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INTRODUCTION

You are probably aware that the annual rings of trees in temperate and boreal forests can be used to determine the age of a tree.   Since growth rates change dramatically with season each annual ring is representative of a single year's growth and is followed by a period of relative inactivity.  Each annual ring is composed of two, easily distinguished bands:  spring wood is laid down early in the growing season and tends to be lighter and more porous than summer wood which is laid down later in the growing season and tends to be darker and more dense.  The scientific study of the annual rings of trees is called dendrochronology.

Foresters routinely determine the approximate age of a stand by obtaining core samples from a representative sample of trees.  An instrument called an increment borer is twisted into the bark of the tree and inserted to about half the diameter of the tree.  A 1/8 inch core is removed and prepared for examination of the annual rings.  Bristlecone pines in Arizona as old as 8255 years have been aged using this method!  

In addition to aging, detailed study of annual rings can provide us with a wealth of information concerning the physical and biological conditions present during the lifetime of the tree.   Catastrophic events such as fires, volcanic eruptions, hurricanes, earthquakes, glacial advances, lightning strikes, floods, insect infestations, injury and disease may all be recorded in the annual rings of a tree.  For example, if a tree is tipped over by a storm but continues to grow, changes in the orientation of annual rings may occur.

Past climatic conditions can often be reconstructed from patterns in the growth of annual rings.  Temperature and rainfall conditions that are optimum for the growth of that species result in particularly wide annual rings while years of poor growing conditions result in narrow annual rings.  Competition from other trees may also result in narrow growth rings and  various management treatments such as thinning, herbicide spraying or fertilizing would be expected to result in a corresponding change in the width of annual growth rings.  

Dendrochronology can also be used to assess historic levels of some pollutants.  Trace levels of lead and mercury, for example, can be measured in annual rings and thus provide a chronological record of the degree to which industrial pollution contributes to the natural level of these substances. 

In today's lab you will be analyzing patterns of annual growth in a common western Oregon tree - Western Hemlock (Tsuga heterophylla).  Climatic data will be provided and you will test the hypothesis that there is a correlation between annual growth, average annual temperature and annual precipitation. 

BACKGROUND

Each group of students will be given a cross section from a Western Hemlock that was harvested on Bureau of Land Management (BLM) land in January 1996.  Stand information was obtained from Salem District BLM records:

Site Location:  

BLM Unit #170
Polk County, Oregon

Township 7S  Range 7W  Section 4

Site Description:  

This is a 25-acre unit dominated by large Douglas fir trees  21+ inches DBH (diameter at breast height).  BLM categorizes stands of this age as "old growth".  The stand has been judged by BLM as suitable for spotted owl nesting, roosting and foraging.  It is considered to be "well-stocked", meaning that the density of trees on the site is considered adequate (70-100% of normal basal area or volume).  The birth date for the stand is the year 1800 as determined by coring and aging a sample of dominant trees -  7 years were added to the ring count to account for time required to reach 4 1/2 feet.  The assumption is that a stand replacement fire occurred at approximately this time.  The stand condition is considered "GOOD" meaning that the stand is not decadent, with very few dead and dying overstory trees.   Slopes in this area range from 35-59%.  The site index is 120 (a 100-year old tree would be expected to grow 120 feet).  No disease or insect damage has been documented for this site.

The stand is being managed as an "Adaptive Management Reserve" and silvicultural treatments are not needed at present.  Regeneration since 1800 has been entirely natural on this site and there has been no treatment (thinning, planting, etc.) of any kind.

BIOLOGICAL CHARACTERISTICS OF WESTERN HEMLOCK

Forests of western Oregon and Washington are dominated by Western Hemlock (Tsuga heterophylla), Douglas-fir (Pseudotsuga menziesii) and Western Redcedar (Thuja plicata).  These species are adapted to moist, temperate conditions of the region.  Summers are dry with only 6-9% of total precipitation falling during those months.  Mean annual temperatures range from 46 to 48 °F and neither January nor July temperatures are extreme.  The environment is mild and quite favorable for forest development.  Unlike drier western forests such as those dominated by Ponderosa Pine, Garry Oak or Western Juniper,  the forests of the Western Hemlock zone tend not to be responsive to small changes in soil moisture.  In fact, neither moisture nor temperature are severely limiting for these species.

Western Hemlock is the climax species of the Western Hemlock Zone and is commonly found in association with Douglas-fir and Western Redcedar.  It is very shade tolerant and reaches a maximum age of at least 400 years.  It does not tolerate long periods of frozen soil in the root zone.  

The following climatic data were taken from seven representative sites within the Western Hemlock Zone (Franklin and Dyrness, 1973).  Use them to help define optimum growing conditions for the species and to interpret trends seen in your graphs.  Ranges are given in parentheses.

Ave. Annual Temperature (°F)

48.8   (45.3-50.7)

Ave. January Temperature (°F)

33.9   (29.8-37.2)

Average January Minimum Temp (°F)
27.5   (25.3-31.6)

Average July Temperature (°F)

63.3   (60.4-66.0)

Average July Maximum Temp (°F)

79.4   (72.7-84.9)

Average Annual Precipitation (Inches)
81.2   (57.2-126.2)

Average June-August Precipitation (Inches)
  5.0   (4.2-6.1)

PROCEDURE

Perform the following procedures for your cross section:

1.  Estimate the age of the tree by counting the annual rings. Assume that the section was taken at "breast height" (4 1/2 feet above ground).  Each annual ring is composed of two, easily distinguished bands:  spring wood is laid down early in the growing season and tends to be lighter and more porous than summer wood which is laid down later in the growing season and tends to be darker and more dense.  Be sure to add 7 years to account for the number of years required to reach 4 1/2 feet.  (NOTE:  This number is specific for western hemlock.  Eight years would be added for Douglas-fir.)

2.  Select a representative radius from the center to the perimeter of the cross section and carefully measure the width of each annual ring (spring wood and summer wood combined) beginning with the ring laid down in the Spring and Summer of 1995.  Use vernier or digital calipers to measure annual ring width (to the nearest 0.1 mm) for each year and record on the attached data sheet.  You may find it useful to mark every 10th year or so with a pin to keep track of your measurements.

3.  Historical climatological data for this site were obtained from Oregon State University's Climatological Service Web Site.  You will be given a copy of these data and asked to analyze them in the next section.  These data will also be stored on computers in the computer lab.

ANALYSIS

Using your observations and the background information above, answer the following questions for your cross section.

1.  
Measure the length (in mm) of 5 radii from the center of your cross section to inside the bark.  Are the annual rings perfect circles?  If not, what factor(s) may contribute to the irregularity?

2.  
How old is the tree?  What factors could add error to this estimate?

3.  
What accounts for the fact that the age of this tree is less than the age of the stand?  (See background information above)

4.  
Western hemlock is a shade-tolerant tree while Douglas-fir is less shade-tolerant.  Would you expect a dominant Douglas-fir taken from this stand to be older or younger than this tree?  Explain your answer.

5.  
Plot "Annual Rainfall" and "Annual Growth" against "Time" on the same graph.  Enter your data into a spreadsheet program (EXCEL) and use that program to generate your graph.   

NOTE:  Be sure the earliest dates appear on the left end of the X-axis.
6.  
On a second graph, plot "Average Annual Temperature" and "Annual Growth" against "Time", as above.  

7.
Using only the "annual growth" portion of your graphs as a source of information, write a brief narrative that describes the growth history of this tree.  What explanations can you offer for the trends you have described?  Consider the background information on this stand and the biological characteristics of western hemlock (given previously) in your answer.

8.  
How would the growth history of this tree be different if it grew for the first 40 years in a stand at very high density and then the stand was thinned?  How would this be reflected in the annual rings?

9.  
Carefully examine the graphs you have generated.  Does there appear to be any correlation between these climatic data and annual growth?  If so, explain the relationship.  If not, explain why there may not be a relationship between climatic data and annual growth in these samples.   Consider the biological characteristics of western hemlock (given previously) in your answer. 

10.  
What is the "Average Annual Growth" of this tree measured as increase in diameter?  Describe how you calculated this value and give your answer in millimeters.

11.  
Western hemlock and Douglas-fir are adapted to the cool moist forests of the Pacific Northwest.  If climatic conditions change to drier, warmer conditions as might be expected in a greenhouse scenario, growth patterns could change from what you have seen here.  What changes would you expect in reproductive success?  in growth rates of mature trees?  Of these two species, which would you expect to be more affected by the "greenhouse effect"?  Why?

12.  
Western hemlock now occupies elevations from approximately 500 to 3300 feet in the Oregon Cascades (see range map)  How would you expect this to change in a greenhouse scenario that results in an increase in global average temperature of 4 - 7 °F by the year 2050? 

13.   
Indicate by coloring in red on the attached range map the approximate range for Western hemlock under the greenhouse scenario described above.

14.  
Annual rings do not form in trees from tropical rainforests.  Why not? 
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BI 132 DENDROCHRONOLOGY  LAB

MATERIALS AND INSTRUCTIONS TO STUDENTS

MATERIALS

Quantity

Materials and Equipment
100


Insect pins

12


Magnifying glasses

12


Vernier or digital calipers (0.1 mm accuracy)

50 sheets

Graph paper

6


Western hemlock (or appropriate local species) cross sections

6


Meter sticks

6


Needle probes

6


Colored pencils (red)

Temperature and rainfall data will need to be obtained for a station as close as possible to the site from which the cross sections were obtained.  I load up these data prior to lab on the hard drive of computers accessible to students.  Climate data for this exercise were obtained from:

Oregon Climate Service

316 Strand Ag. Hall

Oregon State University

Corvallis, OR  97331

phone:  541-737-5705

www.ocs.orst.edu

SUGGESTED INSTRUCTIONS TO STUDENTS

What are annual rings?

O.H.  #132  Diagram and example of annual growth layers
Secondary growth in woody plants occurs as a result of cell division at the vascular cambium - a cylinder of cells close to the bark of the tree that actively divides

▸
vascular cambium in temperate areas is seasonally active

▸
most cell division (and, therefore, growth) occurs during spring and summer with a relatively dormant period from late fall to late winter

▸
periodic activity of cambium layer results in annual rings

Spring wood laid down in Spring (near beginning of growing season) - lighter in color, porous 

Summer wood laid down in summer (near end of growing season) - darker in color, dense

DIAGRAM ON BOARD

Relative position of "bark", "cambium layer", "spring wood 1996", "summer wood 1995", "spring wood 1995", "summer wood 1994" and "spring wood 1994"

The scientific study of tree rings is called dendrochronology.  Annual rings of trees in temperate and boreal forests can be used to determine the age of a tree.   They also provide a record of the physical and biological conditions present during the lifetime of the tree.  Therefore, the tree may be thought of as a "living weather station".  

When provided with information concerning the biological requirements of Western Hemlock, students should be able to predict range shifts in response to climate changes.  This can be generalized to a broader discussion of biological impacts of global warming.  

In this lab students will be analyzing patterns of annual growth in Western Hemlock.  Climatic data will be provided and the following hypotheses will be tested:

1.
"There is a correlation between annual growth and average annual temperature."

2.
"There is a positive correlation between annual growth and annual precipitation."

I HAVE A SERIES OF 6 SLIDES AND AN AERIAL PHOTOGRAPH THAT I SHOW HERE TO FAMILIARIZE STUDENTS WITH THE STUDY SITE FROM WHICH THE CROSS SECTIONS WERE OBTAINED.

I ALSO DESCRIBE THE FOLLOWING:

1.
The  origin of the cross sections and climate data 

2.  
The procedure for measuring and recording annual ring width (proper use of calipers, magnifying glasses, to nearest 0.1 mm, record on data sheet)

3.  
The procedure for graphing and methods for analysis of annual ring width/climate data

4.
The differences between "positive correlation", "negative correlation" and "no correlation" between variables 

As an optional activity, students could use the spreadsheet program to calculate correlation coefficients for the variables being examined and then report on their interpretation of these statistics.

RESOURCES

Cook, E. et al.  1991.  Climatic change in Tasmania inferred from a 1089-year tree-ring chronology of Huon Pine.  Science 253:1266-1268.

A tree ring chronology is developed for Tasmania from 900 A.D. to 1988.  Current growing season temperatures and Huon pine growth are shown to be causally linked.
Franklin, J.F. and C.T. Dyrness.  1973.  Natural vegetation of Oregon and Washington.  Pacific 
Northwest Forest and Range Experiment Station, Forest Service, USDA, Portland, Oregon.  Gen. Tech. Rep. PNW-8.  417 pp.

McLaren, B.E. and R.O. Peterson.  1994.  Wolves, moose, and tree rings on Isle Royale.  Science 
266:1555-1558.

This article describes an interesting application of dendrochronology.  A trophic link between wolves, moose and balsam fir on Isle Royale, Michigan is investigated using tree ring analysis.
Phipps, R.L. 1985.  Collecting, preparing, cross-dating and measuring tree increment cores.  U.S. 
Geological Survey #261855.  Water Resources Investigations Report 85-4148.  48 pp.

Increment cores taken from trees could potentially yield similar information to that gathered from tree cross-sections.  This publication describes the collection, preparation and measurement of tree increment cores.

VIDEOTAPE

 "Wind River Canopy Crane" 2000. Oregon Field Guide #, 15 min.

Oregon Public Broadcasting Productions

7140 SW Macadam Ave.

Portland, Oregon  97219-3099

1-800-241-8123

This brief segment describes current research being conducted at the Wind River Canopy Crane site that relates to carbon flux and global warming.

Dendrochronology Lab..HO


