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area. Because the model was devel-
oped for sandy soils, it will likely pre-
dict longer root grafting distances than
occur on more loamy or clayey sites. If
true, this increases the probability of
disease containment and increases the
number of healthy trees sacrificed (see
Bruhn et al. 1991).

Public relations are crucial to pro-
gram success. Directly affected prop-
erty owners, persons using or moving
oak products, and persons pruning or
myjuring oaks need to understand basic
oak wilt transmission, its prevention,
and the ongoing control program. Au-
thority (for example, the Michigan De-
partment of Agriculture) may be desir-
able to enforce control practices in
cases where property owners with dis-
eased trees do not want to be included
in the control program. This has been
necessary once in 8 years in Menomi-
nee County, MI. Available authority
vanes among states. Where authority
is 1nitially lacking, programs may in-
vestigate the possibility of establishing
appropriate local tree ordinances.

Cutting restrictions from May to
July may be necessary in the affected
oak resource until all diseased trees
can be sanitarily treated or disposed.
The exact period for cutting restric-
tions should cover the period of mat
production. Harvesting firewood,
pruning along utility lines, or any ac-
tivity which wounds residual oaks
must be carefully avoided in any oak
wilt area during this period.

Implementation Contracts for creating
vibratory plow root graft barriers
should be finalized in the winter or
spring before placement. The contract
should specify availability of the max-
imum number of hours needed and a

timeframe for completion, allowing
downtime for equipment repair, poor
weather, and treatment of additional
discovered epicenters. Development
of contract language should be sug-
gested by a pest management profes-
sional.. To avoid confusion, actual
plowing should be guided by the pro-
fessional who flagged the lines.

A contact person, or persons, re-
sponsible for the program should be
available throughout the year to an-
swer questions. Letters itemizing op-
tions available to the property owner,
and authorizing control treatments,
should be mailed (certified) by the ap-
propriate agency well in advance of
treatment to allow feedback. Public
meetings are beneficial.

Disposal of wood is generally in the
form of either firewood or logs/sticks.
Alternatives for proper disposal in-
clude use before April 15, thorough
tarping on site until the end of the fol-
lowing summer, or removal to areas
distant from oak resources.

Followup Once epicenters are treated,
they should be visited annually to de-
tect possible disease occurrence out-
side root graft barriers. The oak re-
source should also be monitored an-
nually for new epicenters. Single
infected trees are easily overlooked,
but eventually develop pockets of
mortality in areas where neighboring
oaks are root grafted.
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ABSTRACT. A white pine release study
initiated in 1973 on the Black River State
Forest in central Wisconsin was evaluated
in 1990. The study compared growth re-
sponse and number and frequency of white
pine weevil attacks of understory white
pine under different canopy removal treat-
ments. In addition, annual measurements
of leader diameter and length growth for

each treatment are reported for the period
1974-1979. The treatments were girdling
of overstory hardwoods, predominantly
oak, to produce 0, 30, 50, and 70 ft* of
basal area/ac (BA) overstory and an ungir-
dled control of approximately 100-120 f#
BA. In 1990, white pine in the 0 and 30 ft
BA treatment blocks were taller and were
larger in dbh than the other treatments.
However, there were significantly more
trees attacked by white pine weevils in the
0 and 30 f£* BA treatments (P = 0.05). In
both treatments, within 4 years of over-
story removal or partial removal, mean
leader diameter was sufficiently large to
support weevil larvae. The 50 ft“ BA treat-
ment was intermediate in growth and
number of trees attacked by weevils. In
1990, the 50 fi* BA treatment had the
greatest number of unattacked dominant,
codominant, and intermediate white pine
per acre. Maintaining 30-50 f* BA ap-
peared to be an appropriate compromise be-
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tween ncreased growth while mitigating
weevtl damage.
North. |. Appl. For. 9(2):51-54.

Prior to the 1850s, white pine was
considered a major forest species on
approximately 14.7 million acres in
Wisconsin (Curtis 1959). By 1983, the
species was a major overstory compo-
nent on only 225.6 thousand acres in
the state (Spencer et al. 1988). Follow-
ing the logging of the original pinery,
two major pests, white pine blister
rust, and white pine weevil, combined
to reduce the forestry value of white
pine. While blister rust was a newly
introduced disease to North America,
the white pine weevil was a native in-
sect whose presence and damage were
increased greatly in newly established
plantations following logging and in
open regenerated stands that origi-
nated by natural seeding of aban-
doned farmland.

White pine weevils attack and kill
the terminal portion of white pine, of-
ten killing 2 years of growth and at
times 3 to 4 years of growth (Hastings
and Godwin 1970). Each weevil attack
reduces height growth by 40-60% in
that year (Morrow 1965), with the
overall effect on height reduction dur-
ing a single rotation often approaching
10 ft (Brace 1971). Brace further noted
that injury reduced total cubic volume
by 3-20% and reduced sawlog volume
by 20-60%. Even trees that appear to
recover from weevil attacks often have
serious defects associated with at-
tacks, including compression wood
(Spurr and Friend 1941), stem decay
associated with white pocket rot (Os-
trander and Foster 1957), and bark en-
cased knots and wane (Brace 1971).

Growing white pine under shade
greatly reduces the amount of weevil
injury (Graham 1918). Shade is disad-
vantageous to all stages of weevil de-
velopment. There are two major rea-
sons for this; first the microenviron-
ment is cool, thus slowing weevil
development; and second, shaded
leaders are of insufficient diameter to
support developing weevil larvae and
therefore are not attractive to egg-
laying females. Weevil adults show a
definite preference for thick leaders.
This is the reason weevils concentrate
attacks on larger trees in a stand, thus
compounding the problem from a
wood production standpoint since
these large trees are often the fastest
growing individuals. Sullivan (1961)
showed that leaders of 0.16 in. or less
in diameter were not attacked by wee-
vils, but attacks increased up to 0.35
in. in diameter where 80% of leaders
were attacked. Such a large diameter
class is rarely found in shaded stands
(Sullivan 1961).
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Growing white pine in shade re-
quires a tradeoff, because shade re-
duces overall growth, and heavy
shade can lead to tree mortality. In ad-
dition, overstory trees can create a
physical barrier to understory white
pine and subsequently damage lead-
ers. The management goal should pro-
vide sufficient shade to cool the micro-
environment and prevent the leaders
from developing diameters which
make them suitable for weevil attack
yet allow in enough light for adequate
growth. To sustain growth and satis-
factory weevil control, specific guide-
lines using basal area of overstory
should be developed for land manag-
ers. This study was initiated in 1973 to
provide that information for young
white pine stands, 5 to 10 ft in height,
growing under a predominantly oak
overstory in central Wisconsin. In
1983, it was estimated that Wisconsin
had 453,400 ac of white pine reproduc-
tion under hardwood overstories. Ap-
proximately, 153,600 ac of this was
within the oak/hickory type (Spencer
et al. 1988). Much of this white pine
would benefit by proper release which
could increase growth, yet maintain
quality through weevil control.

METHODS

A well-stocked, 70-ac hardwood
stand, composed mainly of low grade
oak with some red maple and aspen,
was selected in 1973 on the Black River
State Forest in Wisconsin. The over-
story basal area ranged from 100-120
ft*>. The stand had a well-stocked nat-
ural understory, approximately 750
white pine per acre, ranging from 5 to
10 ft in height.

Four levels of canopy removal were
established based on hardwood basal
area and an untreated check. The fol-
lowing basal area/ac (BA) overstory
treatments were created: 0, 30, 50, and
70 ft2. Canopy trees were girdled dur-
ing the winter of 1973-1974. Each
treatment was replicated twice in 5- to
5.25-ac blocks.

Ten permanent 1/50th ac plots were
established in each block. On each
plot, all trees approximately 6 ft tall
were selected for analysis of leader
growth and weevil damage, resulting
in the selection of 100-210 trees per
treatment. The 6-ft-tall height class
was selected since it represented the
majority of understory white pine in
the stand. Annual leader length was
measured to the nearest 0.125 in. and
leader diameter to the nearest 0.0625
in. These annual measurements were
made from 1974 to 1979. In addition,
pretreatment leader lengths were mea-
sured in 1974, for the years 1971-1973.
Presence or absence of weevil attack(s)
was recorded for sample trees.

The sample means reported in this
paper for annual leader length and

leader diameter from 1974-1979 were
taken directly from Forest Service In-
terim Reports in 1976 and 1977 (Hast-
ings 1976, Hastings and Nash 1978)
and a Final Report made in 1980 (Hast-
ings and Morse 1980). The original
data were no longer available, there-
fore values were limited to means
since no standard errors were re-
ported.

The permanent plots were not revis-
ited between 1979-1989 but were eval-
uated in 1990. Many of the tags indi-
cating which plot trees were in the
original 6 ft class no longer existed.
Therefore, all white pines remaining
in a plot were investigated for number
and year of weevil attacks. Since suc-
cessful weevil attack kills the terminal
shoot and causes a crook noticeable for
many years, the authors felt a reliable
identification of previous weevil at-
tacks could be made. Also recorded for
all white pine in each plot was their
crown class; dominant, codominant,
intermediate, or suppressed. Crown
class designation ignored overstory
hardwoods. Any damage to under-
story trees by the falling of girdled
overstory trees was recorded. Tree
height, measured to the nearest 0.10 ft
using a telescoping measuring pole,
and dbh, measured to the nearest 0.10
in. using a diameter tape; were re-
corded for the two tallest white pmne
on each plot.

Data collected in 1990 were statisti-
cally analyzed as a split-plot design,
using analysis of variance (ANOVA),
significantly different means were sep-
arated by the least significant differ-
ence (LSD) method (P = 0.05). Num-
ber of attacked trees was converted to
percent of trees attacked on each plot.
Percent data was then transformed us-
ing arcsine-V % and analyzed for sig-
nificant differences using the LSD
method. Suppressed white pine were
not included when calculating percent
of trees attacked per plot.

RESULTS AND DISCUSSION

In 1990, the mean number of all
white pine per 1/50th ac plot were
10.4, 15.1, 12.7, 14.5, and 15.2 for the
0, 30, 50, 70 ft? BA and check treat-
ments, respectively. A larger percent-
age of trees on the more shaded treat-
ments were in the intermediate and
sup]:;ressed categories with 85% in the
70 ft* BA and check treatments and 76,
71, and 61% intermediate or sup-
pressed in the 50, 30, and 0 ft* BA
treatments, respectively. Mortality of
suppressed white pine was evident
only on the check plot. Also noted,
though not measured, was the larger
diameter of the remaining oak in the
30 and 50 ft* BA treatments.

By 1990, significant differences in
percent of trees attacked by weevils
were evident among treatments (P <



Table 1. Percent of dominant, codominant, and intermediate white pine on each
treatment with at least one white pine weevil attack which occurred between 1974
and 1989, and mean tree height and mean tree diameter of the two tallest white pine
on each treatment in 1990 on the Black River State Forest, WI. (Treatments (TRT)
were basal area/ac (BA) of overstory maintained. Check treatment had 100-120

ft2 BA))
Trees Tree Tree

Treatment attacked height diameter
(BA) % * SD ft = SD? in. £ SD?

N = 40 N = 40

Trees/TRT Trees/TRT

0 ft2 68.7 = 5.1a 33.8 = 0.8ab 7.0 = 0.3a
30 ft? 37.8 = 3.6b 35.3 = 0.6a 6.5 = 0.2a
50 ft2 15.4 = 3.8¢ 30.3 = 1.0c 47 = 0.2b
70 ft2 5.7 £ 1.7d 30.6 = 0.9¢ 4.1 = 0.2bc
Check 42 +27d 31.8 + 0.8bc 4.0 = 0.2c

# Means within a column followed by the same letter are not significantly different, LSD method (P =

0 05).

® Percent data transformed using arcsine—V% before testing for significant differences.

0.001) (Table 1). The O ft*> BA treatment
had the largest percent of trees at-
tacked, followed in order by the 30, 50,
70, and check treatments. No signifi-
cant differences were found between
the 70 ft* BA treatment and the check.
Further, those treatments with the
highest percent weevil attacked trees
also had trees which were attacked
more than one time. For the 0 ft* BA
treatment, 23% were weevil attacked
three or more times, 32% twice, and
45% once. For the 30 ft®> BA treatment,
12% were weevil attacked three times,
39% twice, and 49% once. For the 50
ft* BA treatment, 5% were attacked
three times, 18% twice, and 77% once.
For the 70 ft* BA and check treat-
ments, only single attacks were ob-
served. Little damage caused by gir-
dled trees falling onto understory pine
was noted in any of the treatments.
Approximately 93, 165, 265, 205,
and 215 unattacked trees per acre, ex-
cluding suppressed individuals, were
present on the 0, 30, 50, 70 ft* BA and
check treatments, respectively. These
values will undoubtedly fluctuate
widely on other sites due to differ-
ences in initial stocking. However,
they do provide a useful comparison
between treatments in this study.
Release did impact leader growth,
with growth for the 6-yr-period fol-
lowing treatment (1974-79) being 1.98,
144, 1.37, 1.03, and 0.91 times pre-
treatment leader growth for the 0, 30,
50, 70 and check treatments, respec-
tively (Hastings and Morse 1980). De-
spite this, mean tree height in 1990,
was actually greater for the 30 ft* BA
treatment than for the 0 ft® BA treat-
ment, though not significantly (Table
1). This may have occurred because of
the height loss from the more frequent
weevil attacks in the 0 ft* BA treat-
ment. Another reason may have been
the difference in sampling schemes
since many trees were sampled in the
1974-1979 period while only the two
tallest trees per plot were measured in
1990. In 1990, total tree heights for the

50, 70 ft*> BA, and check treatments
were less than either the 0 or 30 ft> BA
treatments. In addition, mean dbh
measured in 1990 for 0 and 30 ft* BA
treatments was significantly greater
than for the other treatments (Table 1).
Therefore, it was concluded that
growth was more rapid in the 0 and 30
ft? BA treatments, which allowed in
more sunlight.

Leader diameters, measured from
1974 to 1979, also increased at a greater
rate in those treatments which allowed
more sun to reach the understory pine
(Table 2). Leader diameter growth re-
sponse appeared to be quite rapid as
differences appeared to be evident the
summer following girdling of trees in
1974. As noted earlier, Sullivan (1961)
found leader diameter to be a major
factor in weevil success. He reported
that leaders with diameters less than
0.16 in. were not attractive to weevils
and even if attacked they did not pro-
vide sufficient food resources to pro-
duce weevil adults. Sullivan reported
that attacks increased as leader diam-
eter increased up to 0.35 in. where
80% of trees were weevil attacked.
Therefore, in this study, within a few
years of overstory removal, leaders in
the 0 ft* and 30 ft* BA treatments had
increased to diameters sufficient to
support weevils.

Despite the sufficient leader diame-
ters, little weevil attack was noted
within any treatments by 1979 (Hast-
ings and Morse 1980). Backdating at-

tacks 1n 1990 indicated that the major-
ity of weevil attacks occurred after
1979 (Fig. 1). Studies have shown that
weevil populations build slowly in
stands (Dixon and Houseweart 1982).
One reason for this may be the wee-
vils’ limited capability to disperse over
large distances. Studies on weevil
movement have indicated that the vast
majority of weevils do not move far
(Wallace and Sullivan 1985). Harman
and Kulman (1967) and Harman (1975)
observed that most weevils stayed
within 33 to 180 ft of a release point,
though a few individuals did move as
far as 980 ft. In this study, weevil at-
tacks peaked in the mid-1980s (Fig. 1)
and then declined. This decline may
have been a natural fluctuation in wee-
vil numbers, or it may have been
caused by the effects of increased
shading as the released white pine be-
gan to fully utilize the site and to
shade and cool the understory micro-
climate, thus creating conditions once
again unfavorable to weevil survival.
It is unlikely that the white pine had
simply outgrown the weevils since as
white pines grow taller they do not
outgrow weevil attacks (Ostrander
1957), with attacks recorded in trees
taller than 60 ft.

The heavily shaded treatments (70
f* BA and check) were affected only
slightly by weevils, but did not have
adequate growth of the understory
white pine. Based on this, a recom-
mendation of approximately 50 ft* BA
overstory should provide an appropri-
ate compromise to provide a maxi-
mum number of unattacked pine as
potential crop trees. If more rapid
growth is desired, then basal areas ap-
proaching 30 ft* may be adequate,
though it may result in moderate lev-
els of weevil attacks. Maintaining an
overstory has one further advantage in
that overstory presence has been
shown to reduce the amount of blister
rust impacting white pine (Van Arsdel
1962). These basal area recommenda-
tions should be reliable for releasing
understory white pine growing under
predominantly oak overstories in cen-
tral Wisconsin. Unfortunately, since
basal area is not an ideal measurement
of shading, these results should not be
extrapolated to other stands outside

Table 2. Mean leader diameters for each treatment, 1974-79. (Treatments were
basal area/ac (BA) of overstory maintained. Check treatment had 100—120 BA. Sam-
ple size (N) ranged from 104 to 201 trees per treatment. Study conducted on the

Black River State Forest, WL.)

Leader diameter (in.)

Treatment
(BA) N 1974 1975 1976 1977 1978 1979
0 ft2 106 0.17 0.19 0.21 0.22 0.30 0.26
30 ft2 201 0.13 0.18 0.16 0.15 0.23 0.19
50 ft? 104 0.14 0.15 0.16 0.14 0.19 0.19
70 ft? 200 0.08 0.13 0.14 0.11 0.16 0.13
Check 156 0.08 0.12 0.13 0.08 0.14 0.12
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Fig. 1. Total number of white pine attacked by white pine weevil each year on 80 1/50th-ac
plots surveyed within all overstory thinning treatments following a 1973-74 release or
partial release of understory white pine on the Black River State Forest, WI. Weevil attacks
occurring on two untreated check blocks were not included.

the geographic area of this study or
this specific habitat type without some
concern. Ideally, a measurement of
crown closure or light penetration
would have helped qualify these re-
sults.

Studies in other locations and forest
types need to be done to confirm these
results and obtain more refined basal
area recommendations for specific lo-
cations and forest types. These stud-
ies probably do not need to be long
term, but could be shortened by not
measuring number of weevil attacks
over time, but rather leader diameter
response to specific treatments. This
measurement appears to be a sensitive
measure of white pine risk of weevil
attack.

MANAGEMENT IMPLICATIONS

To obtain adequate growth rates
while maintaining low levels of white
pine attacks and mechanical damage
to understory white pine, girdling of
overstory trees is a viable option. This
study indicated that little if any result-
ant damage occurred to white pines
from the dead overstory oak if the gir-
dling was done when the white pine
were 5 to 10 ft tall. The removal of
overstory trees does not have to be ac-
complished by girdling. However, log-
ging should be low impact since a
well-stocked, undamaged understory
will result in a higher number of po-
tential crop trees and a more heavily
shaded understory which could result
in a cooler soil microclimate less con-
ducive to weevil survival. In central
Wisconsin, maintaining 30 to 50 ft* BA
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of oak overstory should result in man-
agable levels of white pine weevil
damage. In other locations and habitat
types, the overstory basal area to be
maintained may need to be further in-
vestigated to optimize growth while
preventing weevil attacks. Unfortu-
nately, a second release may be re-
quired when white pine leaders begin
to contact the remaining oak over-
story, probably in 10-15 years. Re-
moval of heavily weevil-attacked
white pines, which will likely be the
largest individuals, also should be
done during this operation.

From a wildlife standpoint, the ini-
tial thinning of the oak should increase
diameter growth, crown expansion,
and mast production of the remaining
overstory trees. Girdling also will pro-
duce large numbers of potential snag
trees.

The release of white pine in the un-
derstory may become a critical issue in
the Lake States with the impending ar-
rival of gypsy moth. Many of the
present poor quality oak stands will be
preferred by gypsy moth. Studies
have indicated that gypsy moth larvae
readily move to and feed heavily on
understory white pine when the pine
are growing under an oak overstory
(Brown et al. 1988), while pine grow-
ing as a component of the overstory
are not as likely to be fed on by gypsy
moth. Further, Brown and others re-
ported that heavily defoliated under-
story pines were likely to suffer mor-
tality. Therefore, proper release of
white pine stands at this time, which
is perhaps 10-15 years prior to the

likely mitial heavy wave of gypsy
moth in Wisconsin, would not only
produce large numbers of high quahty
white pine because of low levels of
white pine weevil damage, but also
play a role in producing stands more
resistant to gypsy moth defoliation. (]
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