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Forest Regeneration - An Evaluation of Seedling Mortality
INTRODUCTION

In areas that have been deforested either by humans or as a result of natural events such as wildfires, the rapid and successful re-establishment of trees is often a primary management objective.  Once trees are growing again on the site, other values such as erosion control, timber value, wildlife habitat and esthetic appeal tend to increase.  Management activities that occur before, during and after harvest have a great influence on the ecological, esthetic and economic value of the future forest. 

Until recently, most Douglas-fir forests in western Oregon that were managed for timber production were treated as follows:

(
Clearcut - all or most marketable and non-marketable trees and snags removed

(
Pile slash (limbs, logs, snags, etc.) - bulldozers push slash into piles

(
Burn slash piles - in spring or fall

NOTE:

Alternatively, depending on site characteristics, a site could be "broadcast burned" in which slash is burned without piling

(
Herbicide application to control competing vegetation (e.g., blackberries, buckbrush)

(
Plant Douglas-fir genetically matched to elevation and geography

Such management typically resulted in single-species, even-aged plantations which maximized timber production but probably did not allow other values to reach their full potential.  More recently, often under the management philosophy of ecosystem management, some of these practices have been modified, particularly on public lands.  The retention of "biological legacies" (living trees, snags, logs, etc.) during a logging operation, for example, may accelerate the regeneration of a forest as well as provide habitat for plant and animal species that may not occur in stands that have all material removed.  Planting a variety of tree species may also provide some benefits as compared to monocultures of Douglas-fir. 

In today's laboratory we will examine a small forest regeneration project that attempts to implement some of these practices.  We will evaluate the success of seedling planting and attempt to project what the future forest on this site might look like.  Such studies are completed routinely to determine the best methods for reforestation in a region.  Successful establishment of seedlings may depend upon a number of factors such as soil characteristics, slope, exposure, elevation, climatic conditions, diseases present, the population density of herbivorous mammals and the control of competing vegetation.

BACKGROUND

The study site is a 4-acre stand located in the foothills of the Coast Range approximately 15 miles west of Salem, Oregon.  The site is a north exposure and slopes range from 0 - 25%.  In June of 1999 the site was logged - nearly all Douglas-fir (Pseudotsuga menziesii) greater than 10-inch diameter were removed.  Some Garry oak (Quercus garryana) were cut and removed for firewood but many oaks, including some dominant trees were left behind.  Logs were removed with a skidder and piled on the eastern edge of the property adjacent to Orchard Knob Road. Although some slash was pushed around during skidding, no distinct piles were formed and most of the slash was left scattered throughout the site.

In preparation for planting, the site was cleared primarily by hand.  Slash was pulled and piled and approximately half of these piles were burned in fall 2001.  Larger diameter slash was cut for firewood yielding 12 cords.  The remaining slash was piled and will be left on site.

VEGETATION

Prior to logging in 1999, the site was dominated by a typical Douglas-fir-Garry oak forest with dominant trees averaging 30" in diameter.  In addition to these two tree species, a few domestic cherry trees were present on site.  Large shrubs included, in approximate order of abundance, California hazelnut, Indian-plum, Scotch broom, serviceberry, cascara buckthorn, oceanspray, black hawthorn, red elderberry, Oregon ash, bigleaf maple, grand fir and Pacific dogwood.  Small shrubs were dominated by trailing blackberry, snowberry, Himalayan blackberry, evergreen blackberry, poison oak, thimbleberry, Nootka rose, black raspberry and tall Oregon-grape.  Sword fern is scattered throughout the site and in open areas bracken fern dominates.  Small snags of Garry oak and Douglas-fir are scattered throughout the site presumably due to self thinning of the site.  There are no remnant large logs, snags or stumps (3' +) from previous stands here; however, as a result of the logging operation, there were a few relatively large (18-24") Douglas-fir left behind as logs.  These were probably trees with some defect and will be left on site as decaying logs.  Smaller logs of Garry oak and some Douglas-fir are also left on site.  

For the year following logging, the site remained untouched and, predictably, weedy species flourished.  Herbaceous vegetation was dominated by bull thistle, Canadian thistle and St. John's wort.  Trailing blackberry, Himalayan blackberry and evergreen blackberry proliferated in and around slash creating impenetrable tangles.  Most of the shrub species listed above also did well but did not dominate the site as the blackberries did.

MANAGEMENT GOALS

A.
To establish a diverse, multi-aged, multi-species forest that develops late successional characteristics on the quickest timetable possible

B.
To create a forest that is esthetically pleasing with accessible view points to the north and northwest

C.
To create a forest that provides nesting, roosting and foraging habitat for a variety of native vertebrate animals

D.
To create a forest that can be used recreationally for hiking, wildlife viewing and cross country skiing

E.
To create a forest that will occasionally be used for extraction of firewood and perhaps marketable timber for the landowner

MANAGEMENT ACTIVITIES

The site was logged in June 1999 and remained untouched for 1 1/2 years until December 2000 when site preparation for planting began.  Removal of competing vegetation was a priority and a variety of methods were used including grazing by a small herd of Angora goats, herbicide application and physical removal.  Management activities concentrated on re-establishing a forest on this site and are summarized below:
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Each summer (July/August) 2002-2006 seedlings were "released" (competing vegetation around each seedling was removed manually).  Also, seedlings were watered twice each summer 2002-2004.  In November 2005, seedling guards were placed around each Western redcedar seedling to reduce deer browse.

ORIGINAL PLANTING

Nearly 1400 conifer seedlings of four different species were planted in December 2001 and January 2002.  The table below indicates the number of each species planted.

	
	Douglas-fir
	Grand fir
	Western hemlock
	Western redcedar

	Number planted
	980
	200
	100
	100

	Percent
	71.1
	14.5
	7.2
	7.2


Shade-tolerant species (grand fir, western hemlock and western redcedar) were planted primarily along the margins of the property and in areas that are partially shaded by existing trees.  Douglas-fir seedlings were planted primarily in more open areas.  See attached "Planting Plan" diagram.  Most, but not all, of the non-Douglas-fir species have been marked with small stake flags to facilitate their location.  In 2005, seedling guards were placed around each Western redcedar to reduce browsing by black-tailed deer.  Bamboo stakes were placed around each Western hemlock to reduce deer scraping.

PROCEDURE

In today's lab we will attempt to locate every seedling in the study area whether planted or naturally regenerating.  To accomplish this, the site has been subdivided into five areas (see attached "Sampling Area" diagram).  Each group of students will be assigned to an area.  Seedlings will be located, identified by species, and the heights of a representative subsample of each species will be measured.  

You should be familiar with the identification characteristics for each of the four conifer species that were planted.  Your instructor will show these characteristics.  Once you are familiar with the identification of seedlings and the boundaries of your study area, your group (2-4 students per group) will begin sampling.

1.
Begin at one end of your sampling area and methodically search your entire area, carefully looking for seedlings.  Your goal is to find every conifer seedling within your assigned area.  Other groups will be doing the same and we will combine data later.

NOTE:

Seedlings can be easily overlooked or counted more than once.  Develop a method within your group that minimizes this source of error. You will be provided with a length of nylon rope which can be used to mark off small sub-areas for counting.  Part of your grade for this lab is based on accurate data collection and recording.
2.
As each seedling is encountered, determine the species and whether it is a planted seedling (most) or a naturally regenerated seedling (few).   Western hemlock and western redcedar are not naturally regenerating on site so all of these seedlings were planted.  A few Douglas-fir and grand fir are regenerating naturally on site but they can be distinguished from planted seedlings at this stage on the basis of size (i.e., the smallest seedlings are naturally regenerating).  Most planted Douglas-fir seedlings have grown to at least 8 feet, so any smaller than this should be recorded as "naturally regenerated."  Grand fir seedlings are growing at a slower rate, so any trees smaller than 3 feet should be recorded as “naturally regenerated”.
3.
Record all data on the attached "Data Sheet - Seedling Mortality".

4.
After you have counted every seedling in your study area, measure the height (to the nearest centimeter) of  live, planted seedlings in your sampling area.


IMPORTANT:  Omit naturally regenerated seedlings for this portion of the exercise.

For species with "drooping leaders" (western hemlock and some western redcedar), total height should include the extended leader.

Measure a representative sample of 25 each of grand fir, western hemlock, western redcedar and Douglas-fir in your sampling area.  If, for some species, less than 25 individuals are present, just measure all of them.
5.
Record your measurements on the attached "Data Sheet - Seedling Growth".  

6.
Calculate average heights and record at bottom of data sheet.

ANALYSIS

Data from all groups will be combined and used to determine rates of seedling mortality for each species.  Use all background information available to you (i.e., site information and biological requirements of seedlings) to answer the following questions.  Put all of your typed answers on a separate sheet.

1.
Use class data to complete the following table for the entire study area:

	
	Douglas-fir
	Garry oak
	Grand fir
	Western 

hemlock
	Western redcedar

	# of Seedlings Originally Planted
	980
	0
	200
	100
	100



	# of Planted Seedlings Alive 
	
	NA
	
	
	

	% Planted Seedlings Alive
	
	NA
	
	
	

	# of Naturally Regenerated Seedlings
	
	
	
	0
	0


2.
How do the numbers of seedlings alive (in the table above) compare to the numbers that were actually planted ?  What explanations can you offer for any differences?

3.
Which seedling species show the highest survivability rate (i.e., lowest mortality rate) for this site?  What explanations can you offer?

4.
Which seedling species show the lowest survivability rate (i.e., highest mortality rate) for this site?  What explanations can you offer?

5.
Which species has the greatest number of naturally regenerated seedlings?  What explanation can you offer for this?  How do you expect this to change in the future?
6.
Complete the table below by entering the 2010 average seedling heights (to the nearest 0.1 cm) for each species and calculating the average rate of growth for each species.  Describe how you calculated average growth rates.  

	
	Douglas-fir
	Grand fir
	Western 

hemlock
	Western redcedar

	2003
	 57.4
	42.3
	40.7
	45.5

	2004
	83.1
	55.2
	53.3
	62.4

	2005
	123.0
	74.8
	81.0
	85.4

	2006
	183.5
	101.3
	119.9
	124.7

	2007
	243.3
	132.9
	154.2
	154.5

	2008
	306.8
	158.9
	193.3
	200.8

	2009
	328.8
	159.8
	214.7
	234.3

	
	
	
	
	

	Rate of growth (cm/yr)
	
	
	
	


7.
Use the results from the table above to describe how rates of growth can be used to 


predict future forest composition.
8.
In what ways will the future forest at this site differ from a forest that was allowed to regenerate "naturally" (i.e., without human intervention).  Explain your rationale.

9.
In what ways will the future forest at this site differ from an intensively managed plantation forest?  Explain.

10.
What types of interventions will be required to meet the management goals stated in the introduction?  Management goals are re-listed below.  Address each one separately.

A.
To establish a diverse, multi-aged, multi-species late successional forest 

B.
To create a forest that is esthetically pleasing with accessible view points 

C.
To create a forest that provides habitat for a variety of native vertebrate animals

D.
To create a forest that can be used recreationally for hiking, wildlife viewing and cross country skiing

E.
To create a forest that will be used for firewood and perhaps marketable timber 

11.
Based on the information you have now (number of each seedling planted, seedling survivability, knowledge of the biology of the tree species on site, site characteristics, etc.), predict the species mix of dominant trees at the following time intervals after planting in 2001.  Assume that there will be minimal disturbance on the site (e.g., no catastrophic, stand-replacing fires).  Enter a % for each of the species indicated across the top of the table.  Percentages for each species prior to planting (i.e., remnant trees left behind after logging) are given at "0 years" to give you some idea about what species grew here previously and some possible seed sources.  Explain the trends you have indicated in the table below and your reasons for them.

	
	Douglas-fir
	Garry oak
	Grand fir
	Western hemlock
	Western redcedar

	0 years

(2001)
	50.7
	48.1
	0.2
	0.0
	0.0

	Seedlings planted


	71.1
	0.0
	14.5
	7.2
	7.2

	2 years

(2003)


	72.3
	NA
	13.5
	6.6
	7.6

	3 years

(2004)
	75.1
	NA
	11.5
	5.8
	7.6

	4 years

(2005)
	78.6
	NA
	9.9
	4.4
	7.2

	5 years

(2006)
	80.0
	NA
	8.2
	4.0
	8.0

	7 years

(2008)
	84.8
	NA
	4.6
	3.4
	7.2

	8 years
(2009)
	83.1
	NA
	5.7
	4.0
	7.2

	9 years

(2010)
	
	
	
	
	

	50 years

(2051)
	
	
	
	
	

	200 years 

(2201)
	
	
	
	
	

	500 years

(2501)
	
	
	
	
	


Data Sheet - Seedling Mortality  
SAMPLING AREA: ________      DATE: ________      OBSERVERS: ___________________

Enter a "(" for each live seedling encountered and an "X" for each dead seedling encountered in your study area.  If the seedling is naturally regenerating (< 8 feet for Douglas-fir, < 3 feet for Grand fir), draw a circle around the "(" or  "X"; like this:  (.
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	Western hemlock
	Western redcedar

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


When completed, enter your totals on the next page
TOTAL NUMBERS OF SEEDLINGS ENCOUNTERED

RECORD YOUR SAMPLING AREA HERE ___________

	
	Douglas-fir
	Grand fir
	Western hemlock
	Western redcedar

	Live, planted
	
	
	
	

	Dead, planted
	
	
	
	

	Live, naturally regenerated
	
	
	
	

	Dead, naturally regenerated
	
	
	
	


Data Sheet - Seedling Growth  
SAMPLING AREA: ________      DATE: ________      OBSERVERS: ___________________

Measure the height (to the nearest centimeter) of  live, planted seedlings in your sampling area (OMIT NATURALLY REGENERATED SEEDLINGS FOR THIS PORTION OF THE EXERCISE).  For species with "drooping leaders" (western hemlock and some western redcedar), total height should include the extended leader.

Measure a representative sample of 25 each of grand fir, western hemlock, western redcedar (if available) and  Douglas-fir in your sampling area.  Record your measurements in the table below. Calculate average heights to the nearest centimeter and record at bottom of data sheet.

	Douglas-fir
	Grand fir
	Western hemlock
	Western redcedar

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Average height:                cm
	Ave. Ht.:
	Ave Ht.:
	Ave. Ht.:
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