Chapter 18

Evaluating Regener ation Success
Thomas G. Matney and John D. Hodges

Abstract

In evaluating regeneration success the forest manager
is faced with two related decisions: (a) choosing an
inventory method that will give reliable information on
seedling survival, seedling condition, and spatial
distribution of surviving seedlings; and (b) using that
information to determine the future of the stand (e.g.,
whether or not to start over). Five types of inventory
methods are described and illustrated herein — plot
count, distance, quadrant sampling, stocked quadrant,
and sequential sampling. These methods provide
information on seedling survival and stocking needed to
determine regeneration success. However, these data
alone are not sufficient and should be supplemented by
currently available growth and yield model s coupled
with appropriate financial datato obtain the best
possible management decision.

18.1 Introduction

This chapter deals with one of the most perplexing
problems facing the forest manager — how to obtain an
effective, usable evaluation of regeneration success. For
most industrial and public lands, decisions about how many
treesto plant and at what spacings may be based on sound
biological and economic considerations (see chapter 15,
this volume). However, near perfect survival is seldom
achieved. For example, 16 years of operational planting of
loblolly pine [Pznes taeda L.) onthe Y azoo-Little Tal-
lahatchie flood prevention project showed a median
survival of 73% (range, 55 to 90%); survival exceeded 80%
inonly 3 of the 16 years[22]. Similar results were obtained
from a 3-year study of operational plantings on cutover
sitesin the Virginia Coastal Plain [12]. Therefore, the
forest manager is faced with two related decisions: (a)
choosing an inventory (survey) method that will give
reliable information on seedling survival, overall seedling
condition, and spatial distribution of surviving seedlings,

and (b) using that information to determine the future
financial yield of the stand (e.g., whether or not to start
over).

In this chapter, we describe and eval uate methods that
could be used to determine early survival and stocking
adequacy and show how that information can help foresters
make decisions concerning future stand management — both
biological feasibility and economic environment must be
taken into account in the decisionmaking process. Although
we emphasize evaluation of planted pine seedlings, most of
the methods also can be used for assessing stands originat-
ing by direct seeding or natural regeneration. Where
appropriate, differences are discussed.

18.2 Need for and Timing of Evaluation

The regeneration phase is the most critical timein the
life of any stand. Not only are seedling losses and stand
failure most likely to occur at that time, but the results
probably will dictate future silvicultural treatments. In
addition, stand regeneration usually represents a sizable
financial investment that must be compounded for along
period, often at high interest rates; thisis especially true for
plantations for which the cost of site preparation is
considered part of the cost of regeneration. Furthermore,
regeneration failures need to be remedied as soon as
possible. Delay usually necessitates the use of more
expensive corrective measures and reduces the opportunity
to capture the initial regeneration investment (for more on
economics, see chapter 2, this volume).

The above considerations illustrate the need for an
effective evaluation of regeneration success, but the timing
of that evaluation also is critical and is determined
primarily by the pattern of seedling mortality. The first few
monthsin the field are crucial in the life of a southern pine
seedling especially if it starts from seed. Seedlings can die
from numerous biotic and abiotic agents, but weather
usually isthe most critical factor affecting both natural and
artificial regeneration. For seedlings established by direct
seeding, Derr and Mann [8] found that mortality may
average <10% on good sites where summer rainfall iswell
distributed, but may reach 70% in ayear in the West Gulf
region, where droughts of 4 to 8 weeks' duration are
common. For planted southern pine seedlings, survival
generally is much better (Fig. 18.1), but mortality is highest
in the first spring and summer following planting. Planted
seedlings are likely to maintain a near constant level of
survival from the end of the first or second year until their



Figure 18.1. Typical survival patterns of planted loblolly,
slash, and longleaf pines, Bogalusa, Louisiana. The two
longleaf plantations had almost identical initial survival, but
their mortality from brown-spot needle disease and other
causes differed conspicuously during the next 19 years. One
loblolly stand had high initial survival and the other low
(adapted from [20]).

crowns have closed [20]. Exceptions occur with longleaf
pine (Pinus palustris Mill.) in heavy zones of uncontrolled
brown-spot needle blight (Scirrhia acicola) or with slash
pine (Pinus elliottii Engelm.) in heavy zones of fusiform
rust (Cronartium quercuum; see also chapter 20, this
volume).

For plantations, information on mortality patterns
indicates that the best time to evaluate seedling survival is
in the fall after the first growing season. Sequential sample
plots may beinstalled just after planting and before drought
occurs to assess planting technique and spacing (see
18.4.5), but they do not give information on establishment
success and initial stocking. More frequent surveys are
needed during the first year if seedling survival isamajor
problem. For example, seedling damage (e.g., by cattle or
insects) may require monitoring around midseason.
Moreover, severe biotic or abiotic problems after the first
growing season may make a second-year survey desirable.
For direct seeding, two [8] or four [6] surveys are recom-
mended the first year. The final survey — the most impor-
tant — is used to evaluate seedling success. Others give
information on seed and seedling losses and initial seedling
establishment. For natural regeneration, more than one
survey may be needed because stands can regenerate over a

period of severa years. Regardless of stand origin, repeated
surveys, although providing detailed evaluation data,
represent early personnel costs that will loom large when
compounded to rotation age.

18.3 Desired Information

In surveys done for most management purposes, the
emphasisis on seedling counts to determine survival and/or
stocking. These two terms are sometimes used interchan-
geably, but should not be. Survival refersto the living trees
at agiven time and is expressed as a percentage of those
planted or germinating. Stocking, on the other hand, refers
to the number of living seedlings per unit area (e.g.,
number per ac or hectare) or, in some cases, to the percent-
age of sample plots containing live seedlings. Information
on survival may be useful in determining the effectiveness
of aplanting operation, identifying regeneration problems,
or verifying that the contractor planted the specified
number of seedlings, but that on stocking generally is used
to determine overall regeneration success.

Information on survival and stocking alone is not
sufficient to make a decision about regeneration success.
Unless a stand is carefully stratified (see 18.4.1), poor
stocking in one area and good stocking in another may
imply an acceptable overall average whereas, in redlity,
some parts of the stand should be regenerated again
(restarted). Therefore, some indication of spacing per
seedling or distribution of surviving seedlings also is
needed and can be obtained by certain inventory methods
described | ater.

In addition, it may be desirable to obtain information on
other site and seedling conditions, for example, causes of
mortality, damage, or disease, or hardwood competition.
Such data can be obtained either in connection with the
regeneration survey or (if more details are needed on
species, size, and numbers) separately.

18.4 Inventory Methods

18.4.1 Plot Count

Counting surviving seedlings on randomly or systemati-
cally located fixed-area plotsis an easy, accurate means of
determining the number of potential crop trees per unit
area. The main disadvantage of plot counts, however, isthe
lack of information on spatial distribution of seedlings. For
example, despite a seedling count meeting management
goals, seedlings may be clumped into highly competitive
groups that ultimately yield only a few badly distributed
crop trees at harvest if the method is applied blindly. In
part, this failing can be overcome by carefully stratifying
the study area into homogeneous classes based on survival
density and seedling distribution and surveying each class
separately. Topography, aspect, drainage class, and soil
type are logical stratification variables. However, the



combination of these variables that will generate the best
outcome can only be established through experience and «
priori Observation of the impact that each variable has on
seedling survival and spatial distribution or, even better,
through an objective volume and cash-flow analysis (see
18.5.2).

Once the plot counts have been made and recorded
within a class, the statistical calculations are straightfor-
ward. First, the mean number of seedlings/unit area (-x),
standard deviation/unit area (s), and standard error of the
mean/unit area (s.) are evaluated, respectively:

where t/is total number of plots on which counts were
taken, x; is seedling count/plot, a is plot size (typically,
1/50- or 1/100-ac, or 0.008- or 0.004-ha), and N is total
number of plots of size a in the class (closest integer value
to Ala, where A is total area of the class expressed in the
same units as plot size).

The lower confidence interval on the true mean number
of seedlings/unit area (ii) with percent confidence p is
established with:

where t is the value from a two-sided Student's -
distribution table with a—1 degrees of freedom at a
probability of 2(1 —p/100).

For example, Table 18.1 displays the surviving-seedling
counts made on 60 1/50-ac (0.008-ha) plots randomly
distributed in a I-year-old 100-ac (40.5-ha) loblolly pine
plantation. The estimated mean number of surviving
seedlings/ac (ha) is

The estimated standard deviation of the number of
seedlings/ac (ha) (from Equation (2)) is

The standard error of the mean number of seedlings/ac (ha)
(from Equation (3)), where the total number of plotsis
5,000, is

From Table 18.2, the t-value for 59 degrees of freedom at a
probability of 2(1 - 95/100) = 0.10 is 1.671. Therefore,
from Equation (4):

Before plots are located in the field and survivors
counted, the number of sample plots required in each class
to estimate the mean within a pre-established maximum
allowable error should be calculated. By making this
calculation, foresters often can avoid the need to re-enter
the area and install additional plotsif the confidence
interval around the mean is too wide to make a sound
decision on regeneration success. Where the total number
of plotsis expected to exceed 100, the number of
plots/class (=) required to be p percent confident that the
estimated mean number of seedlings/unit areawill be
within —F seedlings of the true mean is calculated as:

where the t-value has infinite degrees of freedom and a
2(1— p/ 1 00) probability of agreater value, and s isour best
educated guess on the expected standard deviation.

Where the total number of plotsis not expected to
exceed 100, iterative substitution must be applied to
calculate the sample size (). Thisis done by successively
substituting the t-value corresponding to each « calculated
from Equation (5) back into the equation until the = value
does not change. To illustrate, suppose a |-year-old 250-ac
(101-ha) pine plantation is to be surveyed using 1/10-ac
(0.04-ha) plots, the stated precision for surveysisto be
95% confident of being within 10 seedlings/ac (25/ha), and,
from previous experience with similar plantations, the
expected standard deviation is about 50 seedlings/ac

Table 18.1. Surviving seedlings on 60 1/50-ac plots randomly
distributed in a 1-year-old 100-ac loblolly pine plantation, as
determined by plot counts.



Table 18.2. Distribution of t (adapted from [9]).

(I 24/ha). Thus, with iterative substitution, the first estimate
of the required sample sizeis:

Because the number of degrees of freedom for the es-
timated sample size differs from the infinite degrees of
freedom assumed for the first estimate of n given above, n
must be repeatedly calculated with a different r-value until
no change in n occurs:;

Although plot counts do not consider the spatial
distribution of seedlings, careful stratification of the study
area into homogeneous classes can overcome many of the
objections to this method. After stratification, the plot
counts provide an accurate, reliable estimate of the

numbers of seedlings/unit area. When site-quality informa-
tion is coupled with good yield estimates, an economic
analysis can be applied to determine if regeneration is
sufficient to meet management goals (see 18.5.2). In
classes with poorly distributed seedlings, growth and yield
estimates may need to be reduced, particularly when
thinning is required, because most growth and yield
simulators are developed from data in stands with good
distribution of surviving seedlings.

18.4.2 Distance

Point-to-nearest-plant and plant-to-nearest-neighboring-
plant distance methods for measuring numbers and
dispersion of naturally regenerating seedlings have been
investigated by several researchers[3, 7, 16]. In the point-
to-plant procedure, random points are located within the
study area, and the distance from the point to the nearest



plant is recorded. The plant-to-plant procedure first requires
a complete enumeration of the plant population; that is,
each plant must be labeled clearly before sample selection.
Plants then are selected randomly from the enumerated
population and located, and the distance to the nearest
neighbor of each isrecorded.

The point-to-plant method is particularly appealing for
regeneration surveys because the measured distances
represent radii of unoccupied circles (open space). It isthus
possible to tabulate the distribution of open spaces and
decideif there are too many large ones for satisfactory
stocking.

When the regenerating seedlings are distributed ran-
domly, the distribution of distance (point-to-plant, or plant-
to-plant) has the exponential class probability density
function (Fig. 18.2):

where 7 is arandom variable representing distance, the
Poisson parameter ‘T is the mean number of in-
dividualg/circle of unit radius (areaof = 1 3.14159 units),
and e is the base of the natural logarithm. Moore [15]

showed from Equation 6 that an unbiased estimate of T is:

where 7 isthe number of sample points, 17 isthe mean
squared distance from point to plant or plant to plant,

and 7 is the distance from the its' point to the nearest plant
or from aplant to its nearest neighbor.

Because T estimates the mean number of in-
dividuals/circle of unit radius (acircle of it square units), it
must be multiplied by the appropriate conversion factor
(CF) to obtain the mean number of seedlings/unit area (ac,
hectare, etc.). Selected CFs are listed below:

where .§" is the number of square distance measurement
units/unit of land area, and n(= 3.14159) is the number of
square distance measurement units in a circle of unit radius.
For example, if distance is measured in feet and we want
the mean number of seedlings/ac, the conversion factor
would be 43,560/3.14159 = 13,865.579 (1 ac contains
43,560 ft2).

To illustrate the computations, consider the 100 point-to-
plant distances recorded for a naturally regenerated loblolly

Table 18.3. Distance from random point to nearest neighbor-
ing plant — for 100 measurements recorded in a naturally
regenerated 3-year-old loblolly pine stand.

pine stand (Table 18.3). The mean squared distance from
point to nearest plant is

When the regenerating seedlings are not distributed
randomly, « will be biased. If the population is uniformly
distributed, asin plantations, the estimate will be high; if
the population tends to be contiguous, as in shelterwoods,
the estimate will be low [16, 17]. Batchler [3] investigated
these biases and devised correction procedures based on
distances to the second nearest neighbor.

One problem that plagues distance proceduresis that
unfortunately there is no easy test for a random spatial
distribution. Comparing the theoretical distributions of
distances from a random population to their corresponding
empirical distributions does not work because many
nonrandom spatial arrangements can yield the same
distribution. In naturally or artificially seeded stands, it
usually can be safely assumed that the spatial arrangement
will be nearly random.

The distances (r;) from point to plant or plant to plant
represent, on the average, circles of area nri, availablefor a
plant to occupy. Tabulation of these open spacesinto a
frequency diagram (Table 18.4) can provide valuable
insight into the distribution of available growing area. If the
percentage or number of seedlings having too large an



Table 18.4. Example distribution of the frequency of available
open space for seedling growth.

open-space frequency exceeds the established minimum,
the regeneration phase should be restarted. For example, if
it takes 200 fully occupied areas for successful regeneration
and a forester has 300 trees/unit, 50 of which have too
much space, the regeneration phase would not be restarted.
However, what constitutes a fully occupied area depends
on management objectives. A larger open space is desirable
for growing sawtimber than for growing pulpwood.
Because of the tremendous variation in acceptable product
yield between organizations, guidelines on open space
would have to be established on an individual basis.

18.4.3 Quadrant Sampling

Quadrant sampling, used by ecologists to study the
numbers and distribution of individuals in natural popula-
tions, also has been evaluated for and applied to the
problem of assessing regeneration success. The procedure
consists of distributing randomly (completely or along
transects) within an area a large number of sample
quadrants (plots), typically 1 to 5 milliac (4.05 to
20.23 m?), and counting the number of seedlings on each
quadrant.

The mean number and variance of seedlings/quadrant are
calculated, respectively, with

In the special case in which individuals are distributed
randomly, the quadrant counts have a Poisson distribution
with parameters equal to the mean number of see-
dlings/quadrant:

where P(x) isthe probability of a quadrant having x

seedlings, and x is arandom variable representing quadrant
counts. Because the variance of the Poisson distribution is
equal to its mean, the variance of the theoretical mean (t)
compared to the variance of the actual sample mean forms
arandomness index

If I equals 1, the spatial distribution is random; if | is > 1,
the distribution tends to be uniform; if | is < 1, the distribu-
tion is clumpy. From the forest-management viewpoint, a
clumpy distribution is the worst case, a uniform one the
most desirable. In general, however, the best that can be
expected is a random spatial distribution of seedlings.

Using the data from the 60 25-milliac (101-m?) count
plots shown in Table 18.5, the mean number of see-
dlings/quadrant (from Equation (9)) is

The variance of the seedling counts/quadrant (from
Equation (10)) is

Assuming the individuals are distributed randomly,

=7.72, and the randomness index (from Equation
(12))is 7.72/9.41 = 0.82. Because | = 0.82 is close to but
< 1, we would conclude that the spatial distribution is
nearly random but slightly clumpy.

A chi-square test of the hypothesis that the quadrant
counts follow a Poisson distribution can be performed by
generating a theoretical distribution from Equation (11)
with Il and computing the chi-square test statistic

where P(x) is the expected proportion of plots having x
seedlings (calculated from Equation (11)), P(x) is the
observed proportion of plots having x seedlings, and k is
the largest plot count having significant probability. If T
exceeds the value from a chi-square distribution with k
degrees of freedom at a probability level of, say, 0.05, the
hypothesis that the quadrant counts follow a Poisson
distribution would be rejected. However, failure to reject
the hypothesis does not imply a random spatial distribution.
It only demonstrates that the quadrant counts follow a
Poisson distribution because many nonrandom spatial
arrangements can yield such a distribution.

To calculate T for the data in Table 18.5:



The test statistic T = 14.91 does not exceed the critical
value of 25.00 for 15 degrees of freedom at a probability
level of 0.05 (Table 18.6), so we cannot reject the
hypothesis that the quadrant counts are Poisson distributed.

18.4.4 Stocked Quadrant
In assessing natural regeneration success, foresters are
concerned primarily with the number and spatial

Table 18.5. Seedling counts from 60 25-milliac quadrants in a
3-year-old naturally regenerated loblolly pine stand.

Figure 18.2. Typical probability histogram of distance from
random point to nearest neighboring plant derived from 2,000
measurements in a 3-year-old naturally regenerated loblolly
pine stand.

distribution of trees at harvest. Many trees may be present
but so poorly distributed that the stand is understocked after
thinning. Recognizing this, foresters developed the stocked
quadrant method to emphasize the distribution, rather than
the total number, of trees.

The stocked quadrant method consists of locating a
series of square or circular quadrants within the study area
and noting the presence or absence of at |east one well-
established seedling. Stocked quadrant data, therefore,
attempt to measure the percentage of nonoverlapping
quadrants that could be occupied at stand maturity. If, in
addition, the numbers of seedlingsin each quadrant are
tallied, the mean number of individuals/unit area also can
be estimated easily.

In application, the size of the quadrant chosen most often
has been determined by the number of well-distributed
seedlings required at establishment to achieve full stocking
after thinning. For example, if 500 well-distributed
seedlings/ac (1,235/ha) are desired, a 2-milliac (8-m?)
quadrant would be used because each seedling would
occupy 87.3 ft? (8.1 m2) — that is, 9.3 x 9.3 ft?, or
2.83 x 2.83 m2, which is 2 milliac. The stocking percentage
then could be correlated to growth and yield as well as
economic information to determine regeneration success or
failure.

18.4.5 Sequential Sampling

Sequential (or staked point) sampling refersto a
procedure by which trees, seed plots, or plots are repeatedly
examined over time, not statistical sequential sampling as
developed by Wald [19]. The objective usually is not to
estimate the numbers of surviving seedlings, but rather to
examine the reforestation process itself — planting-crew
performance and seedling quality and performancein
plantations, and uniformity of seeding, germination, and
survival in direct-seeded or naturally seeded areas.

The main problem with sequential sampling is the cost



Table 18.6. Accumulative distribution of chi-sgquare (adapted from [9].

and effort required to repeatedly examine trees or plots.

When staked plots or points are combined with survival

survey plots, however, information on both survival and the
reforestation process can be obtained. The cost of sequen-
tial sampling probably isjustified only on alimited basis to
identify specific regeneration problems so corrective action
may be taken.

18.5 Survival Adequacy

18.5.1 Management Objectives

After datafrom the regeneration survey are obtained, the
manager may be faced with a second, and sometimes very
difficult, decision if survival or stocking islessthan

desirable. For pine plantations, there are essentially three
options: (1) accept less than full stocking for the early years
of the rotation, (2) replace some or all of the dead seedlings
by interplanting, or (3) replant the entire area. In most cases
the choice will be between (1) and (3) because interplanting
usually is an ineffective way of increasing stocking [1, 4,
11, 18, 20, 21]. Even if interplanting is done after one
growing season, the younger seedlings usually will be
relegated to a subordinate position in the crown canopy and
will produce little merchantable volume. One exception to
this may be the case in which the survey indicates mortality
on fairly large areas within the plantation; in such openings,
early growth of the "replants” would not be suppressed by
older seedlings. In any case, replacement seedlings should
not be planted within about 20 ft (6.1 m) of established
seedlings [2].



Assuming fairly uniform distribution of the surviving
seedlings, the question then becomes, "What is the lowest
number of seedlings/ac that can be accepted before starting
over?' Balmer and Williston [2] suggest that if 300 or more
well-distributed seedlings/ac (740/ha) survive, replanting
will be too costly. However, that decision should be
influenced greatly by management objectives. For example,
if pulpwood is the desired product and the intended
stocking is 600 seedlings/ac (1,482/ha), initia survival of
300 and 200/ac (741 and 494/ha) would reduce cordwood
production by 20 and 30%, respectively, at age 20 [5]. It
seems likely, therefore, that replanting would be advisable,
especialy if stocking is only 200 seedlings/ac. On the other
hand, if sawtimber isthe desired product, even 200/ac
might be adequate. In either case, prevalence of diseases
such as brown-spot, needle blight, and fusiform rust must
be considered. Xydias et al. [23] suggest that for slash pine
in high-hazard fusiform rust areas, foresters should hesitate
to accept fewer than 400 seedlings/ac (988/ha). Ultimately,
the assessment of stocking adequacy should be based on an
economic analysis that takes into account such variables as
trees/area, site index, and rotation and stand age.

18.5.2 Growth and Yield Simulation and

Financial Analysis

Establishing arbitrary regeneration restart points based
on minimum numbers of seedlings per unit area often can
and does result in restarting the regeneration phase
unnecessarily or failing to restart stands that will not meet
management objectives. The harvest potential is a complex
interaction of numbers per unit area, spatial distribution,
and site quality, which is best tested for each individual
case by agrowth and yield simulation. Model projections
then should be coupled with financial datato complete the
analysis. A good example of the combined growth and
yield-financial approach using area potentially available
(APA) is presented by Matney and Hodges [13].

Thefirst step isto select a growth and yield model. To
do this, foresters should consider the applicability of the
database to the specific condition of the stand, aswell as
the type of model. Stand-level and diameter-distribution
models provide good information on yield but do not
evaluate the effects of spatial distribution as the distance-
dependent individual-tree models do. The second step isto
update or develop price and management cost data that
accurately reflect the local market area. This paper [13]
also describes a negative binomial approach to sampling
survival in plantations that is worth investigating.

Once the growth and yield model and financial data are
selected, and several different silvicultural regimes for the
regeneration area proposed, the economic return for each
regime should be calculated (see chapter 2, this volume, for
details on economic analyses). Each regime should include
the value of the present regeneration plus the original
regeneration cost compounded to the present. If any of
these have a better net present value than the alternative of
no restart, the existing stand should be restarted.

For example, suppose loblolly pine planted at a rate of
778 seedlings/ac (1,922/ha) on land with a site index of 60
(height, in feet, at base age 25) is sampled at age 3, and the
number of seedlings surviving is only 300/ac. We also
estimate, using the APA method developed by Matney and
Hodges [13], that 53 seedlings/ac (131/ha) occupying an
area of 12,500 ft? (1,161 m?) are essentially open grown
[the remaining 237 seedlings/ac (586/ha) occupy an area of
31,060 ft? (2,885 m?)]. Hence the stand can be forecast to
have

to approximate the expected yield. The assumption is that
we can ignore the yield of trees having large APAs. (A

computer program for estimating the area occupied by

open-grown and non-open-grown trees can be obtained by
writing to Department of Forestry, P. O. Drawer FR,

Mississippi State, MS 39762.) For example, using a
loblolly pine simulator developed by Matney and Sullivan

[14] and modified for cutover sites, we can estimate yields
after thinning for different product types (Table 18.7).

With a site-preparation and planting cost of $120/ac
($296/ha), a brush-control cost of $60/ac ($48/ha) at age 7,
an interest rate of 13%, and stumpage prices of $17/cunit
and $170/thousand Doyle bd ft, the net present value
(NPV) of the stand with poor survival harvested at age 35
is—%$98.81/ac (—$244.16/ha). At thisinterest rate, we
certainly cannot afford to grow trees, but will replanting
improve things? To answer this question, we must look at
the NPV of a successfully replanted stand, recognizing that
if the second planting failswe are in trouble.

So, assuming 80% survival and replanting at age 3 at a
cost of $100/ac ($247/ha) with one additional thinning, the
NPV is—$171.58/ac (—$423.98/ha). We must conclude in
this case that because the NPV of the replanted stand is less
than that of the original stand, we should not replant.
Indeed, with these NPV s we would not have planted
seedlings. We did not, however, include in thisanalysis
taxes and other factors that may have considerable
influence on forest-management decisions (again, see
chapter 2).

18.6 Summary and Conclusions

Several survey methods suitable for collecting data to
evaluate regeneration success have been discussed. Which
one to use depends primarily on the type of information
needed, but for most silvicultural and management
decisions the methods that evaluate distribution as well as
numbers of seedlings will be preferred. Figure 18.3 shows a
typical flow chart for designing an evaluation procedure.



Table 18.7. Adjusted yields for different product types for aloblolly pine plantation with poor and better than average survival,

estimated with a simulator developed by Matney and Sullivan [14].

Figure 18.3. Sample time schedule and operations which may
be involved in evaluating regeneration procedures and
success. Methods for determining survival and stocking
inventories are described in the text.

The decision as to minimum acceptabl e stocking should
be influenced strongly by product objectives. Short
rotations for products such as pulpwood will necessitate
higher levels of stocking than will longer rotations for
products such as sawlogs. The tendency in the past has
been to establish arbitrarily a minimum number of surviv-
ing seedlings per unit area, but a better approach would be
using growth and yield simulation coupled with financial
analysis.
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