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Early Budding of Acer palmatum Caused by the Shade;
Intra-specific Heterogeneity of the Host
for the Maple Aphid

Kimito Furuta*

1. Introduction

Inter- and intra-specific variation in host tree quality is commonly observed and many
studies have revealed the effect of such variation on the ecology of insects (WRATTEN, 1974;
JournET, 1980; MoraN, 1981; SutTon, 1984; FuruTa et al., 1984).

The maple aphid, Periphyllus californiensis Shinji, often hatches early in the spring
before the budding of its hosts. Its growth does not begin until the buds begin to swell, so
that not only premature mortality of the stem mothers but also the number of generations
in the spring are influenced by the timing of bud burst (Furuta etal, 1984). Winged
females in the 2nd generation emerging on early budding trees fly to late budding trees and
there lay larvae at the same time as the stem mothers. The existence of early budding trees
and dispersal of winged females contribute to a large aphid population on the late budding
trees (FuruTa, 1987).

This aphid lays normal larvae on unfurling leaves or inflorescences and lays aestivat-
ing dimorphs on fully expanded leaves (Hasnimoto & Furuta, 1988; FuruTa, 1987). Most
shoots of A. palmatum complete growth in about three weeks after the first emergence of
leaves (Furura, 1987), and each tree provides the aphids with an abundance of good
feeding material for the first two generations in the spring. When there is a large
intra-specific variation in the time of budding, it causes prolongation of the period of food
supply for the maple aphid, resulting in a broad heterogeneous distribution of favourable
feeding materials in both time and space. This plays an important part in the dynamics of
the aphid population. This paper reveals that (1) intra-specific variation in the time of
budding of Acer palmatum is great enough to allow addition of another generation in the
spring and (2) the variation is of ecological origin, caused by shade in the forest.

2. Materials and Methods

(1) Length of terminal buds of 5 branches about 2-3 m above the ground of 6 A.
palmatum trees or the shoots extending from these buds was measured weekly in 1988
during the period from the end of February through early May in Tanashi Wood, the
University Forest Experimental Station at Tanashi. One of the 6 trees (No. 1) is in a bamboo
stand (Fig. 1) and the others (No. 2-6) are in a maple stand. The trees examined are 4-6 m
in height.

At the time of bud measurement, the number of 1st instar larvae on tree No. 1 on the
terminal 40 cm portion of the branches was noted. Phenology of the maple aphid was also
recorded: first finding of the 2nd instar larvae, adult emergence of winged females in the 2
nd generation and larviposition by the stem mothers or winged females.

The visible change of foliage color in the autumn was also observed in 1988. A color
chart used for identifying color was divided into 24 hues (1-4: purplish red-reddish orange,
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Fig. 1. No. 1 tree in the bamboo stand.

4-8: orange-yellow, 9-12: greenish yellow-green, 13-16: bluish green-greenish blue, 17-20:
blue-violet, 21-24: purple-red purple) and into 9 tones (v: vivid, p: pale, It: light, b: bright, dp:
deep, dk: dark, 1tg: light grayish, g: grayish, d: dull).

(2) Effect of shade on the budding of maples was examined through a transplantation
experiment in the field. In April 1988, five year old potted A. palmatum (20-30 cm in height)
in the nursery were inspected and 30 trees with a bud length of 5-15 mm were chosen; 10
of these (Group I) were placed in a stand of bamboo and the other 20 (Groups II, III) were
placed in the center of the nursery. Group I and Il were kept where originally-
positioned, but Group III was moved to the bamboo stand in mid-December 1988. In the
spring of 1989, length of the terminal buds of the 30 trees was measured weekly from
mid-February through early May. Weekly inspection was also made of the developmental
stage of maple aphids on the trees as well as on the terminal 40 cm portion of 5-10 branches
of 6 A. palmatum in Tanashi Wood and 2 A. palmatum in a small yard in Tokorozawa. The
distance between Tanashi and Tokorozawa is 8 km and there is no remarkable difference in
climatic condition. First findings of larviposition of stem mothers and winged females in
the 2nd generation were recorded. The intensity of illumination was measured in mid-April
and mid-June 1989. Illumination on the floor of the bamboo stand to the sunny place in the
nursery was 7% in April and 2.0% in June.

The visible change of foliage color in the autumn was also observed in 1988.

(3) On 2 April 1989, 10 stem mothers just prior to beginning larviposition were
captured from tree No. 1. They were released individually on another 10 potted A.
palmatum which had been placed in the bamboo stand in April 1988. All the tress were kept
in cages (2 mm mesh) and the larvae laid by the stem mothers were removed from the trees
once every 5-7 days. In this way, the fecundity of stem mothers in the shade was measured.

3. Results

1) Phenology of the maples

Growth curves for the 5 examined buds or shoots of each tree followed a similar trend.
Figure 2 shows the growth curves for the earliest and the latest budding trees in 1988. On
the earliest (No. 1), the buds started visible growth in early March, young leaves emerged
in early April and shoots ca. 20 cm long ceased growing at the end of April. On the other
hand, on the latest budding tree (No. 2), visible growth of buds began in late March, young
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Fig. 2. Growth curves of the buds or shoots emerged from the buds of the two earliest and latest
budding trees among the six trees observed and phenology of the maple aphid. S,: 2nd
instar of stem mother. SI: larviposition of stem mother. W: emergence of winged aphid. W1:
larviposition of winged aphid.
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Fig. 3. Seasonal trends of the percentage of visible foliage color in the autumn (shown by black).

leaves emerged in mid-April and growth of shoots ca. 20 cm long ceased in early May. Thus
great between-tree phenological difference was demonstrated.

The visible changes of foliage color of the earliest and latest budding trees are shown
in Fig. 3. Color change and fall of leaves of the tree No. 2 began 2 weeks earlier than No. 1.
The hue of No. 2 was reddish orange and that of No. 1 was yellow.
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Fig. 4. Growth curves for the terminal buds or shoots emerging from the buds of the of trees in
the bamboo stand (——) and in the nursery (----).

2) Transplantation experiment

Stem mothers hatched on 1 and 6 trees of Groups I and II, respectively, and none of the
trees of Group III. The number of stem mothers on the tree of Group I was 27. In Group 1],
except two trees on which there were 189 or 29 aphids, 2-7 (t=4) aphids were found at
most. Growth curves for the buds and shoots of Groups I and II are shown in Fig. 4. When
the first measurement was done many buds of Group I had already begun to swell, and
though there is great between-tree variation in each group, the difference between groups
is clearly shown. Trees of Group I exceeded 5 mm in bud length in early March and
exceeded 30-60 mm in shoot length at the end of March. Shoot growth had slowed since
about 2 April. In contrast, trees of Group II exceeded 5 mm in bud length at the end of
March and 30-60 mm in shoot length in early April. Shoot growth slowed about 15 April.
Thus, trees in the shade budded and put forth leaves several weeks earlier than those in the
sunny location. Group III was intermediate between Groups I and II. Figure 5 shows the
mean accumulated percentage of bud or shoot length which exceeded 20 cm. The shade in
spring and also that the previous summer plays an important role in determining the time
of budding. Figure 6 shows that there was no large difference in the number of leaves on
the shoots of the two Groups I and II. Between node length of the shoots did not increase
remarkably in the shade.

Visible color change and fall of leaves of Group II began 2-3 weeks earlier than Group
I (Fig. 3). The hue of Group II was purplish red and that of Group I was yellow. Thus it was
ascertained that trees in the shade began to change foliage color later than those in the sun
and the hue became yellow.
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Fig. 5. Mean accumulated percentage of the length (exceeding 20 cm) to the maximum length of
the shoot at each observation. Grops I (——), II (----) and III (---).
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Fig. 6. The number of leaves on each shoot of Groups I (@) and II (O).

3) Phenology of the maple aphid

1988: Hatching of the larvae began during the period from 23 to 29 February. Figure
7 shows the number of Ist instar larvae and the percentage at each observation to the
highest number of Ist instar larvae that year. Though the percentage itself does not
indicate the accumulated percentage of the larvae hatched, the figure does reveal that most
larvae had hatched by 20 March when most buds reached 5 mm in length.

Phenology of the maple aphid differed considerably among the trees (Fig. 2). Second
instar larvae appeared at about the time buds reached 5 mm in length, and those on the
early budding trees (black) appeared 2 weeks earlier than those on the latest budding
(white) tree. Larviposition of the the stem mothers was first found when the shoots reached



142 K. FuruTa

%

r " 4100
“
o
1 a
s
40+ c
| :E,
s | E
g | s
. is0 E
: 5
o' 20" - °
z I
+
c
= 1 ]
I3
o
J [}
J o

o-l.l.,....l........l... ....l..LJLJ_.‘O
20/ 1/ 10/ 20/

Date

Fig. 7. The number (@) of 1st instar stem mothers of Periphyllus californiensis per branch (40 cm)
of No. 1 tree and the percentage (O) of the larvae found to the maximum number found.

a length of 30-60 mm. The larviposition of the stem mothers on the earliest budding tree
began a week earlier than that on the latest budding tree. Both the adult emergence of the
winged females and their larviposition were recognized on 23 April. On the latest budding
tree, some winged females laid larvae at the same time as the stem mothers. Thus, the
intra-specific variation in the time of buding is great enough to permit addition of another
generation.

1989: First larviposition of stem mothers was found on 28 March (2 trees in Tanashi;
lin Group I), 2 April (2 Tanashi), 7 April (2 Tanashi; 1 Tokorozawa; 3 in Group II) and 15
April (3 Group II). Thus, the time of larviposition differed greatly among trees of the same
species, though there was no great difference in climatic conditions except illumination.

Larviposition by winged females arriving from other trees was first found on 14-15
April on 2 out of 6 trees in Tanashi and 1 tree in Tokorozawa. Winged aphids laid larvae
at the same time as stem mothers on the same tree. On some A. palmatum trees, aphid
populations were thus established by both stem mothers and winged females, and on one
tree the population was founded by winged females alone.

4) Fecundity of the stem mothers in the shade

All stem mothers placed on the floor of the bamboo stand laid larvae but the fecundity
could only be estimated in 4 out of 10, since an accurate count of the number laid by other
individuals was not possible. The number of larvae laid by the 4 stem mothrs 44-53 (£ =+
$s=49.2+3.9), larger than that (35.7%£12.9) seen on potted trees brought from a sunny
location into a thermostatic chamber by Hassmoro and Furuta (1988). Though the
fecundity of stem mothers differ according to the host condition, shaded tress may be
beneficial for stem mother fecundity.

4. Discussion

Maples have a high adaptability to the shade (Koixe, 1986, 1987a) and seedlings appear
and grow in the shade on the forest floor. Budding begins early, autumnal color change and
leaf fall occur late and the leaves become yellow, though they turn red in a sunny place.
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When anthocyan is synthesized leaves turn red, however, when there is insufficient light,
anthocyan is not synthesized and leaves become yellow which is the color of carotinoids in
them (Koikk, 1987b). It is therefore quite reasonable that leaves in the shade do not become
red.

Though early budding and late defoliation seem advantageous for photosynthesis,
trees in the sun put forth leaves late and shed them early. A possible explanation for this
may be the cold in early spring and early winter which has a adverse effect on trees in a
sunny locations, but information remains too sparse to be certain.

In the forest, maples are usually mixed with other deciduous trees and occupy not only
the upper story but also the middle- or under-story. As the maple aphid infests both young
and old trees, the distribution of its host is usually highly heterogeneous in the forest.

Heterogeneous distribution of the host is not restricted to space only. As described,
trees in the shade put forth leaves several weeks earlier than trees in sunny places. Leaves
on lower branches of a high tree must also put forth leaves early. Thus the distribution of
favorable feeding materials for maple aphid heterogeneous in time also. Successful
utilization of this host heterogeneously distributed both in time and space is only possible
when the aphid lays eggs on early budding trees, adjusts its life history to the phenology
of the host and disperses among the trees.

Aestivating dimorphs suffer high and density-independent mortality (Furuta, 1985).
Therefore, the duration in an aestivating dimorph state is a factor determining total
mortality of this stage. On shaded trees on which aestivating dimorphs must spend a
longer period few seem to survive. Unless winged aphids fly from late budding trees and
lay oviparous females, no eggs are deposited there. As most winged aphids lay larvae on
trees whose foliage is orange-yellow and only a few lay larvae on those which are red
(FuruTa, 1986), winged aphids in the autumn tend to lay larvae on shaded trees.

The maple aphid hatches early in the spring before the budding of its host. Because the
amount of soluble nitrogen in leaves decreases rapidly (Hasuimoro and FuruTa, 1988), the
aphids are able to utilize each host tree only for several weeks. On early budding trees stem
mothers and the larvae they lay take about 3 weeks and 2 weeks, respectively, to complete
their development from 2nd instar to first larviposition. In a thermostatic chamber winged
aphids completed their development in 10 days at 17°C (Furura et al., 1984). Though some
shoots of A. palmatum continue growing and putting forth leaves for about a month, 90%
of the buds of high maples send out leaves 6-8 days after the first leaf emergence (FuruTa,
1987). The aphid population showed poor development in a year when larviposition by
stem mothers began 10 days after the first appearance of leaves (FuruTa, 1987). If the stem
mother hatches after budding of the host, its larvae will fail to find sufficient food to fully
develop. The stem mother must therefore develop as soon as the buds begin to swell. The
budding time of maple trees, however, differs not only among species but also among trees
of the same species in relation to site conditions. In this situation, hatching of the stem
mother before budding assures that the larvae will have adequate food.

Stem mothers often suffer starvation and high mortality during their 1st instar period
(FuruTa et al., 1984). The dispersal of winged females from early budding trees to late
budding trees therefore has two functions: First, to find suitable material on which to lay
their larvae, and second to compensate for the high mortality of stem mothers on late
budding trees. Shoots of late budding trees grow a litte faster than those of early budding
trees once growth begins (Figs. 2 and 4). However, winged aphids lay larvae faster than
stem mothers and can utilize late budding trees; stem mothers and winged females lay 50%
of their larvae in 3-4 days and 1-2 days, and complete the laying within 8-10 days and 3
-4 days, respectively (FuruTa, 1987).
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Summary

Maples which have passed a summer in the shade put forth leaves early and shed
leaves late. Their autumnal color becomes yellow though that of the trees in the sun
become red. Winged maple aphids emerging on shaded A. palmatum fly to late budding A.
palmatum and lay larvae at the same time as the stem mothers. Thus intra-spcific variation
of the phenology of maples caused by site conditions is great enough to allow addition of
another generation for the maple aphid. In the autumn most winged aphids lay larvae
mostly on trees of yellow leaves, i. e. on shaded trees. Thus, stem mothers overwinter on
shaded trees every year.

Key words: phenology, maple, budding, aphid, shade
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