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chapter 13:  Dendrochronology and Climatology
Introduction

Ecologists are sometimes interested in determining past environmental conditions in a given region, prior to when any records were being kept.  Past records may be sought for the historical past, pre-history, or a bygone geological period.  Several methods have been developed to aid ecologists in this endeavor.  In all cases, past climatic conditions must be well-preserved and reliable dating must be possible.  Natural records of past conditions exist in lake sediments, glaciers, and tree trunks.  In each case, a record of climatic conditions is deposited on an annual basis.  To obtain the record, an ecologist must core the sediment, glacier, or tree and count the rings for accurate dating.  The width or chemical composition of the rings provides information on past climate.  

In this lab, we will obtain cores from pine trees near campus and attempt to determine past climate from the width of the growth rings.  The process of using tree rings to determine age and past events is termed dendrochronology.

Objectives

In today's lab you will:

· learn to age trees using their growth rings.

· compare tree ring growth rates with temperature and precipitation patterns over time.  

· discuss the limitations of this technique.

KEYWORDS

Be able to define the following terms:

	xylem
	cambium

	abscission layer
	dendroclimatology

	dendrochronology
	



Background

Many woody trees, especially whose which grow in temperate regions, demonstrate a strong pattern of annual growth ring development.  In general, the growth ring (secondary xylem tissue) begins development in the spring of the year when vascular cambium tissue is activated.  The first xylem cells produced from the cambium are large in size (characterized by a large lumen) primarily in response to abundant water availability at this time of year.  As the growing season progresses and water supply within the soil becomes limiting, cell size and lumen size decrease.  By autumn, cell size is extremely small.  Finally, at the onset of frost, growth ceases and no more cells are produced.  The following season the process begins all over again resulting in well-developed, alternating "layers" of xylem tissue.

Dendrochronology is the study of past events through the aging of trees.  It has been used in many ways and in many fields, some of which are not scientific.  Examples include aging of trees for forest management, establishing the dates of past fires and insect outbreaks, establishing dates of specific archaeological events, and reconstructing past climatic conditions.  Dendrochronology has also been used to correct or calibrate radiometric dating methods such as carbon-14 and to solve legal cases involving boundary disputes.

Dendroclimatology is the science that deals with the relationship between various meteorological variables, such as temperature and precipitation, and the rate of tree growth.  This is accomplished by measuring the number and width of annual growth rings.  In addition, variations of these general parameters, such as mean annual temperature, mean temperature for the seven warmest months, total annual precipitation, mean precipitation for the seven warmest months, and annual number of days of continuous frostless temperatures have been used to demonstrate correlation with patterns of tree growth.  In a dendroclimatological study, the independent variables consist of various meteorological or environmental factors.  The dependent variable is the thickness of the annual growth ring.


Directions 

Obtain tree growth data from a location for which long-term climatological data (> 20 years) is available.  Coincidentally, the power station at CMU was an official United States Weather Bureau Station from 1970 until 1992.  Temperature and precipitation data from this station will be provided for your use in this study.

Field Collection:

Each group of 3-4 students should select a tree on the CMU campus.  Record the tree type and location on campus (e.g., maple, NW corner of Brooks Hall). Use the following procedure to obtain a core.  
1. Assemble coring device by inserting borer bit into handle and securing with latch. Rub bee’s wax on borer shaft and threads.
2. Align borer bit so that it is parallel to the ground and aimed at center of the tree.

3. Set borer bit against tree in a bark furrow.  Hold borer in place with one hand and turn the handle clockwise with the other hand.
4. Once the borer has penetrated the wood a short distance, use both hands to turn the handle until the bit reaches the center of the tree (or desired depth).

5. Insert extractor, concave side down.  Turn handle one half turn counterclockwise (180) to break the core from the tree.  Concave side of extractor should now face up.

6. Remove extractor and place core in protective tray.  Label core in tray.
Laboratory Analysis:

Ring width measurements should be made to the nearest 0.1 mm.  These measurements will be made with a metric ruler.  Measure 30 rings if possible.  We have climatological data (temperature and precipitation) from 1970 to 1992.  Use EXCEL to tabulate the data, then plot ring width, average maximum temperature, and precipitation against time.  Remember that the most recent climatological data are from 1992, so you will need to ignore the tree rings since then in your analysis.




	A
	B
	C
	D

	Date
	ring width
	temperature
	precipitation

	1970
	2.2
	57
	35.2

	1971
	3.4
	58
	20.6

	1972
	3.1
	55
	37.6

	1973
	3
	59
	34.2

	1974
	3.3
	55
	35.4

	1975
	3.5
	56
	43.9


Graphing on EXCEL:

1. Highlight the data columns containing date, ring width, and average maximum temperature.

2. Click on the “graph wizard” icon (bar plot) and choose line graph (with data points).  You will get a graph with 3 lines (date, ring width, and temperature).  Choose the “series” tab and remove date.  Click on the “category x labels” icon then highlight all dates in the first column of your data sheet.

3. Right click on one of the average maximum temperature data points.  Choose “format data series” then “axis”.  Select “secondary axis” to give temperature its own y-axis scale.

4. Double click on the primary and secondary y-axes and adjust the scale so that both line graphs are easily visible.

5. Repeat steps 1-4 to create a second line graph with ring width and average precipitation.
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Discussion Questions

1. Which climatic variable (temperature or precipitation) is best associated with tree ring width?  How might this variable affect tree growth to produce the ring pattern you saw?

2. What is more relevant to tree growth, average yearly values or average monthly values?

3. How may age and the amount of growth during the preceding season affect growth during a given year?

4. What climatic factors are probably of the greatest importance to tree growth in climatic regions other than Michigan?

5. What problems might be encountered in adapting this analysis to tree growth in tropical regions?


DATA TABLE:  Tree Ring Width

SPECIES_________________________
DATE_______________

LOCATION________________________

	Year
	Width
	Temp.
	Precip.
	Year
	Width
	Temp.
	Precip.
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