchers predict growth of populations (Kramer, 
2013).  
 
Ages – and lifespans – are limited by genetics and environment. Maximum lifespans are 
measured by looking for the longest-lived organism of the species, but a more meaningful 
measurement is average life expectancy, which is a statistic derived from mortality tables. These 
tables are created by taking the ages of death of a cohort of individuals. The classic life table is 
from the Dall mountain sheep (Ovis dalli). Dall sheep males and females have horns, and, as 
horns are not shed yearly, the horn annuli can be used to age a sheep – annuli are counted using 
skulls with horns taken from the remains of sheep that perished in the wild, or, data can be 
obtained from hunters. The annuli method works better for determining the age of males who 
have longer, heavier, more curled horns, and who are the target of trophy hunters, and, because 
you are less likely to find remains or horns from young sheep, which are more perishable, data 
on population sizes and age structures may be skewed (Murphy and Whitten, 1976).  
 
Trees, too, have life expectancies (Lindenmayer, et. al., 2012). Aging a tree can be non-invasive, 
by using a borer to extract a core which shows tree rings, or, once a tree is dead and cut down, 
you can also count tree rings (Figure 7). 
 

Because increment core samples are obtained at a height of 
about four and a half feet above the ground (the “Diameter 
Breast Height”, or DBH) you must then estimate the true age 
by adding the number of years it took to reach DBH (usually 
five to ten years, depending on the species) (Lindenmayer, 
et. al., 2012). These tree rings can indicate past climate, as 
years when the tree was growing rapidly and makes a wide 
ring usually are years with lots of precipitation.  
 

 
Figure 7.  Tree rings can be used to estimate the age of a tree. 



 
As an extension or assessment, students can do a Project Learning Tree activity where they make 
tree rings to signify their lives, or they can read the article ‘Diversity of ageing across the tree of 
life’ (Jones, et al., 2014) which has survivorship curves for a variety of species; students can 
select a species and report out. It is a neat article, and shows survivorship curves of many 
animals; you may be surprised to find that a lot of plants show a type 2 curve and that the 
survivorship curves of lions, killer whales, and Daphnia (the water flea) are very similar to that 
of humans. 
 
 
  



Student Handout           Station 3:  Estimating Age 
 
Knowing the ages of individuals in a population is important.  In forests, old trees have a huge 
impact on ecosystem health – they have survived weather events, insects, diseases, and the proof 
of that is in their features.  Tree cavities, for example, form when insects or birds or fungi work 
on the bark, and these cavities are vital to wildlife as shelter or as food sources.  Red cockaded 
woodpeckers, an endangered species, can only make nesting cavities in older longleaf pines, 
those old enough to have heart rot.  Forest management focuses on ensuring that forests have 
stands of older and younger trees, so that all stages of succession are represented. With animals, 
age is also important.  Knowing the age structure and sex ratio of a population helps researchers 
predict growth of populations.   
 
So How do We Know how old something is?  With trees, you can count tree rings (clams also 
have rings on their shells).  With fish, you can count otolith (ear bone) rings. With horses and 
orangutans, you can look at how worn down the teeth are.  Ages – and lifespans – are limited by 
genetics and environment.  
 
Maximum lifespans are measured by looking for the longest-lived organism of the species, but a 
more meaningful measurement is average life expectancy, which is a statistic derived from 
mortality tables.  You can also look at survivorship patterns – for example, marine invertebrates 
have a high infant mortality, but if they survive infancy they can go on to lead a long life (This is 
a Type III curve).  Humans, on the other hand, have low infant mortality and tend to live long 
lives, with survivorship decreasing rapidly at older ages (This is a Type I curve).  Songbirds, 
Type II, have an equal chance of dying at all ages.  What would these curves look like if we 
graphed them as % survivorship versus age? 
   

Sketch an approximation of each survivorship pattern here, all three types 
on one graph: 
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At this station we will age trees by counting tree rings and Dall mountain sheep by counting 
annular (yearly) horn rings.  Tree rings can be obtained either by cutting a tree down and 
counting the rings at 4.5 feet above ground (the DBH, or Diameter, breast height) or by using an 
increment bore which takes a pencil-sized core through the center of the tree at DBH, allowing 
the tree to remain alive.  Then, you add ten years to the DBH count, because it takes about ten 
years to reach 4.5 feet. Male and female Dall mountain sheep (Ovis dali) have horns, and, as 
horns are not shed yearly, the horn annuli can be used to age a sheep – annuli are counted using 
skulls with horns taken from the remains of sheep that perished in the wild, or, data can be 
obtained from hunters.  As males age the horns become heavier, thicker, and curled (not quite so 
much with females).   
 
Procedure:     
 

1.  Calculate the age of 5 tree and 5 Dall mountain sheep using the photographs at this  
station. 

 
2.  Date your sample core and create and plot a tree-ring index. 
 
3.  Create your own tree core using precipitation data. 
 
4.  Utilize the life history table for Dall mountain sheep to create a survivorship curve. 
 
 

 
 

1.  Calculate the age of 5 tree and 5 Dall mountain sheep using the photographs at this station by 
counting tree rings, and horn rings (or annuli). 
 

Sample # Tree Rings 
at DBH 

Tree Age (years)  (= # rings 
at DBH + 10) 

Dall Sheep age (years) 

1   
 

 

2   
 

 

3   
 

 

4   
 

 

5   
 

 

 
 
 
 
 



2.  Using precipitation data, date your sample core and create and plot a tree-ring index. 
 

A.  Date your core by counting rings backward from the bark.  The year the core was 
taken is the “start” year, in our case 2018.  Count rings until you reach the gray-shaded 
center of the tree (the end of the core).  The gray-shaded end of the core represents the 
first year of growth for the tree.  

 
   Core #  ________   is   __________ years old. 
 

B.  Create a tree-ring index using your core sample.  Measure the width of each ring 
in millimeters.  Put your data in the table below.  Don’t count the outermost ring 
because it is not done growing yet!  Start with the second ring. 
 

YEAR Tree Ring Width (mm) Annual Precipitation (mm) 
 

1991  10.2 
1993  11 
1994  9.8 
1995  55.1 
1996  79.3 
1997  50.5 
1998  15 
1999  14.9 
2000  15.2 
2001  15 
2002  12.3 
2003  57.2 
2004  23.5 
2005  45 
2006  15.2 
2007  14.5 
2008  15.1 
2009  14.6 
2010  99.8 
2011  41.2 
2012  27 
2013  32.1 
2014  31.5 
2015  15.1 
2016  14.9 
2017  9.2 



C.  Using the data from your table, plot the width of each tree ring against the amount 
of precipitation.  Then, draw a linear “best fit” line on the graph – this means you 
draw a straight line that goes through as many points on the graph as possible.  The 
slope should not be zero! 
 

 
 
 

D.  You have a best fit line so now you can see the general trend for how tree ring 
relates to precipitation:  Describe this trend. 

 
 
 
 
 E.  Using your graph, tell me 

If you had a ring that was 25 mm in width, what is your best estimate for 
rainfall for that year?  
 
If you had a ring that was 18 mm in width, what is your best estimate for 
rainfall for that year?  
 
If you had 65 mm of rain last year, what width would you expect your tree 
ring to be? 
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3. Create your own tree core using this precipitation data: 
 
 A. Take a Jumbo straw and a permanent marker. 
 B. Use the precipitation data to estimate width of each ring – where each 3 mm of  

rainfall = 1 mm width in tree ring.  (i.e., 63 ml rain = 31 mm wide ring) 
 C. Color the innermost end of the straw, about 20 mm, to represent the pith, or center,  

of the tree core. 
D. Measure your Jumbo Straw and mark each ring. 
 
 

Ring Width (mm) Precipitation (mm) 

                     (next to pith) 90 

 60 

 120 

 30 

 30 

 120 

 90 

 20 

                   (next to bark) 10 

 
 
 
 
 

4.  Utilize the life history table for Dall mountain sheep to create a survivorship curve.   
 

A.  Fill in the following data table, calculating mortality and survivorship. 
 
B.  Graph the survivorship curve, either as Log10(%S) versus age interval (using 
semi-log graph paper), or simply as %S versus age interval. 

 
To graph this, open up Google Sheets.  Put age interval in the A column and Log10%S in 
the B column, then click on “insert chart”.  Double click the Y axis to format it, and 
select/check the box that says Log Scale.  You can also add gridlines if you wish. 

 



Data Table:  Students will calculate percent survivorship and then graph the survivorship curve, 
either as Log10(%S) or you can simply graph as %S versus age interval. 
 
Table adapted from Edward S. Deevey - E. S. Deevey, "Life tables for natural populations of 
animals," The Quarterly Review of Biology, 22(4), 1947, 283-314 and from  
https://bio.libretexts.org/TextMaps/Introductory_and_General_Biology/Book%3A_General_Biol
ogy_(Boundless)/45%3A_Population_and_Community_Ecology/45.1%3A_Population_Demogr
aphy/45.1D%3A_The_Study_of_Population_Dynamics 
 
 
 
 
 
 

Age 
Interval 
(years) 

Number 
Surviving 
at 
beginning 
of age 
interval 
out of 
1000 born 

Number 
Dying in 
age 
interval 
out of 
1000 born  

Mortality rate 
(fraction of 
individuals 
alive at 
beginning of 
interval that die 
during the 
interval) 
(= # dying / # 
surviving) 

Life 
Expectancy 
(mean 
lifetime 
remaining 
to those that 
attain this 
age interval) 

% S = 
Survivorship 
(Number 
Surviving at 
beginning of 
age interval / 
10) 

Log10 
(%S) 

0-0.5 1000 54 .054 or 5.4% 7.06 100% 2 

0.5-1 946 145 0.153 or 15.3% 7.06 94.6% 1.98 

1-2 801 12  7.7   

2-3 789 13  6.8   

3-4 776 12  5.9   

4-5 764 30  5.0   

5-6 734 46  4.2   

6-7 688 48  3.4   

7-8 640 69  2.6   

8-9 571 132  1.9   

9-10 439 187  1.3   

10-11 252 156  0.9   

11-12 96 90  0.6   

12-13 6 3  1.2   

13-14 3 3  0.7   



 
Graph %S versus age interval. 
 
 What is your dependent variable? ___________________________ 
 
 What is your independent variable? __________________________ 
 
  
 

 
 
 
 
 
What type curve do you see (Type I, Type II, or Type III?) __________________________ 
 
Describe the survival pattern of Dall mountain sheep.  For example, is there high infant 
mortality?  When are they more likely to die?   
      _____________________________________ 
 
_________________________________________________________________________ 
 
_________________________________________________________________________ 



Extension (adapted from Project Learning Tree): 
 
DRAW your life as a tree:  Use a paper plate, with the center point representing your birth, and 
draw age rings (concentric circles) to represent each year of your life.  Indicate years when you 
had slow, and fast, growth.  If you had a broken bone, make the line thicker and darker on the 
left or right side, as appropriate, to show healing.  Label each ring with your age, and 1-2 major 
life events (i.e., Age 1 year: learned to talk; Age 11 years: Traveled to the Grand Canyon). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



Teacher’s Key:   
Sketch an approximation of each survivorship pattern here, all three types on one graph: 

          
  Tree cores can be downloaded from UCAR: Center for Science Education 
https://scied.ucar.edu/activity/12606/print-all   The chart below utilized core #4, but any                  
of the 4 sample cores from UCAR will get you a similar graph.   
 

YEAR Tree 
Ring 
Width 
(mm) 

Annual 
Precipitation 
(mm) 

1991 2 10.2 
1993 2 11 
1994 2 9.8 
1995 11 55.1 
1996 16 79.3 
1997 10 50.5 
1998 3 15 
1999 3 14.9 
2000 3 15.2 
2001 3 15 
2002 2 12.3 
2003 11 57.2 
2004 5 23.5 
2005 9 45 
2006 3 15.2 
2007 3 14.5 
2008 3 15.1 
2009 3 14.6 
2010 20 99.8 
2011 8 41.2 
2012 5 27 
2013 6 32.1 
2014 6 31.5 
2015 3 15.1 
2016 3 14.9 
2017 2 9.2 

How old was your tree?    
UCAR  Cores:    Core # 1= 30 yrs ;  

Core #2 = 27 yrs ;  
Core # 3 = 38 yrs ;  
Core # 4 = 28 yrs. 

 



D.  Now that you have a best fit line you can see the general trend for how tree ring 
relates to precipitation:  Describe this trend. 

§ As the amount of rainfall increases, the width of the core increases. 
 

§ More rain =  Wider ring. 
 
 E.  Using your graph, tell me 

If you had a ring that was 25 mm in width, what is your best estimate for 
rainfall for that year?    Approx. 120 mm rain 
 
If you had a ring that was 18 mm in width, what is your best estimate for 
rainfall for that year?    Approx.  90 mm rain 
 
If you had 65 mm of rain last year, what width would you expect your tree 
ring to be?   Approx. 13 mm wide 

  
 
 

Sample # Tree Rings at 
DBH 

Tree Age (years)  (= # rings at 
DBH + 10) 

Dall Sheep age (years) 

1 18-19 28-29 
 

9-10 

2 19-21 28-29 
 

2 

3 50-54 28-29 3 
 

4 20-21  28-29 
 

8-9 

5 12  22 
 

4 

 
 

Ring Width (mm) Precipitation (mm) 

30        (next to pith) 90 

20 60 

40 120 

10 30 

10 30 

40 120 

30 90 

10 20 

10          (next to bark) 10 

                                                                                                            Jumbo straw tree core 

 



 
Dall Sheep have a Type 1 Survivorship Curve 
 
 

 
 
Graphing on the semi-log paper allows you to visualize exponential data as a linear relationship -
it takes the exponential curve and straightens / smooths it out. Use semi-log because the age 
increments are changing in a linear fashion but survivorship is an exponential change.  To graph 
this, have students open up Google Sheets.  Put age interval in the A column and Log10(%S) in 
the B column, then click on “insert chart”.  Double click the Y axis to format it, and select/check 
the box that says Log Scale.  You can also add gridlines if you wish. 
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Age 
Interval 
(years) 

Number 
Surviving 
at 
beginning 
of age 
interval 
out of 
1000 
born 

Number 
Dying 
in age 
interval 
out of 
1000 
born  

Mortality rate 
(fraction of 
individuals alive 
at beginning of 
interval that die 
during the 
interval) 
 
(#Dying / #Surv) 

Life 
Expectancy 
(mean 
lifetime 
remaining 
to those 
that attain 
this age 
interval) 
 

% S = 
Survivorship 
((N. 
Surviving / 
1000) * 100) 

Log10 
(%S) 

0-0.5 1000 54 .054 or 5.4% 7.06 100 % 2 

0.5-1 946 145 0.153 or 15.3% 7.06 94.6  1.98 

1-2 801 12 0.015 or 1.5% 7.7 80.1 1.90 

2-3 789 13 0.0165 or 1.65% 6.8 78.9 1.90 

3-4 776 12 0.0155 or 1.55% 5.9 77.6 1.89 

4-5 764 30 0.0393 or 3.93% 5.0 76.4 1.88 

5-6 734 46 0.0627 or 6.27% 4.2 73.4 1.87 

6-7 688 48 0.0698 or 6.98% 3.4 68.8 1.84 

7-8 640 69 0.1078 or 10.78% 2.6 64 1.81 

8-9 571 132 0.2312 or 23.12% 1.9 57.1 1.76 

9-10 439 187 0.426 or 42.6% 1.3 43.9 1.64 

10-11 252 156 0.619 or 61.9% 0.9 25.2 1.40 

11-12 96 90 0.9375 or 93.75% 0.6 9.6 0.98 

12-13 6 3 0.5 or 50% 1.2 0.6 0.78 

13-14 3 3 1 or 100% 0.7 0 “0” 



Assessment Ideas: 
 
1. Have students read the scientific paper (or look at the figures) Jones, et al.,  2014.  ‘Diversity 
of ageing across the tree of life’  in Nature 505:169-173.  Have each student pick an animal or 
plant and describe its survivorship. 
 
2.  Have students research average life expectancy for humans living in the 1700’s, Colonial 
America, and compare it to people living in urban (or rural) areas today.  Or, compare 
survivorship between today’s humans for rural versus urban, different socioeconomic groups, or 
different countries (Poland versus Japan, for example – or pick a third world versus first world 
country). 
 
3.  Give students a data table and ask them to graph survivorship.  Try the data in Pike, Lisa and 
William P. Fox. 2002. Survival of Early Americans: an Interdisciplinary Lively Applications 
Project. The UMAP Journal 23(2):149-162.  (see NSTA resources) 
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