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Foreword

The increasing demand for forest products from a shrinking world
resource is posing new challenges to the forestry profession. The only avenue open
to meet these challenges is to increase the level of forest management. Insects that
affect reforestation reduce forest productivity by causing tree mortality, reducing
growthrates and lowering timber quality. Controlling these pests and their damage,
therefore, represents an opportunity for productivity increases and<cost reductions.
Management of reforestation insects requires an accumulation of scientific
knowledge, both basic and applied. It is the objective of IUFRO working party
$2.07-03 to serve as a networking medium for scientists working in this field.
Within this framework, information is exchanged and new ideas are generated. It
is my hope that this symposium, by enabling active discussions, and this volume,
which contains a fine sample of papers on the topic, will contribute to the improved
management of these pests.

I wish to thank the organizers of the XVIII International Congress of
Entomology, in particular Drs. G.G.E. Scudder and John McLean, for including
this symposium in the congress program. [ also express my gratitude to Bo
Langstrom, the co-chairman of the working group, for his work in organizing this
symposium.

The manuscripts in this publication were typed by Heather Matson and
Sandra Flarrow of the Pacific Forestry Centre. I thank especially Emil Wegwitz for
his invaluable technical assistance, and John Wiens and Poo Chee Graham of the
Pacific Forestry Centre for preparing the manuscript for publication.

René 1. Alfaro
Victoria, British Columbia, Canada
March 1989
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Insects affecting immature forests
- why we study them
and what they can do to us

P.M. Hall and D.E. Gilbert
British Columbia Ministry of Forests and Lands
Protection Branch. 31 Bastion Square.
Victoria, British Columbia, VSW 3E7. Canada

Abstract

The long—tgrln economic and social benefits of the forest industry are
depenf:ienton continuing production of desirable. merchantable tree species‘ Insects
can at_fecl [.his production in various ways throughout a rotation‘and ca.n éaus;
ex[ensnive disruptions to both short- and long-term timber yields. Insects aﬁ“ectiﬁ(7
plal?tutlon ‘establishment and growth to free growing status must be éonsidereg
during the initial site prescription and during the eztrl} growth stages LOS;CS and
dalpage by these pests affect the accomplishment ofshor;-lerm objebcti\./es a‘xid‘ " /
ultimately, have an impact on timber availability at maturity. A =

Résumé

‘ A long terme, les avantages sociaux et économiques apportés par I'industrie
forestiere dépendent d’une production continue de bois :
voulues. Les insectes peuvent affecter de diverses facons ¢
la durée d’une révolution et peuvent moditier considérab
court qu’a long terme. Les
lacroissance des plants jusq

marchand des especes
ette production pendant
. lement la récolte tant &
lnfectes influant sur I'implantation des peuplements et
P A el alijnz]ls;:nqu 155 seﬁisom’ntdégagés.dt? l.a concurrence doivent
B i Ealisl) s ent de I"'aménagement initial du terrain et durant

premiers stades de croissance. Les pertes et do
laréalisation des objectifs a court terme et peuven
sur la disponibilité du bois 2 maturité.

mmages qu’ils causent nuisent i
tultimement avoir une incidence

Introduction

i Forestry s a major worldwide industry. Management of forests is practiced
] y ’ . ~ . . . . ) )

UImfn);icoumrles for a variety of objectives including aesthetics. fuel production
pulp and paper production, and production of dimension lumber and panelling. In

l“dny areas, fOlCS[S leplesent da ma j I lc¢ i 1 )
X S ajo detOl‘ n Ihe economic an ) ié i
d SOCldl hedlth C f d

In British Columbia. the forest resource is the largest contributor to the
provincial economy. The forest industry directly employs approximately 10% of
the work force and supports about double this in secondary and indirect employ-
ment. Forest products including wood. paper. and allied products represented
almost 45% of the total of manutacturing shipments by industry in the province in
1985 and had an aggregate value of $8.5 billion (Can.). This was based on a harvest
rate of approximately 70 million m* per year.

The industry is supported by management programs implemented by both
governmentand private business. Forexample, in 1985/86, 116.6 million seedlings
were planted on almost 107 000 ha. A further 19 500 ha were treated in preparation
for natural restocking. This level of forest regeneration is expected to continue and
increase in the future. In addition to this planting and regeneration. over 31 000 ha
of young forests were spaced. fertilized, or otherwise treated to enhance production.
All of these activities are intended to assist in maintaining current production levels
over the long term.

Management of young stands will become increasingly important as high-
volume old-growth stands are replaced by lower volume second growth"? Mainte-
nance and protection of these stands will be a crucial factor in maintaining the forest
resource: as each tree becomes more valuable in terms of investment in establish-
ment and in terms of its contribution to future volume, losses to insects through
mortality, growth reduction, and deformity will be less acceptable. Efforts must be
increased to understand and deal with these pests.

Insects affecting young stands

Damage to the younger age classes has potentially serious impact to both the
short and long term. In the short term, losses to regeneration and younger stands
negate initial investments and require further effort to return the site to production.
Inthe long term, unresolved losses during early growth stages may have an eventual
impact on harvest volumes at maturity. In other types of stands, managed under
shelterwood systems, the understory represents future crops and must be main-
tained in a healthy state. Stand types such as the dry-belt Douglas-fir (Pseudotsuga
menziesii) forests in the interior of British Columbia must be managed in this
fashion due to extreme difficulty of regeneration after clear-cutting. Loss of
immature understory through pest damage can totally disrupt management ot these
sites for long periods of time.

Orders of insects affecting young stands include Lepidopterans such as the
black army cutworm (Actebia fennica), western spruce budworm (Choristoneura
occidentalis), and the Douglas-fir tussock moth (Orgvia pseudotsugata). Coleop-
teran pests include Scolytids such as Ips sp and Curculionids such as terminal
weevils (Pissodes spp.) and root collar weevils like Hylobius warreni and Sterem-
nius carinatus. Adelgids may also affect young stands and may influence seed pro-
duction and require management effort. These examples represent only a small
fraction of the insect species of real or potential concern.




These pest groups affect trees and stands in several ways: through outright
mortality. caused either quickly or over a period of years: radial or hei:zht grovtth
re‘duction which reduces eventual yield: and deformity which may reduc% th; value
of trees or render them noncommercial. A few examples illustrate these potentials:

1) Black army cutworm

. Prior to about 1960, this insect was considered an agricultural pest. However
.wnh the increase in reforestation efforts and associate(; prescribed Bdrninv this.
insect has been noted more and more as a possible serious problem in cf-orest
plantations. It feeds primarily on herbaceous growth on sites recently burni'
however, when insect populations are high and such growth is inadequate for thei;
need.s. these insects will consume foliage on newly I)Iallted coniferous seedlings
causing growth loss, top kill, and mortality. Planting schedules have been disru leii
tp avon.d planting during insect infestations and some areas have been l'eblar]?ted
tqllowmg damage. But. questions remain unanswered: How do large populations
of th'is insect arise? what are realistic damage thresholds? How c;n this ;st bé
monitored or predicted? What does the damage mean in terms of the lnge(.i for
treatment or eventual impacts on timber supply?

2) Terminal weevils on spruce and pine

Terminal weevils on spruce and pine attack and kill the terminal shoot of
younger trees. The resultant damage takes the form of crooks and multiple tops and
Inextreme cases of repeated attack, can lead to suppression of crop trees and render‘
a stand noncommercial. In some areas of the Province, spruce is no longer planted
even though it would be the preferred species, because of the potential ot?the weevili
We do not have acceptable treatments for this pest, nor are we confident about lheir.
long-term effect on timber supply. What are realistic economic damage thresholds?
Are we confident in our knowledge of these species biology, po ulat?on d ——
and relationship to their hosts? b ai Wisilos:

3) Western spruce budworm

The. western spruce budworm is a frequent defoliator of Douglas-fir forests
ondryer sites. Although the biology of this insect is quite well unde;stood rherc; lS
great concern regarding its impact on immature age classes in stands mana(véd unde;'
selective cutting regimes. Damage to these trees includes topkill leading tgmulti le
leaders and mgrtality. What population densities cause unacceptable locss? Wha?i%
the long-term impact on timber supply? What treatments are possible in the short;

term and hov.v can management regimes be modified to reduce impacts over one or
several rotations? 3

These pests and many others affect young stands. Roots. stems, foliage. and
terminal shoots of most coniferous species of importance are affected by these
insects and all such pests must be at least considered in forestry. Although many may
prove to be innocuous or prove to have little impact on timber supply. many of these
pests require study and assessment.

Insects. with their unique life cycles and quirks, cause a wide variety of
damage. Population dynamics ditfer. ruled by ditfering environmental and biologi-
cal factors. All of these aspects need to be studied. not for interest and scientific
curiosity alone, but because understanding of the way pest populations function in
relation to their host will allow us to quantify and predict damage. estimate its
impact on management objectives, and develop effective treatments or manage-
ment modifications, if necessary.

L]

Considerations for management

Effective pest management is based on three activities: detection; impact
assessment: and application of treatment where and when required. Evaluation of
the treatments is also necessary in terms of impact on insect populations. host
responses, and costs. These factors can then be integrated into management
systems.

Treatments include application of direct control methods to reduce short-term
damage and long-term silvicultural manipulations to avoid damage or limit damage
over the long term. All of these activities require understanding of the biology and
population dynamics of particular insects and insect complexes. Relationships
between insects and diseases and their interaction with host trees must also be

understood.
Detection

Detection and monitoring of potential insect pests is necessary to locate and
delineate problem areas so that possible losses can be quantified and treatment
applied. Adequate insect population monitoring can detect pest buildups prior to
outbreak, thereby allowing early treatment and minimization of damage.

Study of potential problem insect species is required to allow effective
monitoring. Life cycles must be detailed so that detection systems are carried out
at the proper time of year to tfind conspicuous stages. Pheromone communication
systems must be determined, identitied. and quantified. Use of such chemicals
greatly facilitates population monitoring and. sometimes. control. However. the
chemical ecology of a species must be well understood before it can be used.
Population factors must be determined that indicate rising and declining levels. As
well, mechanisms of natural control such as climate, parasite/predator complexes.
viral agents, and others must be understood so that survey data can be properly
interpreted. Management decisions are based upon the quality of short and long-
term predictions on insect abundance and impact.




[III]]({(‘[ assessment

Impact assessment is. perhaps. the most vital component in forest pest
management. Insects are only pests when they cause unacceptable damage in terms
of management objectives. Many insects feed on or affect parts of trees: but what
is the actual impact? Is the loss of a few seedlings or centimetres of growth
important enough to warrant the application of rather expensive treatments for
short-term alleviation of damage? Even changes to cultural management methods
toavoid certain losses over the long term incur some costs that may not be warranted
if the problem turns out to be trivial.

In British Columbia. one of the objectives of forest management is to ensure
a steady supply of timber for lumber and pulp and paper production. The annual
allowable cut (AAC) is determined after consideration of existing mature inventory,
regeneration potential of harvested areas. associated growth and yield projections,
and industrial requirements. Impacts on continued yield caused by insect pests of
young stands lie in the area of decreasing future harvest as predicted from growth
and yield models, or in the underestimation of the growth potential of a particular
site or tree species.

Impact assessment is the vital link that connects initial detection of an insect
to the selection of the most appropriate course of action. Impact assessment must
flow from an initial appreciation of the objectives of the forest manager. The
objectives of the production forest manager, amenity forest manager, and private
land owner are each different and their willingness to pay for a control treatment is
the best indication of their current intuitive evaluation. But, intuitive evaluation is
insufficient to resource managers who are concerned with allocation of often scarce
resources to a wide spectrum of potential courses of action. Adequate information
on impact is required for consistent, rational decision making.

Damage, as reflected by lost timber production. must be evaluated from two
aspects. The sustainability of long-term timber supplies over many decades and the
impact on short-term timber supplies of a few to twenty years in duration.

In evaluating timber supply impacts over several rotations. an appraisal
should notdwell on the fine points of an individual insect s lite cycle. buton broader
questions. How many outbreaks of a particular pest can be expected over the
planning time frame? How long will it be before the next infestation of a particular
pest? When the infestation returns, how severe will it be and of what duration? What
level of loss or damage can be expected? These questions dominate the determina-
tion of long-term timber supplies and the selection of appropriate management
strategies.

The development of short-term. 20-year impact assessment tools is no less
important. These tools must reflect the projected population growth of the infesta-
tion under varying treatment scenarios, as well as a projection of impacted volumes.

As Reed and Errico (1987) demonstrated, the impact of mountain pine beetle
(Dendroctonus ponderosae) was not significant over the long run, but did affect
short-term capabilities. One must take note of such statements. especially when

talking to mill operators whose 5- or 10-year timber supply has just disappeared.in
a frenzy of feeding. Short-term protection action will be taken based on short-term
amage projections.
ddmac;hi‘ ijef:;t;(;ixwt in damage assessment is that it must be COllfiLlctcd with'in a
framework of management objectives. As entomologists, one of our tasks is to
understand the management context of specific insects. and ensure that Ihc. neces-
sary data is gathered during the initial research tp address the as.sc.ssmem vlssue.s. ‘
The assessment and evaluation of damage is key to detern‘llmng the status ot‘
an insect as a pest and to determining the type of treatment .rqulred: the amou‘nl‘ ot‘
damage sustained must always be compared to forestry objectives and the costs of
available or potential treatments.

Treatment

Treatment of pests to alleviate damage has long been the main area of intere;st
for forest entomologists. The history of operational pest managementis sti@wn with
examples of applications of pesticides or other treatm.eng to co~m‘bat appa\1ent{y
significant occurrences of insect pests. In the past. a]?phcanons of tleatme'nfs w'elf;
somewhat haphazard and resulted in varying levels of success. Now. both direct anc
indirect (i.e., host manipulation and management) treatment‘s are much more
consistent in obtaining positive results. Why? Because there is a greater under-
standing of the pest and host biologies and interactions.. A

Development and application of treatments tht will be effective in 1e.d9L’111g
damage to acceptable levels requires detail?d 111t(3r1naF1F)11 on the .h‘flblts .‘“l])d
phenology of pest insects and their hosts. Life cycles of insect spe.:c1es.111ust e
known so that stages amenable to some form of management can be 1dent1t|§d and
so that treatment windows or opportunities can be defined. Factors sucli as climate,
temperature regimes and needs, and photoperiod requirements that alft‘ecl thé 1;te
of development of both the insect and the host must be I.horou.gh.ly under stood‘so t‘ ﬁ
management can be imposed in such a way as to 'ﬁiVOld or limit damage \ybllé ?Ild
allowing the achievement of management objectives. Dispersal ‘mec‘h‘ammls fm‘
patterns of target insects must also be well understood as these will affect efﬂcacy
and timing of treatments. Identifying, synthesizing. and using pheromone s)./ste}m
will allow much more effective monitoring and treatment programs. The ob‘|ectt1ve
in limiting damage is to treat the smallest area possnble at thc.eurllest stage poss{ble.

Direct control of an insect population requires detailed knowledge of ‘Ihe
insect and some knowledge of the host. Indirect control of in.sect pests requires
extensive information on the entire ecological system in ques.tlon. & ‘

Over the long term of one to several rotations. achlevem'ent of t.141]1.b61
production goals will only be possible if insect problems are‘c‘on:s‘lder.ed.pl101 fo
establishment of plantations and during subsequent growth. Eﬂectn@ 511v1culfu‘1al_
management regimes that reduce or avoid pest—cjaused losses are‘poss‘lbvle f)n!y a;te(li
the biology and population dynamics of potential pests z.md their I?o.sts‘)zue stud 1e
and understood. What stand characteristics encourage insect activity? How can




these characteristics be manipulated within the constraints imposed by site and
climate factors? The detailed relationships between an insect pest species and it’s
hosts must be defined before effective management is possible. This will require the
close collaboration of entomologists, silviculturists. and those in other forest
management disciplines.

Future roles

Timber production, or other forest resource objectives, will continue to be a
major contributor to many economies over the next few decades. Projections
indicate that demand for the spectrum of forest products will increase over present
levels. Yet, a variety of biological and social factors seem to show that the capacity
to meet these greater demands will decline.

Population increases and resultant urban spread will reduce the area available
for forest production. Alienation of forest land due to wilderness, agriculture, range,
and other demands will also reduce the total productivity. In some areas, conversion
of old-growth stands to second-growth forests, which produce lower mature volume
per unit area, will further reduce our ability to maintain or increase production.
Shorter rotations, increased tending, and decreased resident pest influence may
counterbalance this somewhat. At the same time. the value and costs associated with
establishing managed forests will climb. These managed forests and the individual
trees within them represent an investment requiring greater tending and protection.

Forestentomology. and pest management in general. will be needed more and
more to ensure that our management objectives are met. As entomologists, we must
identify those pests which have the potential of disrupting management goals. The
damage inflicted by these insects must be identified and quantified: it is just as
important to label an insect as a trivial problem as it is to identity hona fide
management issues. We must be able to concentrate effort where the returns are
greatest.

Once pestissues are identified, management regimes to reduce the losses have
to be developed and put in place, preferably through application of silvicultural
techniques. Direct control options must also be developed and maintained for those
situations where they are needed. The overall aim is to develop and implement
integrated forest management practices which contribute to achieving forestry
objectives in a cost-effective manner.

Insects affecting immature forests will be receiving greater and greater
emphasis as forest management efforts increase. Our challenge is to provide the
solutions to the problems posed by these insects. These solutions must be based on
concrete information rather than speculation and the solutions must be compatible
with standard forestry practices. The challenge is real: pest management holds one
of the keys to maintaining, or enhancing. the role of forestry in the economy.

9
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Use of truncated life tables to assess
importance of factors affecting
reforestation

William E. Waters
College of Natural Resources
University of California
Berkeley. California USA 94720

C.J. DeMars
USDA Forest Service
Pacific Southwest Forest and Range Experiment Station
Berkeley. California. U.S.A. 94701

Abstract

A record of seedling injury and mortality in a life table format. based on 2-3
examinations a year, provides a comprehensive data base for analyses of the direct
and interactive effects of insects, diseases. and other factors on survival of planted
trees. Cohort life tables logically begin with time of planting, and may extend for
3 or more years depending on the age span of interest. Current, or time-specific,
ledgers are constructed by including a range of plantation age classes at the start.
Both real and apparent mortality percentages should be used for analysis. The
critical time intervals can be determined in terms of seasons or years. The relative
importance of recorded mortality-causing agents or factors (including unknown)
operating within critical intervals can be assessed by multiple regression using
appropriate models for real and apparent mortality. Patterns of injury and mortality
can be compared among ownerships and site types. Correlations of mortality with
seedling source and age, site features, site preparation, and other factors can also be
assessed. Twoexamples are described: (1)astudy of Douglas-fir seedling mortality
in northwestern California. covering the first 3 years following planting; and (2) a
study of mortality of white pine in South Korea, encompassing five age classes of
plantations.

Résumé

Un relevé des blessures infligées aux semis et de leur mortalité présenté sous
la forme d’une table de survie établie A partir de deux 2 trois examens par année
constitue une base de données globales & partir de laquelle il est possible d analyser
les effets directs et réciproques des insectes, des maladies et autres facteurs sur la

survie des arbres plantés. Les tables de survie des cohortes commencent logique-
ment avec le moment du plantage et peuvent porter sur trois années ou plus, selon
la période d’étude souhaitée. L'inclusion d'une gamme de classes d'dge de
plantation dés le départ permet de batir des registres de I'année en cours ou propres
aune période particuliere. Les pourcentages de mortalité réelle et apparente doivent
étre utilisés lors des analyses. Le ou les intervalle(s) critique(s) peut ou peuvent étre
déterminé(s) en fonction des saisons ou des années. L'importance relative des
agents ou facteurs (y compris ceux d’origine inconnue) observés et causant la mort,
agissant pendant des intervalles critiques, peut étre évaluée par une régression
multiple &1'aide de modeles appropriés surlamortalité réelle etapparente. La nature
des blessures infligées et le régime de mortalité peuvent étre comparés d’un type de
tenure et de station a I'autre. Les corrélations entre, d'une parf. la mortalité et,
d’autre part, I'origine et I'dge des semis, les caractéristiques de la station, la
préparation du terrain et d autres facteurs peuvent également €tre €valuées. Les
auteurs décrivent deux exemples: (1) une étude de la mortalité de semis de douglas
taxifolié dans le nord-ouest de la Californie pendant les trois premiere arthées apres
leur mise en place et (2) une étude de la mortalité de pins blancs de la Corrée du Sud
formant des plantations de cing classes d age.

Introduction

The occurrence of injuries and mortality in forest plantations is easily
observed and recorded. However, identification of the causal agents or factors is not
always easy due to their disappearance. time lags in effects, or other reasons.
Moreover, mortality may be due to a combination of agents or factors operating to-
gether or in a sequence. For these reasons, if the factors affecting growth and
survival in reforestation areas are to be fully understood and assessed, we need to
have a basic record of seedling injury and mortality by all apparent causes over a
meaningful span of time — beginning logically with the time of planting. Appro-
priate methods of data analysis then must be used to reliably evaluate, insofar as
possible, the direct and joint effects of the factors involved. including insects.
Effective protection and management of reforestation areas would seem to require
a holistic approach.

This sort of comprehensive data base constitutes a truncated life table. Many
forest entomologists are familiar with insect life tables (e.g.. Morris and Miller
1954: Stark 1958; Campbell 1967: Southwood 1978: Mason and Torgersen 1987).
These are perhaps the most complicated life tables to compile because of problems
in sampling the successive stages, overlapping stages and generations. insect
mobility. the need to estimate the proportion of females and fecundity. and other
difficulties. Tree life tables. and truncated life tables of plantation trees in particular,
are much simpler (Waters 1969: Silvertown 1987). The objects of interest are large
and stay in place: sex of individuals is not a factor: time. age. or size intervals used
for given cohorts are discrete and non-overlapping: and sampling error in succes-



sive examinations is eliminated by using a fixed number of seedlings at the start and
examining each surviving individual thereafter.

Let us briefly@ummarize the major features and procedures of the life table
approach applied to forest plantations.

Plantation and plot selection

Forreal insight into the range of etfects and relative importance of the agents
or factors affecting growth and survival. a basic requisite is that the number and
distribution of selected plantations must be sufficient to adequately represent the
universe of interest, however it is defined. It is tempting to confine detailed obser-
vations, as called for by a life table study. to a very few locations. But the findings
from these data will be correspondingly limited and of questionable applicability
elsewhere. With a broader based study. purposetul stratification by ownership (or
other management units) or'by habitat type (or other ecological units) will permit
useful comparisons of trends in cumulative mortality and of the incidence of causal
agents or factors over time among these strata.

The rationale for plot selection is different from that of a conventional pest
survey, where the number of plots required is based on a desired precision of
estimate for each plantation. For a life table study, each plot is considered a separate
entity, and the data from each is compiled as a single life table. It is not a sampling
unit for the plantation per se. Therefore. only a minimum number of randomly
selected plots (2-3. in most cases) is needed to reflect the conditions in each
plantation.

Plot size can be specitied in terms of area or number of trees. If tree density
is to be investigated as a factor of importance. an area basis should be used.
Otherwise. a fixed number of trees is more advantageous. In the two studies that we
will describe later, the individual plot size was 100 seedlings at the start of the study.

Frequency of examinations

At least two examinations should be made each year: the first at or just prior
to bud break to cover overwintering and early spring conditions, the second in the
fall to cover conditions through the growing season. An additional midsummer
examination provides a finer-tuned record of injuries and mortality and a better
opportunity to see some insects and other agents in action.

Record of injuries and adverse symptoms

A continuing record of injuries and adverse symptoms by part of seedling and
probable cause provides information on (1) nonlethal effects (such as browsing
damage) causing reduced seedling growth and quality, and (2) specitic precursors
to mortality. Multiple injuries frequently occur and this record is helptul in judging
cause of death.

The mortality ledger

The basic data are simply a count of the number of seedlings live and dead.
with probable cause of the latter noted. in each plotateach exumingtion time'. These
plot counts are converted to real and apparent mortality values 1"01‘ zTnuly:sns. Real
mortality is the number of seedlings found dead at each exummatlol? time as a
percentage of the number alive at the start of the study (i.e..time of planting or other
starting time). It is the best measure forevaluating the relative importance of factors

operating within the same generation (Southwood 1978) and their etfects on crop
yield (Harcourt 1970). It is also used for plotting and analyzing cumulative
mortalities over time. Thus, it is the mortality figure of most interest to forest
managers. Apparent mortality is the number of seedlings found dead at each
examination time as a percentage of the number alive at the beginning of that time
interval (i.e., the number recorded as live at the time of the previous examination).
It better reflects the regulating influence of ditferent factors on sunvwal over
multiple generations, which is why it is used for the analysis of insect life tables.
However, it also is useful for comparing the effects of different factors operating in
a given time interval, or the effects of the same factor in different locations (South-
wood 1978).

The basic mortality data can be subjected to a variety of statistical analyses
to: (1) compare mortality among time intervals (including seasons and years); (2)
compare mortality among geographic locations, ownerships, habitat types, or other
strata; (3) compare mortality among seedling sources, stock types (e.g.. bare-root
and containerized), or other seedling categories: (4) assess correlations between
mortality and competing vegetation, site preparation, and other site faclgrs: and .(5)
probe systematically into the actions and interactions of the mortality-causing
agents or factors recorded. We will focus on this latter aspect here. . :

Direct assessment of the relative importance of different mortality-causing
agents or factors operating on seedling populations is difficult, it not impossiblé. tor
the following reasons: (1) their effects, individually and jointly, vary greatly from
place to place and over time, usually in an inconsistent manner; (2) insects, disease.
weather, and other agents or factors interactin a variety of ways so that the real etfect
of any one cannot be discerned and evaluated from a record of its occurrence alone;
and (3) there are time lags in the sequence of mortality effects, i.e., mortallt){ occur-
ring in any given time interval may be due to the direct and joint eftects of a.gents
or factors operating in one or more prior intervals. For these reasons. simple
correlation and regression methods may produce spurious or misleading informa-
tion. :

In order to cope with these difficulties. we recommend the hiera'rchl.cal
modeling approach suggested by Watt (1961) and the analysis of determl‘nanon
procedure described by Mott (1966). used successtully in the analysis of some
insect life tables (e.g.. Campbell 1967), and by Morse and Kulman (1984) ina study
of factors affecting plantation white spruce mortality in Minnesota. This involves
using multiple regression todiscernin turn: (1) the time interval(s) in which the most




critical mortality occurred: and (2) the most important agents or factors responsible
for the mortality in these intervals.

The specific models used for these analyses are as follows:

Analysis of time intervals—Ditferent models are required for real mortality
and apparent mortality.

! M, M, M
Real Mortality Model: Ne=Nj|1-{ — +— + ... AL )
N() N(i N()
=N - -M, - - M
where
N. =

+ = number of seedlings alive at end of time interval n (end of study);

N, = number of seedlings alive at start of time interval | (e.g., time of
planting):

M,,  =number of seedlings dying in intervals | to n.

Apparent Mortality Model: N, = N, x S, xS,..xS

n

Converted to logarithms to make it additive. this becomes
LogN, = logN, + logS, +logS, + ... + logS
. =y

where N, and N, are the numbers of seedlings alive at the end of time interval n

and start of time interval 1, respectively,
andS ,  =number of seedlings surviving at end of each time interval as a

percentage of the number alive at the start of the interval
Each survival value = 100 - apparent mortality %

; The relative importance of real mortality occurring in the successive time
intervals can be evaluated in two ways: (1) direct assessment of the real mortality
values — by definition. the interval with the highest mortality is the most important
other .intervuls with significantly large values may be judged critical; (2) variance:
cov.arlance analysis, where a variance-covariance matrix is calculated, and the
variance-covariance components are expressed as percentages of total variation in
Fhe dependenf variable N, — these percentages, or partial r7’s, signify the relative
Importance of the direct and joint effects of the respective “independent” variables
indetermining variation in seedling survival through the period of the study. If both
procedures are used, the results can be compared and interpretations of importance
stated accordingly.

The relative importance of the successive intervals in terms of apparent mor-
tality occurring in each can be assessed only by variance-covariance analysis. Direct
comparison of mean apparent mortalities is distorted by the change in base numbers
from which they are calculated. The variance-covariance matrix is calculated from
the apparent mortality model. and the variance-covariance components are evalu-
ated in the same manner as those for real mortality.

Analysis of agents and factors operating within time intervals —We recom-
mend that this phase of analysis first be directed at causal categories, e.g., insects,
diseases. or weather. rather than specific agents or factors. The record is more
complete and reliable. and it is reasonable. we think. to determine if a particular
category is really important before probing into it further. Also. when there appears
to be more than one cause of mortality, it should be so recerded rather than
attempting to arbitrarily assign a single cause. This means that a listing must be
developed from the individual seedling record and summarized tor plots of the com-
plete array of single and combined causal categories. For the study of Douglas-fir
seedling mortality described below, we developed a list of 35 categories including
insects, diseases. animals, mechanical, planting, weather, and unknown as single
categories, plus the double combinations thereof (e.g., insect-disease), plus a
category of each with “other™ (e.g.. insect-other) which took care of the few cases
where three or more causal categories were recorded. We also had a category of ““lost
or missing.”

The basic data on mortality due to these causal categories can be converted
to both real and apparent percentages. and analyzed as such. For the Douglas-fir
study, we used only real mortality because it more clearly expressed for the forest
manager the degree to which the different categories of causal agents and factors
affected seedling survival.

Two measures of importance can be applied to the real mortality data at this
level also: (1) direct assessment of the real mortalities associated with the different
causal categories; and (2) variance-covariance analysis, using the partial r* values
for the variance-covariance components as the criterion for evaluation.

For direct assessment, the data should tirst be summarized for all causal cate-
gories recorded in the critical intervals. These are mutually exclusive as categories,
but not so for the agents or factors involved. For example, insect effects will be
included in the insect category and in all of the other categories that include insect
damage. When summarizing the data for specific time intervals, it is likely that one,
or a very few, of the primary categories will appear in combination with many of
the others. The full influence of any primary category. therefore, is revealed more
clearly if the data are regrouped to show its total occurrence. To fully assess insect-
related effects, for example, the real mortalities for the insect category alone and all
other categories that include insect damage are added together. The same is done for
each primary category, and a definite pattern emerges.



The general model for the variance-covariance analysis of causal categories is

M, =M +M,+ ..+ M
where M, = Total real mortality for a specitied time interval;
‘ M, , | =real mortality due to or associated with categories 1,2, ... n in the
specified interval.

A variance-covariance analysis at this level presents a seemingly complex
picture. Because the causal categories include many combinations of the primary
categories of agents and factors, and are duplicative in that sense, significantly large
covariances appear commonly in the matrix. However, these covariances also
provide clues to real interactions among the primary agents and factors that may
have ecological and management implications. Additional studies are needed to
investigate these in proper detail, but at least some priorities are suggested.

Variance-covariance analysis of apparent mortalities associated with causal
categories within time intervals is even more difficult to interpret and is not
recommended.

Case study 1: Douglas-fir seedling survival in northwestern California

A 3-year study was conducted of factors affecting survival of Douglas-fir
seedlings planted in recently harvested areas in Humboldt and Del Norte Counties,
California. A total of 44 plantations were selected from a listing of 196 planted in
1984 in proportion to the numbers available by county and ownership. Seven own-
erships, or management units, were included — four private companies and three
ranger districts of the Six Rivers National Forest. Each plantation had two plots with
an initial number of 100 seedlings each. Three examinations were made each year,
which provided data on injuries and adverse symptoms and mortality occurring in
nine time intervals following planting. Extensive analyses were made of these data
(Waters et al. 1988).

Total real mortality in individual plots varied from 0 to 99.0% . Mean total
mortality for the different ownerships ranged from 14.0 to 70.7%. The trends in
cumulative mortality differed significantly (Figure 1). Calculated as polynomial
curvilinear regressions, the linear components were significantly different; the
curvilinear components did not differ signiticantly. The analyses of data in the life
table format for time intervals produced similar results with both real and apparent
mortalities, and for the real mortality, using both direct assessment and variance-
covariance analysis. Seedling mortality occurring in intervals 2 and 3 (from late
spring to fall of the first year) was most important overall: mortality in intervals 1,
4,7,and 9 also was critical in some ownerships. Within intervals 2 and 3, both direct
assessment and variance-covariance analysis showed that planting and weather-
related effects were most important, with insect, animal, and unknown factors
causing noticeable mortality also. In subsequent intervals, the effects of poor
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planting and adverse weather were much reduced and mortality due to unkno
factors. disease, and insects was more important.
e G “white pine in reforestation areas in
Case study 2: Factors affecting survia al of white pine in refc
South Korea

This study was initiated in 1987. Itis intended IQ be Carl'iéd 01.1 f01'.u perloq ((;:
at least 3 years. It includes 30 plantations localecli in .the no.lthem pll'ovmdce;mt
Kyonggi-do and Kang-won-do. where Korean wI11Fe pine has .bee!? p ‘u]l‘tet' 1“()];S
extensively. The plantations are stratified by elevation zone, }N‘l‘th hv‘e p‘d?] a : ;r
in each of two counties in each of three zones. In each set' ot t.we pld‘?td“.o-l?s"[?]f
county, there is one plantation in each of five age classes diftering byl_ ycatlus ’mg
planting years chosen were 1987. 1984, 1981, 1978, and 197.5..The p o‘t se ‘p.t ‘
data recorded are similar to the Douglas-firstudy. e.xcept that JUSI' two exal.mnatﬁ:s
are made each year. Given a 3-year record of injuries and mortality. we will bel ah’e.
to construct a broader based life table analogous to the current type of ledger. Ithas
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been. recommcnded that this approach be used to monitor plantations of other tree
species of value in South Korea.
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Abstract

Intensive fertilization and weed control can yield dramatic increases in pine
productivity, thereby shortening rotations and increasing annual yields from
managed forests. Large-scale application ot these practices. however, may lead to
serious insect and disease problems. Observations of small-scale pilot studies (two
pine species and four combinations of fertilization and weed control) near Gainesville,
Florida, U.S.A., showed tip moths, Rlivacionia spp., were more abundant on Pinus
taeda than on P. elliottii and that incidence and severity decreased with increasing
intensity of fertilization and weed control. Pitch moth. Dioryvciria amatella, oc-
curred about twice as often on P. elliottii as on P. tueda. and was most abundant on
plots receiving the maximum fertilizer and weed control treatment. Pine webworm,
Tetralopha robustella, showed no consistent relationship with cultural treatment
while needle midges, Contarinia spp., were most abundant on untreated control
plots. None of the insects alone caused a significant amount of injury. but
interactions with disease organisms resulted in sufficient dead and deformed trees
to suggest potentially severe pest problems it intensive fertilization and weed
control are applied to large areas.

Résumé

Une fertilisation et un désherbage intensifs peuvent entrainer des augmenta-
tions spectaculaires de la productivité des pins, rabaissant ainsi leur dge d exploita-
bilité et augmentant le rendement annuel des foréts aménagées. L utilisation a
grande échelle de ces deux méthodes peut toutefois provoquer I'apparition de
graves problemes d’insectes et de maladies. Des observations effectuées dans de
petites parcelles d’étude (2 essences de pin et 4 combinaisons de fertilisation et
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désherbage) prés de Gainesville (Floride). aux Etats-Unis. ont monn-’é que les
tordeuses des pousses (Rhyvacionia spp.) €taient phlu,s a.lb(?ndafnes sur Pm.ux taeda
que sur P. elliottii et que leur illci§e|1ce et l‘eu1.‘ gra\{lle dlmlnu,men[ propornopnelle-
ment 2 I"augmentation de I'intensité de la fertilisation et du désherbage. La mineuse
résineuse (Dioryctria amatella) €tait deux fois plus fréquente sur P. elliortii que sur
P. taeda et était la plus abondante dans les parcelles qui avaient recu les plus fortes
doses de fertilisant et d’herbicide. I n'y avait aucune relation logique entre les
populations de la chenille tisseuse du pin (Tetralopha robustella) et le traitement
cultural. tandis que les cécidomyies des aiguilles (Contarinia spp.) étaient les plus
abondantes dans les parcelles-témoins qui n"avaient recu ni fertilisation ni désher-
bage. Aucun des insectes ne causait & lui seul une quantité importante de dégts,
mais I'interaction de ces insectes et d’organismes pathogenes a etrainé la mort et
provoqué ladéformation d un nombre suffisant d arbres pour permettre de supposer
que I"application de traitements fertilisants et désherbants intensifs sur de grandes
superficies pourrait entrainer I"apparition de graves problémes d’insectes et de
maladies.

Introduction

Forestry is a major industry in the southern United States. In Florida there are
over 6.3 million ha of commercial forests with nearly 50% being pine forests. Each
year about one-fortieth of this pine area is harvested and replanted. primarily with
slash, Pinus elliottii Engelm. var. elliottii. and loblolly. P. taeda L., pines. The
pulpwood. sawlogs. and veneer logs harvested from these lands support nine
pulpmills, 137 sawmills, and 13 veneer mills employing some 57 000 persons
(Turner 1983). Much of the forest land is distant from the mills and transportation
is a major expense in securing the desired quantities of raw materials. Many
industrial foresters therefore are interested in increasing fiber production on nearby,
high-quality land, thereby reducing transportation costs and decreasing the overall
costof wood procurement. Observations in the southern hemisphere show that pines
have the potential to grow more rapidly than typically observed in their natural
range. For these reasons, a small-scale study was initiated in 1983 to determine the
biological growth potential of loblolly and slash pines, the two species most
frequently planted on the coastal plain of the southern United States. The objective
of this paper is to report on the occurrence of forest insects through year 4 of the
study.

The maximum growth study was initiated by the Intensive Management Prac-
tices Assessment Center (IMPAC), a federal. state. and industry cooperative located
in Gainesville, Florida. Detailed descriptions of the study site. experimental design,
and methods are contained in Comerford et al. (1985). Briefly. the site is typical of
many slash pine sites in northern Florida. the topography being nearly level and the
surface soil being sandy and somewhat poorly drained. The 2 x 2 x 2 factorial
experiment consists of two pine species. two levels of tertilization. and two levels

of competition control (Table 1). Three replicates follow a natural moisture gradient
which, when augmented with supplemental irrigation, permit some inferences
about moisture effects. One-year-old pine seedlings were hand planted during
January 1983 at 1.83-m intervals in previously prepared beds. Treatment plots were
12 trees long and nine beds wide: measurement plots of 40 trees were eight trees long
in the central five beds.

Tree survival and growth through year 4 are reported in Swindel et al. (1988).
Figure [ illustrates how continuous elimination of either nutrient deficiencies or
int%rspecific competition increased the height growth of both species and how
combining the treatments yielded even greater height gains. Average DBH values
(diameter:n breastheight) followed the same pattern for the four cultural treatments.
Diameter and height differences among the three replicates were small and not
significant. Measurements of diameter and height over a [-yeaw period indicated
th:n the fertilization and competition control treatments increased annual growth by
increasing the growth rates and by extending the growing season. Tree survival
through year 4 averaged 93% and was not influenced by any treatment,

Table 1. Treatment symbols and descriptions. IMPAC research plots. Gainesville, Florida.
1983-1986

Symbol Description

Fertilization

E; No supplemental fertilization

E, Trees individually fertilized four times during each of the
first two growing seasons and three times in years 3 and 4

Competition control

H, No competition control after initial site preparation
! . . . ~
H, Herbaceous competition controlled by periodic application ot
herbicides: woody competition mowed by rotary cutters in
year |.
Moisture regime
W, Replicate located on driest portion of the site. No
)
supplemental water applied.
w Replicate located on wetter portion of the site and which was

occasionally irrigated during dry periods.
W, Replicate located on wettest portion of the site and which
was irrigated at 3-day intervals during dry periods in years 2, 3.

and 4.
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Figure 1. Mean height of loblolly and slash pines after 4 years of intensive fertilization and
competition control. IMPAC Research Plots, Gainesville, Florida, 1986. (Drawn from data
in Swindel et al. 1988).

Insect incidence and severity, 1984-1986

Our involvement in the IMPAC research project began in the spring of 1985
when project scientists became concerned about the high incidence of tip moth,
Rhyacionia spp., injury on loblolly pines. Subsequently we recorded insect and
disease occurrence for each tree on the 40-tree measurement plots during July 1985
and each winter thereafter. At the first observation we noted any evidence of tip
moth activity during 1984 (the second growing season for the plantation) as well as
the relative abundance of tip moths, i.e.. the proportion of the new shoots infested,
during early 1985. The number of active pitch moth', Diorvctria amatella (Hulst),
infestations were also recorded for each tree. Signs and injuries of other insects were
noted whenever they occurred.

| 5 T Ve s o ‘ ic i i i

The Entomological Society of America common name for this insect is southern pine
coneworm, but pitch moth is more descriptive of its biology and injury in young pine
plantations.

9
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Tip moths

Only 8.3% of the 448 slash pines were infested by the subtropical pine tip
moth. Rhvacionia subtropica Miller, during the second to fourth growing seasons.
In contrast, 819% of 454 loblolly pines were infested by the Nantucket pine tip moth,
Rhvacionia frustrana (Comstock). during the same 3 years. Overall incidence on
loblolly pine was greatest in year 2 and declined in years 3 and 4, although incidence
on the check treatment (F H, ) peaked a year later than on the other treatments (Table
2). Second year incidence rates for the four cultural treatments averaged 62, 81. 79,
and 62% . respectively. In the following years, however, incidence diminished with
increasing intensity of the cultural treatments, their associated growth rates, and
overall tree size. Examination of the data with respect to moisture regime shows that
every loblolly pine on replicate W . the driest of the three replicagions, was infested
during year 2: incidence ranged from 35 to 89% on plots in replicates W, and W..
Tip moth incidence on loblolly pines during years 3 and 4 showed no consistent
relationship with moisture regime.

The Table 2 data suggest that multiple factors affected tip moth incidence on
the loblolly pine plots. One explanation for the observed differences among treat-
ments and moisture regimes during year 2 is that there are interactions among tree
size, moisture stress. and tip moth success. Trees on the weed control only (F H))
and fertilizer only (F H) plots, because they had taller and larger crowns than the
control trees -may have had longer, more frequent, and more severe moisture stress
than trees on check plots, thereby allowing more larvae to become established in
their tips. Trees receiving the combined treatment (F H ), even though they had the
largest crowns, apparently received fewer eggs or had some mechanism to resist
larval establishment.

Pitch moth

Pitch moth abundance on slash pines increased with the intensity of the
cultural practices (Table 3). Few infestations occurred in trees on check plots while
trees on the combined treatment plots received four to five times as many attacks
as those on the single treatment plots. Active infestations in 1986 (year 4) declined
to about one-fourth the 1985 number. Loblolly pines showed similar patterns of
pitch moth infestation across treatments and time. but there were only 39 attacks in
1985 and six in 1986. These differences in pitch moth abundance among treatments
are explained. in part, by corresponding differences in the occurrence of fusiform
rust. Cronartium quercuum (Berk.) Miyabe ex Shirai f. sp. fusiforme, and the
incidence of moths in the rust galls (unpublished data). However, many attacks were
near the base of fast growing trees and without any sign of a predisposing injury or
agent.



Table 2. Tip moth incidence on loblolly pine. Number of trees having one or more tip moth
infestations, by cultural treatment and moisture regime. for each of three growing seasons.
IMPAC research plots. Gainesville, Florida. 1984-1986.

Plantation growth year

Treatment N Year 2 Year 3 Year 4
L
W, 36 36 27 17
W, 37 157 26 32
W, 40 17 2 21
Total 13 70 (62%) 85 (75%) 76 (67%)
FH,
W, 40 40 24 16
W, 57 353 20 17
W, 35 18 29 17
Total 112 91 (81%) 73 (65%) 50 (45%)
F H:
W, 38 38 27 11
W, 38 26 17 16
W, 38 26 24 19
Total 114 90 (79%) 68 (60%) 46 (40%)
BeH;
W, 40 40 26 4
W, 38 18 16 20
W, 37 13 18 12
Total 115 71 (62%) 60 (52%) 36 (31%)
Total 454 322(71%) 286 (63%) 208 (46%)

Other insects

The pine webworm. Tetralopha robustella Zeller, and a needle midge,
probably Contarinia acuta Gagné (Gagné and Beavers 1984). were the only other
insects noted with sufficient frequency to describe their occurrence relative to the
different IMPAC treatments. There were 16 pine webworm nests on slash pines in
1985 and 22 nests in 1986: for loblolly pines the numbers were | and 27 respectively.
There was no indication that any of the cultural treatments had a greater or lesser
number of nests. We have no explanation for the near absence of this insect on
loblolly pine in 1985. Midges, on the other hand. were most abundant on the F, H,

Table 3. Pitch moth abundance on slash pine. Number of active infestations. by cultural
treatment and water regime, for each of three observation dates. IMPAC research plots,
Gainesville, Florida, 1985-1986.

Observation Date

Treatment N 7/85 12/85 12/86
FH,
W, 40 I 1 2
W, 36 0 0 0
W, 39 0 0 0
Total 115 I I i
FH,
W, 37 4 5 0 i
W, 37 7 7 2
W, 39 0 2 2
) Total 113 1 14 4
FH,
W, 39 5 3 1
W, 36 5 6 0
W, 35 2 1 1
) Total 110 e 10 2
FH,
w, 40 10 22 5
W, 38 6 4 I
W, :: R MR 8
Total 116 37 57 14
Total 454 61 82 22

and F H, plots in the slash pine plantings and on the F H, and F H, plots in the
loblolly pine plantings.

Discussion and conclusions

In this paper we have highlighted only the insect activity noted through the
fourth year of a study designed to determine the biological growth potential of
loblolly and slash pines. The data suggest that insects by themselves have had
relatively little direct effect on tree growth. Additional data (unpublished) from
these IMPAC plots, however, suggest that diseases and insect-disease complexes



may seriously reduce productivity if maximum growth treatments are applied to -

large areas. Fusiform rust by itself kills some trees and deforms others. Tip moth and
pitch moth infestations serve as infection courts for the pitch canker fungus,
Fusarium subglutinans (Wollenw. and Reinking) Nelson, Toussoun and Aarasas,
resulting in shoot dieback. top kill, forking, and tree mortality. Future productivity
studies should incorporate systemic pesticides or other treatments to exclude insects
and diseases in order to determine their impact on tree and stand growth and value.
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Abstract

In Estonia, two species of pine weevils — Hyv/lobius abietis L. (76.8% of the
sample) and H. pinastri (23.2%) — are the most dangerous pests in conifer
reforestation areas. Hylobius pinastri is more common in forest site types where
spruces prevail. In spring, at the beginning of flight, males predominate; later,
females are more numerous. In addition to stumps, logging slash not removed from
clear-cut areas offers suitable conditions for the development of pine weevils.
Population density of pine weevils was higher and development was faster in the
piles where slash was raked up in spring and mixed with soil and ground litter than
on stump roots. By the end of the summer of the first year, 60.8% of the weevils on
pine branches and 23.3% of those on spruce branches had pupated or were newly
emerged adults, whereas stump roots in the same cut area had only larvae. The
mortality of pine weevils in the branch piles was higher than that on stump roots.

Cold-hardiness of hibernating larvae averaged -12°C, and was sometimes as
low as -19°C, which guarantees successful hibernation under a deep snow covering.

Résumé

En Estonie, deux especes de charancons, Hvlobius abietis L. (76,8 %) et H.
pinastri (23.2 %), sont les deux plus graves menaces aux secteurs reboisés de
coniferes. H. pinastri est plus répandu dans les types forestiers dominés par
I'épinette. Les males sont plus nombreux au printemps, au début de la période ailée,
mais sont ensuite supplantés par les femelles. Outre les souches, les résidus
d’exploitation qui ont été laissés dans les parterres de coupe rase offrent des
conditions propices au développement des charancons du pin. Leur densité de
population était plus élevée et leur développement plus rapide dans les empilements
composés de déchets ratissés au printemps et mélés a de la terre et a la litiere que
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sur les racines des souches. A la fin de 1'été de la premiére année, 60.8 % des
charancons présents sur les branches de pin et 23.3 % de ceux sur les branches
d’epinette s étaient transformés en chrysalides ou étaient des adultes nouvellement
émergés, tandis que seules des larves se retrouvaient sur les racines des souches de
ce méme parterre de coupe. La taux de mortalité des charangons du pin présents dans
les empilements de branches était plus élevé que sur les racines des souches.

La résistance au froid des larves hivernantes était en moyenne de -12°C et
atteignait quelquefois -19°C. prouvant qu’elles réussissent & hiverner sous un épais
manteau de neige.

Introduction

L

Weevils of the genus Hylobius are the most destructive pests of conifer refor-
estation areas. The adults accumulate in large numbers in recent clear-cut areas
where they oviposit on conifer stumps, roots, and lower sides of stems and branches
in contact with the soil. as well as in logging slash mixed with soil and grétind litter.
At the same time they feed on the bark of young seedlings planted in cut areas
causing their death in the year of plantation.

Besides environmental conditions, the abundance and life cycle of pine
weevils is influenced by man. First, the technology of felling has changed consid-
erably in recent decades. Earlier, as arule, felling took place in winter, whereas now
itis carried out all year round. Now, during the whole summer, the pine weevils have
sufficient material of different quality in the clear-cut areas. in stumps, branches,
and in tree trunks. The quality of food and the time of oviposition also influence the
length of the weevil s life cycle. Thus. the hatching in the second half of the summer
has a 3-year generation period instead of the ordinary 2 years (Lekanderetal. 1985).
The methods and the time of harvesting play an especially decisive role in the
occurrence and the conditions of development ot pine weevils. In earlier times,
logging slash was routinely burnt. Now. it is raked into rows (piles) and not removed
from the felling area, offering additional development material for the weevils
(Ozols and Bicevskis 1979: Voolma 1986).

Due to the considerable economic damage it causes, the pine weevil has been
intensively studied in different parts of the world. with respect to their spreading,
biology. and control methods (Eidmann 1974). The hibernation of pine weevils has
been investigated to a lesser extent and only separate aspects have been treated
(Schwechten 1933). Mortality in winter exerts considerable influence on the
number of weevils: this is why it was also necessary to investigate the problem of
cold-hardiness of pine weevils (Luik and Voolma 1986).

Methods
The investigation was conducted in 1981-1985 in areas of South Estonia in

the first year after clearcutting. To collect weevils. trap-holes of 25 x 40 x 50 ¢m
were dug in a Rhodococcum site type in a pine clear-cut area, and in an Oxal/is-




Myrtillus site type inaspruce clear-cut area. Beetles were picked from the holes, and
their species and sex were determined.

In order to investigate the abundance and generation of pine weevils in the
piled logging slash, a detailed analysis of branch material was made in the entire
cross section of the pile every 2 m. The pile was situated in the Rhodococcun site
type. Pieces of branches were measured and the location of weevils was determined.
In the same felling area, one pine stump with a diameter ot 38 cm was uprooted and
the weevils were counted.

To characterize cold-hardiness, the supercooling points (the temperature at
which spontaneous freezing occurs) of the pine weevil larvae were determined
using a copper-constantan thermocouple (Kuusik 1971). The larvae were taken
immediately before the experiment from infested pine billets which had previously
been kept in field conditions.

Results and discussion
Species composition and sex ratios

In Estonia there are three species of pine weevils, two of them, Hvlobius
abietis L. and H. pinastri Gyll., are important pests. The third species, H. piceus
DeG.. is rare. According to earlier investigations in Estonia (Maavara et al. 1961)
the species composition of pine weevils was the following: H. abietis — 74%. H.
pinastri — 24%, and H. piceus — 2%.

Similar results have been obtained in neighboring areas: Finland 89.2%,
10.3% and 0.5%, respectively (Langstrom 1982); and Latvia 74.6%, 25.1% and
0.3% respectively (Ozols 1985). Of the total number of pine weevils analyzed by
us (5466),76.8% were H. abietis and 23.2% were H. pinastri. In places where pines
were prevalent, H. abietis tully predominated. In the spruce-dominated forest sites,
H. pinastri was relatively frequent: in separate samples 20.7-72.3%.

The sex ratio in H. abietis (4196) was on the average 1:1.43 and in H. pinastri
(1270) 1:1.72 in favor of females. In spring, at the beginning of flight, males
predominate in both species; later, females become more numerous.

Pine weevil development in piled logging slash

The development of pine weevil is possible in fresh logging slash when mixed
with soil and ground litter into large piles. Weevils are most numerous in the piles
of branches which contain slash from winter felling raked up in early spring. Table
1 presents data on the occurrence of pine weevils in piles of branches situated in the
Rhodococcum site type clear-cut area. Trees were felled in winter, wastes were
raked in April, a 2-m stretch of the pile was analyzed in detail in the second half of
August.

In the large pile, pine weevils colonized 46.7% of the bark surface of pine
branches and 35.25% of the bark surface of spruce branches. Analogous investiga-
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tions have also been carried out elsewhere. In South Karelia pine weevils colonized,
onaverage, 35%, and in some places even 68% of the branches ina Myrtillus spruce
clear-cut area (Volkova 1976). In small branch piles, there were no pine weevils.
The branches were drying or were inhabited by other xylophages. mainly by bark
beetles of the genus Pitvogenes.

As a rule, the generation period of pine weevils in Estonia is 2 years,
hibernating in the last larval instar. In the second half of August. 60.8% of weevils
feeding on pine branches and 23.4% of weevils feeding on spruce branches had
pupated or were newly emerged adults in the pile (Table 1). Consequently, two-
thirds of the pine weevils on pine branches have a generation period of 1 year.
Although the development on spruce branches is slower, one-fourth of pine weevils
have a generation period of 1 year. Larvae were only found on the roots of pine
stumps. Slower development of pine weevils feeding on spruce batk has also been
pointed out by other investigators (Geiser and Waldert 1979).

Faster development of pine weevils inhabiting the branch piles can be
accounted for by temperature. Temperature is 5-8 °C higher inside the pilg than in
the stump roots of the same felling area. Similar data have been obtained also in
Latvia (Ozols and Bicevskis 1979).

Table 1. Occurrence of pine weevils in piled logging slash and on stump roots

Indicator Piled logging slash Pine
pine  spruce stumps
Bark surface of branches, m’ 12.02 7.48

Bark surface inhabited by

pine weevils, % 46.7 35.2

Number of pine weevils 586 323 378
larvae, % 39.2 76.6 100.6
pupae, % 33.1 17.3 -
adults, % 27.7 6.1 -

Population density of pine

weevils, insects/dm-” 1.41 1.53 0.81

Pine weevils morality, % 12.5 13.9 0.5
larvae 17.3 16.5 0.5
pupae 14.1 59 -
adults 2.1 - -




The population density of pine weevils in branch piles is considerably higher
than on the stump roots. The mortality of pine weevils in the piled logging slash is
also higher than that on the stump roots. In spite of this fact, the branch piles raked
up in spring increase the weevil population. and the danger of damage to the new
seedlings in the clear-cut area.

Cold-hardiness of pine weevil larvae

The data concerning cold-hardiness of pine weevil larvae is presented in
Table 2. Cold-hardiness of pine weevil larvae is the highest in the middle of winter,
although the increase in cold-hardiness, as compared with the autumn measure-
ment, is not very large. Pine weevil larvae hibernate in their feeding place — stump
roots, branch piles, etc. Here they are usually protected from severe frosts and from
temperature fluctuations by the snow covering. This is why they do not develop such
a degree of cold-hardiness as bark beetles hibernating under the stem bark. For
example, the supercooling point of the larvae of the bark beetle Polvgraphus
polygraphus L. in midwinter was as low as -39°C (Luik 1982).

The average supercooling point of the pine weevil larvae in mid-winter was
-12.6°C (Table 2).

To study cold-resistance, the larvae were exposed to -15°C. The results indi-
cated that the pine weevil larvae did not survive prolonged periods of low
temperatures. Exposure to -15°C for 24 hours caused their death.

In the winter of 1982-1983, when the minimum temperatures in the study area
dropped to -23°C, the mortality of pine weevil larvae in pine roots excavated in
autumn and kept on a snowless area was 62.2%. At the same time only a few dead
specimens could be found on the roots in the soil covered by snow. Consequently,
in the conditions of a deep snow covering, cold-hardiness of pine weevils is

Table 2. Seasonal variation of the supercooling
points of pine weevil larvae (°C)

Date of x + SE X X
measurement o oy
24.09.1981 -8.6+0.59 -7.2 -12.3
5.11.1981 -9.7+0.70 -1.7 -12.9
3.12.1981 -10.6£0.96 -8.1 -13.7
14.01.1982 -12.6+1.34 -8.5 -19.2
18.02.1982 -10.240.76 -7.9 -14.3
2.04.1982 -8.241.03 -4.9 -12.4
19.05.1982 -7.9+0.89 -S.1 -13.2

22.06.1982 -7.620.90 -6.2 -9.2
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sufficient for a successful hibernation. but in the absence of snow even moderate
frosts decrease the number of weevils considerably.
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Abstract

Damage to conifer seedlings by adult weevils of the genus Hylobius is of
considerable economic importance in reforestation areas in the Holarctic region. In
Sweden, planting on clearcuts is commonly postponed for 2 or 3 years in order to
avoid serious damage by H. abietis (L.), the most destructive species in this area.
Insecticides and various mechanical devices are also used to protect seedlings. All
these measures are costly; therefore, a method for forecasting the risks of seedling
damage in reforestation areas would be useful to forest managers.

The possibility to forecast seedling damage using an artificial bait attracting
walking weevils was investigated in a field test including nine adjacent clearcuts
with differently sized populations of H. abietis. A strong positive correlation was
found between seedling damage and the number of weevils caught in traps baited
with the synergistic attractants o-pinene and ethanol. It was concluded that trapping
during a five-day period prior to planting should be sufficient to predict relative
damage risks for individual clearcuts within a region.

Résumé

Les dommages causés aux plants de coniferes par les charangons adultes du
genre Hvlobius ont une importance économique considérable dans les zones de
reboisement de la région holarctique. En Suéde. on retarde souvent de deux ou trois
ans la plantation sur les parterres de coupe rase afin d’éviter les graves dommages
que peut causer H. abietis (L.). espece la plus destructrice dans ce pays. On a
également recours aux insecticides et a divers dispositifs mécaniques pour protéger
les plants. Comme toutes ces mesures coltent cher, une méthode d’estimation des
risques de dommages aux plants dans les zones de reboisement serait utile aux
gestionnaires forestiers.

" Abstract only. Full paper was published in Scandinavian J. For. Res. 2 : 199-213. 1987

(9]
(9]

La possibilité d'estimer les dommages a I"aide d’un appat artificiel destiné
aux charancons ambulants a été étudiée sur le terrain, dans neuf parcelles adjace‘ntes
de coupe rase renfermant des populations de taille différente de H. abietis. Une forte
corrélation positive a été observée entre les dommages aux plants et le noml?re de
charancons capturés dans les pieges appates a I"alpha-pinéne et a l'ethanpl agissant
en synergie. Le piégeage des charangons pendant une période de cing jours avant
la plantation devrait étre suffisant pour estimer les risques relatifs de dommages
dans une parcelle donnée coupée a blanc dans une région.
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Abstract

Details are given of the results of a survey of insect damage on young planting
stock over more than 10 000 ha of recently restocked areas in Britain. In 6019 ha
which had been planted with untreated stock. 54% of the plants were subsequently
sprayed with Lindane during the first year after planting. Nineteen percent of these
plants were killed by insect attack compared with only 3% of plants that had been
dipped before planting. Hylastes was generally less damaging than Hylobius. but
was found to be locally important.

Spraying container-grown stock with insecticide before planting was less
effective than dipping transplants with the same concentration. The treatment of
plants by spraying after planting does not give an acceptable level of protection.

The total cost of Hylobius and Hylastes damage and protection in British state
forests planted during the 1985-86 season is estimated at over £ 0.5 million.

Résumé

Les résultats d’un relevé des dommages causés par les insectes sur plus de
10 000 ha de terrains plantés récemment en Grande-Bretagne sont présentés. Sur
6019 ha ot le matériel de plantation n avait pas €t trait€, 54% des plants ont par la
suite €té arrosés au Lindane au cours de la premiére année suivant la plantation. Dix-
neuf pour-cent de ces plants ont été tués par les insectes. comparativement 2
seulement 3% pour les plants traités par immersion avant la plantation. Les Hylustes
ont généralement causé moins de dommages que Hylobius,quoiqu’ils soient impor-
tants a certains endroits.

L arrosage du matériel en récipient avec un insecticide avant la plantation
s'est révélé moins efficace que I'immersion des plants repiqués, a laméme concen-
tration. L"arrosage des plants aprés la plantation n”assure pas un degré acceptable
de protection.

Le coiit total des dommages causés par les insectes Hylobius et Hvlustes et de

la protection contre ceux-ci dans les foréts domaniales britanniques plantées durant
la saison de 1985-1986 est estimé a plus d'un demi-million de livres sterling.

Introduction

Hylobius abietis (the large pine weevil) and Hyvlastes spp (black pine beetles)
breed pfincipally in stumps of felled conifers. The adult insects feed o.n‘the bark of
living plants and, whilst black pine beetles seem to be restricted to coniferous bark,
pine weevil adults may feed on any woody or herbaceous plant. Young t.rees used
for restocking are liable to be heavily attacked by adult pine weevils feeding on the
stem from th; root collar upwards and by adult black pine beetles tunnelling in the
main part of the root system from the root collar downwards. The resultant gu:dlmg
quickly causes plant death (Scott and King 1974). Six species offi.\'lusrcs are tqund
in Britain (Winter 1983), but are generally less damaging than Hylobius. Previous
surveys using unprotected plants in 40 upland forest areas showed that annual plant
losses from Hylobius feeding averaged 33% (Table 1). If measures are not taken to
protect transp.lants on restocking sites during the first 2 years after planting.‘an
average of 50% of plants may be expected to be lost with damage levels.vary'mg
unpredictably from site to site. Of the 20 million trees planted on restocking sites
by the Forestry Commission in 1987, 2 million were containerized as Japanese
Paper Pots (JPP); the rest were mainly bare-rooted 3-year-old trar?splums. The
planting season for both is generally between September and June, with fnost JPPs
planted in the autumn and bare-rooted stock planted in the spring. Most of the pl'fmts
included in the survey were conifers, of which 80% were Sitka spruce (Picea
sitchensis).

Recommended plant treatments
Plants may be unprotected or treated with various insecticide formulations

before or after planting. Insecticides are applied to bare-rooted transplants prior to

Table 1. Percent plant death from attack by Hy/lobius and Hylustes

Hyvlobius Hylastes
1983 1984 1983 1984

Average 31 36 12 14
Maximum 85 99 58 3 |
Minimum | 0 0 0
Standard deviation 21 27 10 15

Results from two surveys using 80 untreated plants in 40 UK forests.
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planting by dipping the tops and upper root system in a tank of insecticide
formulation diluted in water. Containerized stock is treated by spraying with an
insecticide immediately before planting (Table 2). These treatments should provide
protection for a complete season. Their main advantage is simplicity, with no
reliance on high technology. Transplants may be sprayed with insecticide after
planting (Table 3). This treatment is intended to upgrade the level of protection
remaining from a dipping treatment following a period of weathering. When used
onitsown, it gives protection from Hy/obius damage for only part of the season, and
three or four sprays will be necessary to protect the plants during the first two
seasons. It is also necessary for the insecticide deposit to dry onto the plant before
it is rain-fast. Therefore spraying can only take place in dry conditions and this
makes it unsuitable for forests in higher rainfall areas. There may also be a logistical

Table 2. Summary of application techniques for insecticides applied before
planting during the survey period

Treatments Concentration Usage (ha)
Planting period 1985-86 1986-87
Dipped in lindane 1.6% ai 606 468
Dipped in permethrin 0.8% ai 40(trial) 158
Dipped in cypermethrin 0.8% ai 40(trial) 0
JPPs sprayed before planting 1.6% ai 644 607
No pre-planting treatment 5082 4442

JPP = Japanese Paper Pot

Table 3. Summary of application techniques of insecticides applied after planting during
the survey period

Treatment Concentration Usage (ha)
1985-86 1986-87

Sprayed as only treatment 0.125% lindane 1800 n/a

Sprayed as back up to

pre-planting treatment 0.125% lindane 375 n/a

Experiments have shown that a single post-planting spray with 0.05% permethrin as “Permit™
should give a full season’s protection. but for the same logistical reasons as Lindane, this treatment

is unlikely in practice to give an acceptable level of protection.
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Slight damage Severe damage

Fig 1. Damage Categories.

problem with post-planting sprays in that it is necessary for treatments over a
substantial area to be completed before the insects become active. This may be as
early as April when, in many instances. planting will still be in progress.

Survey method

Although the subject of many experiments (Stoakley and Heritage 1987), no
large scale systematic survey of the relative effectiveness of the various insecticide
treatments in forest practice has previously been undertaken in Britain.

The survey of Hvlobius and Hylastes damage in restocking areas described
here was carried out by local forest staff following guidelines suggested by the
Forestry Commission Research Division. All sites greater than 6 ha and with a
previous crop of conifers which had been restocked during the 1985/86 and 1986/
87 planting seasons were earmarked for assessment. For each hectare, a single row
of 25 plants chosen at random was lifted and scored separately for damage by
Hylobius and Hylastes on the following basis:
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A No damage

B Slight damage (small areas of feeding damage)

C Severe damage (plant stem girdled)

Forest staff were provided with diagrams as a guide to the damage categories
(Figure 1).

The scores for plant damage were sent with details of site and plant
treatments to the Entomology Branch for summary and analysis. This is an interim
report of the survey covering two damage periods for areas planted in 1985 and one
damage period for areas restocked in 1986. A further survey will be undertaken in
the autumn, after which a full report will be published. A total of 255 700 plants have
been assessed for damage, sampling an area of 10 228 ha.

Results

In 6019 ha which had been planted with untreated stock, 54% of the plants
were subsequently sprayed with Lindane during the first year after planting.
Nineteen percent of these plants were killed by insect attack compared with only 3%
of plants that had been dipped before planting. Hylastes was generally less
damaging than Hylobius, but was found to be locally important. A summary of
results is given in table 4.

Since Hylobius and Hylastes attack different parts of a plant, it may receive
afatal level of damage from both insects. For this reason, in the summary of survey

Table 4. Plant death in 1986 and 1987 surveys due to Hylobius and Hylastes damage

Area Percentage of plants killed
(ha) by Hvlobius by Hylastes Total

First season after planting
(Two planting seasons combined)

No treatment before planting 6019 17 2 17
Dip before planting 509 2 0 3
Sprayed before planting 1096 5 | 6
Planted 1985-1986

(second season after planting)

No treatment before planting 1995 13 0 13
Dip before planting 145 8 0 8
Sprayed before planting 464 2 1 2
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data, the total percentage of plants killed is not necessarily the sum of the number
of plants with fatal damage by either insect.

The timing of the surveys

Overwintering Hvlobius adults become active with increasing soil tempera-
tures (Eidmann 1974). Damage to plants can take place as soon as weather
conditions are favorable, usually in April, but suitable conditions may occur at any
time after February (Scott and King 1974). It is therefore important that surveys of
damage are completed well before this time. Unfortunately, it is not possible to
organize the first survey until late March and the last of the areas was not surveyed
until August. As aresult, this survey inevitably included some dathage occurring in
the current season. Previous experience has shown that, in the first growing season,
Hylobius damage to untreated plants usually continues until the bark has been
completely stripped. The occurrence of a large number of plants scored, for slight
damage suggests that damage was occurring at the time of assessment and that these
plants may eventually have been killed.

Conclusions

Without untreated controls in treatment areas, it is difficult to make valid
comparisons between treatments. Forest areas with a history of severe damage are
likely to make most use of treated plants and this may explain the relatively low
levels of damage to untreated plants when compared with those found in research
surveys. Despite these reservations, it is possible to draw broad conclusions from
this survey.

1. Damage by Hyvlustes species was lower than expected from earlier surveys
conducted by Research Division staff, although this may reflect the difficulties
associated with the use of untrained personnel for assessment of damage caused by
this insect.

2. Treating stock before planting is the most reliable way of ensuring that
plants are protected. Because there is no way of predicting the damage levels, all
plants have to be treated. Spraying JPPs before planting is notas effective as dipping
transplants with the same concentration of insecticide.

3. Preplanting treatments may require additional applications of insecticide
in the second year after planting to ensure adequate protection.

4. The treatment of plants by spraying after planting. in practice does not give
an acceptable level of protection.

5. All species of conifer were damaged, with slightly greater attack to
untreated Douglas fir (Pseudotsuga menziesii).



Table 5. Additional costs of Hylobius and Hylastes during the planting period

1985-86

Treatments Usage (ha)  Unit cost Total (£)
Treated before planting 1330 10 13.300
Sprayed after planting 2175 9 19,575

Total 32,875

Replacement of lost
plants and other costs* 504,640
Grand total + 537513

*including extra weeding and value of delayed revenue calculated with a discount rate
of 5%.

Cost of insect damage

The total cost of all the methods of protection used, combined with the cost
of replacing all plants killed, indicates how important these insects are in Britain.
The total cost of Hylobius and Hylastes in areas planted during the 1985-86 season
amounted to over £ 0.5 million (Table 5). This will increase as the area to be
restocked annually in Britain by the Forestry Commission increases from 3600 ha
in 1979 to a projected 12 800 ha by the year 2005.
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Feeding and oviposition preferences of
pales weevil among three coniferous hosts
in Pennsylvania, U.S.A.

E. Alan Cameron, David J. Shetlar', and Joseph F. Boggs
Department of Entomology. Penn State University
University Park. Pennsylvania, U.S.A. 16802

Abstract

Pales weevil, Hylobius pales (Herbst) (Coleoptera: Curculionidae), is a
common pest in Christmas tree plantations in Pennsylvania. Tests were conducted
in the laboratory, using freshly-cut host material, to determine whether adult
weevils exhibit feeding or oviposition preferences among Scots pine (Pinus
sylvestris L.), eastern white pine (P. strobus L.), and Douglas-fir (Pseudotsuga
mencziesii [Mirb.] Franco).

Preliminary tests demonstrated that, within a host species, feeding prefer-
ences did not exist among foliated branches of the five provenances of Scots pine,
three provenances of eastern white pine, or three provenances of Douglas-fir tested.
Neither was any discrimination observed when pairs of host species were presented
simultaneously, or when all three species were exposed together. Adults at least 60
days old, which had completed their preoviposition and maturation feeding period,
were presented with bole segments as oviposition substrates. When host material
was presented from two species of trees at a time, Scots pine was preferred over both
Douglas-fir and eastern white pine; Douglas-fir was preferred over eastern white
pine. If material for all three trees was presented simultaneously, no discrimination
was evident.

Résumé

Le charancon du pin (Hylobius pales [Herbst.]) (Coleoptera: Curcu-
lionidae) est un ravageur commun des plantations d’arbres de No€l en Pennsylva-
nie. On a effectué des essais en laboratoire a I’aide d’échantillons fraichement
coupés d’arbres hotes afin de déterminer si les charancons adultes avaient des
préférences entre le pin sylvestre (Pinus sylvestris L.), le pin blanc (P. strobus L.)

'Current address: Chem Lawn Services Corporation, Chemical Research and Development,
P.O. Box 85-816, Columbus, Ohio, 43085.
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et le Douglas taxitolié (Pseudotsuga menziesii [Mirb. | Franco) pour I'alimentation
et ['oviposition.

Les essais préliminaires ont démontré que les charancons auxquels on
présentait des branches feuillées de pins sylvestres de cinq provenances, de pins
blancs de trois provenances ou de Douglas taxifoliés de trois provenances n’avaient
pas de préférence alimentaire entre les différentes provenances d une méme espece.
De méme, on n’a pas observé de préférence lorsque des branches de deux especes
ou de trois especes €taient présentées simultanément. D autres essais ont consisté
aprésenter des segments du fit de ces especes comme substrats d’oviposition 2 des
adultes dgés d’au moins 60 jours ayant terminé leur phase de préoviposition et
d’alimentation de maturation. Lorsque des substrats de deux espéces étaient
présentés & la fois, le pin sylvestre était choisi de préférence au Douglas taxifolié et
au pin blanc, et le Douglas taxifolié, de préférence au pin blanc. Lorsque des
¢chantillons des trois espéces étaient présentés en méme temps, aucune prétérence
n’a été observée.

Pales weevil, Hylobius pales (Herbst) (Coleoptera: Curculionidae), is a
serious pest in Christmas tree plantations in Pennsylvania, and is considered by
some to be the most serious pest of pine reproduction in the southeastern United
States (Speers and Rauschenberger 1971; Thomas 1971; USDA Forest Service
1972; Speers 1973; Flavell 1974). In plantations, whether the trees be for Christmas
tree use or for reforestation purposes, economic impact from this pest appears as
seedling mortality due to adult feeding in which the main stem is girdled, and as
increased costs for protection: in Christmas tree plantations, adult feeding on
harvestable trees may reduce their retail or wholesale market value by 10-20%
(Corneil and Wilson 1986).

Pales weevil adult feeding has been reported on 29 species in 11 genera
(Lynch 1984), butits larval host range is more restricted. In Pennsylvania Christmas
tree plantations, the weevil has often caused severe damage in Scots pine, Pinus
sylvestris L., and occasionally in eastern white pine, Pinus strobus L., and Douglas-
fir, Pseudotsuga menziesii (Mirb.) Franco. During the last 10to 15 years, Douglas-
fir has displaced Scots pine as the preferred species for planting, mainly because it
is perceived as having fewer insect and especially disease problems. Douglas-fir is
now the major species grown for Christmas trees in the northeastern United States
south of Massachusetts (Merrill and Cameron 1986). Because of the increase in
plantings of this species, we wanted to assess its susceptibility to pales weevil attack,
and to compare that susceptibility with weevil preferences for Scots pine and eastern
white pine.

Life cycle of pales weevil in Pennsylvania
The life cycle of pales weevil in Pennsylvania is presented in Figure I. Adults

overwinter in the litter; as temperatures increase in the spring, they become active.
Some will feed on young seedlings, if available. but most move to breeding

WINTER A M _J J A S O WINTER

Adults
Eggs
Larvae Sk

Pupaej ST
! Adults (overwinter)
|
|
| Larvae (overwinter) |

| __Larvee
Pupae _ @
Adults (overwinter) |

WINTER A M J J A S O WINTER
MONTH

Figure 1. Schematic illustration of the life cycle of pales weevil in Pennsylvania (after Bliss
and Kearby 1970)).

locations where the eggs are laid. In a Christmas tree plantation, these locations
consist mainly of stumps from trees cut late in the fall of the preceding year, but also
include cut but unsold trees in less well-managed plantations and the lower 30 to 90
cm of bole field-trimmed from trees lacking living lower branches in plantations
with poor weed control. The eggs hatch in approximately two weeks. Larvae feed
in the cambial tissues, pass through five instars, and finally, during the prepupal
stage, construct a “chip cocoon” which incorporates long, fibrous strands of wood. -
These cocoons are normally in the cambial area, but may be within the woody
portion of the host material. The pupal stage lasts for several weeks, following
which adults emerge and feed.

A small portion of the population takes two years to complete its develop-
ment. Larvae overwinter, pupate in early summer, and give rise to adults by mid
summer: these overwinter and breed the next spring. Also a portion of the adult
population overwinters a second time.

It is the adults emerging from August through October which cause most of
the economic damage. On young seedlings, the adults may completely girdle the
main stem and kill the seedling, or severely damage itas a result of feeding on either
laterals or leaders. On trees >ca 1.5 mtall, feeding is usually confined to lateral and
leader growth: “flagging”, or death of tips of branches, occurs. This feeding takes
place after shearing to shape trees for marketing has been done, so it creates an
aesthetic and disfiguring problem in a tree ready for the market. The adults enter
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the litter, often near conifer stumps or under sections of bole left behind after
harvest, to overwinter as temperatures and day length decrease in the fall.

Feeding preferences

Lynch (1984) stated that eastern white pine was the favored host for pales
weevil in New England and the Lake States. Corneil and Wilson (1984) noted 34.8
attacks per stump on Scots pine compared with 23.7 attacks per stump on eastern
white pine, suggesting a preference for the former in the field. Bennett (1980)
reported that, at least in potted 2-0 seedlings, pales weevils in some replicated trials
(but not others) preferred to feed on white spruce (Picea glauca [Moench] Voss)
(not a species included in Lynch’s [1984] list) or Douglas-fir when either of these
species was presented in combination with Scots pine. Bennett gave no indication
of oviposition or survival on the several hosts she investigated.

Methods

Weevils used in our tests were obtained from bulk rearings through a single
generation to provide adults of known age (Boggs et al. 1986), and they were less
than one month old when tested. Prior to use, the adults had been held at 20° C, and
allowed to feed on freshly-cut Scots pine boughs.

For feeding preference tests, lateral branches with at least 3 years of growth
present were cut from Scots pine, eastern white pine, or Douglas-fir. We had
available to us, from research plantations at Penn State University, a number of
provenances or varieties of each of these three species (Table 1). Our first need was
to determine whether pales weevil adults fed differentially on the different varieties
or provenances within a single species of host. In a series of preliminary tests, with
only a single host provenance (Scots pine-Spanish) available, we varied both the
numbers of adults (0,4, 8 or 16) in each plastic container (25x 16x8 cm), and the sex
ratio of these adults (1:0, 1:1, 0:1).

Test host material, with cut ends having been waxed to reduce moisture
loss, was placed in plastic containers. Pairs of branches were used within three hours
after they were cut from living trees. Moist towelling was placed in the containers
to maintain elevated humidity; branches were raised above the substrate. Within a
single host species, seven of the ten possible combinations of the five varieties of
Scots pine, and all three possible combinations of the three provenances of eastern
white pine and the three provenances of Douglas- fir were tested for a period of 48
hours under a 15:9 light-dark cycle. (Day length at the time of year adult weevils
normally feed on branches is approximately 15 hours in Pennsylvania.)

For later tests involving simultaneous presentation of the three host
species, we used a larger plastic container (34x26x8 cm) and 12 adult weevils per
container.

To assess feeding preferences, we weighed the host material immediately
prior to and following the 48-hour feeding period. Differences in weights, adjusted
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Table 1. Varieties or provenances of host species used
in pales weevil feeding preference tests

Species Variety or provenance
Pinus svivestris L. German
Spanish @
French

French X Spanish
Nelson-King

Pinus strobus L. Virginia
Pennsylvania
New Brunswick

Pseudotsuga menziesii
(Mirb.) Franco New Mexico
Utah-Idaho

British Columbia

for “normal™ weight loss as determined from similar material (“control™) held
without any weevils feeding on it, were taken as a measure of the amount of feeding
done by the weevils.

Results

Preliminary tests.  Our preliminary testing gave results which made
subsequent tests easier to conduct. We determined:

(1) Within a provenance, rates of feeding on branches from separate trees
were consistent. Had we encountered significant variation in feeding between trees
within a variety or provenance, differences (if any) between provenances or species
could have been masked.

(2) Feeding rates for males alone, females alone, or an equal mix of the two
sexes, were not different. Sexual dimorphism of adults is not readily apparent, so
the time-consuming separation of the sexes was not required for later trials.

(3) Feeding by 4, 8. or 16 weevils caused reductions in weight of 0.136 g,
0.271 gand 0.430 g, respectively, of the host material. (These values are corrected
for normal weight loss.) There appeared to be some inhibition in feeding when 16
weevils were present. We used eight adult weevils per container for subsequent
tests because enough feeding was done that reliable data could be gathered, yet
feeding was not so heavy as to skew results through excessive dehydration of the
plant material as aresult of heavy feeding and bark removal, or through competition
among adults for available suitable food.
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Species comparisons. When branches of host material, selected from pairs
of varieties or provenances within a host species, were presented, we were unable
to identify any evidence of feeding preferences among provenances (Tables 2, 3).
Based on these results, and the availability of plant material for testing, the Spanish
variety of Scots pine, the Pennsylvania provenance of eastern white pine, and the
British Columbia provenance of Douglas-fir were chosen for subsequent tests
where we presented host species to the weevils either as pairs of species. or all three
species together.

When plant material was presented to pales weevils as pairs of species
(Table4),orall three species simultaneously (Table 5), we were still unable to detect
any feeding preterences of the adults for one species over another. Considering the
wide range of genera on which this insect has been reported to feed, the results are
not really surprising. A wide host range does not preclude the existence of preferred
hosts, but it seems reasonable to conclude that such a range does indicate some lack
of discrimination.

Pales weevil feeding causes irregularly-shaped, variably sized wounds on
branches, making it impossible to distinguish beginning or end points where two or
more wounds overlap. Flagging of tips normally results when more than 50% of the
branch circumference is girdled; wounds running longitudinally often cause no
flagging. Therefore, flagging alone is not an accurate measurement of feeding. Our
methodology was more time consuming than simple counting of frequencies of
flags in a plantation, but, we believe, is a more sensitive test of feeding preference
given a choice of food sources.

Oviposition preferences

Feeding by adult weevils is important, but it is only a part of the process
by which populations perpetuate themselves from generation to generation. Adults
require a period of maturation feeding prior to egg deposition; in the southeastern
United States Manwan (1964) determined this preoviposition period to last for 19
to 56 days, averaging 37 days. The oviposition period averaged just over 300 days.
In our studies, we selected only adults that were at least 60 days old for use in
oviposition preference studies.

Methods

We used the same three host species. and the same provenances or variety,
used in the feeding preference studies just described. Weevils were given no choice
of species, a choice between two species, and a choice among all three species. Test
arenas were 17-liter, 25.4-cm-diameter plastic buckets containing 5 cm of mois-
tened sand and vermiculite (equal parts) mixed together. Test bolts, with ends
waxed, were inserted vertically into the mix, four to a bucket, and equidistant from
each other and the side of the bucket, and two 25-cm?- pieces of black plastic were
provided as ““hiding places™ for the adults. Female weevils were introduced at a rate
of approximately one/25 cm? of bark surface in a bucket.
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Table 2. Choice tests between pairs of varieties of Scots pine*

Varieties Mean” F Calculated®
Spanish 0.431 a 10.76
French 0.398 a

Control 0.095 b

Spanish 0.404 a 14.05
German 0.401 a

Control 0.121 b

Spanish 0.376 a 6.21 @
French X Spanish 0.425a

Control 0.110b

Spanish 0.385a 8.71 "
Nelson-King 0.406 a

Control 0.089 b

French 0.399 a Tl
German 0.387 a

Control 0.099 b

French 0.412 a 8.80
French X Spanish 0.422a

Control 0.115b

German 0.387 a 5.76
French X Spanish 0.415a

Control 0.101 b

a  Completely random design. four replications/treatment, 8 adults/
replication, 48 h feeding period.

b Mean reduction in weight (gm) of branches. Means within a test
followed by a different letter are significantly different at P=0.05
(Duncan’s [1955] Multiple Range Test).

¢ The critical F value for 0=.05 is 4.26 (2. 9 df).




Table 3. Choice tests between pairs of provenances of eastern white pine and of
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Douglas-fir*

Tree species Provenances Mean®  F Calculated"

White pine Virginia 0.392 a 17.20
Pennsylvania 0.399 a
Control 0.095 b
Virginia 0421 a 10.20
New Brunswick  0.435 a
Control 0.090 b
Pennsylvania 0.475a 6.01
New Brunswick  0.454 a
Control 0.118b

Douglas-fir New Mexico 0.382 a 6.67
Utah-Idaho 0.376 a
Control 0.088 b
New Mexico 0.399 a 8.08
British Columbia 0.421 a
Control 0.088 b
British Columbia  0.405 a 18.21
Utah-Idaho 0.409 a
Control 0.121'b

Completely random design, four replications/treatment, 8 adults/replication, 48 h

feeding period.

Range Test).

The critical F value for 0=.05 is 4.26 (2, 9 df).

Mean reduction in weight (gm) of branches. Means within a test followed by a
different letter are significantly different at P=0.05 (Duncan’s [1955] Multiple
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Table 4. Choice tests between pairs of species: Scots pine, Douglas-fir, and eastern

white pine*
Tree species Provenance or variety Mean® F Calculated*
Scots pine Spanish 0.410a b2
Douglas-fir British Columbia 0.420 a

Control 0.076 b
Scots pine Spanish 0.441 a 10.10
Eastern white pine Pennsylvania 0426 a

Control 0.114b .
Douglas-fir British Columbia 0.387 a 6.75
Eastern white pine Pennsylvania 0.401 a

Control 0.108 b “

a  Completely random design. four replications/treatment, 8 adults/replication, 48 h
feeding period.

b Mean reduction in weight (gm) of branches. Means within a test followed by a
different letter are significantly different at P=0.05 (Duncan’s [1955] Multiple
Range Test).

¢ The critical F value for a=.05 is 4.26 (2.9 df).

In preliminary *“no choice™ trials—no choice as it related to tree species—
we compared 18-cm-long sections of bole 3,4, 5, or 6 years old and sections of the
same ages but taken from limbs. Adults were confined for 96 hours in the testarenas,
after which material was carefully dissected to count and recover eggs.

In subsequent tests, when different tree species were compared, we used
3-year-old sections taken from tree boles. These tended to be more uniform in
diameter than older sections, and were more convenient to prepare. Sections of bole
from the three combinations of pairs of species were presented to test ovipositional
preferences, and later all three species were presented simultaneously.

Results

Preliminary tests. As with our feeding preference tests, we were unable
to detect significant differences in oviposition rates among similar host material
from different trees within a species, nor did we find differences relating to age of
the bole or limb sections for any of the three species tested. In Scots pine there was
a preference for sections taken from the bole over those taken from limbs (Table 6),
but for eastern white pine (Table 7) and Douglas-fir (Table 8) we found no
differences when comparing bole sections with limb sections.

Bark on the bole of Scots pine trees was much more fissured and rough than
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Table 5. Choice test when three species, Scots pine, Douglas-fir, and eastern white
pine. were presented simultaneously*

Tree species Provenance or variety Mean® F Calculated*
Scots pine Spanish 0.370 a 9.36
Douglas-fir British Columbia 0.345a
Eastern white pine Pennsylvania 0.359 a
Control 0.101b

a Completely random design, four replications/treatment, 12 adults/replication. 48 h
feeding period.

b Mean reduction in weight (gm) of branches. Means followed by a different letter
are significantly different at P=0.05 (Duncan’s [1955] Multiple Range Test).

¢ The critical F value for 0=.05 is 3.49 (3. 12 df).

the smoother bark on the limbs. Neither eastern white pine nor Douglas-fir showed
these differences, bark being more uniformly smooth regardless of the part of the
tree from which the test bolt was taken. Hunt and Farrier (1974) reported that pales
weevils preferred to oviposit in (the more fissured) bark discs from loblolly pine,
Pinus taeda L., taken from ca 30 cm above the ground vs. those taken from ca 9 m
above the ground. The physical characteristics of the oviposition substrate may well
be important to the weevil, but this was not investigated further.

Species comparisons. When sections of boles were presented as pairs of
species, Scots pine was preferred over both eastern white pine and Douglas-fir
(Table 9). There were 4.5 eggs laid on Scots pine for every one on eastern white pine
when these species were presented in the same test arena, and 2.6 eggs on Scots pine
for every one on Douglas-fir in paired tests. When Douglas-fir and eastern white
pine were compared, Douglas-fir had 2.0 eggs for every one egg on eastern white
pine. Qualitative observations indicate that bark on Scots pine is rougher than
Douglas-fir, which in turn is rougher than eastern white pine; oviposition preference
reflects this same sequence.

When we presented all three host species simultaneously in the test arena, we
were unable to detect significant differences in oviposition (Table 9). Numbers of
eggs were reduced, especially on Scots pine, but the same trend of most eggs on
Scots pine, fewer on Douglas-fir, and the smallest number on eastern white pine
remained.

We have no explanation for this loss of preference. It is entirely likely that
olfactory cues from the host material play a role in host selection (see Lynch 1984
forareview; also Nordlander elsewhere in these Proceedings). Inour plastic bucket
test arena air movement was minimal; host sections were only ca 7 to 8 cm apart,
and it is likely that any host-specific olfactory cues would be obliterated.

N
(98}

Table 6. Oviposition preference among various ages of Spanish Scots pine host

material from bole or limbs*

Tree part Age (years) Mean eggs/dm?

245
4.27
1.47
1.00

Bole

W N

(USRI EN

1.72

0.92 "
0.17

0.87

Limb

w A N

ANOVA TABLE

Source of variance df M.S. F calculated  F critical,
.05 level
Total (adj) 31
Treatment 7 0.000649 2.38 2.49
Blocks 3 0.000609 2.23 3.07
Tree part (A) 1 0.001544 5.66 4.32
Age class (B) 3 0.000617 2.26 3.07
AXxB 3 0.000382 1.40 3.07
Error 21 0.000273

a  Randomized complete block design: four blocks represented individual trees.
Material exposed to adults for 96 h.

Other tests (Boggs, unpublished) indicated that subsequent insect develop-
ment (measured in terms of numbers of adults produced per square decimeter of
bark surface), developmental time, and the proportion completing their develop-
ment, proceeded best in Scots pine and eastern white pine when rearing tempera-
tures were held at25°  C: good developmentoccurredat21° . Development took
longer, fewersurvived, and numbers of adults per square decimeter all were reduced
in Douglas-fir. In the tield, we have not yet observed chip cocoons in Douglas-fir
stumps.

In conclusion, these laboratory studies did not detect feeding preferences by
adult pales weevils for material from the three host species tested. but did give
evidence of preferences for oviposition. Related studies indicated differences in
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Table 7. Oviposition preference among various ages of Pennsylvania eastern white Table 8. Oviposition preference among various ages of British Columbia
pine host material from bole or limbs® Douglas-fir material from bole or limbs®
Tree part Age (years)  Mean eggs/dm’ Tree part Age (years) Mean eggs/dm?
Bole 6 1.25 Bole 6 2.02
3 1.60 5 3.75
4 1.67 4 3.02
3 2.05 3 2.85
Limb 6 1.87 Limb 6 242
5 0.77 S 5.22
4 0.90 4 3:30: %
3 1.42 3 757
RS
ANOVA TABLE ANOVA TABLE
Source of variance df M.S. F calculated F critical,
.05 level Source of variance df M.S. F calculated F critical,
.05 level
Total (adj) 31
Treatment 7 0.000080 0.93 2.49 Total (adj) 31
Blocks 3 0.000024 0.28 3.07 Treatment 7 0.001317 1.66 2.49
Tree part (A) I 0.000128 1.49 4.32 Blocks 3 0.001410 1.78 3.07
Age class (B) 3 0.000008 0.09 3.07 Tree part (A) 1 0.002380 3.00 432
AxB 3 0.000137 1.59 3.07 / Age class (B) 3 0.001423 1.79 3.07
Error 21 0.000086 AxB 3 0.000856 1.08 3.07
Error 21 0.000793

a  Randomized complete block design: four blocks represented individual trees.

[Material exposed to adults for 96 h. a  Randomized complete block design: four blocks represented individual
trees. Material exposed to adults for 96 h.

subsequent development and survival of immature weevils. The potential of pales
weevil to feed on, and oviposit and survive in, Douglas-fir in Christmas tree
plantations in Pennsylvania must be evaluated in the field under natural conditions.
Pales weevil has potential as a pest, and a potential that justifies prophylactic control
measures at present. The magnitude of that potential currently is not known.
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Table 9. Oviposition preference between pairs of species (Scots pine. eastern
white pine. and Douglas-fir) or among all three species together

Tree species Mean eggs/dm* F calculated”
Scots pine 42.0 24.37
Eastern white pine 9.3

Scots pine 18.1 58.64
Douglas-fir 7.0

Eastern white pine 4.8 24.54
Douglas-fir 9.8

Scots pine 16.7 4.38
Eastern white pine 49

Douglas-fir 5.4

4 Randomized complete block design: 4 replicates per treatment. Material

was exposed to adults for 96 h.
b The critical F value for 0=0.05 is 5.99 (1. 6 df. pairs of species) and 5. 14
(2.9 df. three species together).

T S e e

References

Bennett, L.W. 1980. Hylobius pales Herbst and Pissodes approximatus Hopkins
(Coleoptera: Curculionidae): Their damage levels. feeding activity, and
control. M.S. Thesis, Penn State Univ., University Park, Pennsylvania 16802.
57 p.

Bliss. Jr.. M.; Kearby, W.H. 1970. Notes on the life history of the pales weevil and
northern pine weevil in central Pennsylvania. Ann. Entomol. Soc. Am.
63:731-734.

Boggs, J.F.: Shetlar, D.J.; Cameron, E.A. 1986. Methods for rearing pales weevil,
Hylobius pales (Herbst) (Coleoptera: Curculionidae). Melsheimer Entomol.
Ser. 36:29-33.

Corneil. J.A.: Wilson, L.F. 1984. Live branches on pine stumps deter pales weevil
breeding in Michigan (Coleoptera: Curculionidae). Great Lakes Entomol. 17:
229-231.

Corneil. J.A.; Wilson, L.F.  1986. Impact of feeding by adult pales weevil
(Coleoptera: Curculionidae)on Christmas tree stands in southeastern Michigan.
J. Econ. Entomol. 79:192-196.

al

Duncan, D. B. 1955. Multiple range and multiple F tests. Biometrics 11:1-42.
Flztvell)l:T.}{. 1974. Insect pests of young pines. Symp. on Management of Young
ines. Alexandria, LA. Oct.22-24, 1974, Charleston SCL D ¥
.22-24, . Charleston. SC, . 3-8
by ec. 3-5,1974.
Hunt, T.N.‘: Farrier, M.H. 1974. Oviposition and feeding preference of pales
weevil (Coleoptera: Curculionidae) for five types of loblolly pine bark
Ann. Entomol. Soc. Am. 67:407-408. '
Lynch, A..M. 1984. The pales weevil, Hvlobius pales (Herbst): A synthesis of
the literature. J. Ga. Entomol. Soc. 19 (suppl.) 34 p.
Manwun. I.B.S. 1964. The biology of the pales weevil, Hvlobius pales (Herbst)
in Arkansas. M.S. thesis, Univ. Arkansas, Fayetteville, Arkansas.
Merrill, W.; Cameron, E.A. 1986. Christmas tree pests and pest management in
the Northeast. Penn State Univ., Coll. Agric., Progr. Rep. 388. 35 p.
Speers, C.F. 1973. The role of pales and pitch-eating weevils in the third forest
South. Lumb. 227:105-106. .
Speers, C.F.; Rauschenberger, J.L. 1971. Pales weevi i
] ger, J.L. : sweevil. U.S. Dep. Agric., 5
Pest Leaf. 194: 6 p. o
Thomas, H.A.‘ 1971. Integrated control of weevils- attacking coniferous
reproduction. J. For. 69:806-808.
USDA Forest Service. 1972. Insects and diseases of trees in the South. U.S. Dep.

Agric. For. Serv., State and Private Forestry, Southeastern Area Forest Pest
Management Group. 81p.



’

Root beetles, stand disturbance, and
management of black-stain root disease
in plantations of Douglas-fir

Jeffrey J. Witcosky
USDA Forest Service
Forest Pest Management
George Washington National Forest
P.O. Box 233. Harrisonburg, Virginia. U.S.A. 22801

Abstract

The root bark beetles Hvlastes nigrinus (Coleoptera: Scolytidae), Pissodes
fasciatus, and Steremnius carinatus (Coleoptera: Curculionidae) are vectors of
Ceratocystis (Verticicladiella) wageneri, causal agent of black-stain root disease of
Douglas-fir. Stand disturbance provides the link coupling host to vectors and
pathogen and mediates the epidemiology of this root beetle—root disease associa-
tion. Disturbance agents may be environmental, biological, or anthropogenic and
include factors such as windthrow, root disease, logging. thinning, and road
construction. Forest management practices have intensified the disturbance regime
of Douglas-fir forests; consequently, the root beetle—black-stain root disease
association is an emerging pest problem. A crop production/pest management
system is proposed. Opportunities for pest management are linked with the crop
production system at times when pests enter the crop during forest management.

Résumé

Lesperceursde I’écorce desracines Hylastes nigrinus (Coleoptera:Scolytidae),
Pissodes fasciatus et Steremnius carinatus (Coleoptera:Curculionidae) sont vecteurs
de Ceratocystis (Verticicladiella) wageneri, agent causal de la tache noire des
racines du douglas taxifolié. Les perturbations des peuplements constituent le lien
entre 'hote et les vecteurs et expliquent 1'épidémiologie de I'association scolytes
des racines - tache noire. Les agents perturbateurs peuvent étre environnementaux,
biologiques ou anthropogénes et comprennent des facteurs comme les chablis, les
maladies des racines, I’exploitation forestiere. 1'éclaircie et la construction de
routes. Comme les pratiques d aménagement forestier ont intensifi¢ les perturba-
tions dans les foréts de douglas taxifoliés, 'association scolytes des racines - tache
noire constitue un nouveau probléme. Un systeme de lutte dirigée est proposé. Des
possibilités de lutte sont associées au systéme de production des peuplements dans
les circonstances ol les arbres sont exposés aux ravageurs au cours de I'aménagement.

Introduction

Disturbance is a natural component of forest ecosystems (White 1979; Pickett
and White 1985). Disturbance of forest stands may be caused by environmental or
biological agents such as fire, windthrow, insects, and diseases, among others.
Associated with disturbed stands is a suite of opportunistic insects and fungi capable
of utilizing the resources made available by the injury or death of trees (Schowalter
1983). Under natural conditions. populations of these organisms fluctuate with the
distribution, frequency, and intensity of disturbance across landscapes. Forest
management has superimposed a new and profound disturbance regime on forest
ecosystems. Average levels of disturbance have increased in distribution, fre-
quency, and intensity on a landscape scale (fire is an exception). Simultaneously,
populations of organisms limited by the quality and quantity of host material have
expanded in response to increases in resource availability in space and time.

Organisms utilizing resources made available by disturbance of Douglas-fir
(Pseudotsuga menziesii (Mirb.) Franco) include a guild of root-colonizing in%ecls,
Hylastes nigrinus (Mannerheim), Pissodes fasciatus LeConte, and Steremnius
carinatus (Boheman), vectors of the fungal root pathogen Ceratocystis
(Verticicladiella). wageneri Goheen and Cobb, causal agent of black-stain root
disease of Douglas-fir. Little information exists to suggest that these native
organisms are noteworthy pests in natural stands and old-growth forests; however,
they have become conspicuous in recently harvested stands and aggrading planta-
tions of Douglas-fir. The temporal and landscape-scale continuity of disturbance
provided by forest harvest and intensive forest management have created a situation
suitable for expanding populations of root beetles and C. wageneri.

Under current forest practices, disturbance of Douglas-fir is widespread and
frequent. Stands are harvested providing attractive brood material for H. nigrinus,
P. fasciatus, and S. carinatus (Zethner-Mgller and Rudinsky 1967; Condrashoff
1968; Witcosky 1985). Stand density management (precommercial and commer-
cial thinning) results in additional episodes of disturbance applied across a stand
(Witcosky 1986a). Root diseases associated with the previous stand, or introduced
following felling, infect trees in the aggrading plantation providing attractive host
material for H. nigrinus. P. fasciatus,and S. carinatus, while high densities of young
trees provide abundant root contact for pathogens capable of spreading across roots
in contact or adjacent to one another. I suggest that the prevailing disturbance
regime appears to be directly related to the emergence of this root beetle—root
disease association as a pest problem in the Pacific Northwest of North America.

In this paper I will discuss the biology and epidemiology of the Douglas-fir—
root beetle—black-stain root disease association in relation to disturbance and
forest management. I will present a crop production/pest management system for
management of black-stain root disease and suggest ecological modifications to the
disturbance regime and stand community structure to minimize the impact of this
root disease.
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Pathogen, vectors, and disturbance

Pathogen

Ceratocystis wageneri colonizes the mature sapwood tracheids of infected
trees. The fungus spreads from tracheid to tracheid via bordered pit-pairs. Cerato-
cvstis wageneri does not colonize any other plant cell tissue (Hessburg 1984).
C.('mm(i\'sris wageneriis a true wilt pathogen: it colonizes the translocative tissues,
interrupting movement of water from roots to foliage (Hessburg 1984). As the
circumference of xylem with black-stained sapwood increases, terminal growth of
infected trees decreases (Witcosky and Hansen 1985).

Ceratocystis wageneri spreads from tree to tree through root grafts, root
contact, and through the soil for short distances (Hicks et al. 1980: Hessburg and
Hansen 1986a). In the case of root contact or soil spread, C. wageneri infects hosts
through the natural openings present when xylem elements are ruptured during the
emergence of rootlets (Hessburg and Hansen 1986a).

Ceratocystis wageneri spreads from tree to tree at rates of approximately 2 m/
year within established infection centers (Hessburg and Hansen 1986b: Hansen et
al. 1986). New foci of infection are initiated by insects (Witcosky and Hansen 1985;
Witcosky et al. 1986b).

Vectors

Hylastes nigrinus, P. fasciatus, and S. carinatus colonize infected trees
during the 1 to 4 years of decline and death of hosts (Witcosky and Hansen 1985).
Insects sequentially colonize the root system as roots become heavily infected.
Volatiles associated with infection appear to act as attractants for host seeking
beetles (Witcosky et al. 1987). Feeding and oviposition wounds resulting from this
sequential process are likely to contribute to aggregation and oviposition (Witcosky
1985). as reported by Tilles et al. (1986) for Hylobius abietis (L.).

In areas where black-stain root disease is established, 1 to 5% of H. nigrinus,
P. fasciatus, and S. carinatus may become infested with C. wageneri upon emer-
gence and dispersal (Witcosky etal. 1986b). Hylastes nigrinius and P. fasciatus have
brief periods of flight from April-June. Steremnius carinatus is active throughout
most of the year but is most abundant in traps from May to August (Witcosky et al.
1986a).

Disturbance

Hylastes nigrinus, P. fasciatus, and S. carinatus readily colonize trees cut
during thinning, harvest, and road construction, or those killed by root diseases and
windthrow (Zethner-Mpller and Rudinsky 1967: Condrashoft 1968: Witcosky and
Hansen 1985; Witcosky et al. 1986a.b). In addition, H. nigrinus and S. carinatus
wound the roots of adjacent, standing trees following disturbance (Zethner-Mgller
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and Rudinsky 1967; Witcosky 1986a.b). Since root systems of living or recently cut
trees are susceptible to infection, C. wageneri may enter disturbed stands via the
roots of cut hosts or on the roots of crop trees (Witcosky 1986a.b).

Disturbance following precommercial thinning

The activity of H. nigrinus in precommercially thinned stands spans 2 years
(Figure 1); immigration and oviposition occur during the first year; brood emer-
gence and dispersal occur the following year. Hylastes nigrinus adults have been
recovered from the roots of crop trees for 2 years following precommercial thinning
(Witcosky 1985; Witcosky et al. 1986b). In one plantation, 23 H. nigrinus (13
females, 10 males) were observed wounding 12 trees, seven months after thinning.
In another plantation, 46 H. nigrinus (29 females, 17 males) were fecovered from
35 crop trees, 13-21 months after thinning. Twenty-four percent of the trees injured
in 1983 were wounded again the next year; 70-92% of trees injured in 1984 had been
injured the previous year. Apparently, thinned stands remain attractive to H.
nigrinus during the first and second seasons of flight following disturbance (Figure
1), suggesting that the effects of disturbance are not limited simply to the year of
thinning. Perhaps crop trees remain stressed for several years after thinning.
Alternatively, wounds sustained by crop trees during the second flight season may
reflect injuries and stress from wounds incurred during the previous flight season.

The response of S. carinatus to precommercial thinning is shown Figure 2.
Populations of S. carinatus increased significantly in the first and second years
following disturbance and remained high during the third year. By the second year
and well into the third year, however, populations of S. carinatus in the unthinned
plots were higher than those observed in the first year of the study. The impact of
such increases of S. carinatus upon adjacent, undisturbed stands is unknown.

Disturbance following harvest

Seedlings planted directly above the roots of harvested old-growth trees have
become infected with black-stain root disease. Frequently, these seedlings lacked
any evidence of insect wounds. The source of inoculum appeared to be infected
roots of the old-growth Douglas-fir. The roots of these trees were colonized by H.
nigrinus and S. carinatus and were infected to a minor degree with C. wageneri. All
evidence indicated that these trees had not been infected prior to felling because the
colonization pattern of the infected root was typical of that observed in artificially
inoculated roots of cut trees (Witcosky et al. 1986b). This suggests that vectors
introduced C. wageneri into the roots of old-growth trees during colonization.

Disturbance caused by root disease and windthrow

Established and expanding infection centers provide temporal continuity to
the disturbance regime of a stand. As C. wageneri spreads from tree to tree, suitable
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Figure 1. Mean number of Hylastes nigrinus caught per trap on stick traps during 1983-1 985
in precommercially thinned and unthinned 2-ha plots ina 12-year-old plantation of Douglas-
fir (n=6 thinned plots and 2 unthinned).
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ovipositional material is provided for host-seeking beetles. Vectors are attracted to
the vicinity of infected hosts by volatiles released from diseased hosts (Witcosky et
al. 1987) and perhaps by the feeding and ovipositon wounds of other root beetles.
Healthy trees adjacent to infection centers also are at an increased risk of injury and
infection (Witcosky etal. 1986b). This observation is supported by two excavations
in which H. nigrinus wounds were observed onnewly infected trees near established
foci indicating that “satellite” foci are initiated adjacent to established, expanding
foci. Furthermore. a roadside survey detected wounds more often on crop trees
adjacent to established foci but on the opposite side of the road than on crop trees
more distant from established foci along the road. This suggests that trees in the
vicinity of established foci are at a greater risk of injury by vectors.

New foci of C. wageneri also may develop when hosts are stressed by other
biological agents which influence the behavior of vector populations. Excavations
of several Douglas-fir sustaining virtually lethal infections of Phellinus weirii
(Murr.) Gilb. were found to be infected with C. wageneri secondarily, on the few
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Figure 2. Mean number of Steremnius carinatus caught per trap in pitfall traps during 1983-
1985 in precommercially thinned and unthinned 2-ha plots in a 12-year-old plantation of
Douglas-fir (n=6 thinned plots and 2 unthinned).

living roots sustaining the tree. Hylastes nigrinus, P. fasciatus, and S. carinatus
colonized these roots and may have introduced C. wageneri into them during
feeding or oviposition.

In a mark-and-release study, S. carinatus was trapped to observe patterns of
activity associated with various levels of stand disturbance (Figure 3). The levels of
disturbance were the number of Douglas-fir dying from root disease or a combina-
tion of root disease and windthrow within a gridwork of 50 pitfall traps. In general,
the number of S. carinatus caught in traps increased as the level of disturbance
increased in this 24-year-old plantation.

Disturbance and the initiation of new infection foci

Finally, new foci are associated with factors such as roads, tractor logging,
and low wet sites (Hansen et al. 1986; Witcosky et al. 1986b). Factors important
under these circumstances are poorly understood; however, stress induced produc-
tion and release of volatiles which act as attractants for host-seeking beetles may be
a possible mechanism (Witcosky et al. 1987).
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Figure 4. A crop production/pest management system for management of*black-stain root

disease in plantations of Douglas-fir.
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and its vectors.

The principal component of the crop production system is an inventory of
plantations which contains specific stand and disease foci data. The inventory is
coupled to a stand growth model. such as DFSIM (Curtis et al. 1981), which
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simulates growth annually. The annual plantation update from such a simulation
would be separated into three classes of data: (1) growing plantations; (2)
plantations slated for precommercial thinning: and (3) plantations slated for
commercial thinning or harvest.

Coupled to the crop model are four pest management submodels, the harvest-
establishment, annual, precommercial, and commercial pest management schemes.
Each pest management scheme is coupled to the crop production model at a time
when silvicultural activities are initiated and when vectors enter the stand. The
harvest-establishment scheme indicates that management of black-stain root dis-
ease begins with harvest and plantation establishment practices. The annual scheme
exploits the annual activities of inventory and survey to update the inventory of
holdings with regard to disease spread and proliferation of foci. Also. it provides for
annual pest management activities, such as sanitation. The precommerical scheme
would develop specific guidelines and maps for density regulation based on the
distribution of black-stain root disease regionally, locally. and within plantations.
The commercial scheme would provide similar information.

The crop production system is coupled with a geographical information
system (GIS) data base, which would contain digitized maps of all plantations with
networks of roads, skid roads, landings, log hauls, drainage systems, etc. A regional/
local black-stain root disease risk map overlay would provide input from risk-rating
systems for each pest management scheme.

Plantation survey and inventory are important components of forest manage-
ment. In this crop production scheme, these stand survey data compare and calibrate
model predictions for individual plantations based on their specific performance.
Calibrated data update the plantation inventory.

This crop production/pest management scheme would produce maps and
provide specific silvicultural and pest management guidelines to the user. The
scheme would suggest modifications to plant community structure appropriate to
minimize the risk of developing black-stain root disease. Management in the
establishment phase would be centered on plantation layout, risk-rating of planta-
tions, and two- and three-species planting strategies. Resistant species would be
recommended for planting on high-risk microsites. Mixed species plantings would
be recommended for high-risk plantations to reduce the density of susceptible hosts.
This would reduce the spread of root diseases (Burdon and Chilvers 1982) and
provide more opportunities for manipulation of stand community structure in
subsequent entries. Western hemlock, western red cedar, and hardwoods are fa-
vored on the compacted soils of skid roads and moist, low sites.

The annual pest management submodel would encourage the development of
an inventory of disease foci associated with an inventory of plantations. This
submodel would recommend sanitation and the planting of resistant species in
infection centers.

Precommercial thinning may result in the proliferation of foci of black-stain
root disease (Witcosky et al. 1986a,b). Since completion of thinnings may not be
possible during the least favorable period for the spread of the pathogen, a structured

Table 1. The influence of time of precommercial thinning of Douglas-fir on the mean number

(standard error) of Hylastes nigrinus, Pissodes fasciatus, and Steremnius carinatus caught during peak capture in

plantations of Douglas-fir, Douglas County, Oregon, 1983-85

S. carinatus

P. fasciatus

H. nigrinus

Condition of

Month of
thinning

host material

Plantation

1.6

Sept/Jan Green 16.0

BURD

5340

vy

56.0

Green

Sept/Jan

1.0

0.2

27.0

Green

Aug
Dec

RS

67

1.3

233

Green

R19

o

48.0

34.0a (17.1)

Green

Oct

BLM

2.2a(1.3)

1.5a(0.9)

Mean

U}

0.1

2.0

Defoliated

Jun

RI1

0.6
1:9

0
0

v

8.0

Defoliated
Defoliated

Jun
Jul

R2
RI12

Vv

=]

Defoliated

Jul

R1

2.3a (2.1)

0.03b (0.5)

4.7b (2.5)

Mean

Means within columns followed by different letters are significantly different (P < 0.05; Wilcoxon rank-sum test).




Table 2. The influence of time of precommercial thinning of Douglas-fir on the mean number (standard error) of wounds

on crop trees and attacks on stumps by Hylastes nigrinus, Douglas County, Oregon, 1983-85

Proportion of Mean wounds Mean wounds per H. nigrinus attack

Condition of

intensity on stumps

wounded tree

per tree

trees wounded

host material

Plantation

10.4

68

11.8

14.6a (6.0)

o
ol

IS

2.4a (0.2)

Green

BURD
5340
RS

reen

Green

Green

R19

BLM

0.14a (0.03)

Mean:

0.02 1.0

0.02
0.01

0.02

Defoliated

RI1

3.0

ol

0.01
0.01

Defoliated

e
Lk

0.03

0.02b (0.1)

e

j=;

Defoliated

R1

2.9b

1.3b (0.5)

0.02b (0.01)

Mean:

Means within columns followed by ditferent letters are significantly different (P < 0.05: Wilcoxon rank-sum test).

69

approach would be followed. Recommendations for thinning would be designed to
minimize the risk of disturbance and subsequent immigration of vectors. Planta-
tions would be risk-rated, both regionally and locally, and those at greatest risk
would receive treatment during June-July. Data gathered over 3 years of plantation
thinnings suggest that June-July is the best time for thinning (Tables 1,2). Fewer H.
nigrinus and P. fasciatus, but not S. carinatus, were caught by traps placed in
plantations thinned in June-July relative to plantations thinned in August-January.
For H. nigrinus, the proportion of crop trees wounded, mean number of wounds per
tree, mean number of wounds per wounded tree, and intensity of attack on stumps
and roots of cut trees were reduced when thinning occurred in June-July. Appar-
ently, during the nine months prior to the spring flight the host material ages and
loses much of its attractiveness to H. nigrinus and P. fasciatus. The precommercial
management scheme would utilize plantation mapping, black-stain root disease
foci inventory, stand density and composition, spatial structure, and regional and
local abundance of black-stain root disease to measure risk. Pest management
tactics applied to established foci of C. wageneri during the thinning process should
minimize felling of diseased hosts. Sanitation by tree removal or chemical treatment
may be favored. Resistant species should be favored within and near infection
centers. Interplanting of resistant species at plantation establishment would provide
opportunities for modifying thinning to favor resistant species on microsites or in
stands where black-stain root disease is present and causing significant mortality.
Interplanting with a nitrogen-fixing shrub capable of capturing and holding a site
until overtopped and shaded out by Douglas-fir could possibly eliminate the need
for precommercial thinning.
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Abstract
@

Black vine weevil (Otiorhynchus sulcatus (F.)) and strawberry root weevil
(O. ovatus (L.)) are the most ubiquitous and damaging species in the genus. Larvae
of these flightless, parthenogenetic species destroy roots; adults may causelnac-
ceptable defoliation during 4 weeks of maturation feeding and a 3-month oviposi-
tion period. They are both generally distributed in much of Europe and North
America and in parts of Australia, New Zealand, and Japan where they are
occasional pests of conifers in nursery production. Although some insecticides have
shown promise for controlling larvae in field plantations of nursery crops, a control
strategy based on vigilance for adult activity and thorough-coverage, foliar sprays
of effective insecticides is suggested as the main line of chemical defense. Parasitic
fungi and nematodes, although effective against root weevil larvae in containerized
plants and in greenhouses, are not effective under field conditions.

Résumé

Le charancon noir de la vigne (Otiorhynchus sulcatus [F.]) et le charancon de
la racine du fraisier (0. ovatus |L.]) sont les especes les plus répandues et les plus
destructrices du genre Otiorhvnchus. Les larves de ces deux especes d’insectes non
volants, a parthénogenese détruisent les racines, tandis que les adultes peuvent
causer une défoliation inacceptable a la phase d alimentation de maturation qui dure
4 semaines et a la période d’oviposition durant 3 mois. Les deux espeéces ont une
distribution générale dans la majeure partie de I'Europe et de I'’Amérique du Nord
ainsi que dans certaines partie de 1" Australie, de la Nouvelle-Zélande et du Japon
ou elles attaquent parfois les coniferes dans les pépinieres. Certains insecticides ont
donné des résultats prometteurs contre les larves dans des plantations établies sur
le terrain avec des plants produits en pépiniere: néanmoins. la stratégie de répression
recommandée est axée sur lasurveillance de ["activité des adultes et la pulvérisation
abondante d’insecticides chimiques efficaces sur le feuillage. Les champignons et
nématodes parasites, bien qu’efficaces contre les larves des charancons des racines
dans des plants en récipient et dans des serres. ne sont pas efticaces en conditions
naturelles.
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Introduction

The palearctic genus Otiorhvnchus Germar contains some of the most
damaging root weevils encountered in Australia, Europe, New Zealand, and North
America (Smith 1932; Sampo and Casale 1975; Warner and Negley 1976; Nielsen
and Montgomery 1977; Evenhuis 1978; Penman and Scott 1979; Bedding and
Miller 1981; Simons 198 1; Bogato 1984). More recently, damage reports have been
recorded from Japan (Masaki et al. 1984) and North Africa (Bedding and Miller
1981).

Many of the important species, including all representatives in North Amer-
ica, are parthenogenetic and flightless, characteristics that contribute to their pest
status. Although weevils may walk up to several hundred metres during natural
dispersal (Nielsen 1969), most of their range extension has occurred through
movement of infested plant material (Maier 1978). Adults are nocturnal and remain
beneath debris on the soil surface or within the canopy of tightly sheared plants
during the day. Eggs are laid in or on the soil surface; larvae cause damage by
consuming small roots and girdling larger roots. Adults chew notches in the margins
of leaves that may result in aesthetic injury, or damage if weevil density is high
enough to cause significant defoliation. In the Pacific Northwest in the USA,
feeding by adults has been considered more damaging than larval root feeding (R.
L. Campbell, personal communication).

Black vine weevil, Otiorhynchus sulcatus (F.), and strawberry root weevil, O.
ovatus (L.), are the two most ubiquitous and damaging species in the genus. Their
biologies and seasonal life histories are similar; O. sulcatus is recognized as the
more important pest world-wide. Both species were relegated to manageable status
with the introduction of organochlorine insecticides in the 1950's. However,
developmentof resistance (Neilsen etal. 1975) and bans on the use of these products
have resulted in a resurgence of root weevil problems throughout their range since
the mid-1970’s.

Otiorhynchus ovatus is generally distributed in Europe, causing economic
damage to strawberry, cane berries, and beets (Warner and Negley 1976). It is the
most widely distributed root weevil in North America, occurring in all Canadian
provinces and in all but 10 southern states in the continental U.S. (Warner and
Negley 1976). In North America it is called the strawberry root weevil, primarily
because early reports dealt with its pest status on that crop. However, it is a general
feeder and has been observed as a serious pest of conitfer seedlings in the Pacific
Northwest (Wilcox et al. 1934; D.G. Nielsen, personal observation), British
Columbia (Shrimpton 1985; Rutherford et al. 1987), and in the eastern USA
(Nielsen and Heller 1978).

Otiorhynchus sulcatus is more polyphagous than O. ovatus and has been
reported primarily as a pest of grape and ornamental plants in central Europe, small
fruits and nursery crops in Scandinavia, and nursery crops and landscapes in North
America. It is the most important nursery pest in Ohio (Miller and Nielsen 1987),
and is commonly responsible for restriction of more dollar value of nursery crops
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than all other pests combined (Ohio Department of Agriculture, personal commu-
nication). Itis distributed primarily along the east and west coasts of North America
above Mexico, and in the Great Lakes States and Provinces in the USA and Canada.
Recently, it has received renewed research interest in Australia, New Zealand.,
Japan, the USA, and throughout much of Europe. Otiorhynchus sulcatus seems to
thrive inareas with well drained soils and moderate temperatures (Montgomery and
Nielsen 1979).

Life cycle and seasonal life history

Both species overwinter primarily as large larvae; some adults overwinter in
buildings or in protected locations outdoors where winter temperatures are moder-
ate (Garth and Shanks 1978). Few small larvae (younger than 4th instar) and adults
overwinter in climatic zones 4 and 5. Spring larvae are voracious feeders, complet-
ing development sometime in late April or May in latitudes of northeastern Ohio.
Pupation occurs several centimetres beneath the soil surface in an eartheni"cell.
Adults emerge ca. 2 weeks later and soon work their way above ground to begin a
4-week preoviposition feeding period (Cram and Pearson 1965; Penman and Scott
1976; Maier 1981; Nielsen and Dunlap 1981). Oviposition begins in July and may
continue until hard frost. Fecundity of O. sulcatus varies with host plant (Nielsen
and Dunlap 1981): wild grape (Vitis aestivalis var. argentifolia (Munson) Fern.) and
other weeds are suitable hosts (Smith 1932; Nielsen and Dunlap 198 1; Masaki et al.
1984).

Adult activity can be monitored by recording abundance of adults or leaf
notches on broadleaf hosts. In landscapes and nurseries, leaf notch monitoring can
beefficient, if favored adulthosts like rhododendron (Rhododendron spp.). euonymus
(Euonymus fortunei (Turcz.) Hand.-Mazz.), or hosta (Hosta Spp.) are near weevil
infestations. Alternatively, pit-fall traps (Nielsen et al. 1978) or trap-boards (Maier
1983) can be used to detect and census weevils. Trap boards are the better choice
for practitioners, because they are cheap and not influenced by rain.

Otiorhynchids in conifer nurseries

Conifer nurseries near established vineyards, strawberry fields, landscape
nurseries, oldfields, or forests containing wild host plants are most susceptible to
colonization by Otiorhynchus weevils. During the mid-1970’s, a major producer of
conifer seedlings in western Pennsylvania incurred widespread loss of Douglas-fir
(Pseudotsuga menziesii (Mirb) Franco), Colorado spruce (Picea pungens Engelm.),
and Alberta spruce (Picea glauca var. albertiana (S. Br.) Sarg) seedlings and
transplants from root damage caused by O. ovatus and O. sulcatus. The young trees
were growing adjacent to a deciduous hardwood forest on a well-drained (loam &
gravel) hilltop near Indiana, Pennsylvania. Acephate (14.8 and 29.6 kg a.i./ha) and
bendiocarb (14.8 kg/ha) were applied as drenches, using 2.4 litres of water/m? of
bed, followed by a like amount of water immediately after application on 6 May
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1977. The soil was moist but not saturated at treatment. Larvae were nearing
pupation. None of the treatments provided significant reduction in larval/pupal
density (Nielsen and Heller 1978).

A similar study with field production yews (Taxus media *Densiformis’)
growing in well-drained old Lake Erie lake bed characterized as Berrian fine sand
and infested with large O. sulcatus larvae was more promising. Carbofuran
(Furadan 4F) at 22.4 and 44.8 kg a.i./ha and bendiocarb (Turcam 76 WP) at 44.8 kg/
hasignificantly reduced larval density when applied with [ litre of finished material/
m?® of soil surface when larvae were nearing pupation (Nielsen and Dunlap 1985a).
Oxamyl (Vydate 2L) was ineffective. All plots were cultivated just prior to and
immediately following application.

Several factors may have caused the discrepancy in results between these two
trials. Root mass associated with well-established transplant beds might inhibit
movement of toxicant to larval feeding sites. Lack of pre- and post-treatment
cultivation may have resulted in insecticide degradation through ultraviolet break-
down and inhibited downward movement of water and toxicant. Soil factors may
have also contributed to variable results. Toxicity studies have shown that both
carbofuran and bendiocarb are highly toxic to O. sulcatus larvae (Nielsen and Boggs
1985b; Nielsen and Roth 1985); soil type has been shown to influence toxicity
(Nielsen and Boggs 1985a).

A better approach for controlling larvae in field plantings is to treat infested
areas when larvae are small. Two applications (mid-August and mid-October) of
granular carbofuran or bendiocarb at 11.2 kg ai/ha to cultivated. sandy soil
significantly reduced O. sulcatus larval density on taxus: terbufos and single
applications of bendiocarb or carbofuran were ineffective (Nielsen and Dunlap
1982). Late September application of carbofuran (liquid or granular), the high rate
of its isomer known as Advantage (4EC), or bendiocarb WP at 11.2 or 22.4 kg ai/
ha to sandy, old Lake Erie lake bed soil virtually eliminated a dense O. sulcatus
larval infestation on field taxus (Nielsen and Dunlap 1985b). Again, soil was
cultivated pre- and post-treatment, and only 1 litre of finished material (or water
with granular treatments) was used per m® of soil surface. Shanks (1979) reported
similar results with carbofuran granules against O. sulcatus larvae in cranberry
bogs. All 12 treatments with isofenphos (Oftanol 5G and 2F) resulted in a 2-fold to
3-fold increase in larval density. This unexpected result has not been explained:;
potential usefulness of isofenphos against Otiorhynchus larvae has not been
pursued further.

Results of drench trials to control root weevil larvae have shown some
potential. Saunders (1970) worked with O. sulcatus larvae infesting containerized
Colorado spruce growing in a 1:1 peat:sand potting mix. Carbofuran at 5.6 kg a.i./
ha equivalent provided a high level of control. In Northern Ireland. Blackshaw
(1984) used chlorpyrifos drenches to control O. sulcatus larvae infesting contain-
erized plants forupto 20 weeks. Chlorpyrifos was effective againstlarge O. sulcatus
larvae when root balls of infested yews were immersed in a solution containing 2.5
g a.i./L for 30 seconds (Nielsen and Dunlap, unpublished).

Controlling adults and minimizing oviposition

Although some insecticides and treatment strategies have shown promise for
controlling Otiorhynchus larvae, this practice is problematical and should not be
used as afirst defense against root weevils. Instead, insecticidal sprays can be used
tokill weevils after they emerge above ground and before theireggs mature (Nielsen
1980). Basic toxicity studies (Nielsen 1983: Parella and Keil 1984) and field
evaluations (Nielsen and Montgomery 1977) indicate that carbofuran and bendio-
carbare toxic to and efficacious against O. sulcatus adults. Effectiveness sometimes
varies with host (Nielsen and Dunlap 1985c). Shanks and Chamberlain (1988)
reported that toxicity of pyrethroids to O. sulcatus adults also depends upon host
factors. Bendiocarb (Turcam and Dycarb 76 WP) has been registered for use in the
nursery and the landscape industries in the USA fora numberofyears?md is proving
to be effective in vine weevil adulticide programs in both production and mainte-
nance of landscape plants (Nielsen, unpublished information from growers and
landscape managers). It should be equally effective and economical in gonifer
nurseries, if done according to principles of integrated pest management. Steps
required forimplementing a successful Otiorhvnchus weevil adult control program,
in chronological order, include:

(1) Determine whether a significant adult population is overwintering at the
nursery. Use trap boards (see #3).

(2) Apply athorough-coverage. hydraulic spray to plant foliage in all infested
areas of the nursery ca. 2 weeks after overwintered weevils become active in spring
(mid-May in climatic zones 4 & 5; three weeks earlier in zone 6).

(3) Deploy trap-boards (ca. 30 x 30 x 1 cm thick) beneath the canopy of
infested plants at least 3 weeks before adult emergence is expected. Otiorhynchus
ovatus adults may begin emerging ca. 2 weeks before O. sulcatus. Observe duff
beneath boards during the day at weekly intervals. During hot weather, boards
should be checked in the morning before heat drives weevils to more protected
locations (Shrimpton 1985).

(4) Record date when new adults are first observed (beneath trap-boards or
elsewhere).

(5) Apply a thorough-coverage. hydraulic spray to all infested plants ca. 3
weeks after first adult emergence. Spraying at night will be most effective, because
that is when adults feed and oviposit. (Note: Scrutiny of plants for presence and
abundance of weevil adults and monitoring pit-fall traps from before adults began
emerging above ground until after oviposition began, indicated that weevils begin
to wander about the time their eggs mature (Nielsen 1980). So, although it is not
necessary to spray nurseries as soon as new adults emerge, they should be killed
before their eggs mature to prevent reinfestation and to minimize local dispersal).

(6) Repeat the adulticide spray at 3-week intervals until no new adults are
detected beneath trap boards 3 days after the last spray. Adults of both species may
begin emerging in mid to late May in climatic zones 4 and 5 (3 weeks earlier in zone
6) and continue to emerge for 8 to 10 weeks. Most production and landscape
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maintenance personnel use three or four sprays during spring and summer to
achieve desired results. A similar strategy has been suggested by others (Sampo and
Casale 1975; Penman and Scott 1976; Nielsen et al. 1978; Parrella and Keil 1984).

Otiorhvnchus weevil infestation in conifer nurseries may be difficult to detect
before damage occurs, because leaf feeding is more cryptic than on broadleaf plants.
Early symptoms of root weevil infestation on yews and members of the Pinaceae
include reduced growth rate, retarded bud break, and chlorosis. Weevil larvae are
large enough to detect only from late October through pupation the following spring
or summer. Managers of conifer seedling nurseries can improve detection proce-
dures by planting euonymus, hosta, or another preferred, broadleaf adult host in
locations convenient for observation near seedling and transplant beds. Trap boards
could be deployed beneath these plants to further facilitate detection of first adult
emergence and to follow their seasonal activity.

Since O. sulcatus and O. ovatus are polyphagous and complete development
on many native plants, nursery managers should not only practice clean cultivation
in production areas but should also destroy host plants growing in the perimeter of
beds and the nursery to minimize immigration. If weeds exist in perimeter and
production areas, they should also be sprayed when using adulticides (Makasi et al.
1984).

Novel control tactics

Otiorhvnchus weevils have traditionally been controlled with conventional
insecticides. Diflubenzuron has caused reversible sterility of weevils fed treated
foliage (Zeppetal. 1979), but has not been registered for this use. Other biologically
rational tactics evaluated include parasitic fungi and nematodes.

The hyphomycetous fungus Metarhizium anisopliae (Metschn.) Sorok., var.
anisopliae (strain no. 85) was significantly better than other strains and species
against sulcatus larvae at 15°C (Soares et al. 1983). However, infectivity and
mycosis were reduced at cooler temperatures where larvae commonly develop,
indicating its current limitation to plants grown inside structures. To date, the
literature does not contain information indicating that parasitic fungi are consis-
tently effective against root weevil larvae out-of-doors.

Insect-parasitic nematodes have shown even more promise against Otiorhyn-
chus larvae in greenhouse and container production. Bedding and Miller (1981)
achieved 100% parasitization of O. sulcatus larvae infesting containerized plants by
using aqueous suspensions of infective juvenile Heterorhabditis heliothidis, isolate
T327. Rutherford et al. (1987) had similar results with Heterorhabditis nematodes
against O. sulcatus and O. ovatus larvae infesting containerized lodgepole pine
(Pinus contorta Dougl.) and Douglas-fir, respectively. The nematodes were not
effective against a natural infestation of O. ovatus larvae infesting a field of 2-0
Douglas-fir. Asin the field failure with parasitic fungi, lack of control was attributed
to the ineffectiveness of the nematodes at low temperature. Perhaps strains of
parasitic nematodes or fungi selected to operate at low temperature will provide a
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novel tactic for controlling field infestations of Otiorhivnchus larval infestations.
Since nematodes evaluated are more infective against large than small larvae
(Rutherfordetal. 1987), and since large larvae are only present in the field when soil
temperatures are cool (fall. winter, and early spring). infectivity at low temperatures
is an essential requirement for nematodes to be useful against field infestations.
Currently. they are not a viable option for minimizing Otiorhivnchus root weevil
impact in conifer nurseries.
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Abstract

The black army cutworm feeds on conifer seedlings causing mortality,
dieback, and deformity. Outbreaks occur | or 2 years after a site has been burnt.
Larvae feed on herbaceous vegetation which regenerates after fire, and on inter-
planted seedlings when other vegetation has been depleted. Thirteen species of
parasitoids have been recovered from larval collections; one tachinid and two
ichneumonids are quite abundant. The degree of damage is dependent on age and
species of seedlings and amount of competing vegetation as well as cutworm
population density. An outline of a management system for this problem is given
which involves classifying site susceptibility, monitoring population density with
pheromone traps, and manipulating time of planting.

Résumé

La légionnaire noire, qui se nourrit de semis de coniferes, tue et déforme les
jeunes plants et en desseche les rameaux. L’espece infeste un secteur de un a deux
ans apres sa destruction par le feu. Les larves consomment la végétation herbacée
qui repousse apres I'incendie, et les semis formant une plantation intercalaire, apres
épuisement des autres types végétaux. Parmi les treize especes de parasitoides
figurantdans les prélevements larvaires, on remarque |'abondance particuliére d'un
tachinidé et de deux ichneumonidés. L’étendue des dommages dépend de 1'age et
de I’espéce des semis, et de I’abondance de la végétation compétitive, ainsi que de
la densité démographique des légionnaires noires. On présente 'apercu d'un plan
de gestion visant a €liminer le probleme, et comportant le classement du degré de

vulnérabilité du terrain, la surveillance de la densité démographique a I’aide de
pieges de phéromones, et la modification de la période de plantage.

The black army cutworm, Actebia fennica (Tauscher), goes through rapid
population changes on specific sites. Larvae appear suddenly on sites burned 1 or
2 years previously and begin devouring vegetation, including newly planted
seedlings. Seedling mortality caused by severe defoliation may result in the need for
partial or complete replanting to maintain desired stocking standards. Less severe
defoliation results in stem deformities and height growth losses, thus reducing the
seedlings’ ability to compete for site resources. At the present time, it is impossible
to predict where infestations will occur, the level of seedling damage which may be
sustained or long-term impacts of the damage. Consequently, foresters have had to
deal with black army cutworm infestations on a crisis basis by arbitrarfly delaying
planting, spraying with a pesticide, or replanting at a later date without adequate
information as to the consequences of those decisions.

This insect has a circumpolar distribution. It has been collected from Canada,
the northern United States of America, Scandinavia, the United Soviet Socialist
Republics, Manchuria, Mongolia and northern Korea (Pulliainen 1963). Canadian
outbreaks have occurred in British Columbia, Ontario and Newfoundland (Ross and
IInytzky 1977; Clarke and Carew 1985). Within British Columbia, outbreaks have
been reported primarily from moist spruce sites in central and eastern locations
(Figure 1). As more of the forest comes under a cut and burn style of management,
the distribution of outbreaks will probably expand, particularly northward; there is
a need to detine susceptible sites more specitically.

Eggs of A. fennica are laid in the duff from mid-July through mid-September
and take about two months to hatch under laboratory conditions (Ross and IInytzky
1977:Wood and Nielson 1956). There are six larval instars. The overwintering stage
may vary with environmental conditions. Wood and Nielson (1956) indicated that
first or second instar larvae were the overwintering stage, while Maxwell (1950)
noted that overwintering might occur in the egg stage. In British Columbia, second,
third and fourth instar larvae can be found actively feeding as soon as snow melts
in spring and the herbaceous cover begins to grow. Larval phenology varies with site
and year (Figure 2). At first, the larvae chew minute holes in the leaves, but later
consume all the leafy parts of the plant. Mature larvae pupate in the duff in late June
and three or four weeks later the adults emerge to mate and lay eggs.

Mating is facilitated by a highly attractive pheromone. Pheromone trapping
indicates that low densities of moths are found in most forest openings. In transects
of traps extending from openings into the forest, the catch rate of male moths drops
to zero abruptly at the forest edge (Figure 3).

Densities of black army cutworm change drastically in response to fire. One
to two years after a prescribed or wild fire, thousands of larvae per hectare can
suddenly appear and consume nearly all green vegetation, including any planted
seedlings (Ross and Ilnytzky 1977). The distribution of larvae is extremely
contagious so that vegetation damage is quite patchy. It appears that this insect
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Figure 1. Distribution of collections of black army cutworm in British Columbia based on
Forest Insect and Disease Survey, Pacific Forestry Centre records (1953-1988) plotted by 10
km Universal Transverse Mercator grid: A, distribution of larvae or pupae detected during
surveys of cutblocks (n=151); and B, location of adult male pheromone trap collections
(n=198). Maps produced by FIDS Technology Development Project, Petawawa National
Forestry Institute, Petawawa, Ontario.

85

|OO 00=

14
év-.\ ao 0ox 20.00%
11
64 00% 36.00%

1.96x% 98.04x

/ /5 00z 90.00% 4 00% B

INSTAR

10

Figure 2. Stage of development and date of collection of black army cutworm larvae
recovered from infested cutblocks. Vertical bars represent the proportion of the larvae
collected in each instar. A. Instars present on two sites in the Quesnel Forest District, May
14-15, 1986; and B. Instars present on five sites in the Golden Forest District, May 9-15. 1988.
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Figure 3. Number of black army cutworm moths caught over a seven-night period in
pheromone traps placed in a north-south transect through an area cut and burnt two-years
previously (R. Shepherd, unpublished data).

searches out burnt areas for oviposition thus providing an abundance of fresh, newly
emerging plants for the larvae to feed on in the following year. Populations can
remain high for 1 or 2 years, then suddenly drop to endemic levels. Indirectevidence
suggests that these are highly mobile insects which every year search out and
concentrate on newly burnt sites. Outbreaks were probably never detected until
foresters started using fire for site preparation before planting seedlings. If fire and
planting increases in the future, then the incidence of damaging outbreaks may also
increase.

The impact of parasitoids on black army cutworm populations has not been
investigated, although high levels of parasitism have been occasionally associated
with the collapse of outbreaks (Ross and Ilnytzky 1977). Six dipteran and seven
hymenopteran parasitoids have been recovered from larval and pupal collections of
A. fennica in British Columbia (Table 1). The most abundant species in these
rearings include Nowickia latigena, Erigorgus sp. and Eutanvacra suturalis.
Nowickia latigena kills mature host larvae, forming its puparium within the host
remains. Adults emerge in the fall, about the time that cutworm adults are in flight.
Both E. suturalis and Erigorgus sp. are larval-pupal parasitoids. The former species
oviposits into the final host instar, while the latter oviposits into early-instar host
larvae. Both species complete their development soon after host pupation with adult
E. suturalis emerging in the fall and those of Erigorgus emerging the following
spring.

There are several variables which affect the amount of damage which occurs
to the regeneration. During an infestation, feeding on seedlings occurs when the
amount of preferred herbaceous vegetation is not sufficient to satisty the feeding
demands of the larvae so that damage is related, in part, to the types and quantities
of associated vegetation. When defoliation does occur, newly planted seedlings
appear to succumb easier than those planted several months prior to the infestation,
regardless of species. When the time of planting is similar, spruce, Picea spp., seems
to be the preferred species, followed by lodgepole pine, Pinus contorta Dougl., and
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Table 1. Parasitoid species reared from black army cutworm in British Columbia. Those
species ovipositing into and emerging from host larvae are designated *Larval” while species
ovipositing into host larvae and emerging from host pupae are designated “*Larval-Pupal™ (L.
Humble. unpublished data).

Parasitoid Species Type of Parasitoid

HYMENOPTERA
BRACONIDAE
Glvptapanteles alticola (Ashm.) Larval
Microplitis sp. Larval
ICHNEUMONIDAE
Dusona laticincta (Cresson) Larval ¢
Erigorgus n. sp. Larval-Pupal
Eutanyacra suturalis (Say) Larval-Pupal
[chneumon creperus Cresson Larval-Pupal
Ophion sp. Larval
DIPTERA
TACHINIDAE
Epalpus signifer (Walker) Larval-Pupal
Nowickia latigena (Tothill) Larval
Nowickia tahoensis ((Reinhard) Larval
Mericia ampelus (Walker) ?
Periscepsia helymus (Walker) Larval
Winthemia fumiferanae Tothill Larval-Pupal

Douglas-fir. Pseudotsuga menziesii (Mirb.) Franco. Survival of defoliated seed-
lings varies from species to species.

The more severe the defoliation, the more severe are associated types of
damage such as bark feeding and destruction of terminal and lateral buds. The long-
term impacts of mortality are lower stocking levels and unequal distribution of
seedlings. which in some cases may be offset by natural regeneration. Height
growthreductions and stem deformities reduce the seedlings ability to compete with
surrounding vegetation, but since the vegetation itself is also defoliated the net
competitive situation is unknown.

Solutions for this problem will vary for different sites. They currently include
delay of planting until larvae have finished feeding, planting of an alternate species,
spraying with chemical insecticide, or improving the competitive advantage of
damaged seedlings with a herbicide spray. We forsee that the most common
management strategy for this problem will be one of scheduling planting on
susceptible sites to avoid the problem without substantially increasing the risk of
severe vegetative competition. We are attempting to do this through the following
studies:



88

1. Obtain a better description of short-term and long-term impacts of damage
to define the type of damage which can be sustained.

2. Obtain a better understanding of the site conditions, harvesting and
burning sequences, quantity and quality of herbaceous vegetation, and dynamics of
cutworm population densities as related to seedling damage.

3. Develop a site description and pheromone monitoring system which will
enable us to detect populations soon enough to avoid intolerable damage.
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girdling on root and shoot growth of pine and
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Bo Langstrom and Claes Hellgvist

Swedish University of Agricultural Sciences.
Department of Plant and Forest Protection. S-770 73 Garpenberg. Sweden

Abstract

One-year-old seedlings of Scots pine (Pinus sylvestris) and Norway spruce
(Picea abies) were defoliated, decapitated, or girdled partially in order to simslate
different types of insect damage. Immediate growth etfects were evaluated in a
growth chamber. Another set of seedlings treated in a similar way were planted in
a nursery and were followed for four growing seasons.

Seedling survival was high, except for the partially girdled spruce seedlings.
For both species, total defoliation or partial girdling drastically reduced root growth
during the first weeks atter the treatment. This effect was also seen after the first field
season. After four field seasons, decapitated pines were still smaller than the
controls whereas all spruces and the other pines had recovered. The results were
interpreted in terms of growth patterns and carbohydrate availability, and the impact
of different types of insect damage on planting success and stand establishment was
discussed.

Résumé

Des plants d'un an de pin sylvestre (Pinus svivestris) etd épinette de Norvege
(Picea abies)ont été défoliés, décapités ou annelés partiellement pour la simulation
de ditférents types de dommages causés par les insectes. Un groupe a ensuite €t€ mis
dans une chambre de culture pour évaluation des effets immédiats sur la croissance,
tandis qu'un autre a été planté dans une pépiniere et a été suivi pendant quatre
saisons de croissance.

Les taux de survie des plants ont été élevés. sauf pour les plants d’épinette
partiellement annelés. Chez les deux especes. la défoliation totale et I'annélation
partielle ont réduit considérablement le développement des racines au cours des
premieres semaines suivant le traitement. Le méme effet a été observé apres la
premicre saison de croissance sur le terrain. Aprés quatre saisons. les pins qui
avaient été décapités étaient encore plus petits que les témoins. alors que toutes les
épinettes et les autres pins avaient retrouvé une taille normale. Les auteurs
expliquent les résultats en fonction des caractéristiques de croissance et de la
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quantité d’hydrates de carbone disponibles et ils analysent les effets de différents
types de dommages causés par les insectes sur le succes du plantage et ‘implantation
des peuplements.

Introduction

Newly planted seedlings are subject to a multitude of pest organisms causing
different types of damage, and threatening the survival and development of the new
tree generation. In Scandinavia, needle losses caused by fungior defoliators, stunted
height growth due to mammal browsing and shoot die-back or stem wounds
resulting from weevil gnawing. are of major concern in conifer reforestations (e.g..
Eidmann and Klingstrom 1976). Although seedling survival following insect
attack. by pine weevil for example, has been intensively studied (Lindstrém et al.
1986, and references cited therein), little is known about the effects of different
damage types on the establishment and early development of newly planted
seedlings. Any kind of damage during this sensitive phase of stand establishment
may be of decisive importance for the survival and further role of the seedling in the
developing stand (Lyly and Saksa 1982: Kauppi 1934).

The present study reports a pilot experiment on the impact of artificial
defoliation, decapitation, and partial girdling on root and shoot growth of I-year-
old seedlings of Scots pine (Pinus sylvestris L.) and Norway spruce (Picea abies (L.)
Karst.).

Material and methods
Laboratory experiment

Dormant 1-year-old seedlings of Scots pine and Norway spruce were ob-
tained from a commercial nursery in Central Sweden. The seedlings were grown in
rigid plastic containers (type HIKO. substrate volume 50 ml, plant density 767m™)
in a plastic greenhouse in 1983 and were refrigerated over the winter until 17 April
1984. The next day. seedlings were taken into room temperature and were watered
and transplanted in experimental containers as described below.

The root growth capacity (RGC) of the seedlings was studied using a
technique originally developed by Stone and Jenkinson (1971) as modified for
containerized seedlings by Mattsson (1986). The seedlings are allowed to grow for
three weeks in a standardized substrate of sand and peat at a soil temperature of
approximately 20°C, a day length of 18 hours, and an average illumination of 300
Eums'. Then the substrate is washed off the roots and all new roots are clipped oft
and collected in water to prevent shrinkage. The root length and/or dry weightis then
determined.

In the present study. five seedlings were transplanted in a row of nine
containers (HIKO) filling every second container. This container row was placed
in an RGC-cassette filled with the standard substrate of a 1:1 (volume basis) sand
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and peat mixture. Altogether, 20 cassettes were prepared with pine and 20 with
spruce seedlings. Five cassettes of each tree species were assigned to each treatment
in a random way. The treatments were (Figure 1): 1, control; 2, 100% defoliation
(all needles were clipped with a pair of scissors); 3, decapitation (the leader shoot
was clipped below the terminal buds); and 4, partial girdling (bark and phloem was
removed using a forceps at the lower stem in the following manner: the xylem was
exposed in four patches approximately | cm in length and 1 to 2 mm in width; two
of the patches were on opposite sides of the stem and the other pair of patches above
and perpendicular to the first pair).

All treatments were carried out on 18 April and the cassettes were then placed
in the two RGC-baths in a random way. The seedlings were left to grow for three
weeks, and were watered twice a week, but not fertilized. On 9 May J984, the
substrate was carefully washed off the roots and all new roots protruding below the
container bottom were cut and collected in a petri dish filled with water. The roots
from the five plants in a cassette were pooled and measured with an automatic root
length scanner (Comair, Australia), or in case of very poor root growth, measuréd
by hand with a ruler. The roots were then oven-dried (24 h, 105°C) and weighed to
the nearest mg.

Experimental planting

An experimental planting with I-year-old seedlings of Scots pine and
Norway spruce was carried out at Alvbacka nursery in central Sweden. The plants
were containerized seedlings similar to those used in the laboratory experiment.
They were cold stored until 25 May 1984, when the following treatments were
applied to the seedlings before planting (Fig. 1): 1, control; 2, defoliation of
approximately two-thirds of the foliage leaving the upper one-third intact; 3, total
defoliation of the needles; 4, decapitation of the leader shoot below the terminal
buds; and 5, partial girdling consisting of two pairs of “gnawing” patches as
described for the laboratory study above. The defoliation and topping treatments
were done with a pair of scissors, and the girdling with a forcepts. Seedlings were
assigned to the treatments in a random way.

The experimental design was a 5 x 5 latin square with four seedlings in each
experimental unit. The spacing was 40 cm, and the pines and spruces were planted
in two separate experiments with the same statistical design. All the 100 pines and
spruces were planted on 25 May 1984, and at that time shoot elongation and needle
flush had started both in the pines and spruces. The seedlings were neither watered
nor fertilized during the study period.

In October 1984, the survival and height growth of all seedlings were noted.
The seedlings of two replications for each tree species were carefully dug up and
taken in plastic bags to the laboratory. All new roots which had grown out from the
container were clipped and collected in water. Root lengths for each seedling were
measured and weighed as described above. The stem height (from the cotyledonal
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node), current leader length, and stem diameter at the base were measured for each
seedling.
The remaining three replications were remeasured (plant condition, total
height, leader growth, and stem diameter) in the autumn of 1985, 1986 and 1987.
Results were analysed using analysis of variance followed by Tukey’s
multiple comparison test. Linear regressions were computed for root length/weight
comparisons.

Results
Root growth in the laboratory

All pine and spruce seedlings included in the RGC study survived the test
period of three weeks. In both tree species, root growth was drastically reduced in
the defoliation and girdling treatments (Table 1). The decapitation did not affect root
growth in pine, but may have increased it in spruce although the difference was
significant neither for dry weight nor for root length. The root lengths were strongly
correlated with root dry weights for both pine (R*=0.98) and spruce (R> = 0.95).

ry and nursery experiments. From left to right:

g.

Experimental planting
Survival. After the first field season, all control and decapitated seedlings of

both tree species were alive (Figure 2). A few of the partially and totally defoliated

Table 1. Growth of new roots in Scots pine and Norway spruce seedlings after three weeks
in a controlled environment

ments applied to pine and spruce seedlings in the labor:

control, partial defoliation (nursery experiment only). total defoliation, decapitation, and partial girdlin

Scots pine Norway spruce
Root dry Root root dry Root
weight length weight length
= (mg) (dm) (mg) (dm)
v
3 Control 34.0 12.4 29.0 9.2
2 Total defoliation 0.8" 0.1a 2.0a 0.6a
g Decapitation 343 14.3 422 11.7
L
= Partial girdling 11.2° 4.8" 3.8 0.8
% F-value 20,09 %% 16,347 30.86%** 49.4(%**
3 HSD 8.1 7.3 14.3 33
%} a) mean significantly ditferent from the control at p<0.05. Tukey's multiple comparison test, honestly
i significant difterence (HSD).
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Figure 2. Seedling mortality in different treatments in percentage of 20 seedlings after the first
growing season in the nursery.

seedlings had died in both species. The survival of the partially girdled seedlings
was 90% in pine but only 25% in spruce. No further mortality occurred during the
second field season, but in the third season two more defoliated pine and spruce
seedlings died, probably due to accidents during weeding of the experiments.

Growth after one field season. In autumn 1984, root growth of pine seedlings
was negatively affected in all treatments as compared with the control seedlings
(Table 2); the difference was, however, significant only for the defoliated and
decapitated seedlings. In spruce, the tendency in root growth was similar to that
observed in pine although only the few surviving partially girdled plants differed
significantly from the controls. Root growth of the partially defoliated seedlings
was obviously not affected by the treatment.

A regression analysis of root weights (data not shown) in relation to root
lengths showed that the high correlation observed in the RGC study still persisted
after the first field season; R*> was 0.94 and 0.93 for pine and spruce, respectively.

The height growth of the pine seedlings during the first field season was not
affected by the treatments, except for decapitation which resulted in a significant
reduction in total height and leader growth (Table 2). For spruce seedlings, no
significant differences in height or leader growth were observed, although total
lengths were lower in the topped or girdled treatments (Table 2).

None of the treatments had any clear effect on stem diameter. In both species
a weak tendency towards increased stem diameter was seen in the partially

Table 2. Shoot and root growth for Scots pine and Norway spruce seedlings, which were dug up after one field season in the nursery

Norway spruce

Scots pine

Treatment

Length of

Stem Length of Total Leader Stem

Leader

Total

length diam. new roots height length diam. new roots

(mm)

height

(mm) (dm) (mm) (mm) (mm) (dm

(mm)

58.8

3.0

34

50.6

44.8

61.6

312

58.8

49.9

45.3

19.00

34

335

61.8

35
38

48.8

v
<

Control

44.6

55.4

e 3
oc <t
v, <t

25.8¢

44.8

35.6

29
39

20.0¢

55.4

%
— o~
o v

ation

Decapit

37.8

6.29%

0.72%

227"

8.92% 2,00

5.59%

14,5255

11.04%

F-value

39.6

1.4

33.1

64.3

21.6 1.1

4.1

HSD

a) mean significantly different from the control at p<0.05
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defoliated or partially girdled plants: decapitation or total defoliation (in pine only)
caused the opposite pattern. No means were., however. significantly different from
those of the controls.

Further height growth. After four field seasons, the differences in seedling
height observed after the first field season were still present in pine but not in spruce
plants (Figure 3). In pine. the height of decapitated seedlings differed significantly
from that of the controls. and defoliated or girdled plants were not significantly
smaller than the controls.

Inspruce, the control plants were also highest in all years. No means differed.
however, significantly from each other, and the ranking between the other treat-
ments changed from year to year, but the totally defoliated spruces were smallest
during the last two inspections.

Discussion

The different injury types elicited somewhat different growth reactions in
pine and spruce seedlings. For pine, survival was high despite the fact that the
seedling vitality was rather poor judging from the root growth capacity of the control
seedlings (cf. Mattsson 1986). The high mortality of the partially girdled spruce
plants indicated that they were more sensitive to this type of i injury than the pines
(ct. Dormling 1963). This result is in contrast with the observations made by other
authors, such as Eidmann (1969) and Lekander and Soderstrom ( 1 (1969) showmg that
spruce plants are more tolerant to damage caused by Hyvlobius abietis (L.) (Col.,
Curculionidae) than pine plants. However, this higher tolerance of spruce may be
attributable to size differences between pine and spruce seedlings used in practical
plantations, whereas the seedlings of both species in this study were roughly of the
same size. The artificial wounding at planting may on the other hand not be fully
comparable to weevil damage under field conditions.

For both species, the partial girdling severely reduced root growth in the
laboratory study, and this effect also showed up after one growing season in the
nursery, whereas shoot length and diameter were not affected by the partial girdling.
Cerezke (1974) observed decreased radial increment of lateral roots as well as
reduced height growth in 25- to 30-year-old lodgepole pine (Pinus contorta Dougl.
var. latifolia engelm.) after girdling treatments simulating larval feeding of Hylo-
bius warreni Wood. Reduced height growth resulting from Hylobiis damage has
been reported by Selander and Kalo (1979).

The total defoliation resulted in a drastic decrease in root growth in the
laboratory as well as in the nursery study, whereas the partial defoliation did not
significantly reduce root growth ineither species. Similarresults have been reported
for lodgepole pine seedlings by Carlson (1977).

Although itis well known that defoliation causes losses in height and diameter
growth (e.g.. Ericsson et al. 1980), few studies refer to young plants. Hoffman and
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Steiner (1965) observed only modest height and diameter growth losses for | and
2 years, respectively, indefoliated 2-year-old Scots pine. The present findings agree
well with their observations. Also the spruce seedlings tolerated defoliation
treatments without major losses in height growth. Thus, young trees seem to suffer
less from severe defoliation than older trees (cf. Kulman 1971). This may be due to
compensation through free growth which is common in young trees, and particu-
larly in Norway spruce (personal communication, [. Dormling, Swedish University
of Agricultural Sciences, Dept. of Forest Genetics. Stockholm. Sweden).

The decapitation treatment did not affect root growth of pine in the laboratory
study. This observation agrees well with the findings of Gezelius et al. (1981).
However, after one growing season in the nursery the decapitated pines displayed
low root growth. Topping of white spruce seedlings (Picea glauca (Moench) Voss)
resulted in increased root growth after 30 days (Carlson 1977). In our study, root
growth of spruce was close to normal during the first growing season. Decapitation
had no effect on height growth in spruce, whereas it severely reduced it in pine. In
spruce, new leader shoots developed from internodal buds. while the recovery in
pine through adventitious buds was slower. Differences in free growth may also
have favoured the recovery of spruce plants as compared with pine (I. Dormling
personal communication).

The above growth effects may be understood as a result of carbohydrate
allocation patterns (cf. Ericsson et. al. 1980; Ericsson et. al. 1985). Defoliation
decreases the main source of carbohydrates (old needles) causing a shortage in the
sinks (buds, new needles, root tips). Decapitation decreases (at least temporarily)
the sink size and consequently increases carbohydrate availability to other sinks,
e.g., root tips. Later, the opposite pattern may develop as a result of a smaller
photosynthate production due to a smaller needle biomass. as was observed for pine
in this study. A partial girdling mainly affects the downward transportation of
photosynthates, whereas the water and nutrient uptake is indirectly affected through
a reduced root growth. The dynamic pattern of the sink-source balance in a
disturbance situation is not well understood, but according to Waring and Pitman
(1985), for example, fine root growth and bud formation is favored over stem
growth.

Our results also demonstrate considerable differences in growth reactions
between Scots pine and Norway spruce. Thus, spruce seedlings seem to be very
sensitive to girdling damage whereas they tolerate topping better than pine seed-
lings. The results also indicate that young plants respond to severe defoliation with
relatively small growth losses of short duration, compared to those of older trees
with similar defoliation (ct. Kulman 1971). Free growth is suggested as an
explanation, especially for spruce. Excessive availability of growth promoting
factors (light, water, and nutrients) may also be involved in the rapid recovery.
Young trees may also have a faster root growth restoration following defoliation,
as Redmond (1959) observed for Abies balsamea. Whatever the reasons, young
pine and spruce plants seem to be capable of compensating for considerable needle
losses without loosing height growth.
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From the reforestation point of view. the present results stress the importance
of protecting seedlings against girdling injury caused, for example. by pine&w?e\./ils
in order to obtain good survival and rapid plant establishment. Moderate defoliation
seems to be tolerated well, whereas total defoliation leads to slower plant establish-
ment and reduced height growth. A leader loss is easily repaired in spruce, but will
result in height growth losses in pine. Further studies are needed to evaluate these
conclusions under field conditions, where the damage effect may be enhanced by
environmental factors imposing additional stress on the damaged seedling.
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Abstract

Western pine shoot borer, Eucosma sonomana Keartott, damages yellow
pines in the western United States by mining the pith of elongating terminal shoots,
causing loss of about 25% of | year’s vertical growth per attack. Some shoots are
killed or weakened and lateral shoots become dominant. The insect occurs at low
population levels. Trees are first attacked at 5 to 10 years of age. After trees are 15
to 20 years old, about 50% of terminal shoots are attacked.

Recognition of western pine shoot borer as a pest coincides with the develop-
ment of managed pine plantations. It is an atypical forest pest in that population
levels are stable over most of a rotation, damage is chronic. and damage is
inconspicuous. Treatment with synthetic pheromone reduces population levels by
75%.

Adults mate early in spring. Females select the larger terminal buds for ovi-
position sites. Larvae hatch from eggs and enter the elongating shoots shortly after
bud burst. In mid-summer they chew out, drop to the ground. pupate, and diapause.
Insect development correlates with host development and with heat accumulation.

Résumé

Le perce-pousse occidental du pin (Eucosma sonomana Kearfott) ravage les
pins ponderosa de I'ouest des Etats-Unis en creusant des galeries dans la moelle des
pousses terminales en croissance, provoquant la perte de prés de 25% de
I’accroissement en hauteur (vertical) de I'année par attaque. Certaines pousses sont
éliminées ou affaiblies et les pousses latérales deviennent dominantes. Les niveaux
de populations de cet insecte sont faibles. Il commence a ravager des arbres dgés de
5 a 10 ans. Environ 50% des pousses terminales des arbres de 15 a 20 ans sont
ravagées.

L’identification du perce-pousse occidental du pin comme ravageur coincide
avec la mise en valeur de plantations de pins aménagées. Cet insecte est singulier
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car ses niveaux de populations sont stables pendant la majeure partie d’une
révolution, mais les ravages qu’il cause sont chroniques et peu évidents. L applica-
tion d’un traitement aux phéromones synthétiques a réduit les populations de 75%.

Les adultes s accouplent tot au printemps. Les femelles choisissent les bour-
geons terminaux les plus gros pour pondre leurs oeufs. Les chenilles sortent des
oeufs et pénétrent dans les pousses peu de temps apres le débourrement. Au milieu
de I'été, elles émergent, se laissent tomber sur le sol, se transforment en chrysalides
et entrent en diapause. Le développement de cet insecte correspond a celui de son
hote et a I'accumulation de chaleur.

Introduction

The western pine shoot borer, Eucosma sonomana Kearfott, is a‘recently
recognized pest of ponderosa pine, Pinus ponderosa Laws, and other western
yellow pines (Stoszek 1973; Stevens and Jennings 1977). Recognition of its pest
status more or less coincided with the development of managed and, thus closely
observed, pine plantations. The insect mines terminal shoots and reduces their
vertical growth. Damage is low per year, but it is chronic and significant over the
course of a tree rotation. Vertical growth of all regenerating ponderosa pine in
western North America is reduced at least 5% and over 12% in many stands. Thus.
the western pine shoot borer is not a minor pest, even though it never threatens the
destruction of a stand and may even be largely unnoted. In managed and thinned
stands, which are generally considered more resistant to bark beetles, it may be the
most serious overall pest. Western pine shoot borer requires long-term rather than
crisis management strategy.

Biology

The seasonal history of western pine shoot borer is now well defined by
studies done in central Oregon (Mitchell and Sower 1988). Adults emerge about
April | before any significant development of ponderosa pine occurs. Eggs are de-
posited beginning around the last week in April when ponderosa buds start to
expand. By the first week in May, the adult tlightis 50% over, egg laying continues,
and some larval mines are present in buds and shoots which are elongating. By the
first week in June, moth flight has ended and first, second, and third instar larvae are
present in 10- to 20-cm-long shoots. Larval development continues through June
with emergence from the shoot beginning around July 1. This schedule difters with
annual weather variation, but all the above events closely correlate with the
accumulation of warmth (degree-days above 5.5°C). From August through March
of the next year, western pine shoot borer diapauses as a pupae below surface litter.
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Distribution

Western pine shoot borer was attracted to pheromone-baited traps in the
western United States at every tested location having Pinus present (Sartwell et al.
1980). Thus, we infer that western pine shoot borer may be a pest of all yellow pines
in western North America. Common host trees definitely include ponderosa.
lodgepole (P. contorta Dougl.) and jeffrey (P. jeffrevi Grev.) pines. In our experi-
ence, the relation of western pine shoot borer to lodgepole pine differs somewhat
from its relation to ponderosa pine. In vigorous lodgepole stands, infestation rates
of western pine shoot borer may average higher, ca. 75%. than the common 45 to
65% rate for ponderosa stands. Further, the insect appears to infest and develop
completely in smaller lodgepole terminals, and multiple infestations of single
terminals are more common (observations of R. Mitchell).

Population stability

Pine shoot borer population density levels are stable from year to year. First
infestation of a stand occurs as trees reach 5 to 10 years of age. In rapidly growing
stands where trees produce robust terminal buds, shoots will be infested with
western pine shoot borer earlier than in a stand with slower growing trees.
Population levels then increase slowly until trees are 15 to 25 years old. Population
levels in ponderosa pine stands in this age group vary: anywhere from 0 to near
100% of the terminals may be infested, but, commonly, rates of 45 to 65% of
terminals are sufficiently damaged to be identified by external observation (Sower
etal. 1984).

We suggest here, without proof, that infestation levels may generally corre-
late with the number of suitable shoots available in a given plantation and that the
number of such shoots increases with age up to 15 to 25 years. When the number
of robust shoots stabilizes, the western pine shoot borer population also stabilizes.
Where western pine shoot borer populations have been reduced artificially, infes-
tation rates have tended to double each year until normal levels are again reached
in 3 to 4 years (Sower and Overhulser 1986).

Tree morphology

Western pine shoot borer is particularly damaging on a per-insect basis
because the insect strongly favors the dominant terminal shoot for attack. In one
study, average numbers of infested laterals averaged only about 1-1/2 times the
number of infested terminals, even though the number of laterals on a tree greatly
outnumbered the single terminal (Sower et al. 1984). Attacks on lateral shoots have
little overall impact on a tree. In contrast, attacks on the terminal shoots can have
substantial effect on tree growth and development. In addition to reducing vertical
growth, the weakened terminal can lose dominance, which causes forking and other
distortions in tree form (Stevens and Jennings 1977).
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Symptoms

Damage is caused by larvae burrowing in the pith of terminal shoots during
the time of rapid shoot growth. Larval mining in the pith generally results in
weakening of the shoot and loss of vertical growth (Stoszek 1973: Sower and Shorb
1984). Characteristically, the larval mine occurs in the distal one-half to two-thirds
of the shoot. but feeding may occur anywhere within the shoot. External symptoms
of attack are shortening of needles distally to the beginning of the larval mine and
reduced vertical growth of the shoot (Stoszek 1973). These morphological changes
give the affected shoots a characteristic clubbed appearance. Other external
symptoms we have observed include exit holes near the center of the shoot and a
distinct swelling of the tree stem near the exit hole. This swelling is net apparent
until the shoot is in its second season. Terminal shoots sometimes will break off
where the stem is weakened by the exit hole. Mined shoots may be killed outright,
and the occurrence of dead terminal shoots or dead lateral shoots in the top whorl
can also be attributed to western pine shoot borer, at least in ponderosa pine. We
have observed that dead terminals in lodgepole pine are at least as likely to be due
to attack by the lodgepole terminal weevil, Pissodes terminalis Hopping.

Oviposition site selection

Two observations suggest that female western pine shoot borers select the
potentially largest shoots. from among those available. for oviposition sites: first,
shoots from the larger terminal buds are much more likely to be attacked than are
smaller lateral shoots even though the buds are adjacent at the time of oviposition;
second, in younger pine stands we have observed that the dominant trees, which
have the more robust terminals, are more likely to be attacked. Thus, we (Sower and
Shorb 1984) hypothesized that females were selecting the relatively tallest tree or
the largest buds, or both, as the best oviposition sites.

A study in central Oregon in a young ponderosa pine plantation (Sower and
Mitchell 1987) showed that where almost exactly 50% of terminal shoots and 15%
of laterals in the first whorl were infested. the average shoot length of infested (26.5
cm) vs. uninfested (27.2 cm) was about the same. Pre-infestation bud lengths for
terminals that were later attacked were significantly larger (45 mm) than those not
subsequently attacked (40 mm). There was a good correlation between terminal bud
size and incidence of shoot borer attack. An even better correlation was found
between the summed lengths of terminal and immediately adjacent lateral buds in
early spring and the subsequent infestation rate for the shoots. We conclude the
insects are attracted to the larger bud masses and, once there. favor the larger,
central, and more vertical terminal bud. We do not know what the attraction
mechanism is. Infestation patterns were also somewhat related to tree height, but we
believe this relation may occur simply because larger trees tend also to have larger
buds in even-aged stands. In uneven-aged natural stands, western pine shoot borer
is presentin a very wide range of tree sizes so tree height, per se. cannot be a primary
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method of selection. We conclude that western pine shoot borer selects shoots
mainly on the basis of relative bud size.

Impact

A realistic estimate of western pine shoot borer impact on ponderosa pine
growth is difficult. The assessment is complicated by the fact that females select for
the largest terminal buds as oviposition sites: thus the potentially more robust shoots
may be infestéd, lose 25% of their growth, and still be longer than an inherently
weaker uninfested shoot on an adjacent tree. A simple direct comparison of lengths
of infested vs. uninfested shoots may therefore result in an underestimate of actual
damage. Further, the more subtle effects on tree morphology are equally difficult
to quantify.

Stoszek (1973) made the first estimate of vertical growth loss by projecting
potential growth of each shoot from a measurement of the longest previous terminal
of each tree and contrasting this to actual growth. He estimated a vertical growthloss
of up to 25%. In further studies, Sower and Shorb ( 1984) first correlated tree height
(in even-aged stands) to the average vertical growth of uninfested shoots and used
this correlation to predict potential vertical growth of shoots. An estimate of growth
loss was then made on the basis of the difference between projected and actual
growth. We found a vertical growth loss of 27% (or 9 cm) for each infestation
identifiable by examination of external symptoms. This loss was spread over 2
years, 12% (or 4 cm) in the year of infestation and an additional 15% (or 5 cm) in
the next year. We also estimated growth loss in the first year by an alternate method:
projecting potential growth by counting the number of needle scales. The number
of needle scales per shoot is predetermined when the bud is set in the fall (Sacher
1954), and the number of needle scales correlates with the ultimate length of the
shoot. On impacted shoots, the needle scales are shorter and needles occur closer
together. Using this method, we estimated a vertical growth loss of 20% the year of
attack for shoots producing a mature larva.

Our vertical growth loss estimate is generally in agreement with that of
Stoszek (1973) and with the recent study by Koerber et al. (in preparation) who
report a vertical loss of 20% per infestation and 27% per infestation among the
fastest growing trees. We generally estimate a loss equivalent to 25% of 1 year of
vertical growth for each externally diagnosed attack on a leader. Ponderosa pine
plantations that have more than 50% of terminal shoots damaged are common; these
plantations are losing over 12% of their total vertical growth every year. Further,
selection of the largest buds has the effect of slowing the development of otherwise
dominant trees in an even-aged plantation.

Assessment of impact beyond that of direct vertical growth loss of a living
terminal shoot is even more difficult. The long-term effect of distorted tree
morphology is not included in the above estimates. Further, itis difficult to reliably
convert vertical growth loss in young trees into volume loss of mature timber,
although Stoszek (1973) has made an attempt. Koerber et al. (in preparation) show
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that the basal width of an infested stem remains the same but the length decreases;
thus over several years, a shorter, more sharply tapered stem with lower volume is
produced. Loss of vertical growth and volume will be discussed further by Williams
et al. (1989) in these proceedings.

Monitoring

Western pine shoot borer population levels can be estimated using phero-
mone-baited traps, by observation of shoots, and by dissection of shoots (Sower et
al. 1984). Use of pheromone traps is an objective method usable by inexperienced
surveyors. Traps are also the easiest method for an area-wide or preliminary
assessment. Direct observation is the most common method used, and tq,assess
damage at a specific site, it is the most direct. Visual surveys are simple, quick, and
can be made any time of year except while shoots are elongating. The disadvantage
of the visual survey is that some shoots are difticult to score accurately, particularly
by inexperienced observers. Subjective errors may also be made, even by experi=*
enced observers. For example, we miss about 26% of infested shoots, scored
visually, that are found infested on careful dissection. For damage assessment, this
error is not serious because the infestations missed are those where the larvae do not
completely develop and do little damage. We recommend using visual surveys for
specific plantations, and trap surveys for area-wide surveys. For research purposes
dissection may be required, depending on the objectives.

Disruption

Mating disruption with synthetic pheromone controls western pine shoot
borer (Overhulser et al. 1980; Sartwell et al. 1980; Daterman 1982: Sower et al.
1982). Results have been consistent with several formulations applied both by
aircraft and by hand. Generally, treatment dosages of 3 to 20 g/ha of active
ingredient have resulted in 70 to 85% tewer terminal shoots infested. Where small
treated plots are surrounded by susceptible western pine shoot borer host type,
treatment tends to be less eftective. presumably because of oviposition by immigrat-
ing females. Treating butfer zones around such plots may be necessary. Following
treatment, damage again increases within 1 or 2 years, and most benefit of treatment
is realized within 2 to 3 years (Sower and Overhulser 1986). Two pheromone
tormulations are available for use against western pine shoot borer. No other control
agents have been found effective or registered in the United States.

Thus far, the pheromone disruption control has been used in only one series
of treatments (by The Weyerhauser Co.) done for the purpose of promoting timber
growth. Annual treatments have been made, however, to several high-value sites in
Idaho and Montana since 1983. i
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Outlook

In the past, the damage caused by western pine shoot borer was unknown or
ignored because of its inconspicuous nature and the general lack of understanding
of the biology and impact of the pest. In the future, we will likely increase even-aged,
plantation management of most western pine shoot borer host trees: therefore, the
insect will become more important. As awareness grows, more pheromone treat-
ments will likely be done to reduce damage.
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Abstract

The infestation frequency by western pine shoot borer, Eucosma sonomana
Kearfott, following the establishment of pine plantations, and the degree of
suppression and recovery of these infestations after mating disruption treatments of
one growing season and five consecutive seasons, were studied in northeastern
California. Treatment consisted of aerial spraying of pheromone (dodecenyl
acetate). Height and radial-growth rates of pine trees with different periods of
protection from infestation were compared with growth rates of unprotected trees
in the same plantation. Shoot borer infestations began when the trees were about 5
years old and 1.3 m tall. Approximately 20% of the terminal shoots were infested
when the trees reached age 10, and 60% when trees reached age 20. Trees
comprising the tallest 50% of the stand were attacked more frequently than trees in
the shorter half of the stand. Reductions in height growth of infested terminal shoots
averaged 20% over all study trees and 27% in the taller half of the stand. Treated
areas were associated with 66 to 84% fewer terminal shoot infestations. Trees
protected for 5 years showed an average height-growth increase of 25.6% per year.
Trees receiving one treatment showed an average height growth increase of 19.6%
per year over the next 5 years. Timber-stand volumes were simulated for a rotation
of 70 years by using the PROGNOSIS growth and yield model. Growth simulations
were tested for one application and five applications during stand-age intervals 16-
20, 21-25, 26-30, and for an untreated control. On the basis of economic assump-
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tions appropriate for market conditions of northeastern California, the treatments
had benefit:cost ratios ranging from 7 to 0.5, with a single treatment applied to
youngest stands yielding the most, and multiple treatments to the oldest stands the
least benefits.

Résumé

La fréquence d’infestation par le perce-pousse occidental du pin (Eucosma
sonomana Kearfott), apres I'établissement de plantations de pins, et let degré de
suppression et de guérison de ces infestations, aprés les traitements visant 2
perturber la reproduction de I'insecte au cours d’une saison et de cinq saisons de
croissance conséutives, ont été étudiés dans le nord-est de la Californie. Le
traitement consistait en une pulvérisation aérienne de Jphéromone
(dodécénylacE tate). La hauteur et la vitesse de croissance radiale des pins, 4
diversespE 'riodes de protection contre I"infestation, ont été comparées avec le taux
de croissance d’arbres non protégés de la méme plantation. Les infestations par le
perce-pousse ont commence lorsque les arbres avaient environ 5 ans et qu’ils
mesuraient 1,3m. A 10 ans, environ 20% des pousses terminales étaient infestées,
et 60% a 20 ans, les arbres les plus grands du peuplement ont été attaqués plus
souvent que les arbres de I’autre moitié plus petite. La réduction de la hauteur de
croissance des pousses terminales infestées était en moyenne de 20% sur tous les
arbres de I’etude et de 27% sur les arbres de la moitieé la plus grande. Les zones
traitées ont connu une réduction de 66 2 84% de I'infestation des pousses terminales.
Les arbres protégés pendant 5 ans ont connu une augmentation de la hauteur de
croissance de I'ordre de 25, 6% par annee. Les arbres qui ont recu un seul traitement
ontconnu une augmentation de la hauteur de croissance de 19,6% par année au cours
des cinq années suivantes. Les volumes exploitables ont été simules pour une
rotation de 70 ans a I'aide du modele de croissance et de rendement PROGNOSIS.
Les simulations de croissance ont été testées respectivement pour une application
et cing application au cours des intervalles d’age de peuplement de 16-20, 21-25,
26-30, et pour un peuplement témoin non trait€. D’aprés les hypothéses écon-
omiques appropriées aux conditions du marché du nord-est de la Californie, les
traitements avaient des rapports rendement/colits de 7 20,5, un seultraitement étant
appliqué aux peuplements les plus jeunes 2 trés bon rendement, et des traitements
multiples aux peuplements les plus vieux a faible rendement.

Introduction

The western pine-shoot borer, Eucosma sonomana Kearfott, is a widespread
pest of young pines in western North America. Ponderosa pine, Pinus ponderosa
Doug.ex Laws., and Jeffrey pine, P. jeffieyi Grev. and Balf., are among the recorded
hosts in California (Sartwell et al. 1980). Damage results from larval mining in the
pith of the terminal and upper-lateral shoots of the trees. Mining of the terminal
shoots has been reported to cause vertical growth losses of about 25% (Stoszek
1973; Sower and Shorb 1984). Young ponderosa pine trees become susceptible to



attack by the western pine-shoot borer when they reach 4 feet (1.2 m) in height and
are infested with increasing frequency until they are at least 30 feet (9 m) tall. An
infested terminal shoot has been observed on a felled 90-foot (27.4-m) tree.

A method of reducing E. sonomana infestations based on the use of synthetic
sex pheromones to disrupt mating of the moths has been developed (Overhulser et
al. 1980; Sower et al. 1982). The approximately 80% population reductions
resulting from treatment, together with a slow recovery rate of the insect population
(Sower and Overhulser 1986), suggest that substantial increases of ponderosa pine
growth rates might be obtained by protection of the trees from frequent infestations
by E. sonomana.

This paper describes the increase of infestations of tree terminals by E. sono-
mana after the establishment of pine plantations in northeastern California, and the
degree of protection of tree terminals resulting from mating-disruption treatments
of two durations.

Materials and methods

Height and volume growth rates of trees with different periods of protection
from infestations were compared with growth rates of unprotected trees in the same
plantation. We used this information to estimate the stand growth and yield
consequences at 70 years of applying the two pheromone treatments at several
periods in the early part of stand rotation with the PROGNOSIS growth and yield
simulation model (Wykoft et al. 1982). Economic analyses determined the benefit/
cost ratio of the treatment alternatives for these periods of early stand growth and
development.

Study design and treatments

These studies were conducted in the Deer Hollow plantation on the Lassen
National Forest in northeastern California. The plantation was established in 1961
following brushfield conversion. By the summer of 1982, the plantation was
stocked moderately well and the trees were approaching crown closure. The average
basal area of trees ranged from 18 to 35 square feet per acre (4.0 to 8.0 m*/ha), and
the average tree height was 24 feet (7.3 m).

In April 1982 the plantation was divided into three treatment areas. Two areas
— one of 150 acres (61 ha) and one of 200 acres (81 ha) — were treated with
synthetic E. sonomana pheromone; the third area comprising 210 acres (85 ha) was
left untreated. Four plots were established within each treatment area to monitor the
insect infestation. Each plot consisted of 100 trees situated in a rectangular pattern
established by starting at a randomly chosen point and tagging every third tree in
every other row; broken and multiple top trees were rejected. Each April from 1982
to 1986, the 200 acre area was treated annually (5X) with pheromone (dodecenyl
acetate) at the rate of 4 g in 6000 laminated tlake releasers per acre. The pheromone
flakes were applied by an Ag Cat fixed wing aircraft carrying two Hercon flake

dispensers at a cost of $10.00 per acre. The 150-acre area was treated only in 1982
and the third area remained untreated.

Data collected at each plot

In September 1986, 25 trees were randomly chosen from the 100 study trees
on each plot and felled. Stem analyses conducted on each felled tree included
measurements of total tree height and heights to 1977 and 1982 branch whorls, and
lengths of each internode from 1977 to 1986. The pith in the cross section of each
of these internodes was examined for signs of larval mines. Measurements of stem
diameters were taken at the stump and 1.3 m (breast height) levels, and on the 1977,
1982, and 1986 internodes. A subsample of 10 trees out of the 25 felled trees was
randomly selected to measure the lengths of all internodes between the 1976
internode and the internode containing the 1.3-m level. The piths in these internodes

were also examined for signs of larval mines.
]

Growth analyses

Data on western pine shoot borer infestations and tree growth from each plot
allowed us to compare treatment effects on young pine trees. These data were used
in the PROGNOSIS growth and yield model to project treatment effects to stand
harvest at 70 years. The PROGNOSIS model has been calibrated for several forest
regions in the western United States. The Southern Oregon, Northeast California
(SORNEC) version of PROGNOSIS (Johnson et al. 1986) was calibrated for the
area encompassing the study site. Because the TOPKILL growth modifier option
(Wykott 1986), explained below, is not fully compatible with the SORNEC version,
variables describing tree growth and mortality were adjusted in the Northern Idaho
version so that results closely matched those obtained in SORNEC. The “adjusted”
Northern Idaho version of PROGNOSIS was used to project treatment effects to
stand harvest.

Simulated stands were created by using the Regeneration Establishment
Model (Ferguson and Crookston 1984), which creates a regenerated stand without
the need for a tree list. Mechanical site preparation, as performed on the actual site,
was specified in the model. A stocking density of 220 trees per acre was created after
initial mortality. This was the average stocking for the study site.

The effects of infestation by the western pine shoot borer on the height growth
of trees were represented by using the TOPKILL growth moditier option (Wykoff
1986). Although the shoot borer does not usually kill tree tops or leaders, this option
canapproximate the reduction in tree-height growth onamultiyear basis. TOPKILL
allows the reduction of stem heights of all or part of a stand. The reductions are
represented by a normal distribution with the means and standard deviations being
specified. The means and standard deviation of the distribution of the infestation
frequencies were calculated for each of the three treatments. These values were
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multiplied by the average growth loss per infestation to estimate the TOPKILL
mean and standard deviation coefficients.

Our data contained shoot borer infestation, tree-height. and radial-growth
information for stands from age 10 to 25 years, with treatment response informa-
tion for ages 21 to 25 years. To simulate the long-term impact of treatments over a
wider age range, two additional treatment response periods were modelled. A 16-
year to 20-year period and a 26-year to 30-year period — two periods where
treatment response data were not available — bracketed the 21-year to 25-year
period for which data were available. We assumed that the percentage of trees
infested within the zero, one, and five application treatments would be similar for
the three age ranges. We also assumed the amount of height growth loss due to
infestations by the shoot borer was the same for the 26-year to 30-year period as for
the 21-year to 25-year period.

Economic efficiency analysis

Performing an economic analysis requires estimates of costs and returns for
alternatives under consideration. In this study we compared the present net value
(PNV) obtained from the zero, one, and five pheromone treatment alternatives for
three time periods within the first 30 years of a 70-year rotation. Project cost esti-
mates for nonpheromone treatment items, such as planting, were obtained from
local managers and Forest Service staff. Costs of $225/acre were used individually
for site preparation and plantings. A single entry clearcut at age 70 was the
silvicultural regime used in the simulations. The project cost estimate for the phero-
mone treatment was $10/acre, which was the actual cost of the experimental
application. Aircraft costs were a high percentage of the costs of actual applications.
In an operational program these high fixed costs could be averaged over many more
acres, thus lowering the per acre application costs. We calculated the costs at which
the treatments would break even, so that the profitability of treatments using other
cost assumptions could be determined.

The analysis performed for stumpage price projection was based on the as-
sumption of both constant and changing prices. A base level assumption of current
prices of $200 per thousand board feed (MBF) and a real price increase of 1% per
year were used. Prices in the area of the study site are higher than for some surround-
ing areas because of local mill demand, good road access, and moderate terrain. A
sensitivity analysis was performed to determine the change in projected returns for
alternatives with incremental price changes and discount rates.

Results
1. Eucosma attacks and tree height

Stem analyses indicate that Eucosma infestations in the Deer Hollow planta-
tions began when the trees were 5 years old and approximately 4.5 ft. (1.3 m) tall.
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Figure 1. Eucosma sonomana attacks in relation to tree size

Approximately 20% of the terminal shoots were infested when the trees reached age
10, and 60% of the terminals were infested when the trees reached age 20, one year
(1981) before the treatments were applied.

In the course of examining and measuring the trees we noted the taller trees
were more often infested than smaller trees on the same plots. A year-by-year
comparison between relative tree height and infestation frequency showed that each
year those trees which comprised the tallest 50th percentile of the plantation were
attacked more frequently by the insect than trees which made up the shorter half of
the plantation (Figure 1). The 95% confidence interval for the differences in attack
frequencies did not contain .ero, thus indicating that the differences in attack
frequencies are real and not due to random error. Consequently our study is consis-
tent with the hypothesis that Eucosma selectively attacks the fastest growing trees
in the plantation.

2. Treatment effects

Our study areas showed similar infestation histories before treatment (Table
1). Both the 5X and the 1X treatments reduced infestations to the same degree in
1982 (Table 1). Treatment effects on the frequency of infestation, as indicated by
the 1X treatment, appear to have lasted 2 years in this study (Table 1). Our
observations support those made by Sower and Overhulser (1986) that most
benefits of single treatments were realized within two and at most three insect
generations; plots treated in successive years continued to have reduced infestation
levels.

A comparison of tree growthrate after treatment with its growth 5 years before
treatment reveals that trees on the treated areas show a larger increase in height

i
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Table 1. Percentage of terminal shoots infested' by Eucosma sonomana larvae, by treat-
ments, 1977-1986

Year
Pheromone
treatment 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986
5 times (5X) 47 49 45 57 95 10 13 22 8 8
1 time (1X) 54 58 43 48 65 16 41 62 51 43
Untreated 45 61 48 49 57 37 59 64 51 42

' Determined by tree dissections.

Table 2. Percentage change in height growth rate relative to the 1977-1981 base period after
treatment

Year Pheromone treatment
5X 1X Untreated
1982 +38 +32 +18
1983 +43 +42 +13
1984 +28 +16 + 1
1985 +49 +40 +27
1986 +43 +27 +21

growth than the untreated trees (Table 2). The increase in height growth of the trees
treated 5 years ranged from 28 to 49%. The trees receiving one treatment increased
height growth 32 and 42% in the 2 years after treatment, while the maximum change
in height growth in untreated trees was plus 27% in 1985.

To obtain a detailed measure of height growth response to treatment we cal-
culated a growth index for each sample tree by subtracting the growth during the
1977-81 pretreatment period from the growth in 1982-86 treatment period. The
difference divided by the 1977-81 growth provides an index which relates the
performance of each tree during the treatment period to its previous growth rate. For
example, a tree which grew 4 feet in height from 1977 to 1981 and 5 feet from 1982
to 1986 has an index of 0.250. The volume growth response of the trees was
estimated by the same basic calculation producing an index of volume increase of
each tree.

A height growth index of 0.174 was calculated for the untreated trees,
indicating that their mean height growth rate was higher from 1982 to 1986 than in
the 5 previous years. The ANOVA for testing the treatment means was statistically
significant (0.05), and the mean untreated height growth index and five-year
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Figure 2. Height growth response to protection from Eucosma by pheromone treatment.
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Figure 3. Volume growth response to protection from Eucosma by pheromone treatment.

treatment differed significantly (Tukey’s test, P< 0.05)(Kleinbaum and Kupper
1978) (Figure 2). If these results are thought of as percentages, the trees in the 5X
treatment grew at a rate 22.9% faster than untreated trees. The ANOVA for the
volume indexes was also statistically significant (0.05); the multiple comparison
test showed a significant difference between the 1X treatment and the 5X treatment
but not between the control and the 5X treatment (Figure 3). ANOVAS, using
number of E. sonomana attacks as classes, provided no evidence that radial growth
was affected at any location along the tree boles.

The growth response to treatment is a function of the number of uninfested
internodes produced on each tree during the study period. The treatments were less
than 100% effective (Figure 4). Both the height growth and volume growth indices
show logical relationships to infestation frequency. ANOVA was significant (0.05)
for both height and volume growth indices (Figures 5 and 6). Trees which were free
of infestation or infrequently infested grew faster in both height and volume than
those infested more frequently. The uninfested means were significantly different
from those infested three and four times using Tukey’s LSD procedure. The
difference in height growth between uninfested trees and those infested four times
is 18.5%. The volume growth difference is 25.1%.
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3. Growth and vield simulations

Treatment effects on stand vields at 70 vears. Using the PROGNOSIS
software installed at the USDA Fort Collins Computer Center, we projected the
thousand board foot and cubic foot (CF) volumes for each series of treatments

o (Table 3). All the projected volumes of the various pheromone treatments were
. greater than the volumes for the no treatment alternative. The greatest differences

& i in yield between no treatment and pheromone treatment alternatives occurred in the
; 16- to 20-year period.

40 -

Although the 5X treatment always yields greater volume than the 1X

) treatment, the difference in volume between these two treatments also varies by

20 I ||| l period (Table 3). In the 16-to 20-year period, five applications increased CF volume
At ...

Percent of Trees

58% and MBF volume 43% over the single application treatment. For the2 - to 25-
year period, five applications increased the CF volume by 213% and MBF volume
by 130% over the single year treatment. For the 26- to 30-year period, the relative
difference between one and five applications is largest, with a 253% increase in CF
volume and a 245% increase in MBF volume (Table 3). '
Since the costs of increasing the number of pheromone applications from one
Figure 4. Distribution of infestation by Eucosma in relation to pheromone treatment. to five increase by 400%, the marginal returns decline with each additional
application. This difference does not necessarily mean that more than one phero-
mone application per 5 years is uneconomical. Since infestations by the shoot borer
Never Infested nummmmejmm the year following pheromone treatment are still lower than those in control plots,

Infested 1 time applications every other year may be most efficient.
R SR |
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e I i Table 3. Effects of pheromone treatment alternatives on yields at 70-year rotation
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Figure 5. Height growth in relation to frequency of Eucosma infestation. Total cubia feet 7941 7369 7443 7280 7363 7258 7301
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' Number of pheromone applications.
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Figure 6. Volume growth in relation to frequency of Eucosma infestation.
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The marginal increases in timber volume at harvest are the basis of all the
following estimates of economic efficiency. The initial computer analysis was done
on a basis of a 1987 timber price of $200/MBF, a 4% discount rate, and a 1% real
price increase. The costs assume no real price changes over time: that is, the costs
will change at the same rate as overall inflation (Table 4). Except for the break-even
costs of pheromone applications, all the economic results have been discounted
back to the time of stand establishment. This results in slight differences in the costs
of pheromone treatments among the three time periods; the longer the treatm?nt is
delayed. the less the discounted cost. For example. the discounted cost of a single
$10 treatment in the middle of the 16- to 20-year period is $4.93, for the 26- to 30-
year period it is $3.33. The discounted benefits at the beginning of the rotation are
about 6% of the undiscounted returns in 70 years.

The net discounted benefits for all alternatives, including no treatments,
varied from a high of $298.48 for a single treatment in the 16- to 20-year period to
a low of $261.17 for five treatments in the 26- to 30-year period. The marginal
discounted benefits, which are calculated by subtracting the present net value of the
no treatment alternative from the treatment alternatives, show the benefits or losses
attributable to the treatments alone. Since the same value is subtracted from all
treatments, the relative rankings do not change. Both treatment alternatives applied
in the 16- to 20-year period show substantially greater marginal PNV than any other
alternative at the $200/MBF level. Although the net returns for 1X and 5X
treatments are similar, $29.53 for one application and $24.66 for five applications,
the five application treatment required five times more initial investment. Similar

Table 4. Economic performance (dollars per acre) of pheromone treatment alternatives for

70-year rotation'

Age of plantation

Benefits, 16-20 21-25 26-30
costs 0X 1X 5X° 1X 5X 1X 5X
Present benefits 710 745 760 716 724 713 719
Present costs 441 446 466 446 462 445 457
Present net value 269 298 294 270 262 268 261
(benefit-cost)
Marginal PNV — 29 25 1 -7 -1 -8
Break even

application

cost? — 70 20 12 7 7 5

—w

I Assumes a $200/MBF price in year 0 (the year of planting): 1% real price inflation: 4 % discount rate
> Number of pheromone applications. ‘
! Undiscounted cost (cost at time of application) per application.

to the marginal increases in volume, there was a trend of higher value for earlier
treatments. Within treatment periods, the increased volume produced by five
applications was not enough to offset the increased costs under the specified
economic assumptions.

Because the PNV figures represent discounted benefits and costs, it is useful
to examine the treatment efficiencies on the basis of the treatment cost at which the
marginal returns would equal the marginal costs. Break-even costs were calculated
by inflating the marginal PNV by the discount rate to the year or years of applica-
tion and adding the assumed cost of $10/application/year. Values for treatments
consisting of five applications were divided by five to express break-even costs in
terms of cost per application. For the base economic assumptions, these results
range from $70.00 to $5.00 (Table 4).

Sensitivity analysis. Different assumptions concerning the fufure value of
timber will obviously affect the overall PNV of plantation projects such as these.
However, the different future price assumptions can also affect the relative
efficiency of the treatments under consideration. To demonstrate and displaysthese
effects, we calculated the PNV, marginal PNV, and break-even costs for year zero,
with timber prices of $100, $200 (the base value), $300, and $400 per MBF (Table
5). We assumed a constant 1% real increase in stumpage price over the rotation.
Because there are substantial differences between the marginal volumes produced
by treating in different periods, the changes in timber prices do not alter the relative
efficiency of treating in different periods.

In the base level assumptions, the one application treatment had a higher PNV
than the five application treatment of the same period. Because the five application
treatment produces higher yields, at some price level, the additional timber volume
produced would more than pay for the cost of one or more additional applications.
Atthe $300/MBF price, this occurs for the treatments in the first period; at the $400/
MBEF price, both alternatives in the second period have the same return.

Discussion

Previous studies have shown that infestation by larvae of the western pine
shoot borer reduced height growth rates in pine plantations, and that applications of
the insect’s sex pheromone in the spring effectively disrupt mating by the adults and
reduce the number of terminal shoots infested. This study provided data that concur
with the results of previous work, and in addition used these data in a growth and
yield simulator to model the impact of shoot-borer damage on stand volumes, and
calculated the economic efficiency of the pheromone treatments. We identified
stand age/treatment time combinations with favorable benefit/cost ratios. In this
case, we determined that a single treatment applied to the youngest stands yielded
the largest and multiple treatments applied to the oldest stands yielded the smallest
benefits.

This study was conducted on fairly small field plots, but we believe greater
benefits would be obtained from large-scale projects. Treatments applied by aircraft
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itivi is of ec ic performance ars per acre) of romone
Table 5. Sensitivity analysis of economic performance (dollars per acre) of phero

treatment alternatives

Age of plantation

16-20 21-25 26-30

Benetits.
costs 0X 1X S 1X S 12X 5X

$100/MBF. 1% price inflation (same as $200/MBF. 0% inflation)

Present net value -86 - -74 -86 -88 -100 -88 -98
Marginal PNV — 12 0 -2 -13 =2 -12
Break-even

application — 35 10 3 3 4 3

costs’

$200/MBF, 1% price inflation

Present net value 269 298 204 270 262 268 261
Marginal PNV — 30 25 1 -7 -1 -8
Break-even
application — 70 20 12 7 7 S
costs®

$300/MBF, 1% price inflation

Present net value 624 671 673 628 624 624 620
Marginal PNV — 47 49 4 0 0 -4
Break-even

application — 105 30 20 10 11 8

costs’

$400/MBF, 1% price inflation (same as $200/MBF., 2% price inflation)

Present net value 984 1048 1058 991 991 986 984
Marginal PNV - 64 74 g 7 1 0
Break-even

application — 140 40 27 7 14 10

costs?

" Number of pheromone applications. e,
* Undiscounted costs (cost at time of application) per application.
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include high fixed costs which would be averaged over more acres, thereby
lowering per acre costs. If large areas were treated. the increased edge to center
distance might slow reinvasion and retard insect population recovery, resulting in
increased tree growth rates for lunger periods after treatment. Results of the type
produced here can be useful in guiding the design and scope of future field
experiments.
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Abstract

Nantucket pine tip moth, Rivacionia frustrana (Comstock), infestation rates
were measured on a site and individual tree basis. Factors influencing tip moths on
a site/stand basis included intensity of site preparation, tree age, site index, soil
texture at 61 cm. soil texture times the depth of the A horizon, tree height, and
maximum rooting depth. Individual tree factors influencing tip moth included
percent silt; soil levels of copper, manganese, iron, and phosphorus; foliar levels
of phosphorus and magnesium; tree height: number of flushes; and average xylem
moisture potential. Pines on sandy sites had the lowest infestations, clayey sites had
moderate infestation levels, and loamy sites had the highest in 1985 and 1986

seasons.
Résumé

On a étudié les infestations du perce-rameau du pin (Rhyacionia frustrana
[Comstock]) en fonction des caractéristiques des stations et des arbres. Les facteurs
influant sur les perce-rameux au niveu des stations ou peuplements comprennent
I"intensité de la préparation du terrain, I'dge des arbres, I'indice de station, la texture
du sol 2 61 em. le facteur de la texture du sol par la profondeur de I"horizon A, la
hauteur des arbres et la profondeur maximale d’enracinement. Les facteurs influant
sur les perce-rameaux au niveau des arbres comprennent le pourcentage de limpn,
la teneur du sol en cuivre, en manganése, en fer et en phosphore, la concentration
foliaire de phosphore et de magnésium, la hauteur de I’arbre, le nombre de cyc.les
d’accroissement (pousses) et le potentiel hydrique moyen du xyleme. Les pins
poussant sur sols sableux étaient les moins infestés, tandis que ceux qui poussaient
en terrains argileux, moyens et loameux étaient les plus touchés en 1985 et 1986.

Introduction

Three common species of Rhvacionia tip moths occur in the southeastern
United States. These are the Nantucket pine tip moth, R. frustrana (Comstock), the

pitch pine tip moth, R. rigidana (Fernald), and the subtropical pine tip moth, R.
subtropica (Miller). In east Texas, Meeker (1987) documented the occurrence of all
three species in loblolly pine, Pinus taeda L., plantations. In the eastern United
States, all species of native and exotic pines are attacked by Nantucket pine tip moth
except eastern white pine, Pinus strobus L., and longleaf pine, Pinus palustris Mill.
Slash pine, Pinus elliottii Engelm., is highly resistant to attack. Insect attacks on
recurrently flushing species have marked results on current shoot elongation,
including tip dieback and in intensive attacks, tree mortality. Loblolly pine and
shortleaf pine, Pinus echinata Mill., are the favored hosts of Nantucket pine tip moth
in the southern and southeastern United States (Yates et al. 1981).

Site and stand influences
@

Habitat characteristics, both site and stand factors, qualitatively and quanti-
tatively influence the amount of tip moth damage. The more suitable the host trees
are to the site, generally the less severe the damage (Wakeley 1928; Yates 196().
Shading and natural regeneration of host trees. and increased levels of competing
vegetation reduce tip moth incidence (Yates 1960; Miller and Stephen 1983). The
rate of tip moth infestation is directly related to degree of intensity of site
preparation, with greatest infestations occurring on sites most intensively prepared
(Hertel and Benjamin 1977). Open-grown stands have higher infestation rates
compared to those grown under some type of cover (Berisford and Kulman 1967;
Lewis 1976). Intensive vegetation management results in increased Nantucket pine
tip moth infestation rates (Hertel and Benjamin 1977; White et al. 1984; Beristford
1987).

Wakeley (1928) states that host trees grown in dense stands definitely
minimize tip moth damage. White et al. (1984) investigated site/stand characteris-
tics and found site preparation intensity (SOSOC), site index (SI), tree age (AGE),
tree height (HT), depth of the A horizon times the soil texture code (AHXSO), and
soil texture at 61 cm (SO61) as significant factors in classifying plantations as either
low or high hazard to tip moth attack (Table 1). He concluded that “‘those areas best
suited for pine growth are most susceptible to NPTM attack™ (White 1982). Wilson
(1984), in a validation study of the models by White et al. (1984), for Jasper and
Newton counties as well as Nacogdoches County, Texas, incorporated depth of soil
profile of active soil formation and number of trees per hectare as characteristics
significantly affecting grouping of stands into either high or low hazard to Nan-
tucket pine tip moth. Wilson stated that sites suitable for best growth were highly
susceptible during periods of high tip moth activity, whereas during low periods of
tip moth activity those sites exhibiting low growth potential were most susceptible.

In South Carolina, Hood (1986) also tfound site preparation intensity, site
index, and depth to A horizon as well as soil calcium to be the most significant
variables for predicting tip moth incidence. Intensive site preparation, low site
index, shallow A horizon, and low soil calcium led to high tip moth infestations
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Table 1.Discriminant function equations for site and stand relationships of Nantucket pine

tip moth, Nacogdoches County. Texas (from White et al. 1984)

1.D = + 0.79892(SOSOC) + 0.14840(AGE) + 0.06347(SD) - 8.77476
7 D= - 0.90141(SOSOC) + 0.09991(S1) - 0.12681(SO61) - 0.32188
3. D= + 0.73617(SOSOC) + 0.06917(SI) + 0.00785(AHXSO) - 8.468
4.D= + 1.05285(SOSOC) - 0.08534(HT) + 0.37319(AGE) +0.07665(Sh

- 0.07308(S061) - 10.44189
5. D= +1.16561(SOSOC) - 0.07554(HT) + 0.35610(AGE) +0.10082(ShH
-0.34172(S061) - 0.02260(CLDEP) - 10.07965

Calculated values 20 are hieh-hazard sites for Nantucket pine tipmoth (in festation>8%): cal-
culated values less than 0 are low-hazard sites for tip moth (infestation <8%).

(Hood 1986). Rapid growth of host trees enable them to reach a Ihl:CShOld height
sooner, at which point the trees have grown out of susceptibility to tip mo'th att.ack
(Lashomb and Steinhauer 1974). Infestation rates decrease with inc1:eqses in height
approaching and exceeding a threshold height of about 4.5 m (BCI‘I.STOI'd 1987).

Fertilizing with nitrogen has resulted in slight reductions in tip moth attack,
while applicatign of phosphorus resulted in decreased infestation rates (Pritchett
and Smith 1972; Kulhavy and W.G. Ross, unpublished).

Discriminant function analysis

In Texas, discriminant function analysis was used to determine site/stand
variables most important in delineating between high and low infestation. levels on
an individual tree basis on sandy, clayey and loamy sites. Host tree species, age of
host trees, and intensity of site preparation, factors significantly affecting the d.eg‘ree
of tip moth infestation (White et al. 1984; Wilson 1984: Hood 1986), were‘sum.lar
across the three sites. An 8% whole-tree infestation rate was used to establish high
and low infestation groups for the discriminant function anaylsis (Andersen 1980
White et al. 1984: Wilson 1984). . ‘ .

Analysis of the site/stand variables measured in 1985 indicated the'tol!oyvmg
variables were most important in discriminating between classes on an individual

tree basis:

PSILT - Average percent silt for all depths combined down to 150 cm.

PT - Foliage content of phosphorus in ppm.

CUS234 - Average ppm copper in the soil for depths 30, 60, and 120 cm
combined.

MNS234 - Average ppm manganese in the soil for depths 30, 60, and 120
cm combined.
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MGT - Foliage content of magnesium in ppm.
FES4 - Average ppm iron in the soil at 120 cm.
FLSHS - Number of flushes occurring during growing season.
FES3 - Average ppm iron in the soil at 60 cm.
CUSI - Average ppm copper in the soil at 15 cm.
HT - Total tree height at end of the growing season in cm.
PS1 - Average ppm phosphorus in the soil at 15 cm.

For all 221 sample trees, 67 were misclassified using the equation developed
from stepwise discriminant function anaylsis. Classification was poorest for trees
on the clayey site and best on the loamy site.

In 1986. with the incorporation of soil moisture content and xylem moisture
potential variables, stepwise discriminant function analysis indicated that the
following variables were most important in discriminating between high and low
infestation rate on an individual tree basis across all sites:

CUS234 - Average ppm copper in the soil for 30, 60, and 120 cm-depths
combined.

FES2 - Average ppm iron in the soil at 30 cm.

PSILT - Average percent silt for all depths combined down to 150 cm.
MGT - Foliage content of magnesium in ppm.

FES3 - Average ppm iron in the soil at 60 cm.

XMPA4 - Average xylem moisture potential at 1600 hours in bars.
XMPA3 - Average xylem moisture potential at 1300 hours in bars.
XMPA2 - Average xylem moisture potential at 1000 hours in bars.

PT - Foliage content of phosphorus in ppm.

ZN2 - Average ppm zinc in the soil at 30 cm.

PS1 - Average ppm phosphorus in the soil at 15 cm.

For all 219 sample trees, the equation derived misclassified 61 or 28% of the
trees. The 1986 equation resulted in a similar percentage of correct classifications
of individual trees for each site: 71% for trees on sandy sites, 72% for trees on clayey
sites, and 73% for trees on loamy sites.

In 1985, all but PS1, PT, MN234, and CUS1 were negatively correlated with
tip moth infestations; in 1986. all but PSI and PT were negatively correlated with
tip moth using Pearson’s Correlation Coefficients.

The three soil types examined produced three contrasting systems resulting
in three distinctive stands of host type and corresponding levels of pine tip moth
infestations. The sandy soil type had the lowest nutrient levels and soil moisture
contents due to the highest percentage of sand size particles. These host trees were
under the greatest moisture stress of the three sites and exhibited the shortest and
thinnest growth. Resulting pine tip moth infestations were low (<8%) in both years.

The clayey site had the highest nutrient levels and soil moisture contents
below 60 cm due to the highest percentage of clay size particles. As a result, host
trees exhibited moderate moisture stresses but were the largest in all growth para-
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meters sampled for both years. Resulting pine tip moth infestations were moderate
(10.84%) in 1985 and low (7.42%) in 1986.

The loamy soil type. with moderate amounts of sand and clay but the highest
percentage of silt, had moderate nutrient levels and soil moisture contents below 60
cm. Periodic rains resulted in the highest soil moisture contents during the critical
summer months and therefore the lowest tree moisture stresses which produced
hosts of moderate height and diameter. Pine tip moth infestation rates were the
highest on the loamy site for both years (20% and 12%) but also exhibited the largest
decrease between years.

Poor growth of host trees corresponded to low infestation rates. Where host
tree tips were easily overcome by attacks, populations remained low because of low
desirability of host type, lack of sufficient host type, and mortality due to interac-
tions between site/stand factors and climatic characteristics.

Moderate growth of host trees corresponded to the highest tip moth infesta-
tion rates. Moderate growth produced a desirable host, flushing in synchrony with
emergence of successive generations of moths, and reduced host resistance.

Vigorous growth of host trees corresponded to moderate and low infestation
rates in 1985 and 1986, respectively. A highly desirable host is produced under
vigorous growth, but success of attacks is limited. Apparently, extremely rapid
growth of host trees to some extent enables them to outgrow pine tip moth attacks
or simply recover from successful attacks without suffering the death of a tip. The
rapid growth also enables host trees to escape susceptible stages sooner.
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Impact of pine tip moth control,
weed control, and fertilizer on growth
and form of loblolly pine
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Abstract

Loblolly pines, Pinus taeda L. which have been attacked by pine [:lp mothﬁ.
Rhvacionia spp..are often damaged and may suffer permanent growth or form loss.
A :study in the Piedmont Plateau of Georgia, USA commrgd AP
loblolly pines which had been treated with differen‘t C(?lpblllat1011s of m'se.ctlc.ldes 0;
tipmoth control., herbicides for weed control, and fertilizer. Trees r.ecelvmgnp m‘ot
control and weed control were significantly taller and had larger diameters than any
other combinations after 3 years. Treatments which produce.:d the largest gains
included herbaceous vegetation (weed) control followed by tip moth Fogtrol and
fertilizer. Trees in treatments which included tip moth control had significantly

better form than those with no control.

growth and form of

Résumé

Les pins taedas (Pinus taeda L.) qui ont été ravagés par des perce—r.amealjx du
pin (Rhvacionia spp.) subissent souvent des dommages irréparables qui entrainent

i or! " e née sur le plateau
une perte de croissance et (ou) de forme permanente. Une €tude mer p

Piedmont en Géorgie aux Etats-Unis comparait la Croissance.: et la forme dg pins
nt été soumis 2 différentes combinaisons de traitements lnsectlc1d§s
. herbicides et fertilisants. Les arbres soumis
lus hauts et avaient un diamétre tres
ombinaison de traitements apres
alutte contre la végétation

taedas qui avaie
(lutte contre le perce-rameau du pin)
aux trois types de traitement étaient beaucoup p
supérieur a celui des arbres soumis a toute autre ¢
3 ans. Les traitements qui ont ét€ les plus profitables sont | ‘
herbacée (mauvaises herbes). suivie de la lutte contre les perce-rameaux du pin et,
aisant partie des traitements comportant des

enfin. la fertilisation. Les arbres f : : m| apks:
mesures de lutte contre les perce-rameaux avaient une forme trés supérieure a celle

de ceux qui n’en faisaient pas partie.
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Introduction

Pine tip moths, Rhyacionia spp., may cause significant damage in the early
years of pine plantation establishment in the southern United States. Tip moth larvae
destroy growing buds and shoots, causing tree deformation, reduced height growth
and occasional tree mortality (Yates 1960). The Nantucket pine tip moth, R.
frustrana (Comstock), is the most ubiquitous pest of young pines in most of the
southern United States. The pitch pine tip moth, R. rigidana (Fernald), and the
subtropical pine tip moth, R. subtropica (Miller), are often sympatric with R.
frustrana,but they are usually much less abundant (Baer and Berisford 1975, Miller
and Wilson 1964). In the South, the favored hosts for both R. frustrana and R.
rigidana are loblolly, Pinus taeda (L.), and shortleaf, P. echinata (Mill.), pines.
Slash pine, P. elliottii (Engelm), although occasionally attacked, isQuite resistant
to both these species. However, slash pine is the preferred host for R. subtropica
(Powell and Miller 1978). The Nantucket pine tip moth is the only economically
important tip moth in the South where it may have two to five generations anpually.

The impact of Nantucket pine tip moth attack on tree growth has received
considerable attention. Beal (1967) reported that trees in loblolly and shortleaf pine
plantations protected from tip moths significantly outgrew attacked trees at some
locations during the first 6 years after planting. Ten years after planting on northeast
Florida sandhills, unprotected loblolly pines were 2.8 m shorter, about 3.81 cm
smaller in d.b.h. and contained only slightly more than one-fourth as much wood as
protected pines (Burns 1975). Remeasurement of these same sites at age 16 found
that differences between trees in treated and untreated plots, while still present, had
decreased considerably (Williston and Barras 1977). Mean tree heights were 13 m
for treated loblolly and 11.60 m for untreated checks, and plot volume averaged 150
m?/ha for treated loblolly and 129 m?/ha for untreated trees. In a recent study,
loblolly pines protected from tip moth attack for 3 years had ca. 13 m*/ha more
volume than unprotected trees at age 12 (Cade and Hedden 1987).

The influence of silvicultural systems on tip moth infestations and resulting
stand damage has been widely reported. Wakeley (1928) states that: “There is
definite evidence that growing trees in dense stands minimizes the damage.” Beal
etal. (1952) and Berisford and Kulman (1967) found that loblolly pine plantations
had heavier tip moth infestations than stands originating from natural reproduction.
Hansbrough (1956) showed that tip moth infestations in loblolly plantations were
heavier in those with the widest tree spacings. Several observers have suggested that
grasses, forbs, and brush may act as mechanical barriers to tip moths (Graham and
Baumbhoffer 1927; Beal et al. 1952; Foil et al. 1961; Warren 1963). Hertel and
Benjamen (1977), White et al. (1984), and Hood et al. (1988) found that tip moth
attacks were positively correlated with intensity of site preparation.

Recent technological developments in pine plantation management have
dramatically increased rates of growth. Schmidtling (1984) found cultural treat-
ments as well as genetic differences affected all measures of growth through 22
years in loblolly pine. The effects of fertilization combined with cultivation were
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not only significant, but large. Trees receiving cultivation and high rates of
fertilization were an average of 7.8 m taller than those receiving no treatment.
Heights continued to diverge‘throughout the experiment (approximate maximum
difference between treatments: age 5,4 m;age 9,7 m; age 22, 8 m). From these data,
Schmidtling concluded that early cultivation combined with fertilization was
analogous to a long-term change in site quality.

Some preliminary studies have suggested that significant interactions may
occur among fertilization, weed control, and tip moth control. For instance, no
significant differences were found in height of loblolly pines at age 8 between
untreated checks and trees treated with carbofuran to prevent tip moth attacks (J. F.
Godbee, unpublished). However, when carbofuran treatments were combined with
fertilization, treated trees significantly outgrew those treated with fertilizer alone as
well as the checks, suggesting a possible synergistic effect. Terry et al. (1984)
reported similar results when trees receiving weed control, tip moth control and a
combination of both treatments were compared to trees receiving no treatment.

In the future, intensive forest management will include some degree of vege-
tation control and, possibly, fertilization on certain sites. Therefore, based on the
aforementioned studies, high tip moth populations are likely to occur. We report
here the results of a study initiated in 1985 to evaluate the effects of different com-
binations of vegetation control, tip moth control and fertilization on growth and
form of loblolly pine.

Materials and methods

The research site was located in the lower Piedmont Plateau in Washington
County, Georgia. The site was planted in January 1985 with improved 1-0 bareroot
loblolly pine seedlings following operational site preparation. Four blocks were
delineated, containing six treatment plots each with nine rows of 11 planting spaces.
The interior 25 trees (five rows x five spaces) were designated as measurement trees.
Treatments were randomly assigned to plots and consisted of: (1) untreated checks,
(2) herbicide (weed control) and fertilizer, (3) herbicide, fertilizer, and insecticide
(tip moth control), (4) insecticide only, (5) herbicide and insecticide and (6)
fertilizer and herbicide.

Plots that received herbaceous vegetation (weed) control were treated at
planting time with Velpar®(hexazinone) (0.56 kg/ha) and Oust® (sulfometuron
methyl) (0.21 kg/ha) applied in a 1.22-m-wide band centered over each row of
seedlings. Fertilized plots received 10-10-10 fertilizer at 500 kg/ha. Tip moths were
controlled during the first generation of the first year with soil applications of
Furadan® (carbofuran). Subsequent control was by foliar applications of Pydrin®
(fenvalerate) which were accurately timed by models based on pheromone trap
catches and accumulated degree-days (Gargiullo et al. 1983, 1985).

When most larvae of the first and last generations for each year had pupated,
the terminal and each shoot in the uppermost whorl of lateral branches were scored
as infested or uninfested.

133

Height growth was determined at the end of each growing season, a.b.h. was
measured after the 3rd growing season and form was evaluated at the end of the 3rd
growing season by the method of Berisford and Kulman (1966). Four form classes
were based on the numbers of forks present per tree as follows: 1- no forks, 2- one
fork, 3- two to four forks, and 4- five or more forks. A fork was defined as a node
with one or more laterals larger than one half the diameter of the main stem.

Results and discussion

Tree growth was generally in proportion to the intensity of silvicultural treat-
ments received (Table 1). The largest trees (height and diameter) were in weed
control and tip moth control plots and the smallest trees were in untfeated check
plots. Some trees were more than 3.5 m tall after three growing seasons. The largest
growth gains relative to untreated checks were due to weed control followed by tip
moth control and fertilization. )

Although height differences among treatments were substantial, differences
in tree form were equally impressive (Table 2). Treatments which included tipmoth
control had an average form rating of 1.1 which was significantly better than all
other treatments which averaged 3.1 or about two to four forks per tree.

It is evident that control of competing vegetation can result in substantial
gains in early growth of loblolly pine. Additional growth gains are realized from tip
moth control, plus the form is significantly improved. Fertilization provides
additional growth and appears to convey some resistance to tip moths probably
manifested as poor survival of early instars (D.W. Ross, unpublished). The
economic feasibility of these cultural treatments, singly or in combination, cannot
be evaluated at this point. However, the gains in additional growth and wood quality
seem promising. These research plots will be reevaluated at 5 and 10 years and plans
have been made for evaluations at rotation age which is estimated to be 18 to 24
years. Final economic assessments can be made only at that time.
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Table 1. Heights and diameters of loblolly pines receiving various combina-
tions of tip moth control (TMC), weed control (herbicides) and fertilizer.
Heights were measured after each of three growing seasons and diameters
(breast height) were measured after the third season

Height Diameter
Treatment 1985 1986 1987 1987
TMC + herbicide 0.62* 1.63* 2.98¢ 3.10°
TMC + herbicide + fertilizer (5824 215380 287 2.79*
TMC + fertilizer 0.60* 1.39° 2.66° 2.39°
TMC 0.48* 1i17s 2.24¢ 1.62¢
Fertilizer + herbicide 0.41¢ 14l 2.13¢ 1.60¢
Check 0.46* 1.04¢ 1.88¢ 1.09¢

Within columns, values followed by the same letter are not significantly
different (P <0.05).

Table 2. Percentage of tip moth infested shoots in the top whorl of loblolly pines 1985-87
and form class. Trees had been treated with various combinations of tip moth control
(TMC), weed control (herbicides) and fertilizer

Average

Percentage of Shoots Infested Form
Treatment 1985 1986 1987 Class
Check 3473 76.97* T527° 32
Fertilizer + herbicide 20.79° 76.93* 60.05* 3.1
TMC + herbicide 4.12¢ 19.59° 7.84° 1.1
TMC + herbicide + fertilizer 1.13¢ 7.11¢ 5.79° 1.1
TMC + fertilizer 1.12¢ 3.80¢ 4.06" 1.0
TMC 0.81¢ 11.05¢ 5.82° 1.1

Within columns, values followed by the same letter are not significantly different
(P <0.05).
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