Tree Ring Evidence for Chronic Insect Suppression of

Productivity in Subalpine Eucalyptus

Abstract. Experimental reduction of insect grazing pressures suggests that long-
term, continuous feeding by phytophagous insects has severely depressed growth
and productivity of subalpine Eucalyptus trees (measured by annual ring growth) for

at least 25 vears.

Eucalyptus species in their native Aus-
tralian habitats are subject to heavy,
more or less continual attack (/) by nu-
merous species of insects (2). We now
report that there is a dramatic increase in
growth rate in two species of Eucalyptus
following insecticide treatment for chronic
insect infestation. The width of annual
rings indicates that insect attack has de-
pressed growth rates in Eucalyptus over
long time spans (Fig. 1). Although some
studies have shown that major insect
outbreaks decrease radial growth in eu-
calypts and other species of trees (3, 4),
the effects of continual attack has never
been shown.

Our study was carried out in an even-
aged subalpine woodland (5) in the
Snowy Mountains of southeastern Aus-
tralia. Three trees each of E. pauciflora
and E. stellulata were selected for in-
secticide treatment in the summer of
1972 (the ring for 1972 represents the
1972-1973 growing season). Most were
small and had two or more stems that
branched off near the ground surface.
Between December 1972 and March
1973, the foliage on one stem per tree
was sprayed weekly (6) with Thiodane (a
broad spectrum, nonpersistent, non-

Fig. 1. The effect of reduced insect attack is
seen in the years following treatment in this
cross section of Eucalvptus stellulata. A large
increase in width of annual growth rings fol-
lowed insecticide treatment of foliage in the
1972-1973 growing season. Arrow shows ring
boundary between the 1972-1973 and 1973-
1974 growing seasons: the outermost ring is
that for 1975-1976; the dark rim is bark: the
branch is 18 years old.

1244

systematic, contact insecticide) while a
temporary shield protected the foliage of
the rest of the tree from receiving in-
secticide. During the next 3 years the
condition of the trees was monitored, but
no further insecticide treatment was giv-
en. In April 1976, the sprayed stems of
each of the six treated trees were cut,
and a stem of comparable size and ex-
posure was cut from the unsprayed part,
to provide slices for dendrochronological
studies. In July 1976, slices were also
taken from two stems of each of 11 con-
trol trees from the same site, which had
not been included in the spraying pro-
gram.

We tested the hypothesis that freedom
from insect attack would influence pro-
ductivity (as measured by radial growth)
by comparing the average growth of E.
stellulata and E. pauciflora prior to
spray treatment with the rates for the pe-
riod after the spraying. Growth rates for
the same subperiods in the untreated
control trees were similarly compared to
test whether any apparent changes could
be due to more general fluctuations in en-
vironmental conditions unrelated to the
treatment. The annual-ring sequence on
one radius of each slice was measured as
far back as it was possible to date accu-
rately (7). All specimens contain a dis-
tinctive frost zone (8) in the 1967 annual
ring, and therefore we used this ring as
the starting point for a comparison of in-
crement growth before and after treat-
ment. For each slice, ring widths were
converted to dimensionless growth in-
dices (9), and a mean ring-width index
was computed for two subperiods of
each radial series. The subperiod preced-
ing treatment was considered to be that
from 1967 through 1972; that after treat-
ment was considered to be from 1973
through 1975. The subdivision for the se-
quence after treatment (1973 to 1975) is
based on the pronounced increase in ring
width in treated trees beginning with the
annual ring for 1973. Although in-
secticide was used only in the 1972 sea-
son, there was little apparent effect on
the width of the ring formed in that sea-
son.

For each Eucalvptus species we com-
pared, for three groups, indices after
treatment to those before treatment: (i)
branches of control trees, (ii) sprayed
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branches of treated trees, and (iii) un-
sprayed branches of treated trees (Fig.
2). There were large increases in growth
rates of sprayed branches of E. stellulata
[P < .001, based on a two-tailed z-test
(10) against a null hypothesis of no
change in the mean value of the ring
width] and of E. pauciflora (P < .001).
There was also a parallel, but more mod-
est, increase in unsprayed branches of
treated trees on both E. stellulata
(P < .001) and E. paucifiora (P < .05).
In contrast, data for the control group
show that there was no change in growth
rates of untreated E. stellulata between
1967 and 1972 and between 1973 and
1975. Untreated E. pauciflora, however,
showed a significant (P < .05) decrease
in growth rates between these two time
periods (/7).

The average annual growth increments
in control trees for 1950 through 1975
and for treated trees from 1967 through
1975 are shown in Fig. 3. The similar
growth indices in control and treated
trees prior to 1973 contrasts with the dif-
ference in indices after that year and in-
dicates that insect attack has suppressed
productivity over long periods of time.

Ring widths were slightly larger in
sprayed trees than in control trees in the
season of treatment (1972), but the maxi-
mum response is evident 1 or 2 years lat-
er (Fig. 3). The increases in ring width in
treated trees is consistent with the in-
crease in foliage that resulted from in-
secticide treatment (/2). During the sea-
son that trees were sprayed, only the
treated branch showed a luxurious in-
crease in foliage. During the following
season, however, the entire tree showed
much enhanced canopy development.
This response of the entire treated tree
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Fig. 2. Mean ring-width indices for periods
before (1967 to 1972) and after (1973 to 1975)
treatment are plotted for insecticide-treated E.
pauciflora (N = 5) and E. stellulata (N = 3)
and unsprayed control trees of E. pauciflora
(N = 6) and E. stellulata (N = 5).
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during the second season is mirrored in
the annual ring growth (Figs. 1 and 3);
unsprayed branches had somewhat
smaller growth increments than sprayed
branches in the second and later sea-
sons, but both were far greater as com-
pared to the controls (/3). Increased an-
nual ring growth in sprayed trees per-
sisted from the year following treatment
until the trees were cut at the end of the
1975 growing season. The effect, how-
ever, decreased after the first year for E.
stellulata and after the second year for
E. pauciflora: the downward trends in
ring width (Fig. 3) suggests that by 1976
or 1977 increment growth in both species
would have returned to the average val-
ue seen in control trees.

The growth rates of both eucalypt spe-
cies were significantly increased by re-
moval of phytophagous insects (Fig. 2).
Three observations suggest that E.
stellulata is much more heavily attacked
by insects than was E. pauciflora: (i) the
increase in ring width after the spray
treatment was nearly two times greater
in E. stellulata than in E. pauciflora, (ii)
that growth rates began to decrease
sooner in E. stellulata (Fig. 3) suggests a
more rapid buildup of insect numbers af-
ter insecticide treatment stopped, (iii)
there was a much greater response of fo-
liage to spray treatment in E. stellulata.
These observations are consistent with
other studies showing that E. stellulata
loses more leaf tissue when unprotected
by insecticides and has a larger number
of host specific insect species and higher
total population densities of insects than
E. pauciflora (14, 15). However, while
the above information indicates a greater
positive response to herbivore removal
in E. stellulata, the data (Figs. 2 and 3)
may in part be explained by differences
in the total volume of foliage sprayed
since this factor could not be closely
controlled.

Our major conclusion is that the pro-
ductivities of these Eucalyptus species
are strongly suppressed by phyto-
phagous insects and that this suppres-
sion occurs over long periods of time. At
no point during the last 25 years did
growth rates approach those levels at-
tained after partial removal of phyto-
phagous insects. Loss of large amounts
of tissue appears to be a constant factor
among these eucalypts. In this subalpine
habitat as well as in other areas of Aus-
tralia, average tissue loss to insects has
been estimated at between 20 and 50 per-
cent, and complete defoliation was not
uncommon (/, 4, 16—18). These levels of
attack, when combined with the high de-
gree of host selectivity demonstrated by
some herbivores feeding on eucalypts
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(I4-16), may differentially affect com-
petitive abilities of these trees and may
influence their distributions (/9).
Research designed to factor out bio-
logical interference from growth records
have been developed for the rare, epi-
sodic event (3), and it is not clear that
they can be used where insect effects on
productivity are continual. This major
difficulty combined with the problems
encountered in dating eucalypt growth
rings (8) suggest that it may prove diffi-
cult to reconstruct past climate from Eu-
calyptus growth-ring sequences. This is
unfortunate because Eucalyptus species
initially appeared to be ideal material for
paleoclimatological studies. Some eu-
calypts are very large and apparently
old, and occur in marginal habitats
where good paleoclimatic sensitivity
would be expected. Eucalyptus, with
some 600 to 700 species (20), so domi-
nates mainland Australian forests and
woodlands that alternative dendrochron-
ological material is difficult to find. How-
ever, the demonstrable impact of long-
term phytophagous insect attack on ring-
width growth shown in our study and in
studies of insect outbreaks (4, /7) means
that natural fluctuations in insect popu-
lations could account for much of the
variability seen in long time series of ring
widths from trees of this genus and could
be more important than the direct limit-
ing effects of climate. However, to the
extent that insect population levels are
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determined by weather conditions, an in-
direct link between climate and tree
growth might be established.
P. A. MORROW
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Brain Tumors in Owl Monkeys Inoculated With

a Human Polyomavirus (JC Virus)

Abstract. Owl monkeys were inoculated intracerebrally, subcutaneously, and in-
travenously with JC, BK, or SV40 virus. Two of four adult owl monkeys inoculated
with JC virus, a human polyomavirus, developed brain tumors at 16 and 25 months
after inoculation, respectively. A grade 3 to grade 4 astrocytoma (resembling a hu-
man glioblastoma multiforme) was found in the left cerebral hemisphere and brain-
stem of one monkey. The second monkey developed a malignant tumor in the left
cerebral hemisphere containing both glial and neuronal cell types. Impression smears
prepared from unfixed tissue of this tumor showed cells that contained polyomavirus
T antigen. Virion antigens were not detected. Tumor cells cultured in vitro also con-
tained T antigen but were negative for virion antigen. Infectious virus was not isolat-

ed from extracts of this tumor.

Man is the natural host for two poly-
omaviruses: JC virus (JCV) and BK vi-
rus (BKV). Cryptic infection with JCV
and BKYV usually occurs during child-
hood and is a common event (/). The
JCV has been isolated from brain tissues
of patients with progressive multifocal
leukoencephalopathy (PML) and is the
virus usually associated with this de-
myelinating disease (2). The BKV has
been isolated from urine of immuno-
suppressed patients (3). However, this
virus has not been associated with any
known disease. Infection in man by the
simian polyomavirus SV40 has been re-
ported. A major exposure occurred some
years ago when a large number of people
were inadvertently inoculated with po-
liovirus vaccine contaminated with
SV40. A variant of this virus, SV40-PML
was isolated in two cases of PML ).
Tumors have been induced in Syrian
hamsters by JCV, BKV, SV40, and
SV40-PML. The JCV is particularly no-
table for its strong predilection for pro-
ducing tumors in the nervous system.
Tumors induced by JCV in the hamster
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include medulloblastoma, undifferenti-
ated neuroectodermal tumor, glioblas-
toma, ependymoma, pineocytoma, neu-
roblastoma, and meningioma (5). In con-
trast, BKV and SV40-PML induce only
tumors of ventricular surfaces identified
as choroid plexus papillomas or ependy-
momas (6, 7).

Because of the exposure of large num-
bers of people to these viruses, and be-
cause of the association of these viruses
with PML and their ability to induce tu-
mors in hamsters, we decided to test
their oncogenicity in subhuman pri-
mates. Adult owl monkeys were chosen
for the first experiment because they had
low or undetectable antibodies against
JCV, BKV, and SV40. Serum from other
New World monkeys had detectable
antibody against SV40 and occasionally
JCV. Adult feral Colombian owl mon-
keys (Aotus trivirgatus) were inoculated
in the following manner. A small hole
was made in the skull over each cerebral
hemisphere by means of a dental drill
(0.75-mm stainless steel bit). The in-
oculum, 0.15 ml per hemisphere, was de-
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