





















































































































































































































































ESTIMATING TREE MORTALITY OVER EXTENSIVE AREAS

William H. Clerke and James D. Ward!

Abstract.--Evaluation of tree mortali-
ty caused by southern pine beetles (SPB)
is an important component in impact sur-
veys, biological evaluations, and the de-
velopment and evaluation of suppression
projects. The objectives of the survey,
characteristics of the study area, and
insect/host tree interactions must be con-
sidered in developing procedures to esti-
mate SPB-caused tree mortality over exten-
sive areas. A flexible three-stage sam-
pling design for mortality estimation and
a sampling design for periodic mortality
estimation currently being conducted by
Ghent and Ward are presented.

INTRODUCTION

Procedures to estimate tree mortality
caused by the southern pine beetle (SPB)
over extensive areas are essential for the
development and implementation of a pest
management system. Under the Expanded
Suthern Pine Beetle Research and Appli-
cations Program, Southeastern Area State
and Private Forestry is developing such
procedures. They must be based on a sound
knowledge of the environment in which the
outbreak is occurring, the interactions
between insect and host trees, and the
evaluation objectives. The limitations
of aerial photography and sketch mapping
techniques have made it difficult to de-
velop cost-effective estimates of SPB-
caused tree mortality at the required
levels of precision.

The multistage sampling design for
point-in-time estimates of tree mortality
and procedures for developing periodic
tree mortality estimates for impact sur-
veys presented here represent new ap-
proaches to this problem. The multistage
sampling design developed by Schreuder,
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Clerke, and Barry (1977) is flexible
enough to permit its application under a
wide variety of situations by research
investigators and pest managers. The
investigation now being conducted by
Clerke and Ward? is the first attempt to
develop a procedure to provide periodic
estimates of SPB-caused timber mortality
for impact surveys.

DEVELOPMENT OF TREE MORTALITY
ESTIMATES FOR EXTENSIVE AREAS

Realistic and effective procedures
to estimate beetle-caused tree mortality
must be developed within the constraints
of survey objectives, characteristics of
the survey area, and SPB/host tree inter-
actions. Procedures for general use
should be flexible enough to allow practi-
tioners to adapt them to local conditions.
An "extensive area" may be defined as a
group of counties or a National Forest
covering no more than 500,000 areas, or
an area as large as a State or region
encompassing from 20 to 30 million acres.
Forest Insect and Disease Management,
State forestry organizations, and National
Forests may be responsible for estimating
tree mortality over extensive areas.
These estimates must (1) evaluate the
effectiveness of a proposed control proce-
dure, (2) assess the operational effec-
tiveness of a suppression project, (3)
estimate current mortality in preparing
a biological evaluation, and (4) determine
the impact of SPB infestations.

The data needed to develop mortality
estimates can be acquired during oper-
ational surveys to locate groups of at-
tacked trees for suppression and sal-
vage, or through special studies designed
specifically for this purpose. Billings
(1979) has demonstrated the use of oper-
ational survey data, employing the Texas
Forest Service Informational System.

2 Ghent, J. H., and J. D. Ward.
Determination of annual timber mortality:
Impact of the southern pine beetle. 10
p. Unpublished study plan (1977). USDA
For. Serv. Expanded Southern Pine Beetle.
Res. and Appl. Progr. Pineville, La.
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Sharing data collection activities with
operational surveys can substantially
reduce the cost of developing tree mortal-
ity estimates. To obtain useful, cost-
effective estimates of tree mortality
for impact studies and biological eval-
uations where costs cannot be shared,
innovative approaches to survey design
are called for.

Defining Survey Objectives

The objectives of a survey must be
clearly defined before effective estima-
tion procedures and data collection tech-
niques can be developed. The objectives
should clearly state the data require-
ments, including the units of measure,
level of precision, and time span of the
data collection, as well as costs and
organizational constraints under which
the procedure will be implemented.

Southern pine beetle mortality esti-
mates fall into two general classes,
point-in-time and periodic estimates.
Point-in-time procedures provide an es-
timate of the extent of mortality at the
date of the aerial phase of the survey.
Periodic extimates of mortality provide
an estimate of the cumulative volume of
timber killed over a period of time,
generally one year.

Almost all procedures developed to
estimate SPB-caused tree mortality provide
point-in-time estimates. These estimates
have been used to provide an index of
the severity of outbreaks for biological
evaluations and to rank outbreaks for
allocation of suppression funds. Point-
in-time estimates have also been used to

calculate periodic mortality using empiri-

cally derived expansion factors.

Southern pine beetle impact surveys
require a series of annual estimates of
tree mortality. Periodic estimates of
tree mortality may also be useful for
establishing the efficacy of a suppression
technique or evaluating suppression pro-
jects. Estimates of periodic mortality
necessitate two measurements on each
sample unit: initial mortality and subse-
quent mortality. The periodic mortality
estimate is derived by subtracting the
initial baseline estimate from the mor-
tality present at the end of the period.

The series of annual mortality esti-
mates required for impact evaluations
may be derived from samples drawn indepen-
dently for each year of the evaluation.

Sample plot locations selected independent-
ly for each year of an impact study provide

maximum flexibility for adjusting the
sampling for changes in the intensity
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and distribution of infestations. A
series of independent estimates, how-
ever, may not be consistent or comparable.
Conversely, dependent estimates based on
a set of plots utilized throughout the
study yield consistent estimates but
little flexibility. The sampling with
partial replacement approach presented
by Cunia (1974) is a flexible compromise
in this situation.

The number of trees killed or acres
of timber killed are the simplest ways
of describing mortality. Estimates ex-
pressed in this manner, however, do not
provide the tree volume information for
relating mortality to economic impact.
Converting these measures to volume esti-
mates using a average-per-tree volume
can introduce substantial errors that
may not be readily estimated. Procedures
using aerial photographs or ground measure-
ments to estimate volume are potentially
more accurate but also more expensive.

Incorporating the collection of
detailed stand measurements into the
mortality estimation procedure permits
estimation of mortality by hazard classes.
Recent studies (Sader 1976, Matthews
1978) have shown that stands may be di-
vided into risk or hazard classes on the
basis of parameters measured on aerial
photographs. While useful inferences
could be drawn from such estimates, they
would generally be of less precision
than aggregated estimates of mortality
per acre of host type.

Characteristics of the Study Area

Once the objectives of the study
have been determined, the characteristics
of the study area itself must be consid-
ered in developing mortality estimation
procedures. Patterns of vegetation over
extensive areas reflect interactions
between physiography, climate, and the
activities of man. Variations in the
vegetation patterns affect selection of
the sampling method and the number, size,
and distribution of the sampling units.

Extensive areas are rarely spatially
homogeneous in terms of vegetation pat-
terns or the distirbution of pest popula-
tions. Stratification® will generally
improve the precision and utility of
mortality estimates over extensive areas.
Stratification can also provide a proce-

3stratification is the process of
dividing a heterogeneous population into
subpopulations, each of which is usually
internally more homogeneous than the
whole (Cochran 1963).



dure for (1) improving the precision of
estimates for specific subdivisions of
the survey area, (2) conducting the sur-
vey and displaying the results by adminis-
trative units, and (3) accounting for
different sampling problems in segments
of the population. Summaries of pine-
type acreage from forest survey reports
or management data bases such as the
Forest Service Continuous Inventory of
Stand Conditions can be displayed on
maps for setting stratum boundaries.
Cover maps based on remote sensing data
are becoming increasingly available for
extensive areas. A regional stratifica-
tion based on (1) division of the loblolly
pine ecosystem provinces related to timber
production potential (Boyce, McClure,
and Sternitzke 1975), and (2) an appropri-
ate degree day measure of SPB biological
potential would be extremely valuable in
siting study areas and interpreting the
results of surveys and research studies.

Insect/Host Interactions

Biological characteristics of the
southern pine beetle population and its
interaction with the host species are
the final factors that must be consid-
ered in procedures to estimate SPB-caused
tree mortality over extensive areas. In
the Southeast, all species of yellow
pine are susceptible to SPB attack
(Bennett and Ciesla 1971). However, the
beetle prefers to attack loblolly and
shortleaf pines. Spatial distribution
of stands of host species is generally
nonrandom and determined by a variety of
factors, including physiographic char-
acteristics of the area, site require-
ments of the species, and management
practices of the landowners. In addition,
individual stands of a susceptible species
may be differentially susceptible to
initial attack or increase in the number
of attacked trees (Moore and Thatcher
1973). From a sampling standpoint, it
is important to recognize that the most
susceptible stands generally represent a
spatially nonrandom, clumped distribution.

Southern pine beetle behavior pat-
terns, coupled with the variability of
host susceptibility, result in a clumped
spatial distribution of attacked trees.
Attacked trees occur singly, distributed
more or less at random within susceptible
host type, as well as in groups (spots)
that may contain up to several thousand
trees. The clumping of attacked trees
into spots results from the aggregation
behavior of the beetle in response to
pheromones emitted by attacking adults.
Current evidence indicates that spot in-
festations will continue to increase

within the limits of susceptible host
type as long a continuous source of phero-
mone and responding beetles are present
within the spot (Gara 1967).

Disruption of the pheromone source
leads to dispersal of newly emerging
beetles. While the distance that dispers-
ing beetles can travel and still initiate
successful attack is yet unknown, new
infestations are more likely to be initi-
ated in the vicinity of active or recently
active spots.

The degree of clumping of SPB spots
within areas of susceptible host type
appears to be directly related to the
intensity of the outbreak. Under endemic
conditions spots are generally small and
more or less randomly distributed within
host type. Under epidemic conditions,
the clumping of spot locations generally
increases and the distribution of spot
sizes is extremely skewed. Spots in the
smaller size classes generally predominate.
Large spots, while relatively rare, repre-
sent a substantial proportion of the
trees and volume attacked.

Aerial observers or photo interpreters
cannot detect SPB-attacked trees until
the crowns start to lose their normal
green color. On the ground, green attacked
trees may be detected by the presence of
pitch tubes and boring dust on the stem.
But at any point in time, a portion of
the SPB spots will contain only green
attacked trees not detectable with cur-
rently operational survey techniques.
Similarly, some of the infested trees
within spots that can be detected by
aerial methods will have green crowns.

Southern pine beetles produce up to
seven generations per year (Bennett and
Ciesla 1971). Each generation attacks
and kills additional trees. Attacked
trees can be detected and separated from
trees killed in previous years only during
the period between the onset of crown
fading and the time when they lose most
of their needles. In North Carolina,
Doggett (1971) reported this period to
be between 5 and 9 weeks, depending on
the season. Because of the multiple
generations and rate of tree fading, the
total losses for any one year cannot be
reliably estimated by a single survey.

Aerial Photography v. Sketch Mapping

Limitations in our current aerial
observation techniques compound the pro-
blems described earlier. Spot location
and estimates of the number of trees per
spot are based on data from the aerial
phase of the survey. Spot locations and
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size estimates are plotted directly onto
maps by observers in the aircraft
(sketch mapping) or plotted by photo
interpreters on aerial photographs taken
during the aerial phase of the survey.

The accuracy of sketch mapping de-
pends on the experience of the observers,
the density of the spots, and the width
of the strip they are observing (Aldrich
et al. 1958). For each suspect group of
trees the observer must (1) determine if
the suspect trees have been attacked by
SPB, (2) estimate the number of trees in
the spot, (3) determine the map location
of the spot, and (4) assess the probable
accuracy of his plotting of map loca-
tion. During one minute the observer
must plot all the spots in an area one-
half mile wide and 2 miles long, covering
640 acres. The observer in a sketch map
survey must be able to perform these
procedures for up to 4 hours in a light
aircraft flying at 1500 feet above the
terrain. It is difficult to design a
sketch mapping procedure that will cor-
rect for errors of omission.

Aerial photography provides more
flexilibity in specifying the scale and
sampling unit and lends itself to proce-
dures for evaluating errors of omission.
In addition aerial photography provides
a permanent record that can be used in
directing ground checking. Also, it
permits comparisons with images taken at
a later date and permits reinterpretation
of the photographs if necessary. The
accuracy of photo interpretation depends
on the skill of the interpreter, the
interpretation equipment available, and
the scale, emulsion, and quality of the
photographic image. Aerial photographic
sampling, however, is more expensive
than sketch mapping, requires specialized
equipment, is suitable only in a narrow
range of weather conditions, and has a
relatively long delay between the initial
flight and ground checking.

Southern Pine Beetle Survey Techniques

The techniques used to estimate SPB
mortality have been summarized (Schreuder,
Clerke, and Barry 1977). Heller and
coworkers (1955) developed a two-stage
sampling procedure in which spots detec-
ted along sample flight lines were plot-
ted on aerial photographs. Applications
of this technique provided mortality
estimates for areas up to 15 million
acres.

In 1956, Aldrich, Heller, and Bailey
(1958) conducted the classic study of
the observational limitations of aerial
sketch mapping. Their results indicated
that detectability decreased with (1)
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increase in width of the strip used, (2)
increase in the density of spots observed,
and (3) decrease in spot size.

Operations recorder equipment for
bark beetle surveys was developed at the
Beltsville Forest Insect Laboratories in
the 1950's (Bailey 1958) to improve the
consistency of sketchmap surveys. The
equipment restricted the observer's field
of view to the flight strip and provided
mechanical equipment for recording spots,
sizes, and locations, as well as the
presence of host type. The system was
effective but could only be used under a
restricted set of conditions with a highly
trained flight crew.

Dr. J. E. Clutter developed a new
survey plan utilizing the operations
recorder (Ketcham 1964). In the multistage
sampling procedure, a sample of flight
strips running the length of the survey
unit was the basic sampling unit. The
system provided reliable estimates of
the parameters of interest.

The first study to provide a quanti-
tative evaluation of the applicability
of aerial photography for evaluating SPB
infestations was conducted by Heller,
Aldrich, and Bailey (1959) during 1955.
They found that the number of infested
trees per spot could be reliably estimated
from photo counts of red and fading trees
by means of a linear regression. They
recommended the use of aerial photography
at a scale of 1:7920 with one flight
line every 6 miles (16 percent) in conjunc-
tion with the regression developed in
the study to provide satisfactory esti-
mates at reasonable cost.

A pilot study employing aerial photog-
raphy to evaluate SPB infestations was
conducted by Forest Pest Control in 1965
(Ciesla, Bell, and Curlin 1967). The
study was based on systematically dis-
tributed 50-acre plots. Clutter's survey
design (Ketcham 1964) for operations
recorder surveys, rather than Heller's
regression procedure, was used to analyze
the data. Photo plots were substituted
for flight strips in the data analysis.
The Southeastern Area adopted this ap-
proach, utilizing a 200-acre plot and
1:6000 scale photography for operational
surveys (U. S. Dept. of Agriculture,
Forest Service 1970).

Two factors tended to produce un-
acceptable errors when this sampling
scheme was utilized with the 200-acre
aerial photographic plots: (1) the 200-
acre photo plots were smaller and more
variable than the original flight strips,
and (2) substantially fewer than the
recommended 30 to 50 spots were ground
checked. Confidence intervals (90 per-



cent) of 60 to 80 percent of the popula-
tion estimate were not uncommon. Efforts
to overcome these deficiencies by increas-
ing the number of photo plots were gener-
ally unsuccessful. Using an inappropriate
sampling plan with the 200-acre plots
tended to discredit aerial photography

as a survey tool.

A FLEXIBLE THREE-STAGE SAMPLING DESIGN
FOR MORTALITY ESTIMATION

Introduction

Multistage sampling designs are a
common tool in resource evaluation appli-
cations. They have been used to evaluate
mortality caused by SPB (Ketcham 1964),
Douglas-fir tussock moth (Wert and Wickman
1970), Douglas-fir beetle (Wert and Roett-
gering 1968), and air pollution effects
(Wert 1969). The emphasis has been on
the development of designs that provide
efficient, unbiased estimators through
the use of unequal probability sampling
(P.P.S.) at each stage with standard
ratio estimators usually associated with
P.P.S. sampling. In this approach, the
probability of a spot being selected for
ground checking is proportional to the
size of the spot. The allocation of sam-
ples to the larger spot will be true on
the average for a large number of sur-
veys, though not for an individual
survey. Schreuder (1975) showed the
superiority of stratified sampling over
unequal probability sampling (3-P samp-
ling) in situations where unequal proba-
bility sampling had been advocated.
Schreuder's studies also emphasized the
use of appropriate estimators. Consistent
estimators are a class of biased estimators
whose bias goes to zero as a function of
sample size. Consistent estimators may
increase sampling efficiency and be supe-
rior to unbiased estimators for both
stratified and unequal probability samp-
ling.

The sampling procedure developed by
Schreuder, Clerke, and Barry (1977) was
designed to incorporate an understanding
of biological characteristics of SPB
infestations with efficient approaches
to sampling. In their sampling procedure,
the stratification variables are generally
correlated with the variables of interest.
Consistent, but not necessarily unbiased,
estimators based on the relationships
between the data collected in the aerial
and ground phases of the survey provide
reliable estimates of mortality. Unlike
most of the sampling plans previously
cited, this procedure, implemented for
computer computation by David Holland,
gives the investigator considerable flexi-
bility in application and data analysis.

The procedure may be used with either
sketch mapping or aerial photography.
Both types of data collection were incor-
porated into the pilot study.

Methods

Development of the multistage samp-
ling plan consisted of four phases.
Schreuder developed the preliminary plan.
A pilot test of the sampling plan was
conducted on the Chattahoochee National
Forest during the second phase of the
study. At the same time, the third phase--
development of a computer program to
implement the sampling plan--was initi-
ated through a contract with the School
of Forest Resources of North Carolina
State University. During the final stage,
the computer program was tested with the
pilot study data and modifications were
made to meet the remaining objectives of
the study. Since formal completion of
the study, the computer program has been
substantially modified to facilitate its
operational use.

Description of the Pilot Study Area

The study area consisted of three
Ranger Districts on the Chattahoochee
National Forest in northeast Georgia.

The area is part of the southern Appala-
chian mountain chain and ranges in eleva-
tion from 1200 to 5000 feet. There is a
total of 732,527 acres within the adminis-
trative boundaries of the three districts--
Chattooga, Tallulah, and Brasstown.
Approximately 83 percent of the land is

in commercial forest (USDA Forest Service
1976). The forest is composed of oak-
hickory (48 percent), oak-pine (20 per-
cent), pine types (20 percent), and miscel-
laneous (4 percent).

Stratification of the Survey Area

Stratification of the survey area
is the initial step in applying the pro-
posed sampling plan. In the pilot study,
stratum boundaries were developed on the
basis of current occurrence of aerially
observable timber mortality and the dis-
tribution of host pine type within the
study area. A four-level mortality in-
tensity map, generalized from a recon-
naissance sketch map of the area, provided
mortality data for stratification. A
six-level host type proportion map was
developed from the Region 8 Continuous
Inventory of Stand Conditions (CISC)
data base. The host type proportion and
mortality intensity maps were utilized
to delineate six strata within the forest
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Table 1.--Spot size distribution and-sample size allocation by strata and substrata as determined from aerial photography or

sketch mapping

Stratum No. spots No. spots No. spots
(Acres of NF Infestation Sub- Aerial Percent Spot photo sketch map ground

land) intensity stratum information survey size detected detected checked
1A Heavy 1 Photo 100 1-49 263 7
(43,093) 2 Photo 100 50-250 50 11
3 Photo 100 > 250 6 6
) 319 24
18 Heavy 1 Photo/Sketch 100 1-7 231 28 5
(50,188) 2 Photo/Sketch 100 8-19 114 32 5
3 Photo/Sketch 100 20-49 61 32 5
4 Photo/Sketch 100 50-200 52 39 8
5 Photo/Sketch 100 201-2000 3 3 3
461 134 26
2 Medium 1 Photo 90 1-10 36 5
(3,802) 2 Photo 90 11-35 34 7
70 12
3A Light 1 Sketch 50 1-15 38 6
(14,936) 2 Sketch 50 16-50 8 3
46 9
3B Light 1 Sketch 50 1-50 5 4

(39,834)
4 Very Light 1 Sketch 25 1-9 39 6
(216,684) 2 Sketch 25 10-150 38 7
77 13
boundary. Operational limitations of lected for sampling with a higher proba-

the aerial survey techniques, statistical
analysis problems, pilot test objectives,
and survey efficiency were secondary
conditions in delineating stratum bound-
aries.

The aerial stage of the pilot test
was conducted in September 1975, utili-
zing the primary and secondary procedures
shown in table 1. The primary procedures
simulated those that might be used in an
operational survey. Additional data
were collected for the technique evalua-
tion activities of the investigation.

Photo Interpretation and Data Preparation

Each spot detected during the aerial
phase of the evaluation was assigned a
unique number. Mechanical problems pre-
cluded interpreting the imagery with the
Huston Fearless Variscan Film Viewer
originally scheduled for this project.
An Agfa Lupe 8x magnifier was used for
most of the photo interpretation.

The second stage of the design con-
sisted of subdividing the strata into
subpopulations on the basis of the esti-
mated number of red and fading trees.
From one to five substrata were defined
in each of the primary strata. In the
pilot study, the distribution of spot
sizes was subdivided for two reasons:
(1) to insure that large spots were se-
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bility than the small spots, and (2) to
provide subdivisions of the spot size
population for which there was more likely
to be a strong relationship between the
number of aerially observed red and fad-
ing trees than for the population as a
whole.

At least six spots were randomly
selected for ground checking in each
substratum to permit computation of sub-
stratum regressions. The substrata con-
taining the largest spots were censused.
The division of the primary stratum into
substrata and the allocation of samples
will depend on the circumstances and
resources available for each survey. The
division of stratum into substratum based
on spot size should be made, utilizing
the investigator's best judgment after
examination of the array of spot sizes
aerially detected in each stratum.

Ground Checking

Ground checking of 88 previously
selected spots was accomplished from
September through November 1975. Each
attacked tree within the spot was ex-
amined and the species, d.b.h., crown
color, and beetle status (infested or
emerged) were recorded. Tree heights
were measured on at least two large, two
medium, and two small trees in each spot
unless the spot contained fewer trees.



The third stage of the sampling
procedure permits the collection of infor-
mation on ground variables from a subsample
of trees in larger spots. In the pilot
study, spots containing over 500 trees
were sampled.

Data Analysis

The sample design and associated
estimation procedures are presented in
the final report of the investigation
(Schreuder, Clerke, and Barry 1977).
The computer program developed to imple-
ment the sampling design is ANSI FORTRAN,
with versions available for the Univac
1100 series and IBM 370 computers. The
main objective of the Program is to pro-
vide estimates and standard errors of
the estimate of specified parameters of
interest. The regressions of variables
of interest against the number of red
and fading trees per spot from the aerial
stage are developed for each substratum.
The estimates of the variables of interest
are then summarized from the substratum
estimates for each stratum and for the
area as a whole.

Estimates can also be developed
from combined regressions based on the
data from several substrata or strata.
These regressions are obtained utilizing
the combined stratified regression equa-
tion as explained in_ Cochran (1963).
Some or all of the substrata or strata
can be combined to estimate the coeffi-
cients of a common regression line.
Since points along the combined regres-
sion line have different probabilities
of selection, the procedure does not’
lend itself readily to computing R2? or
other measures of goodness of fit.

The program also permits computation
of combined stratified random sampling
estimates. These--along with the option
of plotting variables of interest against
the substratification variable and compu-
tation of sample linear regression
statistics--serve as a useful check on
the stratified regression estimates.
The program will handle up to 10 strata
with 10 substrata per stratum with a
maximum of 10 ground-measured variables.
Up to 5 separate combined regressions
can be computed as a basis for stratum
and area estimates.

Measured variables correlated with
the number of red and fading trees esti-
mated in the aerial phase of the study
included six classes of attacked and/or
infested trees, the total basal area,
and total Scribner board-foot volume per
spot.

RESULTS AND DISCUSSION

Eighty spots were included in the
ground check. The probability of a spot
being selected for ground checking depended
on the substratum defined, the number of
spots in the stratum, and the number of
spots selected for ground checking. In
the pilot study spot selection, probability
ranged from certainty for large spots in
the censused substratum to a probability
of .04 for small spots in stratum four.

The variables of interest were plot-
ted against the number of red and fading
trees from the aerial phase of the study
separated by strata, by substrata, and
for all spots ignoring strata and sub-
strata. These results showed that the
regressions were linear and that logical
ones were obtained only when substrata
were ignored. Combined regressions were
used in deriving the final estimates.
Censused substrata are treated separately
because their estimates have no error
associated with them.

In four of the six strata, regression
estimates were clearly superior to strat-
ified random sampling estimates. The
results show that regression estimates
should be used for all evaluations with
conditions similar to those encountered
in the pilot study. The regressions,
however, were not as strong as expected.
While satisfactory estimates were obtained
for the important variables of interest,
the precision of the estimates varied
widely. The standard errors for the com-
bined stratum estimates of red and fading
trees and total affected trees were approx-
imately 10 percent of the estimate. The
standard errors of estimates of basal
area and board-foot volume were 12 and
16 percent of the estimates, respectively.

In terms of R2 values, the regressions
developed for the sketch-map strata were
stronger than those of the aerial photo-
graphic strata. The apparently better
correlation between sketch mapping and
ground check should be viewed with consid-
erable caution. First of all, the sketch
mapper was highly experienced; the photo
interpreter was not. 1In the second place,
the sketch-map strata generally contained
fewer and smaller spots. In stratum 1B,

a heavy stratum, where regressions were
developed for both photographic and
sketch-map data, the regressions were
stronger for the sketch-map data. Exami-
nation of the data indicates that sketch
mapping may have provided a stronger
regression in 1-B only because the sketch
mapper did a better job estimating one
large spot than the photo interpreter.
Skilled and careful interpretation is
essential to the use of aerial photography.
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The most significant problem of the
sketch-map procedure is the high propor-
tion of spots that are not detected or
plotted. This problem is especially
significant in the areas similar to stratum
1-B, with a high level of mortality. 1In
this stratum, sketch mapping detected
only 134 of the 461 spots detected on
the photographs, or 29 percent of the
total spots detected. Sketch-map detec-
tion accuracy in this stratum ranged
from 12 percent for spots of seven or
fewer trees to 100 percent for spots
over 200 trees. Sketch mapping should
probably be considered for strata with
relatively low mortality. 1In the lightly
infested stratum that represented approxi-
mately 50 percent of the study area,
estimates could have been considerably
improved if 100 percent rather than 25
percent sketch mapping had been used.

The sampling design and the computer
program through which it is implemented
provide an effective procedure for devel-
oping point-in-time estimates of SPB
mortality. The procedure is sufficiently
flexible to permit its application in a
variety of conditions encountered in
making mortality assessments.

A SAMPLING DESIGN FOR
PERIODIC MORTALITY ESTIMATION

Introduction

Another approach to estimating annual
timber mortality caused by southern pine
beetle is being tested in central Miss-
issippi (Ghent and Ward op. cit.). This
investigation is designed to evaluate a
sampling method that could meet several
requirements. It must

(1) Be practical for use by a State
or Federal agency over an extensive area
where there is not an established control
operations information system,

(2) Provide an annual estimate of
volume loss,

(3) Require 1little or no ground
checking, and

(4) Estimate losses at a satisfactory
level of precision (sampling error of
+20 percent).

To meet these requirements a system
that incorporates sequential aerial pho-
tographic sampling was selected.

Special problems had to be considered
in this study. The sampling plan had to
deal with large variations in population
density throughout the proposed study
area. Accurate rephotographing of the
plots during successive flights was re-
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Table 2.--Number of plots established per county for estimat-
ing timber losses caused by southern pine beetle in
central Mississippi, 1978.

Gross Area Vol. Pine?
County (M Acres) MMBF No. of Plots
Rankin 512.0 297 6
Simpson 375.7 182 4
Scott 393.6 370 8
Smith 410.9 270 5
Jasper 437.1 502 10
Newton 371.2 100 2
Copiah 500.0 479 10
Total 3,000.2 2,200 45

1 USDA For. Serv. 1973. Forest area statistics for mid-
South counties. USDA For. Serv. Resource Bull. S0-40. USDA
For. Serv. South. Stn., New Orleans, La.

quired, and qualified personnel and satis-
factory aerial volume tables were needed
in order to interpret the photos.

Methods

A 3,000,000-acre area in central
Mississippi was chosen for the study
(table 2). Both high and low levels of
beetle-caused tree mortality occurred
within the area, and a cross section of
ownership classes was represented, includ-
ing National Forests, timber industry,
and small forest landowners. The area
was representative of SPB outbreak areas
throughout most of the South. Three
photo missions were conducted in 1978
(two are planned for 1979). The volume
and acreage of timber killed by the SPB
during a 12-month period will be determined
from the aerial photographs.

A modified random sampling plan was
employed. Forty-five photo sampling points,
randomly selected in seven counties,
served as starting points for photos.
Plots were oriented in an east-west direc-
tion and were 4000 ft wide. The lengths
of the plots were different because each
plot was extended until 500 acres of
pine were photographed. Plots were allo-
cated to each county on the basis of the
proportion of the total pine type in the
study area within the county. Plots.
were initially located on land-use maps
compiled from high-altitude NASA photog-
raphy. From these maps estimates were
made of the length that each flight line
needed to be to acquire photos of 500
acres of pine type.

The aerial photography was accomp-
lished in an Aero Commander aircraft
equipped with a Wild RC-10 aerial camera.
The plots were photographed at a scale
of 1:8000 (6-in lens, 4000 ft above the
terrain). Ektachrome color infrared
2443 film was used to obtain positive



infrared transparencies of the plots.
Aerial film was processed by Precision
Photo Lab in Dayton, Ohio.

The aircraft was equipped with a
LORAN-C navigation system developed by
Teledyne Corporation in California. The
LORAN-C navigation system enables the
tracker to (1) locate predetermined samp-
ling points, (2) assist the pilot in
flying a straight line, and (3) relocate
the exact same sampling point on subse-
quent photo missions. In order to repho-
tograph the exact plot, the plane was
not allowed to deviate more than 900 ft
north or south of the center of the plot,
which was 4000 ft wide and unmarked on
the ground. The difficulty of accom-
plishing this without the navigation
equipment is apparent considering that
some of the photo plots extend for 6
miles.

Photographs were taken in April,
July, and September. The initial photo
mission served to establish a base from
which determination of subsequent timber
mortality and on which delineation of
susceptible host stands on the plot were
made. Stands with an area of at least
10 acres containing 25 percent pine stems
were delineated as susceptible stands.

Photographs were sent to Virginia
Polytechnic Institute and State University
in Blacksburg, Virginia, for interpreta-
tion. ©Photo interpretation was done
using an 0ld Delft stereoscope to view
the plots. Timber mortality visible on
the photos was recorded on a transparent
overlay after the flight made in April.
Both the number of affected trees in and
the acreage of each spot were determined.
The overlay was updated after each
flight. Spots appearing on each set of
photos were cross referenced with those
plotted from previous and subsequent
photo missions to monitor spot occurrence
and growth (volume, acreage).

Tree height and crown closure were
measured in 30 stands to develop an aerial
volume table.

In the final analysis, the amount
of timber killed will be computed in
both volume and acreage and expressed as
a ratio compared to the acreage of host
type occurring on the photo plots.

Discussion

Although the study will not be com-
pleted until the fall of 1979, it has
enhanced our understanding in three major
areas related to the practical and oper-
ational aspects of procedures for determi-
ning periodic volume loss.

First, the sample plan, which is
probably the most important consideration
in this project, may have to be modified
if the test is continued for more than 2
vears. Stratifying by outbreak inten-
sity may be necessary to improve the
accuracy of statistics derived from a
short-term project. For longer periods,
selecting new sample plots may be necessary
since the locations of beetle activity
usually change drastically. As additional
information becomes available from other
studies funded by ESPBRAP, stratification
of an area by hazard classes could prove
more accurate statistically.

Second, the results from using Avery's
(1968) composite aerial volume tables
for southern pines and hardwoods were
unsatisfactory. His volume tables include
hardwoods and pines, while our need was
for pine species only. However, his
table provided a basis for constructing
a new aerial volume table. This table
will be refined after collecting additio
nal data from both natural and planted
pine stands in central Mississippi.
Aerial volume tables will also be con-
structed for other areas of the South.

Improvement in a third area can
best be appreciated by people with exper-
ience in aerial surveys. The LORAN-C
navigation equipment proved to be almost
a necessity for conducting this project.
The LORAN equipment has applications for
aerial surveys, fire control, and aerial
spraying.

The project has provided a good
opportunity to bring together for the
first time the technology needed to deter-
mine timber losses caused by southern
pine beetle. Procedures developed from
this work will be used on an operational
basis throughout the South. While this
study will not provide all the needed
answers, it will provide a sound basis
for future SPB impact surveys.
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SPOT PROLIFERATION PATTERNS AS A MEASURE OF THE AREA-WIDE

EFFECTIVENESS OF SOUTHERN PINE BEETLE CONTROL TACTICS

Ronald F. Billings and Herbert A. Pase III!

Abstract.--The apparent effeciveness
of operational tactics now in use to con-
trol infestations (spots) of the southern
pine beetle, Dendroctonus frontalis Zimmer-
man, in east Texas was measured with use
of Statewide detection and control records.
Treatment efficacy was based on observed
changes in the temporal pattern of new
spot proliferation in proximity to all
controlled and uncontrolled infestations
present during 1974. We developed a meth-
odology which simultaneously accounted for
variations due to season of control and in-
fluencing factors other than control treat-
ment. Results showed that salvage or cut-
and-leave applied to active spots during
the summer months was associated with a
short-term reduction in subsequent levels
of new spot proliferation in surrounding
stands. 1In contrast, increased prolifer-
ation attributable to treatment occurred
in proximity to uncontrolled, active spots
or spots controlled after September.

INTRODUCTION

To date, measurements of the area-
wide impact of forest pest control strat-
egies have been largely neglected due to
the numerous problems involved: (1)
Between-stand relations are difficult to
treat experimentally, particularly in the
South, a region characterized by a multi-
tude of small land holdings and diverse
stand conditions. (2) Replications of
treatments are exceedingly difficult and
expensive. (3) Sampling forest pest pop-
ulations rather than pest-related damage
is time consuming and costly. (4) Methods
for analyzing data from extensive arrays
of stands are lacking (Stage and Long 1976).
With a few notable exceptions (Lorio and
Bennett 1974, Morris and Copony 1974),
efficacy data supporting tactics to con-
trol the southern pine beetle, Dendroctonus
frontalis Zimmerman (Coleoptera:Scolytidae)
have been limited to estimates of brood
reduction within treated trees (Bennett

1 Principal Entomologist and Entomol-
ogist II, Texas Forest Service, Lufkin, Tex.

86

and Pickard 1966, Copony and Morris 1972,
Coulson et al. 1973 and 1975, Ollieu
1969). This type of information is in-
sufficient for assessing current spot
disruption tactics such as salvage or
cut-and-leave (Texas Forest Service 1975,
1976), which conceivably may reduce sur-
vival of adult beetles after they emerge.

The availability of computerized
spatial and temporal records of southern
pine beetle (SPB) infestations for several
consecutive years in east Texas provided
an opportunity to evaluate the relative
effectiveness of cut-and-leave, salvage,
and other control alternatives applied
under operational conditions on an area-
wide basis. In this nonexperimental
approach, temporal patterns of new spot
occurrence (proliferation) in the vicinity
of controlled and uncontrolled infestations
provided the measure of treatment efficacy.

PROCEDURES AND RESULTS
Data Source and Content

Since 1973, the Texas Forest Service
has maintained computerized records of
each SPB spot detected by aerial sketch-
map survey on State and private lands in
east Texas (about 8 million acres).
Data on each spot include grid location
to within 5 acres, method of control,
number of currently infested trees, and
dates of detection, ground check, and
control. On most spots reported as con-
trolled or inactive (uncontrolled spots
vacated by beetles), the volume of infested
trees, classified as either pulpwood or
sawtimber, also is recorded. Operational
records 1re collected by a variety of
field personnel representing 15 major
industrial landowners and four Texas
Forest Service districts as part of the
Operations Informational System (Texas
Forest Service 1974).

The present analysis utilized detec-
tion and control records for the period
January 1974 through July 1975, an interval
during which about 5000 multiple-tree
SPB infestations were detected. All
spot records identified as duplicates,
spots containing less than 10 trees at



Table 1.--Distribution of SPB control tactics during 1974 and 1975 in east Texas by spot size and stand class

Percent of total by spot size

Total spots Percent of total by stand class

Total (number of brood trees) with volume Pure Mostly Mostly Pure
Treatment spots < 10 11-25 26-50 > 50 data _pulpwood pulpwood sawtimber sawtimber
Salvage 948 18.4 22.4 24.8 34.4 632 31.6 8.4 45.1 14.9
Cut-and-leave 436 31.9 23.9 19.0 25.2 345 15.9 13.6 58.0 12.5
Other control 211 21.8 28.4 11.8 38.0 162 11.7 6.8 74.7 6.8
Inactive (un-
controlled 1391 100 ---- ---- ---- 1020 47.2 11.6 29.1 12.2
Active (un-
controlled) 205 22.0 20.0 27.8 30.2 42 23.8 11.9 52.4 11.9
Total 3190 56.3 13.1 12.5 18.1 2201 34.8 10.6 42.0 12.6

detection, and those representing mortal-
ity agents other than SPB were removed
prior to analysis.

The data bank consisted of 3190 SPB
treatment spots during 1974. For purposes
of this analysis, treatment spots were
defined as all SPB spots with 2 10 infested
trees that were ground-checked during
1974 on State and private lands. Table
1 shows distribution of control treatments
by spot size and stand class. During
1974, salvage was the primary control
tactic, being applied to 30 percent of
the treatment spots. Cut-and-leave, a
tactic aimed at disrupting spot expansion,
was applied to 14 percent of the spots,
while 7 percent were controlled by other
methods. Inactive and active spots ac-
counted for 44 percent and 6 percent of
the treatment spots, respectively. As
indicated in figure 1, area-wide SPB
populations occurred at relatively high
levels throughout the duration of this
study (1974-75).

Computer Program to Measure
Frequency of Peripheral Spots

A computer program was developed to
record the frequency of SPB spots reported
in operational records within 605 acres
(about %-mile radius) of the coordinate
position’' of each 1974 treatment spot
during six consecutive intervals of detec-
tion (fig. 2). The detection intervals
were (1) January-May 1974, (2) June-~July
1974, (3) August-September 1974, (4)
October-December 1974, (5) January-May
1975, (6) June~July 1975. 1In cases where
a spot was found to occur within the
scan boundaries of more than one treatment
spot, the former was counted once for
each treatment spot. (Preliminary analysis
showed that exclusion of such cases did
not materially influence the final re-
sults.) To avoid errors due to comparing
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Figure 1l.--Number of southern pine beetle
spots detected in east Texas 1971-78.
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Figure 2.--Scan dimensions and consecutive
detection intervals selected for use in
monitoring the temporal occurrence of
peripheral spots in proximity to each
1974 treatment spot.
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a treatment spot to itself and to pre-
clude duplicate spot records, we did not
count spots having the same coordinate
locations (e.g., within 5 acres). As

the final output, one summary file card
per treatment spot was generated listing
the number of peripheral spots? by season
of detection together with data for various
descriptive variables to be used in subse-
quent analysis.

Six descriptive variables were used
to categorize each 1974 treatment spot:

(1) Spot Size at Detection--estimated
number of currently infested trees from
the detection flight, in categories as
follows: 10 trees; 11-25 trees; 26-50
trees; > 50 trees.

(2) Spot Size at Ground Check--
estimated number of currently infested
trees at time of last ground visit, in
categories as follows: 0 trees; 1-25
trees; 26-50 trees; > 50 trees.

(3) sStand Class~-spots for which
volume data were available were assigned
to one of four stand classes:

All pulpwood--spots in which volumes
of ininfested trees were reported
exclusively as pulpwood

Mostly pulpwood--spots in which the
volume of pulpwood equaled or
exceeded the volume of sawtimber

Mostly sawtimber--spots in which
the volume of sawtimber exceeded
the volume of pulpwood

All sawtimber--spots in which all
volumes were reported as saw-
timber.

(4) Geographical Area--the general
location of the spot, as defined by the
following counties in east Texas:

North Central-~-Cherokee, Anderson,
Houston, Trinity, Angelina,
Nacogdoches, Shelby, San Augus-
tine, Sabine

South Central--Polk, San Jacinto,
Tyler, Hardin, Liberty, Jefferson
Southeast~-Jasper,

Newton, Orange

2 To avoid confusion with "treatment
spots" and to facilitate discussion, the
term "peripheral spots" will be used to
refer to all spots found within the scan
boundaries (605 acres) of a particular set
of treatment spots.
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Southwest--Madison, Grimes, Walker,
Montgomery, Harris, Wwaller.

(5) sSeason of Last Action--the sea-
son during which the spot was controlled,
declared inactive, or, in the case of ac-
tive spots, was last visited on the ground.
The four seasonal categories were January
through May, June or July, August or Sep-
tember, October through December.

(6) Control Tactic--the control
method applied to the spot. Possible
alternatives were (1) salvage, (2) cut-
and-leave, (3) other controls (cut-and-
top, insecticide, combination of control
tactics), (4) inactive (uncontrolled, with
no currently infested trees on last ground
visit), and (5) active (uncontrolled, with
currently infested trees on last ground
visit).

Rationale and Approach to Analysis

As initially conceived, the goal of
this study was to measure the relative
effectiveness of various control alter-
natives by comparing the frequencies with
which new spots were reported in the
vicinity of established infestations
following control treatment. Assuming
that beetles disperse from controlled
spots to initiate new infestations (pro-
liferations) nearby, one would expect
the number of new spots to be fewer in
the vicinity of spots controlled by methods
that minimize survival of resident beetle
populations than that observed about
spots controlled by less effective methods.
Proliferation about spots that remained
uncontrolled would provide an additional
basis for comparison.

Several major problems confronted
our early attempts to directly compare
new spot frequencies among control tactics
as a measure of treatment efficacy, how-
ever. Direct comparison of new spot
densities necessarily rests upon one of
two assumptions--that control treatment
is the only factor which significantly
influences the frequency of new spots in
the vicinity of controls, or that if one
or more covariables do exist, control
treatments are applied at random with
respect to these other variables. Neither
assumption is likely to be valid in the
case of operational records.

Preliminary analysis indicated a
direct relationship between long-term
frequencies of new spots and single fac-
tors measurable from operational records,
such as spot size, stand class, and geo-
graphical area (table 2). Furthermore,
we knew that the proportion of the 605-
acre scan area covered by suitable host



Table 2.--Mean number of peripheral spots within 605 acres
of treatment spots over a 19-month period in relation
to spot size, geographical area, and stand class

Mean number

Frequency of peripheral

of treat- spots per
Spot size ment spots treatment spot?
Flight?!

10 1483 1.67 + 2.243
11-25 1160 1.67 = 2.01
26-50 360 2.42 + 2.68
> 50 187 3.44 + 2.82
Mean 3190 1.86 + 2.32
Ground check!

Inactive 1501 1.41 £ 1.79
2-25 VAR 2.17 + 2.68
26-50 400 2.17 £ 2.53
> 50 578 2.46 + 2.46
Mean 3190 1.86 + 2.32
Geographical area

North central 1049 1.21 £ 1.45
Southeast 289 1.81 + 2.56
Southwest 878 1.99 + 2.18
South central 974 2.45 + 2.89
Mean 3190 1.86 + 2.32
Stand class

Pure pulpwood 765 1.47 £ 2. 11
Mostly pulpwood 234 1.76 £ 2.42
Mostly sawtimber 925 2.19 + 2.64
Pure sawtimber 277 1.51 =+ 1.71
Mean 2201 1.81 + 2.36

lEstimated number of active trees
2January 1974 through July 1975
3Standard error of mean

material varied from spot to spot and,
conceivably, among treatments. Although
no measure of stand uniformity within
the scan areas is available from opera-
tional records, this variable undoubtedly

influences the number of new spots detected

in an area over the long term.

To illustrate more clearly the combined

effect of variables other than treatment
on new spot frequencies, we documented
the probability of encountering one or
more new spots during a 6-month period
after control was applied to a spot,
based on the number of spots detected in

the same area (605 acres) prior to control

(fig. 3). Clearly, whether or not a new
spot developed following control action
was directly correlated with the recent
history of beetle activity or proximity
to the controlled spot. The latter, in
turn, is largely dependent upon the uni-
formity and susceptibility of stand con-
ditions present in the area (Lorio and

Bennett 1974). Biases in the distribution

of control treatments with respect to
spot size and site/stand variables (table
1) thus preclude direct comparison of
new spot frequencies among treatments as

well as the use of most analytical statis-

tical techniques in evaluating the data.

607 |-
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(605 ACRES, b MONTHS )

Figure 3.--The probability of one or more
peripheral spots occurring within 6
months after control treatment as in-
fluenced by the frequency of peripheral

spot occurrence during the 6-month period

prior to the date of control (based on
1585 controlled spots).

Another problem was determining how
to identify the time interval following

date of control during which proliferations

due to treatment would be detected.
Treatment effects could be recorded as
soon as 6 to 8 weeks after date of control
or be delayed as much as 6 to 12 months,
depending upon rates of spot development,
rates of foliage fade (Billings and Kibbe
1978), and the frequency of detection
flights. Detection of SPB spots also is
seasonally dependent (Coulson et al.
1972); from 45 to 75 percent of all new
spots are reported during the 3-month
period from May through July. Thus, the
probability of encountering a new spot
due to chance alone would be greater
during the summer months than during any
other season.

To overcome these obstacles, we
used descriptive statistical techniques,
common in social science research where
a large volume of enumeration data is
available (Blalock 1964), to evaluate
the data. The assumption was made that
the 1974-75 data bank represented the
entire population of interest for this
time period (controllable-sized infesta-
tions, not necessarily the entire SPB
population). Accordingly, the analysis
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consisted of identifying the major vari-
ables other than treatment that influence
the frequency of peripheral spots, and
accounting for their effects in order to
ascertain the true treatment effects.

Identifying Factors That Influence
Peripheral Spot Occurrence

We divided factors suspected to
influence the frequency of peripheral
spot occurrence in a given area into two
categories: fixed (long-term) factors
and temporary (short-term) factors.
Fixed factors were defined for purposes
of this analysis as all variables that,
in combination, determine the spatial
pattern and frequency of spot occurrence
to be expected in an area over an extended
period of time. 1In this study, fixed
factors of primary importance included
percent of scan area covered by host
type, density and uniformity of stands
within the scan areas, and geographical
area (since beetle population levels
varied among geographic regions of east
Texas). Short-term fluctuations in the
temporal pattern of new spot occurrence
in a given area can be caused by other
factors having temporary effects, includ-
ing type of control treatment, season of
control, and number of currently infested
trees per treatment spot (a measure of
the beetle population within the spot at
the time of control).

Measurement of Treatment Effects

By monitoring the frequency of new
spot occurrence associated with each set
of treatment spots over a sufficient
period of time (in this case 19 months
or about 10 SPB generations), we were
able to account for variations among
treatments due to fixed factors. Devia-
tions between observed and expected levels
of peripheral spots over time (temporal
patterns) in proximity to a set of treat-
ment spots provided a measure of treat-
ment efficacy. To delineate treatment
effects, data on the temporal distribution
of peripheral spots about 1974 treatment
spots were assigned to an R X C contingency
table (Steel and Torrie 1960), with R =
20 treatments (rows) and C = 6 seasonal
detection intervals (columns). The 20
treatment categories consisted of five
types of control options (salvage, cut-
and-leave, other control, active, and
inactive) stratified by four seasonal
periods of application (January-May,
June-July, August-September, October-
December). In this analysis, controlled
spots were assigned to a season by the
month of control, active spots by the
month of last ground check, and inactive
spots by the month they were reported
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Table 3.--Format of 20 x 6 contingency table used to test for
effects of control treatment

1974 Number of peripheral spots
Treatments No. of 1 2 3 4 5 6
Control x  treatment | Jan- Jun- Aug- Oct- Jan- Jun- | Row
Season spots May Jul Sept Dec May Jul Totals
Salvage 0 E x2
1. Jan-
May 24 71
2. June- For each cell:
July 284 0 = Observed value 589
3. Aug- E = Computed expected value
Sept © 449 x2 = Chi-square 956
4. Oct-
Dec 190 561
Cut-and-Leave
8.
Other control 20 x 6 Contingency Table
9.
12.
Inactive
13.
6.
Active
17.
20.
3190 799 2242 465 200 892 1333 5931
Column Totals Grand
Total
inactive. The six detection intervals

refer to the season during which peripheral
spots were detected.

In the contingency table, the row
total equaled the total number of peri-
pheral spots occurring about all 1974
spots of a given treatment (control x
season) during the 19-month period of
observation. The column total represented
the total number of peripheral spots
encountered about all treatments during
a given seasonal interval of detection,
while the grand total equaled the sum of
all column or all row totals. The format
is shown in table 3.

The test for treatment effects con-
sisted of four steps: (1) generation of
expected values for each observed value
in the contingency table, (2) classifi-
cation of treatment effects in terms of
magnitude and duration, (3) statistical
comparison of observed levels of peripheral
spots with corresponding expected levels
for each treatment to document the signif-
icance of treatment effects, (4) sta-
tistical comparison of peripheral spot
frequencies about controlled spots through-
out the duration of treatment effect to
corresponding values for active (uncon-
trolled) spots during the same scan in-
terval.
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Figure 4.--Temporal patterns of peripheral spots occurring in proximity to treatment
spots controlled by all methods combined during January-May (A) and June-July (B)

compared to active (uncontrolled) spots.

level of peripheral spots to be expected if no treatment effects occur.

The baseline level of 1.0 represents the

Vertical

arrows (¥ —3) encompass the season of control or season of last ground check

for active spots.
of treatment effect.

Horizontal dotted lines («---:-+>) represent the probable interval
Differences between the observed level of peripheral spots

and the expected level that were statistically significant at P < 0.05 are indicated

by a star (*).
a broad arrow (W).

Expected values were generated for
each cell of the 20 x 6 contingency table
by multiplying each row total by each
column total and dividing the product by
the grand total. Expected values gener-
ated by this procedure were assumed to
account for variations due to seasonal
detection patterns (column adjustments)
as well as long-term "fixed" factors
(row adjustments). Accordingly, these
values provide an estimate of the frequency
of peripheral spots to be expected during
a specific scan interval if control treat-
ment had no effect on new spot proliferation
(null hypothesis). For seasonal intervals
that occur after the date of control,
observed values that were significantly
different (P < 0.05) were interpreted as
treatment effects. Deviations were tested
for significance by computing x2? values,
using a formula that corrects for continu-
ity (appendix 1). The x?2? comparison
tested whether the ratio of the observed
value within a given cell(s) pertaining
to Treatment A, for example, to the ob-
served values combined for all remaining
Treatment A cells was independent of the
corresponding ratio for all other treat-
ments combined. It was hypothesized
that these two ratios should be comparable
if the treatment had no effect on levels
of proliferation.

Delineation of Treatment Effects
The ratios of observed frequencies

of peripheral spots to expected frequencies
for six consecutive detection intervals

The detection interval of maximum treatment effect is indicated by

about treatment spots controlled at dif-
ferent seasons by all methods combined

in 1974 (figs. 4 and 5) provide an a
posteriori basis for identifying the
extent of treatment effects. For example,
consecutive detection intervals follow-
ing the date of control for which observed
values were either consistently higher

or consistently lower than expected served
to delineate the duration of treatment
effect (horizontal dotted lines) for
each season of control. In turn, the
individual detection interval following
date of control which exhibited the most
significant deviation of expected to
observed values (cell with the largest

x2 value) was interpreted as the interval
of maximum treatment effect (broad inverted
arrows). For purposes of discussion,
peripheral spots occurring throughout
the duration of treatment effect will be
referred to as "proliferations" about
the corresponding set of treatment spots.

Effects of Control Versus No Control

Temporal patterns of peripheral
spot occurrence about controlled spots
were found to vary with season of control.
For spots controlled (all methods combined)
from January through September, prolifera-
tion levels were found to decrease signif-
icantly (P < 0.05) below expected levels
following the control date, returning to
or exceeding expected levels during the
June-July 1975 detection interval. In
contrast, spots controlled in late fall
and winter (October-December) of 1974
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Figure 5.--Temporal patterns of proliferation occurring in proximity to 1974 treat-
ment spots controlled by all methods combined during August-September (C) and
October-December (D) compared to active (uncontrolled) spots.

were associated with significantly high
levels of proliferation during the follow-
ing January-May period, compared to all
other treatments combined.

During 1974, the period of maximum
treatment effect occurred in June and
July for spots controlled in January
through May; in August-September for
spots controlled in June and July; and
in January-May 1975 for spots controlled
during both August-September and October-
December. In each case, treatment effects
were expressed at realistic periods fol-
lowing control action, considering inher-
ent delays due to seasonal rates of foliage
discoloration (Billings and Kibbe 1978)
and the frequency of detection flights.

Spots remaining active during 1974
within each of the four seasonal periods
were associated with proliferation signifi-
cantly higher than expected during the
interval January through May 1975, re-
gardless of the season during which active
spots were last ground checked. Only
controlled spots treated during October-
December exhibited similar 1levels of
proliferation that were significantly
higher than expected during this detection
interval.

The apparent duration of control
effectiveness (horizontal dotted 1lines
in figures 4 and 5) characteristically
decreased as the season progressed. The
temporal pattern associated with inactive
spots was similar to that for all controls
combined; by the following June, the
relative levels of proliferation about
inactive spots had increased to expected
levels. This relationship reflects the
fact that the distribution of new spots
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had become relatively uniform about all
treatments by the following June and

July (the season of peak new spot de-

tection), regardless of the season of
control the year before.

Effectiveness of Individual Control Tactics

To evaluate the efficacy of individual
control tactics, observed values in the
contingency table for a given treatment
were grouped for all seasonal periods
included within the duration of treatment
effect and compared statistically to
expected values by means of x2 (appendix
1). In a final test, deviations in ob-
served versus expected values about spots
controlled by a given treatment were
compared by x? analysis to corresponding
values for active (uncontrolled) spots
last ground checked during the season
control was applied.

Of the various control methods in
use throughout east Texas, salvage removal
of infested trees was associated with
the least proliferation attributed to
treatment (table 4). The frequency of
proliferation was significantly reduced
below expected values following salvage
prior to October. Salvage from October-
December 1974, however, was associated
with significantly high levels of prolif-
eration during the following January-May.

Cut-and-leave applied prior to August
appeared to reduce levels of proliferation
that occurred before the following June.

The same control tactic had no apparent
influence on subsequent levels of prolif-
eration when applied in August and September
(table 4). Like salvage, cut-and-leave )
during October-December 1974 was associ-
ated with high proliferation during the
spring of 1975.

.



Table 4.--Observed and expected numbers of peripheral spots encountered within 605 acres of 1974 controlled and

uncontrolled spots during interval of treatment effect

Numbers of peripheral spots

Season of No. of Deviation 1 2
control treatment from x2 X2
(1974) Treatment spots Obs. Exp. expected (1 df) (1 df)

Jan. -May3 Salvage 24 25 45.5 -20.5 24 71%* 2.87

Cut-and-leave 13 14 23.0 - 9.0 8.89** 1.14
Other 2 0 4.4 - 4.4 9.86** 4.94*
Inactive 73 58 83.9 -25.9 21.89*%* 0.76
Active 13 21 25.0 - 4.0 1.3%6 ===
June-July? Salvage 284 110 154.7 -44.7 18.96** 11.42**
Cut-and-leave 117 44 58.9 -14.9 4.90* 7.55%*
Other 54 48 35.4 +12.6 5.69* 0.01
Inactive 393 70 124.6 -54.6 34.72*%* 19. 15%*
Active 56 28 20.4 + 7.6 3.3 mmee-
Aug-Sept> Salvage 449 129 176.0 -47.0 17.96** 59.80**
Cut-and-Tleave 203 56 56.5 - 0.5 1.32 23.57**
Other 57 56 33.3 +22.7 18.65** 2.68
Inactive 532 82 119.4 -37.4 15.63%* 58.27**
Active 84 55 25.1 +29.9 43.48**  -----
Oct-Dec® Salvage 190 113 84.4 +28.6 12.19** 0.21
Cut-and-leave 103 51 30.5 +20.5 15.92** 0.16
Other 98 83 54.4 +28.6 18.12** 0.00
Inactive 393 78 101.1 -23.1 6.69** 9.58**
Active 52 27 18.0 + 9.0 4.76x  ===--
1 y2 Comparison of single treatment to all other treatments combined. (* Probability < 0.05; ** Probability < 0.01).
2 x2 Comparison of single treatment to active spots last ground checked during season of control.
3 Interval of treatment effect = June 1974 through May 1975.
4 Interval of treatment effect = August 1974 through May 1975.
: Interval of treatment effect = October 1974 through May 1975.

Interval of treatment effect

January 1975 through May 1975.

Control methods other than salvage
or cut-and-leave exhibited subsequent
levels of proliferation that were signifi-
cantly greater than expected when applied
during June-July, August-September, and
October-December 1974.

Unlike spots controlled during the
spring and summer months, active spots
in all four seasons exhibited levels of
proliferation that were comparable to or
significantly higher than expected levels
during the corresponding interval of
treatment effect. A direct comparison of
proliferation levels about controlled
spots during the interval of treatment
effect with levels about active spots
ground checked during the same season
provided an additional measure of treat-
ment effectiveness. Relative levels of
proliferation during the specified inter-
vals of treatment effect were significantly
greater about active (uncontrolled) spots
than about comparable spots that were
controlled by salvage or cut-and-leave
from June through September (table 4).
No significant differences were observed
between spots controlled during the remain-
der of the year by these tactics and
active spots. Spots controlled by methods
other than salvage or cut-and-leave ex-
hibited subsequent levels of proliferation
that were comparable to that observed
about active spots.

DISCUSSION AND CONCLUSIONS

The nonexperimental approach described
herein for comparing the effectiveness
of individual SPB control tactics overcomes
many of the obstacles that have prevented
the measurement of control efficacy on
an area-wide basis by more conventional,
experimental methods. For example, the
analysis evaluates control tactics applied
under operational conditions throughout
the entire infestation area (8 million
acres) and is not limited to a few sample
plots treated under experimental conditions.
The methodology is applicable to any
large SPB infestation area for which
suitable detection and control records
are available for electronic data proces-
sing. Specific data collection, often
an extremely time-consuming and expensive
phase of postsuppression evaluations, is
unnecessary; our approach requires only
detection and control dates and spot lo-
cations--information generated as part
of routine pest control operations.

The use of new spot proliferation
as a measure of treatment efficacy has
certain limitations that also warrant
mention. For example, in heavily in-
fested areas, beetles dispersing from
controlled spots may join uncontrolled
spots nearby rather than initiate new
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infestations. (In this case, however,

it seems reasonable to assume that this
tendency would be independent of the
control tactic applied). The evaluation
provides only a relative measure of treat-
ment efficacy, without providing informa-
tion on why certain control tactics appear
more effective than others. Another
limitation is that the Texas Forest Service
operations data bank excludes all spots
that contained less than 10 trees. Al-
though a sizable portion of the total
spot population may be overlooked as a
result (Leuschner et al. 1977), a majority
of the beetle population during out-
break years occurs in the large infesta-
tions. Spots with less than 10 trees at
detection seldom expand in size or require
control (Billings 1979, Hedden and Billings
1979) and are more 1likely to involve
bark beetles other than SPB. According-
ly, this censorship of the data is

not expected to influence the results
materially. Despite these shortcomings,
results of this analysis represent the
most comprehensive efficacy data currently
available for at least three options the
pest manager can now use: salvage, cut-
and-leave, and no control.

Perhaps the most significant contri-
bution of the present study is the evidence
that spot disruption during summer months
is a control strategy with merit, not
only for preventing additional timber
losses from spot expansion but also as a
means to reduce new spot proliferation
that is likely to occur if spots remain
active into the fall. Presumably, the
effectiveness of cut-and-leave results
primarily from losses suffered by summer-
reared beetles after they emerge from
treated trees, since complete brood mor-
tality within trees is not assured (Hodges
and Thatcher 1976, Palmer and Coster
1978). With aggregation pheromones no
longer present in the spot to guide emerg-
ing beetles to new hosts, beetles are
forced to disperse from controlled spots
under adverse environmental conditions
(Gara 1967). Degeneration in the size
and physiological condition (fat content)
of summer-reared beetles (Hedden and
Billings 1977) also may limit the beetle's
capacity for long-distance flight and/or
ability to initiate new infestations.

In contrast to summer treatments,
spots controlled in late fall and winter
(October-December) were associated with
significantly high levels of proliferation
during the following January-May. In
these cases, however, levels of prolifera-
tion were not significantly different
from that observed about active, uncon-
trolled spots. Apparently, beetles were
in the process of leaving established
" infestations in large numbers when fall
controls were applied. That spots con-
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trolled prior to October were associated
with low levels of proliferation during
the October-May period, however, clearly
emphasizes the merits of summer control.

The high levels of proliferation
observed during January-May 1975 about
1974 active spots (fig. 4) is of particu-
lar interest. These winter prolifera-
tions provide the nucleus from which
beetle populations again may increase to
outbreak proportions by the following
summer (Thatcher and Pickard 1967).

The reduced levels of proliferation
about early spring controls in this study
need to be interpreted with caution;
this pattern may have resulted from the
tendency of surviving beetles to fly to
active infestations nearby or to disperse
to areas distant from brood sources during
this time of year. Although new spot
proliferation in the immediate area is
reduced, mortality of beetle populations
due to dispersal losses may be far less
in spring-treated spots than in spots
controlled during the summer, when beetles
are less capable of long-range dispersal.
Since relatively few spots are detected
prior to May in east Texas, though, the
efficacy of spring controls is of less
practical interest.

Summer control will not assure pro-
tection from new spot proliferation beyond
the next spring if nothing is done to
reduce the susceptibility of surrounding
stands. During the spring dispersal
period, susceptible stands apparently
may be reinvaded by beetles from outside
sources despite direct suppression efforts
in the immediate area the year before.
The elimination of stand conditions known
to promote perennial beetle problems
(Lorio and Bennet 1974, Coulson et al.
1974) appears to offer the best long-term
solution to the SPB problem (Hedden 1978).

wWe believe this evaluation has given
us important insight into the seasonal
behavior of SPB populations in east Texas
in addition to providing a means to compare
the impact of various control tactics.
The results support the hypothesis that
new spot proliferation and spot growth--
the two distinct phases of SPB attack
behavior--are largely seasonally dependent
phenomena. Detection records indicate
that most new multiple-tree spots in
east Texas are initiated during the spring
(March-May) and usually detected 4 to 8
weeks later when crowns of infested trees
discolor (Billings 1979). The fact that
new spots detected in June and July tend
to be uniformly distributed with respect
to sources of brood the year before (figs.



4 and 5) provides evidence that spring-
emerging beetles tend to disperse longer
distances than those emerging at other
seasons. This dispersal flight apparently
serves to redistribute the population
throughout the infestation area and to
carry beetles into previously uninfested
stands remote from brood sources. Further-
more, the observation that spots reported
in August and September 1974 were not
aggregated around spots controlled earlier
in the year suggests that new spot initia-
tion may be even more seasonally dependent
than area-wide detection records indicate.
Conceivably, many of the spots reported
during late summer months were initiated
in the spring and overlooked during June
and July surveys.

Spots which are initiated during
the spring dispersal period and remain
active apparently serve as sources of
attraction for beetles entering the area
later. Immigration of large numbers of
beetles into newly initiated spots during
the latter part of the spring dispersal
period would account for the rapid increase
in the number of active trees often ob-
served in areas of high beetle populations
during May and June (Texas Forest Service,
unpublished data). This activity is
later reflected in the wide range of
spot sizes at detection as well as the
reduced frequency of new spot proliferation
shown to occur during the June and July
detection interval about active spots
(fig. 4).

The expansion of established infesta-
tions by beetles emerging from within
the spot (Hedden and Billings 1979) appears
to be the primary mode of activity for
most of the SPB population during the
summer. Continual production of popu-
lation~-aggregating pheromones in active,
uncontrolled spots (Gara 1967) would
serve to keep emerging beetles within
the spot and also to attract beetles
from other sources that are flying in
the area. This would effectively reduce
the occurrence of new spots in proximity
to active infestations during summer
months, accounting for the temporal pat-
tern evident about active spots in figures
4 and 5. As winter approaches, however,
an increasing proportion of the beetle
population disperses out of active or
controlled infestations from which they
emerged (Thatcher and Pickard 1967,
Billings 1979), contributing to nearby
proliferations that become detectable
prior to May of the following year. In
turn, by the time these winter prolifer-
ations are detected, another generation
of SPB broods apparently is emerging to
participate in long-range spring dispersal
prior to initiating the many randomly dis-
tributed spots that appear each year dur-
ing June and July (Billings 1979).

The evidence that large, active SPB
infestations can be controlled during
the summer months solely by physically
disrupting the production of population-
aggregating pheromones without producing
increased proliferation has implications
for developing new control tactics. At
least in the case of southern pine beetle
in east Texas, methods designed to capi-
talize on seasonal limitations in the
insect's dispersal and attack behavior
may prove more effective and practical
for direct suppression than earlier at-
tempts to destroy within-tree populations
with insecticides. Indeed, the aerial
application of species-specific inhibitors
(Payne, Coster, and Johnson 1977) to
summer infestations to chemically disrupt
spot growth processes and reduce eventual
new spot proliferation offers considerable
promise as a future control strategy.
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APPENDIX 1

To test for significant differences
between observed and expected values of
interest, a x2 value was computed from a
2 x 2 contingency table using a formula
that corrects for continuity (Snedecor and
Cochran 1967, p. 217). In this analysis,
the ratio a/b was compared for independence
to the ratio c/d using the formula

K2 = N([ad-bc]-N/2)2 in which
(atb)(c+d) (a+c)(b+d)
a = observed number of peripheral spots

within cell (i, j) located within
row (i) and column (j) of the contin-
gency table in which i = 1,20 treat-
ments (control X season combinations)
and j = 1,6 detection intervals.

b = observed number of peripheral spots
in all other cells combined within
row (i), excluding cell (i, 3Jj).

c = observed number of peripheral spots
in all other cells combined within
column (j), excluding cell (i, 3).

d = observed number of peripheral spots
in all other cells combined exclud-
ing cells within row (i) and column

(3).
N=a+b+c+d
x2 values exceeding 3.84 and 6.63

with 1 df were considered significant at
P < 0.05 and P < 0.01, respectively.
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ADDITIONAL CONSIDERATIONS IN EVALUATING TACTICS

FOR SOUTHERN PINE BEETLE CONTROL

T. Evan Nebeker!?

Abstract.--Given the fact that south-
ern pine beetle density estimates will be
used in evaluating control tactics, I pre-
sent a hierarchy of absolute within-tree
estimators with considerations of cost,
precision, and accuracy. Also discussed
are factors that need to be considered in
a total evaluation of the control tactic,
such as the influence of the physical
properties of a tree, site and stand con-
ditions, and the impact on the system as
a whole.

INTRODUCTION

The objective of the control tactic
for southern pine beetle (SPB), Dendroc-
tonus frontalis Zimmerman, has to be
clearly stated in view of the management
objectives. It might be biological, eco-
nomic, or ecological. From the biological
point of view, a reduction in beetle den-
sity in space and time may be the goal,
or a reduction in active basal area. From
the economic point of view, the objective
may be to increase net return. The eco-
logical point of view is much broader and
the considerations are more systems ori-
ented. Here, the effects may be either
direct or indirect on the parasite and
predator community, wildlife populations,
and so forth.

The particular point of view one
takes in evaluating control tactics will
determine the type of information neces-
sary to evaluate the tactic or tactics in
combination. For example, the economic
point of view is currently being utilized
in research validation programs (Parvin
1978). The data needed to make compar-
isons from this point of view are income
or other measurable benefits, direct ex-
penses such as labor (function of hourly
rate and time required to complete the

1 Associate Professor, Dept. of Ento-
mology, Mississippi Agricultural and For-
estry Expt. Stn., Mississippi State Univ.,
Mississippi State, Miss.
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operations), materials, and equipment
(costs of operation and maintenance).
In short, a total accounting of every-
thing that goes into the production of
the commodity of interest is required.
The economic factor has to be considered
eventually in our evaluation of control
tactics.

It is the assumption in this paper
that the biological point of view will
be taken, and further that the change in
SPB density will be part of the measure
for evaluating the control tactic. It
is also assumed that the observed change
(increase or decrease in SPB density) is
a direct or indirect function of the
treatment and can be determined analyti-
cally via variance partitioning or hold-
ing as many parameters as possible con-
stant through analytical or experimental
means.

The reasoning for restricting the
number of variables may be illustrated
by an example from Cochran and Cox (1957).
It was experimentally determined that
each of the following three treatments,
whiskey and water, gin and water, and
rum and water, taken orally in sufficient
quantities, produces some degree of in-
toxication. By itself the experiment
provides no information as to whether
the intoxication is due to the water,
the ingredients, or the fact that the
two are mixed. A more extensive experi-
ment with additional treatments would be
necessary to throw some light on this
question.

We are studying a similar problem
at this symposium. Is the change in SPB
density, for example, due to the control
tactic utilized or due to other conditions
associated with the treated area? 1In
order to address this question, we must
consider at least four areas. The first
area is the estimation procedure used to
measure the density of the SPB in time
and space. Previous papers in this sym-
posium have covered this topic, so I
will address only the question of within-
tree absolute population estimators.
Second, the influence of the individual
tree on SPB success will be considered.
Third, the factors (site and stand) that
have been found in common with SPB infes-



tations should be considered in evalu-
ating control tactics. The fourth area
is the impact of the treatment on other
populations in the forest system. It is
not the purpose of this paper to treat
each of these topics in total but simply
to present the idea that before an actual
experiment is conducted, some consider-
ation of these elements, and possibly
many others, needs to take place.

ABSOLUTE WITHIN-TREE POPULATION
ESTIMATION PROCEDURES

In order to evaluate (measure) changes
in population density, researchers must
choose an estimation procedure. In se-
lecting the procedure, they should con-
sider precision, accuracy, cost, and so
forth. Of course, the most precise esti-
mate is a complete census of the popu-
lation or parameter of interest. However,
this is obviously too costly and totally
unacceptable in evaluating a control
tactic because the censustaking becomes
the control.

Several investigators have addressed
themselves to the problem of sampling
and estimating bark beetle populations
(Berryman 1968, Carlson and Cole 1965,
DeMars 1970, Dudley 1971, Safranyik and
Graham 1971). Coulson et al. (1975, 1976),
Pulley et al. (1977a and b), Stephen and
Taha (1976), McClelland et al. (1978),
and Nebeker et al. (1978a) have specif-
ically examined the problem of sampling
SPB populations. It is not my intention
here to review each in detail but to
presenit a view of the hierarchy of the
various estimation procedures that have
been developed with precision, accuracy,
and cost as criteria for ranking.

As indicated earlier, the most pre-
cise estimator would be a complete census
where the true population values p and o
for given sample dimensions can be ob-
tained. However, this is too costly and
would obscure information concerning
evaluation of the control tactic. The
next level of sampling that can yield
precise estimators I will call direct
intensive sampling. Here the estimators
are developed from simple random sam-
pling or stratified random sampling theory.
On this subject Pulley et al. (1977a)
concluded that simple random sampling
requires far too many sample units to be
considered in an operational sampling
program. This conclusion was supported
by Nebeker et al. (1978a). Concerning
stratified sampling, Pulley at al. (1977a)
concluded that as this technique is gener-
ally employed it would concentrate data
collection at the extremes of the infested
bole, where within-tree variation of

life stages is greater; therefore, data
requirements again exceed those of other
techniques. While this is generally
true, it is our position (Nebeker et al.
1978a) that the most precise estimators
are obtained via stratified sampling.
We recommend unequal stratification with
optimal allocation. Through unequal
stratification we can reduce the sample
intensity at the extremes of the infested
bole, hence increasing the relative effi-
ciency of the estimation procedure. If
extremely precise estimators are required,
cost will have to be ignored to a degree.

The next grouping of estimators is
what I call a blend of direct and indirect
sampling. The estimators are developed
first from current sample information
concerning a given tree and then in combi-
nation with other analytical tools.
Pulley et al. (1977a and b) identified
the most precise of these types of esti-
mation techniques as the TG-PDF proce-
dure. Basically the procedure identifies
that the optimal sample levels (location
within the infested bole) vary with the
life stages being sampled. Generally,
two or three levels provide an adequate
estimate for most sampling requirements.
At each level four 100-cm? disks are
removed and processed as described by
Coulson et al. (1976). This information
is then utilized in the TG-PDF estimation
procedure.

The precision of the estimator is a
function of the model used to describe
the data that forms the bases of the
indirect portion of the estimator. We
(Nebeker et al. 1978b) compared a few
models used in this manner and presented
a model that increases the amount of
variation explained and reduces the mean
square error through the inclusion of
three variables that are a function of

individual tree characteristics. That
model is as follows:
y = a + bx + cx? + d,IBT +

d,R + djA (1)
where

y = estimated centimeters of gallery
per 100 cm?

X = normalized height of the infested
bole ranging from 0 to 100
0 = base of the infestation
100 = top of the infestation
a, b, ¢, 4,, d,, and 4, are
coefficient% ofzthe modei
IBT = the average inner bark thickness

at the middle of the infested bole
in millimeters

R = IBH/TRH, where IBH is the infested
bole length and TRH is the tree
height, in meters

99



A = (d.b.h.)(IBH), where d.b.h. is
diameter at breast height. Note
that A is proportional to an
approximate measure of the total
infested surface area in units
of square meters.

The point I would like to note here
is the result of the development of this
model and the extension of this model
into an absolute population estimator
that is very inexpensive, fairly high in
accuracy, but less precise than other
estimators.

Utilizing this basic model (1) we
developed a more general model for seasons
and species attacked. The model takes
the following general form:

Yy = a; + a2Al + a3R + a4c. (2)
The point that is important to remember
concerning this technique is that no
samples are taken from the tree, only
information concerning (1) d.b.h., (2)
total tree height (TH), (3) length of
the infestation (L), and (4) inner bark
thickness at the middle of infested bole
(C) or an estimate based on models de-
scribing this variable in relation to
species, d.b.h., tree height, taper, and
so forth.

Our data set was divided as follows:
(1) species attacked (shortleaf or lob-
lolly pine), and (2) time of year that
the trees were attacked. For shortleaf,
season 1 (S1) is defined as being between
Julian dates 01 and 182 and season 2
(S2) between 183 and 365. For loblolly,
S1 represents days 01 through 117 and S2
represents days 118 through 365.

The methods and materials for col-
lecting the data on loblolly are the
same as for shortl@af as presented by
Nebeker et al. (1978b). The complete
data set was utilized to obtain the co-
efficients (a , and a, ) for s1

and S2, spe01es é%tac ed and time of
sample. The sample time corresponds to
the first, second, and third samples

described by Coulson et al. (1975), and
sample four as described by Nebeker et
al. (1978b). The range of the data used
to develop the estimators in table 1 is
presented in table 2.

The following intensively sampled
trees were selected to illustrate the
technique because the total gallery length
within each tree was known. (D.b.h.
measured 15.3 cm in all three trees.)
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Table 1.--Models for estimating total gallery length during
two time periods and species attacked in relation to
I1st, 2nd, 3rd, or 4th samples

Sea- Spe- IS 90% C.1I.
son cies Estimate (T) =y (DL) (DL)
1st Sample

S1 SL y=136.921+0.377(A1)+147.30(R)-85.8(C) +64.68
S2 SL y=19.670-39.300(A1)+483.70(R)-0.6(C) +72.15
S1 LOB 'y=319.770-16.590(A1)+159.22(R)-179.4(C) +99.61
S2 LoB y=206.810-6.314(A1)+73.51(R)-62.5(C) +117.87
2nd Sample

S1 SL y=105.330+10.620(A1)-18. 25(R)+43.4(C) +63.17
S2 SL y=371.220-16.120(A1)-200.75(R)-107.8(C) +91.46
S1 LOB y=511.490-33.500(A1)-13.32(R)-216.5(C) +89.95
S2 LOB y=22.630+2.479(A1)+287.61(R)+4.7(C) +96.95
3rd Sample

S1 SL y=194.280+4.710(A1)-48.16(R)-10.1(C) +64.29
S2 SL y=79.420-27.000(A1)+93.62(R)+34.5(C) 163.66
S1 LOB y=211.060+1.477(A1)-32.67(R)-51.2(C) +100.91
S2 LOB y=52.460+4.730(A*)+123.78(R)+7.6(C) +84.67
4th Sample

S1 SL y=149.270+7.760(Af)+63.74(R)+23.S(C) +63.91
S2 SL y=128.390-34.700(A1)=117.90(R)+25.6(C)  #55.44
S1 LoB y=496.120-27.000(A1)-115.00(R)-172.2(C) +64.30
S2 LOB y=126.200+2.959(A1)~100.10(R)+35.2(C) +82.20
S1 = days 01 through 182 for shortleaf (SL) and 01 through

117 for loblolly (LOB)
S2 = days 183 through 365 for SL and 118 through 365 for LOB
1st Sample, 2nd, etc., as defined (Nebeker et al. 1978b).

? = Estimated total gallery length

D =d.b.h. = 2C

C = Inner bark thickness at middle of infested bole in mm
Al = (d.b.h.)(L)/100

R = L/TH

L = Length of infestation
TH = Tree height

C.I. = Confidence interval

Tree species, Tree Length of Inner bark
number, and height infestation thickness
sampling date (m) (m) (mm)
Loblolly 1101

Oct-Dec 27.4 13.44 1.0
Shortleaf 1301

Oct-Dec 12.3 5.76 1.2
Loblolly 1912

Apr-June 21.8 7.60 0.9

To illustrate the use of this new
estimator, the following example is pre-
sented. If one needs an estimate of total
gallery length within a tree (shortleaf or
loblolly) at a particular time of the year,



Table 2.--Range of A!, R and C utilized in the indirect esti-
mating procedure

Al R C

min max min max min max
I1st Sample
S1 SL 1.20 5.55 .34 .77 .6 1.5
S2 SL 2.63 4.47 .44 .59 .5 1.1
S1 LOB 2.46 5.78 .30 .72 .7 1.5
S2 LOB 2.06 6.37 .35 .49 .8 1.4
2nd. Sample
S1 SL 1.20 5.55 .34 .77 .6 1.5
S2 SL 0.88 4.46 .44 .65 .5 1.3
S1 LOB 1.16 5.78 .30 .72 .7 1.5
S2 LOB 3.69 6.37 .35 .68 .8 1.4
3rd Sample
S1 SL 1.20 5.55 .34 .77 .6 1.5
S2 SL 2.63 4.47 .44 .59 .5 1.1
S1 LOB 0.62 5.78 .30 .72 .7 1.5
S2 LOB 3.70 6.37 .35 .53 .8 1.4
4th Sample
S1 SL 1.20 5.55 .34 .77 .6 1.5
S2 SL 2.63 4.47 .44 .59 .5 1.1
S1 LOB 1.26 5.78 .30 .72 .7 1.5
S2 LOB 3.69 6.37 .35 .53 .8 1.4

Note--Difference between samples is ‘a function of the in-
clusion of additional intensively sampled trees during that
period.

the proper model can be selected from
table 1. Similar models can be generated
for the various life stages or parameters
of interest; however, gallery length il-
lustrates the estimating procedure here.
Tree 1101 was sampled during the attacking
adult phase, equaling the first sample.
Trees 1301 and 1912 were sampled during
the larval stage, equaling the second
sample. Trees 1101 and 1301 fall in S2,
and 1912 in S1. Based on this information,
the appropriate model can be selected from
table 1 for estimating total gallery length.
The appropriate model for tree 1101 is

y = 206.810 - 6.314(AY) +
73.51(R) - 62.5(C),

for tree 1301

y = 371.220 - 16.120(AL) -
200.75(R) - 107.8(C),

and for tree 1912

y = 511.490 - 33.50(aY) -
13.32(R) - 216.5(C).

Using the definitions of Al, R and C from
table 1, we obtain for tree 1912

1 _ (15.3)(7.6) _
A 155 = 1.16

R =7.6/21.8 = 0.35

CcC =0.9
hence

y = 511.49 - 33.5(1.16) -
13.32(0.35) - 216.5(0.9)
= 273.12.

An absolute estimate of total gallery
length (TGL) is obtained from

£ . = yDL

gL - Y

where D = d.b.h. 2C or 15.3
2(0.9) = 13.5 and L = 7.6.

Hence

A
Ty, = (273.12)(13.5)(7.6)
28,022 cm of gallery within

tree 1912.

The 90 percent confidence interval is
C.I. 89.95(D) (L)
89.95(13.5)(7.6)

1+9229.

i nnu

The final estimate and C.I. is

A

TGL = 28,022 t 9229
with the true value being 25,649 cm of
gallery for tree 1912.

These results and those for trees
1101 and 1301 are compared with the esti-
mations of various estimators discussed
above in tables 3, 4, and 5.

From the results it appears that
this method can give reasonable esti-
mates in comparison with other estimating
procedures. It is evident that if an
extremely precise estimate is needed,
this is not the estimator to use (because
of extremely wide confidence intervals).
The level of precision is the real ques-
tion and will dictate in part the utility
of any proposed absolute population esti-
mator.

CONSIDERATIONS OF THE INDIVIDUAL TREE

The reduction in SPB density in
certain cases may be a function of the
species attacked and the physical proper-
ties of those trees, and not entirely
the control tactic. Hodges et al. (1979)
have approached the question concerning
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Table 3.--Comparison of various estimation procedures for

Table 4.--Comparison of various estimation procedures for

tree 1912 tree 1301
~ N
Procedure Estimate ( GL) 90% C.I. Procedure Estimate (TGL) 90% C.1I.
TAMU Methods! TAMU Methods?
(Long cylinder) (Long cylinder)
Single level (n=4) Single level (n=4)
2.0m 20,454 17,743 2.0m 12,383 +4,688
3.5m 21,964 44,137 3.5m 11,840 +2,229
5.0m 14,995 +4,430 50m 14,319 +4,230
6.5m 25,584 45,455 Two Tevels (n=8)
Two Tevels (n=8) 2.0m, 5.0m 13,351 3,445
2.0m, 5.0m 17,725 +4,417
3.5m, 6.5m 23,774 +3,743 MSU Methods
= 1
y al+aZA +a3R+a4C 9,906 +6,796
MSU Methods Stratified sampling?
= 1
y al+a2A +a3R+a4C 28,022 19,229 13 15,056 +2,091
Stratified sampling? 2 15,360 +3,342
13 30,843 +3,549 3 10,667 +2,248
2 24,899 3,870 Absolute Gallery Length 15,119 +2,248
27,611 +6,686 (100 cm? sample units)
Absolute gallery length 1 Methods described by Coulson et al. (1976).
(100 cm? sample units) 25,649 +3,928 2 Three equal strata, n = 10, distributed according to

1 Methods described by Coulson et al. (1976).

2 Three equal strata, n = 10, distributed according to
optimal allocation after Nebeker et al. (1978a), with two
samples from lower strata, six from middle, and two from up-
per strata.

3 This procedure repeated three times with new samples
being selected at random each time.

the oleoresin characteristics and suscep-
tibility of four southern pines (loblolly,
shortleaf, slash, and longleaf) to SPB
attack. Data obtained in their study
demonstrate that it is possible to predict
relative susceptibility of individual
loblolly and shortleaf trees based on
physical characteristics of the oleoresin
system. These predictions are presented
in table 6. Of these physical characteris-
tics (total flow, rate of flow, time to
crystallization, and viscosity), Hodges
(personal communication) considers total
flow the most important in determining
susceptibility. It is the characteristic
to measure in relation to the evaluation
of control tactics.
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optimal allocation after Nebeker et al. (1978a), with two
samples from lower strata, six from middle, and two from up-
per strata.

3 This procedure repeated three times with new samples
being selected at random each time.

CONSIDERATION OF SITE AND STAND CONDITIONS
IN EVALUATING CONTROL TACTICS

In order to evaluate any treatment,
an understanding of the experimental
conditions is required. In some cases,
based on prior knowledge, the result can
be predicted at a fairly high probability.
It is useless to try to evaluate a control
tactic without considering these condi-~
tions. Within the site/ stand subject
area of the Expanded Southern Pine Bee-
tle Research and Applications Program,
the general objective has been to esti-
mate stand susceptibility. The ability
to rank stands as to susceptibility to
SPB attack should aid in ‘developing an
experimental design to evaluate control
tactics.

It was generally concluded (Porter-
field and Rowell 1978) that using base-
line (uninfested) natural, undisturbed,
Coastal Plain data, and assuming that
infested data are representative of all
SPB spots, general conclusions can be
drawn as to differences in stand suscep-
tibility.



Table 5.--Comparison of various estimation procedures for

tree 1101
A

Procedure Estimate (TGL) 90% C.1I.
TAMU Methods!
(Long cylinder)
Single level (n=4)

2.0m 45,896 +17,374

3.5m 44,796 48,438

5.0m 38,619 +11,409

6.5m 39,935 18,515
Two levels (n=8)

2.0m, 5.0m 42,258 +10,899

3.5m, 6.5m 41,708 6,567
MSU Metheds

y = a1+a2A‘+a3R+a4C 29,914 +21,069
Stratified sampling?

13 35,229 10,035

40,871 17,478
34,849 +11,132

Absolute Gallery Length 44,390

(100 cm? sample units)

1 Methods described by Coulson et al. (1976).

2 Three equal strata, n = 10, distributed according to’

optimal allocation after Nebeker et al. (1978a), with two
samples from lower strata, six from middle, and two from up-
per strata.

3 This procedure repeated three times with new samples
being selected at random each time.

Methods for obtaining the data and
analytical procedures are outlined by
Rowell (1978). In general, it was found
that five variables, selected through
discriminant analysis, best aided in
differentiating between infested and
uninfested plots. Total pine cubic-foot
volume was the most important discrimi-
nating variable chosen and was followed
in order by percent pine basal area,
slope, l0-year radial growth, and average
bark thickness. The general results for
the Coastal Plain can be divided further
by landform. Each landform model usually
includes at least one of these five vari-
ables, as well as other variables that
aid in characterizing the uniqueness of
each individual landform. Table 7 shows
the discriminant equations for various
landforms. I believe this information
may be useful and should be considered
in developing the experimental design
for evaluating control tactics.

A final idea in this regard that
might shed some light on the effect of
the treatment--or lack of effect--is one
presented by Rowell (1978). This has to
do with the prediction of the final spot
size (number of trees) based on the
previous information. It seems reason-
able that these ideas might be tested
with little additional effort when eval-
uating a given tactic and might provide
insight as to how to evaluate control
tactics in light of the site and stand
conditions.

Table 6.--0Oleoresin characteristics and results of induced attacks on loblolly and shortleaf pines classified as resistant or
susceptible to attack by southern pine beetle (Hodges et al. 1979)

Time to
Total Rate of crystal- Attacks/

Species/ flow flow lization Viscosity No. of m2 Brood

tree # (m1) (m1/hr) (hrs)  (stokes) Score? Classification attacks (number) # m2 Comments
SHORT 42 14.7 1.84 0.5 22.1 +.614(-.167) RES. 488 100.1 -- ALIVE
SHORT 62 12.7 0.81 1.5 27.4 +.136(-.793) RES. 489 78.5 -- ALIVE
LOB 9 17.5 2.19 0.5 6.8 +.098(-.453) RES. 1116 156.0 - ALIVE
Lo 14 16.9 2.84 1.0 8.5 -.080(-.132) RES. 776 95.8 - ALIVE
LoB 22 15.9 1.19 0.5 22.9 +.790(-.502) RES. 273 58.1 -- ALIVE
LoB 53 23.8 2.28 0.3 17.4 +.870(-.112) RES. 800 138.8 -- ALIVE
SHORT 6 2.8 0.23 3.5 31.4 -.978(-1.116) Sus. 604 97.9 122.7 KILLED
SHORT 15 4.8 1.06 4.0 31.9 -1.361(-.371) SUS. 1891 92.5 145.3 KILLED
SHORT 33 1.3 0.11 8.0 13.8 -1.320(-2.236) Sus. 344 67.8 64.6 KILLED
SHORT 70 9.4 0.97 1.3 9.4 -.996(-1.739) SUS. 765 80.7 2 KILLED
LoB 27 7.6 1.15 1.0 11.3  -1.320(-1.496) Sus. 886 100.1 2 KILLED
LOB 52 6.0 0.54 0.5 14.9 -.472(-1.986) Sus. 175 52.7 2 KILLED

1 Discriminant Function Scores when loblolly/shortleaf trees were compared to longleaf trees.
are based on values for total flow, rate of flow, and time to crystallization.

plus viscosity.
longleaf +.744 and +1.853.
2 Brood not determined.

Numbers not in parentheses
Numbers in parentheses are based on same values

Mean scores for loblolly were -.226 and -.946 (with viscosity); for shortleaf they were -.540 and -.996; for

103



Table 7.--Discriminant equations developed to rank stand sus-
ceptibility to SPB over the entire Gulf Coastal Plain
and its landforms (Porterfield and Rowell 1978)

(More positive scores = more resistant stands)

Critical
Landform "Break"
Model Discriminant Score Point

Gulf Coastal (slope x 0.3877) + (total
Plain pine ft3 volume x -0.00048) +
(percent pine BA x -0.01576) +
(radial growth [last 10 years]
x 0.00462) + (avg. bark thick-
ness x -1.27966) + 2.63682 0.050675

(total ft3 pine volume x

-0.00019) + (percent pine BA x

-0.01897) + (radial growth

[1ast 10 years] x 0.02267) +

(slope x 0.11563) + 0.86301 0.36074

(slope x 0.04772) + (percent

pine BA x -0.01404) + (live

crown X 0.03155) + (total ft3

pine volume x -0.00028) +

0.25799 0.25964

Bay (surface pH x 0.39946) + ("in"
hardwood [10 FAC] x 0.09327) +
(total ft3 pine volume x
-0.00052) - 1.07507 0.05639

(surface soil depth x 0.005) +

(site index x -0.01555) + (avg.

d.b.h. x 0.16864) + (percent

pine BA x -0.02084) + (radial

growth [last 10 years] x

0.00877) + (avg. bark thickness

x -0.00054) + 2.63957 0.03769

("in" hardwoods x 0.0889) +

(radial growth [last 10 years]

x 0.02131) + (live crown X

0.02766) + (avg. bark thickness

x -3.55167) + (total pine ft3

volume x -0.00023) + 0.82083 0.20145

(total pine ft3 volume x
-0.00083) + (avg. bark thick-
ness x -2.39826) + 2.83116 0.24885

(slope x 0.01618) + (total "no"

trees x 0.19508) + (total pine

ft3 volume x 0.00010) -

1.41592 -0.1199

Ridge (slope x 0.09066) + (subsurface
percent sand x 0.01282) + (avg.
bark thickness x -3.40071) +
(total pine ft3 volume x
-0.00034) + 1.81909

Flood Plains

Stream Terrace

Upland Flat

Lower Slope

Side Slope

Steep Side Slope

-0.41086

For definitions and units of measure, see Rowell (1978).

ECOLOGICAL CONSIDERATIONS

The impact of the control tactic on
populations other than the pest population
has to be considered, in particular the
parasite and predator community associated
with the SPB. Science has embraced the
general philosophy of developing control
tactics that preserve, complement, and
augment the biotic and physical mortality
factors associated with the system of
interest. It is also necessary to eval-
uate the control tactic from the point
of view of other potential pest species.
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For example, will the treatment provide
additional resources for pest population
buildups? What impact will the control
tactic have on other nontarget populations?
And finally, what is the socioeconomic
impact? If these concerns are not taken
into account in the evaluation process,
the advantages and disadvantages of the
control tactic cannot be evaluated com-
pletely.

In conclusion, there are numerous
considerations in the development of a
program aimed at evaluating control tac-
tics. I have addressed myself to a few;
many others could have been included.
The major point that needs to be addressed
is the objective of the control tactic.
Is it biological, economic, ecological,
or a combination of all three? This has
to be clearly stated along with the man-
agement objectives. In many cases clari-
fying the objective of the control tac-
tic is the most difficult thing to do.
Once this has been done, considerations
of experimental design, data analysis,
and other topics presented in this sym-
posium should be emphasized in evalu-
ating control tactics.
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EVALUATION OF A SOUTHERN PINE BEETLE CONTROL TACTIC:

A CASE STUDY FOR SYMPOSIUM PARTICIPANTS

James D. Smith and Daniel B. Twardus!?

Abstract.--The current southern pine
beetle (SPB) outbreak on the Bienville Na-
tional Forest in Mississippi provides a
basis for determining the effectiveness of
a SPB control tactic over a large geographic
area. The effects of treatment on numbers
of beetles, and spot growth, proliferation,
and size might be focal points for study
group analysis. Patterns of land ownership,
acres of host type, and information on both
host and pest are provided for the deter-
mination of an experimental approach.

INTRODUCTION

One objective of the Expanded South-
ern Pine Beetle Research and Applications
Program is to evaluate the effectiveness
of recommended control tactics. This
paper provides subjects matter for study
groups to use in developing an approach
to the evaluation of treatment effective-
ness. Cut-and-leave will be the control
tactic studied.

Measuring the effectiveness of
control tactics for southern pine beetle,
Dendroctonus frontalis Zimmerman, is dif-
ficult due to the nature of the host/pest
interaction, and the physical constraints
and management of the area. It is rele-
vant to seek answers to these questions:
(1) Does the tactic kill beetles? (2)
Does the tactic prevent additional tree
mortality within spots? (3) Does the
tactic prevent spot proliferation? (4)
Does the tactic reduce the number and
size of spots over time?

1 Entomologists, USDA Forest Service,
Southeastern Area, State and Private For-
estry, Pineville, La. (Mr. Twardus is now
affiliated with Forest Insect and Disease
Management in Portland, Ore.)

The management situation and tech-
niques presented herein do not fully
represent National Forest resource manage-

" ment practices, but are developed to pro-
vide adequate problem analysis.
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Information from one geographic
area with a recent history of SPB will
be used in this paper as the basis for
developing an approach to evaluate a
control tactic. Information provided
will contain data on the study area,
history of outbreak, forest conditions,
and constraints involved with evaluating
the treatment. The study area, the
Bienville National Forest, is made up of
two Ranger Districts.

To date, no SPB investigations have
included an analysis of treatment effec-
tiveness over a large area with inter-
mingled land ownership. Study groups
are asked to address this problem through
information presented here. More specif-
ically, the following points should be
considered in designing a treatment effec-
tiveness evaluation:

(1) A treatment evaluation is de-
sired which analyzes the effects of the
treatment on a spot basis and on an area
basis.

(2) The effects of treatment are
analyzed when only some portion of the
SPB spots are treated. For example,
treatment effect on an outbreak may be
the same if only selected SPB spots are
treated as opposed to all SPB spots.

(3) The treatment is compared to
no treatment.

(4) The effects of intermingled
ownership and the consequent immigration
of uncontrolled SPB populations are con-
sidered.

(5) The effects of treatment are
analyzed over time.

AREA OF EVALUATION

U.S. Forest Service personnel are
currently engaged in a southern pine
beetle suppression project on the Bien-
ville National Forest in south-central
Mississippi. The objective of the sup-
pression project is to minimize resource
losses from the SPB. The Forest is located



Table 1.--History of southern pine beetle outbreak on Bien-
ville National Forest, Mississippi

Bienville Strong River

Period of treatment R.D. R.D.
Oct 1976--Sept 1977
Chemically treated 1,153 stems 4,010 stems
Salvage MBF 1,466 MBF 1,165 MBF
Percent of infestation treated 80 % 80 %
Oct 1977-Sept 1978
Chemically treated 2,214 stems 3,765 stems
Salvage MBF 2,389 MBF 943 MBF
Percent of infestation treated 80 % 80 %

in all or parts of Smith, Newton, Jasper,
and Scott Counties. Rectangular survey
puts this area between Range 6 E. and
Range 11 E., and between Township 2 N.
and Township 9 N. as measured from the
Choctaw Meridian.

The Forest contains 177,070 acres
of forested land. However, 206,130 acres
of private land are intermingled within
Forest Service administrative boundaries.
There are two ranger districts on the
Forest (Bienville R.D. and Strong River
R.D.).

HISTORY AND STATUS OF SPB OUTBREAK

The history of major SPB outbreaks
on the Bienville National Forest began
in 1976 (Twardus and Smith 1977). 1In
October of that year, a control effort
was begqun. It was implemented based on
the time of the evaluation and an esti-
mate as to whether or not the outbreak
would continue. Control Project accom-
plishments for 1977 are presented in
table 1 (Smith 1977). The control pro-
ject was continued in the fall of 1977
(Twardus 1977).

The Strong River District started a
computerized reporting program during
February 1978. This program reports
infestation size, amount of timber in
each control class (buffer and infested),
dates of work, and type of control effort
made (chemical or salvage). Spot lo-
cations were recorded on a map (fig. 1).
Figure 2 shows the locations of infesta-
tions found on the last flight (October
1978).

The Bienville National Forest was
examined again during September-October
1978 to determine the need for addi-
tional control work (table 2). Using

BIENVILLE RANGER DISTRICT

LEGEND

® 1—10trees
8 1125 trees
* 26—50 trees
v51+ trees

Forest, Miss.

Raleigh, Miss
STRONG RIVER RANGER DISTRICT

Figure 1l.--Location and size of SPB in-
festations, January--September 1978,
Bienville National Forest, Mississippi.

BIENVILLE RANGER DISTRICT

LEGEND

® 1—10 trees
m 1125 trees
* 26—50 trees
v51+ trees

Figure 2.--Infestations on the Bienville
National Forest, Mississippi, flight of
October 1978.
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Table 2.--Data from 1978 biological evaluation

Bienville Strong River
Ranger District Ranger District

No. spots/district

(Oct 1978) 50 10
Average spot size 13 13
Total spots FY 1978

(Oct 1977-Sept 1978) 300 - 120
Location of spots

(Oct 1978) Fig. 3 Fig. 3

Location of spots
(Jan-Sept 1978)

Spot growth hazard?!
# new attacked trees 1.34 1.34
rated (# newly vacated trees)

Fig. 2 Fig. 2

1 These data were taken on National Forest and private
lands encompassing the Bienville National Forest and Wayne,
Clarke, Jones, Jasper, Covington, Smith, Jefferson Davis,

Simpson, and Rankin Counties (Twardus, Hertel, and Ryan 1978).

Table 3.--Distribution of pine host type, site index, and
acres on the Bienville District, Mississippi

Loblolly (2 70% pine) Shortleaf (2 70% pine)

Site index! Acres Site index Acres
52 38 71 764
71 752 73 79
72 68 81 2,174
73 439 83 144
80 5 91 641
81 29,687 93 60
82 265
83 2,454
91 26,465
93 1,685

101 5,563
111 1,332

1 Site Index = Amount of height based on 50 years' growth.

Moore's (1977) attack:emergence procedure,
SPB populations were determined to be
static (Smith 1978). This means that
trees are becoming infested at the same
rate older infested trees are being
vacated. This procedure is being evalu-
ated as a predictive tool for an area
basis. The static condition indicates
that the same amount of damage will occur
in FY 1979 as that which occurred the
previous year. Theoretically, the SPB
population should be causing levels of
damage in May 1979 similar to those of
May 1978. The control project was con-
tinued based on results of this evalu-
ation.

The Study Area

The Bienville District is composed
of 98 compartments (fig. 1), with each
compartment subdivided into stands (fig.
3). There are 74,750 acres of shortleaf-
loblolly timber type in all age groups;
45,308 acres are greater than 40 years
old. Figure 4 blocks out compartments
to be entered for silvicultural exami-
nation in FY 1979 and FY 1980. Table 3
shows the distribution of host type by
site index and acres.

The Strong River District is com-
posed of 80 compartments. There are
63,055 acres of loblolly and shortleaf
timber in all age groups, with 42,315
acres of pine timber greater than 40
years old. Host type is listed by site
index and acres in table 4.

Seventy-eight percent of the total

forest is in the pine host-type (137,805
acres). Of this host type, 64 percent
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Table 4.--Distribution of pineé host type, site index, and
acres on the Strong River District, Mississippi

Loblolly (= 70% pine) Shortleaf (2 70% pine)

Site index! Acres Site index Acres
53 21 71 1,402
71 314 72 153
73 42 81 7,762
81 12,730 82 114
82 482 83 67
83 235 91 2,421
53 21
71 42
82 482
83 239
91 25,006 93 112
92 144 101 184
93 774

101 5,008
102 135
103 61
111 130
112 21
113 41

1 Site Index = Amount of height based on 50 years' growth.

is over 40 years old (87,622 acres).
Acres of host type greater than 40 years
old are presented by compartments in
figure 5. The host type is distributed
in stands 10 to 1100 acres in size.
Some stands within compartments contain
all pine over 40 years of age; others
may contain 1little or no susceptible
host type.



Figure 3.--Example of stand makeup within
a compartment.

Management Policies

National Forest land is managed
according to the principle of multiple
use (Forest Management Act 1976). This
means that values such as recreation,
hiking, camping, mining, and hunting are
managed for, in addition to timber re-
sources. Each compartment under the
forest management is examined once every
10 years for silvicultural treatment.
Even-aged management is usual for timber
production. Stands are both natural and
planted. Compartments wvary in acreage
and in number of stands, Each stand is
categorized based on timber type, site
index, merchantability of the timber,
gtand condition class, and the presence
of key wildlife species.

Treatments prescribed are done in
the intervening period between exami=-
nations. For example, if a thinning is
prescribed in 1981, it could be done as
early as 1982 or as late as 1990. Each
year the District sets priorities. The
total amount of timber cut is determined
by the sustained yield principle. Budget
determines the source of this timber
{which compartment and stand). Each
year the forest has a budget for thinnings
and a budget for harvest cuts. Salvage
timber is added to the total allowable
cut; therefore, many Districts are un=-
willing to do work other than salvage
for SPB control. This is especially
true of the larger spots since the Dis=-
trict spends time doing suppression work
that would have otherwise been spent
marking green timber for regular sales.

- . i S ! orpartei ] Seblale B ihely [hess compariTens
-

2 '. il D e = FY VT e FEED
"&C_ BIENVILLE RANGER

DISTRICT

S

s STRONG RIVER RANGER DISTRICT

b

Figure 4.--Compartments in the Bienville
National Forest, Mississippi, showing
predicted location of SPR spots--May
1979.

ACRES OF PINE HOST TYPE (- 40 YEARS OLD)

Figure 5.--Compartment configuration on
Bienville (top) and Strong River Dis-
tricts.
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Current Recommendations

Control methods recommended for use
on the National Forest are salvage, cut-
and-leave, and chemical treatment.
Salvage has been the most widely used
suppression tool, with other methods
being used on a supplemental basis.
Cut-and-leave is used only as a summer
treatment. Cut-and-leave is recommended
for FY 1979 as an optional treatment for
inaccessible spots (< 50 infested trees)
or for small spots predicted to grow in
size (Smith 1978). Usually, chemical
treatment is recommended for small, non-
merchantable spots and for areas with
little spot growth. Killing beetles in
spots that are not growing is a low-
priority treatment.

Constraints

National Forest management has im-
posed some constraints to the study.
Compartments that will be entered during
1979 and 1980 are not eligible to be
used in study analysis (fig. 3). All
spots will be salvaged by logging crews
working in these compartments.

Adjoining landowners may or may not
treat SPB infestations on their land.
The most recent forest survey (October
1978) shows these stands to contain SPB.
Salvage is the most likely type of sup-
pression effort to be used on private
land.

The study will be allowed on Na-
tional Forest lands for a period of 2
years. For purposes of developing the
analysis procedure, use the hypothetical
situation found in figure 4 with May
1979 as the starting point for the study.

It may be desirable to use one block
of land within a District for evaluation
purposes. When this is done, the rest
of the District will be free to use any
recommended suppression tactic.

All spots with more than 50 active
trees, or 1 acre of dead timber, will be
salvaged by the District. This is the
usual constraint imposed by the District
to prevent excessive volume losses.
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Cut-and-Leave

Cut-and-leave is the tactic to be
evaluated by symposium participants.
This suppression tactic is most effec-
tive during spring and summer (Texas
Forest Service 1975). To accomplish
application of this tactic,

(1) Identify the active trees with-
in the spot.

(2) Fall all active trees toward
the center of the spot.

(3) Fall a horseshoe-shaped buffer
of green, uninfested trees around the
active head of the spot and leave them
lying on the ground with crowns pointed
toward the center of the spot. The buffer
should be as wide as the average height
of the trees in the spot (40 to 60 ft
wide).

(4) 01d dead trees with no bark
beetles remaining should be left stand-
ing to allow development of parasites
and predators that help control beetle
populations.

(5) 1If possible, check the treated
spot after 2 weeks for reinfestations
(breakouts) around the periphery. Re-
treat all breakouts.

Theoretically, cut-and-leave affects
the SPB by reducing beetle populations
in the trees through affecting the physical
environment (temperature and phloem mois-
ture) and disrupting the growth of the
treated spot by causing any emerging
beetles to disperse. Hodges and Thatcher
(1976) discovered that cut-and-leave did
not affect beetle population. Texas Forest
Service data show that cut-and-leave
stops spot growth and reduces prolifer-
ation (Billings et al. 1975).

Case Study Objective

Study groups should use information
supplied in this paper and knowledge
developed earlier in the symposium to
evaluate cut-and-leave on an area basis.
Both Districts on the Bienville National
Forest or either District can be used.
Any area inside National Forest land may
be set aside as a study area. Treatments
will be applied according to Texas Forest
Service Circular 223. Starting in May
1979, there are 2 years to complete the
study. All study recommendations must
agree with the Constraints section of
this paper.
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EVALUATION OF CONTROL TACTICS FOR SOUTHERN PINE BEETLE:

HAVE USER NEEDS BEEN MET?

William M. Ciesla!?

INTRODUCTION

Coming back to the South after an
absence of nearly 9 years and becoming
reacquainted with the southern pine beetle
has rekindled a lot of memories.

My first experience with the SPB
came in 1960, when I was assigned as a
project entomologist on a cooperative
suppression project in eastern North
Carolina. The infestation occurred on
industrial forest lands in Dare County.
There was no commercial market for in-
fested material at the time and access
was limited; however, the company de-
cided to treat in order to protect stands
for future harvests. The only treatment
tactic available was to fell infested
trees and spray them with BHC. Some spots
were so inaccessible that no treatment
could be applied.

One of my duties as project ento-
mologist was to conduct a postcontrol
evaluation. I caged treated and untreated
sections of logs and compared emergence
in the classic manner. As one would ex-
pect, many beetles emerged from the un-
treated logs and very few from the
treated sections. This didn't really
mean too much to me; however, I knew it
would mean even less to the foresters I
was assisting. They were interested in
knowing how much less tree mortality there
was, because they were spending $2 to $3
per tree to treat the outbreak.

To try to satisfy this need, at least
partially, I conducted an aerial survey
the following spring. The spots that we
were able to treat seemed to have been
contained. There was no new spot pro-
liferation in areas we treated, nor had
the old spots expanded. We had done quite
well, I thought. I then flew over the
areas we had been unable to treat. These
spots, too, were inactive, with no new
faders. It rapidly became apparent that
any benefits derived from the treatment
were not going to be measurable, and

1 Group Leader, Forest Insect &
Disease Management/Methods Application
Group, USDA Forest Service, Davis, Cal.
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thus I was introduced to the frustration
of evaluating southern pine beetle control
tactics, the subject of this symposium.

A RAPIDLY EXPANDING PINE FOREST

Another memory that has been re-
kindled during the past few days is how
rapidly trees grow in the South. This
was very striking to me as I drove from
Alexandria to Leesville through Vernon
Parish, a trip I made frequently during
1967-70, when I had many occasions to
work with the Texas Forest Service in
Lufkin.

In years past, artillery ranges
from Fort Polk and cattle interests kept
a large portion of Vernon Parish burned
off, so much so that foresters called
this country the "burnin' Vernon." Fol-
lowing implementation of a more or less
effective fire prevention and suppression
program, extensive young stands of pine
became established. These stands were
largely in the seedling and sapling stage
during the late 1960's, when I worked
here. Today, just 9 years later, they
are of pulpwood size and the appearance
of the area has changed drastically.

The phenomenon is not, by any means,
restricted to Vernon Parish, Louisiana.
Recent forest statistics for east Texas
indicate that increases in pure growing
stock and sawtimber volume have occurred
during the past 10 years (Earles 1976).

If you subscribe to the hypothesis
that bark beetle populations are regulated
by available food supply in the form of
susceptible host material, the impli-
cations are somewhat frightening. Future
outbreaks of SPB may be more widespread
than ever, thus making the research pro-
ducts of this program even more important.

The recent, devastating outbreak
that collapsed last year may be an indi-
cator of what the future holds. During
this outbreak, infestations occurred in
areas where the insect was rarely col-
lected in the past. Outbreaks occurred



in northeast Texas, Arkansas, central
Mississippi, Florida, and Kentucky, in
addition to the areas where the insect
has historically been a pest. Perhaps
pine stands in these areas are reaching
age classes and stocking levels that are
just beginning to be suitable for invasion
by SPB.

IMPORTANCE OF EVALUATING CONTROL TACTICS

My specific charge here was to review
and critique this symposium so that future
symposia sponsored by the Expanded South-
ern Pine Beetle Research and Applications
Program (ESPBRAP) could be planned and
structured more effectively.

First, I would like to say that the
idea of a symposium covering a specific
subject area is excellent. It provides
an opportunity for workers and users to
interact and evaluate progress on a single
facet of the total problem, conduct an
in-depth review of the state of the art,
and identify opportunities for imple-
mentation of new technology.

The topic "Evaluating Control Tactics
for Southern Pine Beetle" is a very appro-
priate one to begin with, because it
forms the basis for quantifying efficacy
of alternative pest management strategies
that might emerge as products of this
expanded research effort. Implementation
of an integrated pest management system
for the SPB is dependent upon the availa-
bility of a number of effective (prevention
and suppression) tactics whose efficacy
can be quantified relative to land manage-
ment objectives and resource outputs.

The ESPBRAP Technology Transfer
Plan (USDA Forest Service 1978) targets
implementation of 12 major areas of new
or improved technology for management of
southern pine beetle (table 1). Success-
ful completion of at least seven of these
is dependent upon the ability to quantify
the efficacy of control tactics. There-
fore, the very success or failure of
ESPBRAP depends on the effectiveness and
credibility of procedures discussed during
the past 2 days.

WHO ARE THE CUSTOMERS FOR THIS TECHNOLOGY?

ESPBRAP Management stated that the
objectives of this symposium were "to
synthesize and collate new and existing
technology that may be used to eval-
uate treatments in SPB management."
Furthermore the purpose of this symposium
was not to develop procedural protocols
for evaluating control tactics. It was
also stated that this symposium was not
necessarily to be user-oriented.

Table 1.--Areas of new or improved technology anticipated
from the Expanded Southern Pine Beetle Research and
Applications Program

Rating stand susceptibility to SPB attack

* Silvicultural practices for preventing or reducing
southern pine beetle damage.

* New insecticides for remedial and preventive control
of southern pine beetle.

Improved spray equipment for application of insecti-
cides.

Behavioral chemicals for suppression of southern pine
beetle.

Utilization guidelines for SPB-killed timber.
Aerial navigation system for SPB surveys.

* Improved aerial survey system to estimate timber mor-
tality over large areas.

Sampling methods for within-tree and spot populations of SPB.

* Socioeconomic guidelines for making decisions on pest
management actions.

Predictive models for SPB population trends.

* Integrated control strategies.

* Qutputs dependent upon an effective control tactic
evaluation capability.

My reaction to the latter statement
was, "If this symposium is not user-
oriented, what the hell am I doing here?"
What are any of us doing here?

Since we have established a need
for this technology, let's identify who
the users might be. I think that there
are three broad user groups who have a
need for control evaluation capability:
the research scientist, the pest manage-
ment specialist, and the resource manager.
Two levels of resource manager probably
should be identified, the on-the-ground
forester who must decide for or against
treatment of a specific area of land,
and the regional or national program
administrator who must acquire and allo-
cate funds and set program priorities
(table 2).

Needs vary significantly depending
upon the user group. The research scien-
tist's charter is to develop and test
new tactics. He requires detailed field
procedures, designs, and sampling methods
to assess effects of treatments on the
target pest. Often his orientation is
the insect, a single tree, or a spot.
His data requirements include preand
posttreatment population levels of the
target pest in a tree or spot, spot
growth, spot proliferation, insect dis-
persal, and tree or stand susceptibility.
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Table 2.--Uses and output requirements of a southern pine beetle control tactic evaluation capability as seen by different

user groups.

User Group

Research scientist

Pest management
specialist

Resource manager

Forest or unit
planning level

Regional or national
planning Level

How user group would
utilize capability

Evaluation of laboratory
and field experiments of
alternative control
(prevention and suppression)
tactics with emphasis on a
tree or spot basis

Evaluation of pilot projects
of new and promising control
tactics

Projection of losses with
and without control, with
emphasis on an area basis
(district, forest portion
of state)

Decision for or against
control in specific stands

Reporting of accomplish-
ments to Regional or
National program managers

Acquisition of funds
Setting of priorities
Report of accomplishment,
to state legislatures

Congress, OMB, and the
general public

Output required

Methodology for
data, capture,
analysis, and
display

Methodology for
data capture,
analysis, and
display

Data on stand
susceptibility,
projected losses,
value of resources
threatened

Summaries of
actual and pro-
jected losses,
losses avoided by
control in formats
that can be
aggregated or
disaggregated by

unit, forest,
state, etc.

Like the research scientist, the
pest management specialist requires
methodology as a program output. He is
often interested in the same parameters
as the research scientist but must be
able to make statements for a larger
area--a district, a forest, portion of a
state, etc. His objectives include pro-
jection of losses over time for a given
outbreak in the absence of treatment,
and an estimate of loss to be avoided or
recovered by application of alternative
treatments. He requires methodology to
validate these projections if treatment
is applied. 1In addition, he requires
methodology to evaluate efficacy of new
treatment tactics on a pilot basis.

The resource manager couldn't care
less about the methodology other than to
be comfortable in knowing that the ento-
mologists from whom he seeks advice have
a sound data capture capability. His
need is for the data itself! He requires

data for decision-making, for benefit/cost

analysis of alternative tactics. Should
he salvage, cut-and-leave, or do nothing?
He requires these data in units that are
meaningful to him: cords of pulpwood,

board feet of sawtimber, recreation visi-
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tor days, dollar value of projected
losses, all in levels of precision that
he has confidence in.

He is not concerned with numbers of
insects per tree or insects per acre.
As was stated earlier in this symposium,
"dead bugs do not make 2 x 4's." Un-
fortunately, resource managers as a user
group have been conspicuously under-
represented at this symposium.

HAVE CUSTOMER NEEDS BEEN MET?

Methodology for evaluating the ef-
fects of certain treatment strategies on
the insect and individual spots has been
presented. These approaches, concepts,
and systems could ultimately serve as
protocol for evaluating such tactics as
chemical control of infested trees, cut-
and-leave, and application of behavioral
chemicals (e.g., pheromones) in a con-
fusion strategy. The approaches are
oriented toward measurement of the target
insect, dispersal, spot growth, and pro-
liferation.



Methodology for evaluating effective-
ness of preventative strategies is still
lacking. We did not review appropriate
sampling designs or procedures for evalu-
ating efficacy of preventative sprays in
high-value areas such as campgrounds,
scenic vistas, or urban areas. Nor did
we discuss approaches that might be taken
to evaluate effect of cultural treat-
ments such as thinning to reduce hazard
of SPB infestations. Both tactics are
cited as part of the 12 areas of new or
improved technology to be made available
by ESPBRAP. Therefore, we can conclude
that the needs of even the research sci-
entist have been met only partly.

Some methods for quantifying treat-
ment effects on an area-wide basis were
described. A sampling procedure for
estimating numbers of insects before and
after treatment was presented. Sampling
concepts, stratification to reduce sam-
pling error, and the relative merits of
aerial sketch mapping versus aerial pho-
tography were reviewed. The merit of
describing population in terms of pattern
and abundance was discussed and an example
of accessing an existing data base to
evaluate relative effectiveness of altern-
ative treatment strategies in an opera-
tional mode was presented.

We still do not have available an
efficient, reliable method for measuring
and projecting losses in units that re-
source managers understand: cords, board
feet, or cubic feet. Until such time as
we can express losses in these terms it
will be impossible for pest management
specialists to (1) effectively convince
small landowners that they should insti-
tute treatment, or (2) display to a forest
resource manager the consequences or
merits of alternative tactics in a quan-
titative manner. Consequently, acquisi-
tion of funds for large-scale projects
will continue to be more of a political
process rather than one based on sound
ecological and economic decision criteria.

IDENTIFICATION OF USER NEEDS--
A SHARED RESPONSIBILITY

Failure to meet anticipated program
accomplishments is not always the fault
of the research scientist. Frequently
potential users of new technology fail
to state their needs in quantifiable
terms. Thus it becomes difficult, if
not impossible, to assess whether or not
an R&D program is on target.

Recently I had the opportunity to
review several U.S. Air Force R&D pro-
grams. In each case, the R&D was in
response to a clearly and concisely stated
objective. The objective was quantita-

tively stated in terms of time require-
ments, output expectations, efficiency,
or resolution, to provide for a meaning-
ful measure of accomplishment. Similarly,
several years ago NASA assembled an R&D
proposal in the field of agriculture
aviation (NASA 1976). Their planning
document identified clear, concise objec-
tives and targets by which program accom-
plishments could be measured.

Most of us in the Forest Service
are familiar with the concept of manage-
ment by objectives. In this planning
process, objectives and targets are iden-
tified in terms of measurable outputs
and time frames. Users in today's audi-
ence must learn to formulate their re-
search needs in ways that will enable
scientists to give quantifiable results.
For example, users need to specify what
units of measure an output should be
recorded in, how many tactics of what
sort are desired, and what time frame is
appropriate for a postcontrol evaluation.

Joint development of objective state-
ments in clear, concise, measurable terms
is of great value to a research admin-
istrator, who could then measure the
progress of an R& program and be more
accountable to his user groups.

CONCLUSION

In conclusion, my evaluation of this
symposium is somewhat mixed. I am dis-
appointed that it was not more user-
oriented. On the other hand, a great
deal of promising methodology was pre-
sented. I am particularly glad to see
more interaction between universities,
Forest Service Research, and forest pest
management specialists than when I was in
the South. The involvement of univer-
sities in improvement of survey methods,
population estimation, and evaluation of
control tactics is particularly encour-
aging and should go a long way toward
achieving ESPBRAP objectives.

I hope that in the final years of
ESPBRAP an effort will be made to quantify
efficacy of control tactics in units that
resource managers can relate to, and that
users will give more thought to the def-
inition of specific data requirements.

I hope that my comments will be of

help and thank you for inviting me to
participate.
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A SECOND REVIEWER'S IMPRESSIONS

Ron W. Stark!?

As I understand it my charge is not
to summarize but to comment on this
symposium--its format and the degree to
which it met its planned objectives. I
could discharge my responsibilities in
30 seconds by stating flatly that its
format was excellent and participation
outstanding, and to my less-than-expert
eye expectations were fully met. But
that would not be appropriate for an
ex-Dean or an academician.

You have scheduled an hour so I feel
obligated to use at least a significant
portion of that time. I will give you
some personal impressions. There are
several things which impressed me con-
siderably.

First, the fact that you have in
hand all but one of the manuscripts of
the presentations, making possible the
rapid publication of the Proceedings.
Having been involved in two fairly large
efforts of a similar nature (the Mountain
Pine Beetle Symposium held last spring
and the Douglas-fir Tussock Moth Compen-
dium now awaiting the awarding of the
printers' contract), I am not unfamiliar
with the problems of publishing symposium
proceedings. I can only assume that the
ESPBRAP either has a very big stick or the
participants are dedicated, conscientious
contributors. I lean to the latter con-
clusion. I congratulate you all on both
the content and timely presentation of
these papers for publication.

My next impression concerns the
amazing degree of commonality emerging
from this program and the others I am
familiar with (The Douglas-fir tussock
moth program, the mountain pine beetle
program, and the gypsy moth program).
I suppose I should not be amazed be-
cause if one examines their original
original structure and the cross-
fertilization processes, one would ex-
pect a certain conformity or similarity.
But I know a large number of the partici-
pants in all programs, and as a student

1 Coordinator of Research, College
of Forestry, Wildlife, and Range Sciences,
University of Idaho, Moscow, Id.

of human nature I assumed that many would
seek to assert their individuality and
radical departures would occur. That
this did not happen (either here or in
the other programs) indicates to me that
the fundamental principles and methodology
of integrated pest management are sound.
The differences that appear are those of
intensity and quality, and I must conclude
after these past 4 days that this program
scores very high with contributions. I
believe that when the smoke settles, and
all R& monies are spent, someone will

be able to develop a set of principles
and protocol that will facilitate future
IPM programs for all pests. This program
will be a major contribution.

Another impression: since my early
association with aerial photography on
the western pine beetle I have become a
skeptic. The reports given here were
encouraging and I shall be pleased to
report to Bob Heller that aerial pho-
tography has once again assumed respect-
ability.

Although there were periodic lapses
to our former philosophy that the bug is
the center of the scientific universe,
it is quite clear that we are all now
recognizing that we are a part of forest
management and that our responsibility
is to provide (1) information to enable
managers to make better decisions, and
(2) technology to implement and evaluate
the consequences of those decisions. On
this tack, a decade ago few State and
Private people would have the courage to
make the heretical statements I have
heard here. Prior to that time bugs
were put on this earth to be controlled;
controls were always justified and almost
always effective, even if not measured.
There appears now, particularly in this
group, a commonality of purpose and under-
standing that is essential if research
and management are to be successful in
improving insect and disease management
practices.

Although I am greatly impressed by
what I have heard and look forward to
studying the papers in more depth, I
have a few impressions which are not
criticisms but which, if correct, indi-
cate need for continued emphasis.
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Frequently we heard hypotheses ad-
vanced; only a few times was this cast
as a null hypothesis. In the area of
pest management evaluation, we have a
tendency to forget the scientific method.
There were excellent papers reminding us
of what scientific methodology is, but
there were also statements which sug-
gested that we do not always practice
it. We have to be certain in this dif-
ficult area of biostatistics that we are
not using "cosmetic statistics" to prove
our position. Many recent advances in
statistical evaluation have been made
possible by computer power. That some of
you are aware of--even contributing to--
this science is obvious. It is less
obvious that all subscribe to the need
for com puterized statistics and solicit
help in implementing them. Perhaps it
is ignorance on my part, but I also felt
that utilization of historical records
was less than it could be. While these
are often in a form that will not stand
up to rigorous testing, we can learn
much from them.

Another area I was a trifle dis-
appointed in might be called an imbalance.
To my view, there was not sufficient
coverage of what Campbell calls 'crisis
prevention strategies." These are largely
cultural and long-term and their evalu-
ation probably will be difficult and
tricky. But prevention must be addressed
because we will hopefully be using more
such strategies in the era of pest manage-
ment.

Lastly--although it was treated in
some depth in one paper and referred to
in one or two others--the evaluation
processes discussed by and large did not
address the complexities introduced by
the National Forest Management Act. As
we know the Act mandates that National
Forests will be truly managed for all
resources. Further, although we may
designate a prime use, we must measure
the effect of that use on the other uses.
some kind of cost-benefit ratio must be
determined for each resource. There are
increased requirements in the evaluation
of effects on soil and water and other
somewhat prescriptive requirements. The
Act and its regulations will have signif-
icant implications for pest management.
For example we might be managing for
other '"pests" than herbivores. In a
planned high-intensity-use recreation
area, mosquitoes, deer flies, hornets,
etc., may require treatment. The same
size populations of SPB may be a problem
in one management unit but not in another.
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Or because of different management objec-
tives and outputs the net benefits in
eliminating SPB may make treatment im-
practical.

The final exercise, a case history,
was an imaginative and excellent way to
end such a symposium. I congratulate
you all on the high quality of the re-
search being done as demonstrated by
your papers, on your obvious commitment
to the objectives of the program, and on
an outstanding symposium that will make
a substantial contribution to the liter-
ature.
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