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Population Cycles of

Eriophyid Mites on Holly
In Relation to Foliage Abnormalities

R. E. WELTON AND K. G. SWENSON

Abstract
Population cycles of two species of eriophyid mites, Acaricalus

hederae (K.) and Diptacus swensoni K., were studied by monthly
sampling from nine English holly orchards during a 2-year period.
Both species were present in all nine orchards, but A. hederae popula-
tions never averaged more than 8 mites per 10 leaves in two of these
orchards. Seasonal population cycles of the two species followed the
same pattern. In general, numbers began to increase between mid-
summer and early autumn. In the first year, populations increased
until early winter when unusually cold weather caused a sharp decline
in mite numbers in Willamette Valley orchards. This decline did not
occur in coastal orchards where temperatures were not as low. Popu-
lations in most Willamette Valley orchards increased again after the
cold weather until about May when numbers dwindled rapidly in all
orchards. In the second year, winter temperatures were milder and
populations increased until May when numbers again declined rapidly
in all orchards. The decline in late April or early May was not related
to number of mites present. There were some minor deviations from
the general population cycle.

These mites tolerate an unusual range of temperatures. Numbers
increased in winter when night temperatures were frequently below
freezing and in summer during periods when day temperatures ex-
ceeded 95° F.

Eggs were found at all times of the year. No evidence of aestiva-
tion or hibernation was found.

Five types of foliage discolorations are described. Four of these
are common and results showed that they were not caused by erio-
phyid mites. The relationship, if any, of a fifth type of discoloration
with mite feeding was not satisfactorily resolved because of the un-
common occurrence of this discoloration.

No visible effects of mite feeding were observed, although an
average of almost 600 mites per leaf was found on one occasion.
Therefore, no special control measures seem necessary.



Introduction
Foliage discolorations of several types have become of increasing

concern during the past few years in the production of English holly,
Ilex aqui f olium L., in Oregon. Eriophyid mites were also recently
found to be common in Oregon holly orchards. No information was
available concerning the biology of these mites or their effect on holly.
Importance of eriophyid mites and need for control measures could
not be determined without this information.

Eriophyid Mites on English Holly
Three species of eriophyid mites are known from holly in Ore-

gon: Acaricalus hederae (Keifer), Diptacus swensoni Keifer, and
Cecidophyopsis verilicis (Keifer). The first two species feed on the
underside of the leaves and are the subject of this investigation. The
third species is a bud mite.

Acaricalus hederae was originally described from ivy, Hedera
helix L., as Calepitrimerus hederae by Keifer (1939b) and was sub-
sequently given its present name (Keifer, 1940). This mite was found
in Oregon on English holly for the first time by R. W. Every in 1958.
We have also found it on an Oriental holly, Ilex wilsonii Loes. It is
known only from California, Oregon, and British Columbia. Another
species of Acaricalus, A. ilexopacae Keifer, has been described from
American holly, Ilex opaca Ait., in Virginia (Keifer 1959b).

Diptacus swensoni was first described from English holly (Kei-
fer 1959a) and is known only from Oregon. It has also been found
on American holly and Ilex wilsonii. Although only recently discov-
ered on holly, the widespread occurrence in western Oregon of both
A. hederae and D. swensoni indicates that they have been present for
many years.

Cecidophyopsis verilicis was originally described as Eriophyes
verilicis (Keifer 1939a), later changed to Cecidophyes verilicis (Kei-
fer 1952), and subsequently to its present name (Keifer 1958). This
mite is found in both leaf and flower buds, but does not occur on
leaves. It is also present under the sepals at the base of berries during
summer. It is known from California, Oregon, and Washington
(Batchelor 1952).



Seasonal Occurrence of Eriophyid Mites on Holly
Observations during 1957 and 1958 revealed that Acaricalus

hederae and Diptacus swensoni were common in winter and early
spring but virtually disappeared for a time during summer. During
this time they were not easier to find on inner or lower leaves of the
trees than on other foliage. Careful searching of the twigs, larger
branches, and trunks showed that the mites were not in these areas, in-
dicating absence of an aestivating form as occurs with some eriophyid
mites, e.g., Vasates fockeui (Nal. and Trt.). The absence of an aesti-
vating form indicated that mite populations redevelop annually in late
summer or early autumn from extremely small numbers maintained
on leaves during summer. Therefore, systematic sampling to deter-
mine the nature of mite population cycles was initiated and continued
for a 2-year period.

Sampling Methods

Eight holly plantings were selected during summer 1959 for
monthly sampling to determine seasonal activities of Acaricalus hed-
erae and Diptacus swensoni. Another planting was added in summer
1960. Monthly samples were taken from September 1959 through
August 1961. Plantings and locations were as follows : Wieman
planting near Six Corners; A. Teufel planting near Cedar Mill;
O'Donnell planting near Kinton; Leach planting near Aurora (second
year only) ; variety planting at the J. J. Astor Experiment Station
(first year only) ; Swallow planting near Neotsu; Pilkington planting
near Corvallis; and two variety plantings at the Oregon State Univer-
sity Lewis-Brown farm near Corvallis.

Five trees were selected for sampling within each planting. All
trees sampled were English holly varieties except for one Oriental
holly in the Leach orchard. All trees in the Pilkington and Swallow
orchards were of the Pilkington variety. Trees sampled in the Wieman
orchard were Early Cluster, Favorite, Pinto, Silveredge, and Globe
varieties; varieties in the Teufel orchard were Teufel's Silver Varie-
gated, two trees of Teufel's Hybrid, and two trees of Teufel's French-
English ; varieties in the O'Donnell orchard were Rederly, Teufel's
Silver Variegated, and three trees of Peyran; varieties in the Leach
orchard were Ilex wilsonii, two trees of Silver Trim, and two trees of
an unnamed green-stem variety ; varieties in the Astoria orchard were
Brownell's Special, Beautyspra, Dr. Huckleberry, Yuleglow, and an
Oregon Experiment Station seedling; varieties in the Lewis-Brown
orchard number 1 were Dr. Huckleberry and Oregon Agricultural
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Figure 1. Mite population in Leach orchard, Aurora, Oregon.



Experiment Station selections 37, 43, 45 and 46; varieties in Lewis-
Brown orchard number 2 were Goldedge, Teufel's Silver Variegated,
Moyer's French-English, and Oregon Agricultural Experiment Sta-
tion selections 23 and 24.

Samples were taken at approximately 30-day intervals and con-
sisted of 10 leaves from each of the 5 trees in each orchard. Leaves
were removed at about equal distances around the trees at a height of
4 to 6 feet. The second or third youngest leaves were taken except in
cases where leaves of the previous year were being sampled. In such
cases, second or third leaves proximal to the starting point of the cur-
rent year's growth were selected. Counts of mites present on the
leaves were made in the laboratory with a binocular microscope at
20X magnification. The two mite species were readily distinguished
because Acaricalus hederae is yellow-orange and Diptacus swensoni
is gray.

Numbers of mites counted on leaves sampled from the nine
plantings during the 2-year period are summarized in Tables 1-8
and Figures 1-14. Each figure represents seasonal changes in popula-
tion of one species in one orchard during the 2-year period, except
for Figures 1 and 10 where both species are included. The numbers
of mites in these figures represent the average number of mites per
10 leaves, based on a 50-leaf sample. The 50-leaf sample is the total
of 10 leaves from each of the 5 trees used in an orchard. Average
number of mites per 10 leaves is plotted on a logarithmic scale be-

Table 1. Average number of Diptacus and Acaricalus per
10 leaves based on a 50-leaf sample, Leach orchard, August 1960

to August 1961*

1960 leaves 1961 leaves

Date No. Diptacus No. Acaricalus Date No. Diptacus No Acaricalus

8-20-60 00 1.8 5-18-61 125.2 22.0
9-20-60 0.0 5.6 6- 9-61 10 125.8

10-23-60 0.0 7.4 7-10-61 0.2 5.0
1-10-61 15.2 45.0
2-16-61 134.2 41.4
3-23-61 2214 128.0
4-22-61 613.8 2154
5-11-61 1,4700 540.4
5-18-61 311.2 361.8
6- 9-61 1.6 41.4
7-10-61 0.0 0.0

No sprays were applied during this period.



X

100

10

x. /
/

1 /
1

I

1 S 0 N 0 J M A M J J A S 0 N D J F M A M J J A
1611959 1960

70
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cause of large fluctuations in numbers of mites. Sometimes no mites
were present, but zero cannot be indicated on a logarithmic scale.
Therefore, "one" was added to the average number of mites in all
cases so that no zeros had to be plotted. The change from solid to
broken lines, or vice versa, in the figures indicates that sampling from
new leaves had started. Occasionally, one dot in a figure is very near
and slightly to the right of another, indicating that mite numbers were
the same for the two groups of leaves of different ages. Reference
will be made only to the figures in discussing mite numbers.

Table 2. Average number of mites per 10 leaves based on a
50-leaf sample, O'Donnell orchard, September 1959 to

September 1961*

1959 leaves 1960 leaves 1961 leaves

Date No mites No mites Date No mites

Diptacus
-2-59 00 6-21-60 176.2 6-14-61 0.0
-2-59 0.0 7-20-60 0.4 7-12-61 00
-7-59 0.0 8-25-60 1.0 8-15-61 00
-4-59 00 9-20-60 2.8
-4-60 1.4 10-23-60 17.0
-16-60 0.0 1-15-61 201.4
-19-60 11.8 2-16-61 805.4
-23-60 39.6 3-25-61 2,628.6
-19-60 112.6 4-25-61 3,8136
-21-60 10.6 5-25-61 00
-20-60 0.2 6-14-61 0.0
-25-60 0.0 7-12-61 0.0

8-15-61 0.0

Acaricalus
-2-50 00 6-21-60 722 6-14-61 0.8

-2-59 16 7-20-60 1.6 7-12-61 17.6

-7-59 3.4 8-25-60 16 8-15-61 66.2

-4-59 27.6 9-20-60 6.2

-4-60 552 10-23-60 25.2

-16-60 17.4 1-15-61 148.2
-19-60 14.8 2-16-61 491 0
-23-60 87.6 3-25-61 7580
-19-60 143.2 4-25-61 2,053.0

-21-60 46 5-25-61 00
-20-60 0.0 6-14-61 02
-25-60 1.0 7-12-61 0.0

8-15-61 62

* Diazinon was applied by hand gun during the last week in April 1961

In
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Temperature data were obtained from "Climatological Data,"
published by the United States Department of Commerce, Weather
Bureau. Weather stations used for the various plantings were as fol-
lows: Portland Weather Bureau (City) for the Wieman, Teufel, and
O'Donnell plantings; Oregon State University for the Pilkington
and Lewis-Brown plantings; Oregon City for the Leach planting; Otis
for the Swallow planting; and Astoria Experiment Station for the

Table 3. Average number of mites per 10 leaves based on a
50-leaf sample, Lewis-Brown orchard (No. 1), September 1959

to September 1961*

1959 leaves 1960 leaves 1961 leaves

Date No. mites Date No. mites Date No. mites

-3-59 98 6-18-60 4.0 6-16-61 00
-2-59 33.4 7-8-60 248 7-13-61 00
-6-59 950 8-15-60 1772 8-17-61 122
-9-59 1702 9-14-60 397.4
-8-60 996 10-12-60 272.4
-15-60 636 11-13-60 122.6
-11-60 140 1-2-61 86.6
-11-60 45.4 1-19-61 786
-13-60 964 2-23-61 1740
-13-60 154.2 3-22-61 426
-18-60 23 2 4-20-61 54.4
-8-60 148 6-16-61 0.0
-15-60 28.8 7-13-61 00
-14-60 776 8-17-61 00

A caricalus
-3-59 0.2 6-18-60 02 6-16-61 14
-2-59 18 7-8-60 16 7-13-61 08
-6-59 13.0 8-15-60 16 8-17-61 08
-9-59 98 9-14-60 56
-8-60 66 10-12-60 154
-15-60 0.0 11-13-60 13.4
-11-60 00 1-2-61 264
-11-60 04 1-19-61 5.4
-13-60 32 2-23-61 274
-13-60 00 3-22-61 12.8
-18-60 02 4-20-61 470
-8-60 0.0 6-16-61 04
-15-60 00 7-13-61 0.0
-14-60 0.2 8-17-61 0.0

x No sprays were applied during this period.
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fable 4. Average number of mites per Ill leaves based on a
50-leaf sample, Lewis-Brown orchard (No. 2), October 1959

to September 1961*

1959 leaves 1960 leaves 1961 leaves

Date No. mites No. mites Date No. mites

Diptacus
10

11

12

1

2

3

4
5

6
7

8
9

-9-59 217.6 6-20-60 0.8 6-16-61 184
-11-59 387.2 7-22-60 41.6 7-13-61 41.2
-15-59 85.6 8-18-60 142.0 8-17-61 114.6
-15-60 43.0 9-16-60 4590
-10-60 3.6 10-17-60 185.0
-10-60 5.0 12-19-60 185.0
-8-60 3.6 1-19-61 2102
-10-60 2.0 2-23-61 533.8
-20-60 00 3-22-61 599.0
-22-60 1.6 4-20-61 699.0
-18-60 17.6 6-16-61 46
-16-60 36.4 7-13-61 06

8-17-61 4.2

A caricalus
-9-59 7.2 6-20-60 0.6 6-16-61 19.6

-11-59 81.4 7-22-60 0.2 7-13-61 10.2

-15-59 194 8-18-60 02 8-17-61 16.6
-15-60 6.4 9-16-60 60
-10-61 0.2 10-17-60 11.8
-10-60 3.2 12-19-60 71.0
-8-60 2.8 1-19-61 50.6
-10-60 1.6 2-23-61 182.2
-20-60 56 3-22-61 210.8
-22-60 04 4-20-61 241 2
-18-60 0.4 6-16-61 4.4
-16-60 08 7-13-61 00

8-17-61 00

No sprays were applied during this period.

As`oria planting. Maximum and minimum temperatures are plotted in
the upper portion of each figure. Temperature lines were plotted by
using three to five of the highest and lowest daily temperatures for
each month.

1F
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Table 5. Average number of mites per 10 leaves based on a
50-leaf sample, Wieman orchard, September 1959 to

September 1961*

1959 leaves 1960 leaves 1961 leaves

Date No mites Date No. mites Date No. mites

Diptacus
-4-59 8.4 6-21-60 0.2 6-14-61 0.6
-2-59 0.0 7-20-60 14.4 7-12-61 0.2
-7-59 0.8 8-25-60 42.2 8-15-61 0.0
-4-59 5.8 9-20-60 222.2
-4-60 2.6 10-23-60 2.4
-16-60 08 1-15-61 10.0
-19-60 3.2 2-16-61 12.6
-23-60 2.6 3-25-61 31.4
-19-60 1.2 4-25-61 130.2
-21-60 0.2 6-14-61 0.0
-20-60 1.0 7-12-61 0.0
-25-60 14.0 8-15-61 0.0

Acaricalus
-4-59 0.0 6-21-60 3.4 6-14-61 16.0

-2-59 9.8 7-20-60 1.6 7-12-61 0.0

-7-59 49.0 8-25-60 104.8 8-15-61 0.8

-4-59 72.0 9-20-60 3288
-4-60 55.2 10-23-60 142.6

-16-60 1.4 1-15-61 20.2

-19-60 1.0 2-16-61 55.0

-23-60 15.0 3-25-61 90.4

-19-60 15.8 4-25-61 81.2
-21-60 0.0 6-14-61 00
20-60 0.0 7-12-61 0.0

-25-60 17.4 8-15-61 0.0

-

} Diazinon was applied by airplane in late April 1960.

Results

There was a sharp decline in mite populations in the 1959-60
winter (Figures 3, 4, 5, 6, 7, 9, 11, 12, and 13). This was associated
with unusually cold weather in December and January in the Willam-
ette Valley. Minimums below 32° F. were recorded for 23 days be-
tween November 1 and February 29 at Portland. Six of these mini-
mums were below 28° and on two days the maximum never reached
32°. This population decline did not occur in the two coastal plantings
(Figures 10 and 14) where temperatures were not as low. Mite pop-
ulations increased again in most orchards after the cold weather (Fig-
ures 2, 3, 4, 9, and 11). Populations declined again sharply in late

19
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Table 6. Average number of Diptacus and Acaricalus per 10
leaves based on a 50-leaf sample, Astoria station orchard,

September 1959 to September 1960

1959 leaves 1960 leaves

Date No. Diptacus No Acaricalus Date No Diptacus No Acaricalus

9-24-59 222 472 7-28-60 195.4 47.6
10-24-59 223.2 1384 8-26-60 2434 2544
11-27-59 844.4 368.0
12-26-59 1,714.4 452.0
1-30-60 667.0 270.6
2-29-60 9412 205.2
3-27-60 482.0 2380
4-23-60 1,343 4 8630
5-28-60 36.6 10 8
7-28-60 116 176

Malathion was applied by hand gun on April 27, 1960.

April or May of 1960 in both coastal and inland plantings and reached
a low point in July or August. The following winter, 1960-1961, was
much milder. Mite numbers reached a peak during April or May in
most orchards and then declined rapidly, as in the previous spring.

The method of obtaining temperature data limits its usefulness,
but these data are included in the figures to make certain points. The
mites have an unusual seasonal cycle. The citrus rust mite, for exam-
ple, does not increase in numbers from November until spring, al-
though it has an evergreen host and occurs in warmer climates (Ebe-
ling 1959). Population decline cannot be explained by rising temper-
atures and lower humidity because number of mites increased again
in late summer or early autumn when temperatures were much higher
and humidities lower than those prevailing at the time of decrease.

Predators were found but were neither consistently nor suffi-
ciently numerous to be the principal cause of population decline. Pred-
ators included Typhlodromus (T.) pyri Scheuten and Typhlodromus
(Amblyseius) nr. aerialis (Muma). Cecidomyid and coniopterygid
larvae were also found feeding on the mites. Parasitic fungi were not
found.

Decrease in mite numbers began about the time new growth de-
veloped in spring. Many mites could be found on stems as numbers
decreased on leaves. Population decline thus appeared to be associated
with dispersal. Perhaps most mites do not survive the process of
moving from old to new leaves and the population must therefore de-
velop from the few mites that reach new leaves. Crowding or direct



I

i

!IT

L
a>K .;full gon:

s

Y

11,

S 0 N D J F M A M J A 0 N D J F M A M J
959 1960 1961

Figure 11. Diptacus populati in Teu orchard, Cedar Mill, Ore



Figure 12. Arcaricalus population in Teufel orchard, Cedar Mill, Oregon.
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Table 7. Average number of mites per 10 leaves based on a
50-leaf sample, Teufel orchard, September 1959 to

September 1961*

1959 leaves 1960 leaves 1961 leaves

Date No mites Date No. mites Date No mites

Di[ tacus
-2-59 7.6 6-21-60 0.0 6-14-61 0.0
-2-59 22.8 7-20-60 0.0 7-12-61 00
-7-59 1972 8-25-60 0.0 8-15-61 0.0
-4-59 376.8 9-20-60 2.2
-5-60 5228 10-23-60 9.2
-13-60 62 1-15-61 23.8
-19-60 10.8 2-16-61 31 8
-23-60 30.8 3-25-61 203.4
-19-60 02 4-25-61 693.4
-21-60 0.0 6-14-61 0.2
-20-60 0.0 7-12-61 00
-25-60 0.0 8-15-61 0.0

A caricalus
-2-59 0.2 6-21-60 0.0 6-14-61 53.0
-2-59 39.0 7-20-60 0.0 7-12-61 1.0
-7-59 172.2 8-25-60 0.0 8-15-61 0.2
-4-59 266.6 9-20-60 0.4
-5-60 119.6 10-23-60 88
-13-60 1.6 1-15-61 38.6
-19-60 16 2-16-61 77.8
-23-60 7.6 3-25-61 173.6
-19-60 2.0 4-25-61 219.8
-21-60 00 6-14-61 80
-20-60 0.0 7-12-61 0.2
-25-60 04 8-15-61 00

The following sprays were applied during this period:
(1) Diazinon by speed sprayer about April 20, 1960.
(2) Diazinon by speed sprayer about May 20, 1960.
(3) Diazinon by speed sprayer to borders of orchard about June 1, 1961.

effects of mite feeding on leaves were not responsible for dispersal.
Populations on the leaves declined in late April or May, regardless
of numbers present at that time. Dispersal may, however, be related
to changes in leaf physiology. In citrus, another broad-leaved ever-
green, a loss of nitrogen and phosphorus occurs in the old leaves when
new growth begins in spring (Smith and Reuther 1950). Similar
results have been obtained for holly.'

'A. N. Roberts and R L. Ticknor, unpublished data.
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Table 8. Average number of Diptacus per 10 leaves based on
50-leaf sample, in the Swallow orchard and in the Pilkington

orchard, September 1959 to September 1961

1959 leaves 1960 leaves 1961 leaves

Date No mites Date No Mites

Swallow orchard*

Date No. mites

-26-59 0.0 6-25-60 125.2 6-13-61 36.2
-24-59 04 7-25-60 7166 7-17-61 77.4
-27-59 0.8 9-10-60 528 6 8-24-61 491.2
-26-59 0.2 10-8-60 432
-30-60 1.4 11-12-60 962
-29-60 262 12-28-60 36.2
-2-60 332 1-28-61 1040
-29-60 1220 2-26-61 110.0
-6-60 78.8 3-23-61 102.4
-28-60 238.4 4-29-61 2330
-25-60 79.2 6-13-61 14.8
-25-60 48.0 7-17-61 0.8
-10-60 51 6 8-24-61 6.6

Pilkington orchard**
-16-59 86.4 6-20-60 0.0 6-16-61 1.2
-18-59 4952 8-2-60 0.0 7-13-61 0.4
-19-59 824.0 9-13-60 0.0 8-17-61 2.4
-12-60 5142 10-5-60 00
-27-60 341.2 11-5-60 0.0
-24-60 638.6 12-29-60 00
-23-60 0.0 2-5-61 00
-19-60 0.0 3-18-61 0.0
-18-60 0.0 4-15-61 00
-30-60 02 6-16-61 00
-2-60 00 7-13-61 06
-13-60 0.0 8-17-61 0.2

10

11

12

1

1

2
3

4
5

6
8
9

Swallow orchard-No sprays were applied to the trees during this period.
Pilkington orchard-The following sprays were applied during this period:
(1) Lime-sulfur by hand gun on March 19, 1960.
(2) Diazinon by hand gun on June 14, 1960.
(3) Lime-sulfur by hand gun on January 19, 1961

Sprays were applied in late April in some plantings in one or
both years. Decline of mite population was only slightly more abrupt
following spray applications than in plantings where no sprays were
applied. Mite populations increased again in sprayed orchards as soon
as in unsprayed orchards. Only in the Pilkington orchard, where a
lime-sulfur spray was applied in March 1960 and a Diazinon spray
in mid-June after spring rains had ceased, was there evidence of a
subsequent effect on mite populations (Figure 13).
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Populations of the two mites changed in a similar manner within
each planting. Numbers of Acaricalus were usually lower than num-
bers of Diptacus. The Swallow and Pilkington orchards were excep-
tional in that numbers of Acaricalus never averaged more than 8 per
10 leaves. This was the only evidence that populations of the mite spe-
cies were not regulated by the same factors. Location of the Pilking-
ton planting is climatically more like other inland holly plantings
where Acaricalus is common, than the coastal climate of the Swallow
orchard. The obvious difference between these two orchards and the
other seven was the holly variety ; these were the only two in which
the Pilkington variety was sampled. This is not, of course, proof that
the Pilkington variety is resistant to Acaricalus but is an indication
of where further useful work might be done. There were, however,
nonvarietal differences between individual trees. Large differences in
mite numbers occurred among individual trees in the same orchards,
including Diptacus in the two orchards where all trees were of the
Pilkington variety. Some trees had large mite populations in both
years ; in others population was large in one year only. The nature of
these differences is not known, but comparison with trees planted as
ornamentals is interesting. These trees were not subjected to cultural
practices designed to increase growth and berry production. During
the period samples were taken from orchards, mites seldom averaged
one per leaf on five trees planted as ornamentals in Corvallis. Cultural
practices may favor infestations of both spider mites and eriophyid
mites (Rodriguez 1960). Holly trees within an orchard could un-
doubtedly vary physiologically as a result of location, berry-set, and
pruning.

There were no correlations between temperature and mite num-
bers apart from the one cold period in winter 1959-1960. Develop-
mental temperatures are well below those of most other insects and
mites. In two monthly samples in each of several orchards during late
autumn and early winter 1959, upper and lower surfaces of sampled
leaves were coated with rime frost and yet populations had increased
by the time of the next monthly sampling. Minimum temperatures
below 32° F. were recorded for seven days at Portland between No-
vember 1 and February 29 in winter of 1960-1961. Yet mite numbers
in the orchards increased steadily (Figures 1, 2, 3, 7, 8, 11, 12) or de-
creased only slightly (Figures 4, 5, 6, 9) during this period. On the
other hand, populations increased steadily during periods when daily
temperatures were frequently nearly 100° F. (Figures 5 and 6). Hu-
midity did not seem to be a limiting factor. The tolerable range of
humidity appears to be relatively wide. During July 1960 when less
than 0.01 inch of rain was recorded in the Willamette Valley, mite
numbers increased rapidly in four orchards (Figures 4, 6, 8, and 9).



One of these orchards (Figure 6) was clean cultivated and consisted
of widely-spaced trees less than 6 feet tall. A humid microenviron-
ment would not have been possible under such conditions.

Some unexplained variations are apparent from the tables and
figures. Occasionally, mite populations declined in fall after the initial
increase that began during summer (Figure 8). This happened during
the period of berry ripening and may have resulted from transloca-
tion of materials from leaves to berries. Minor fluctuations when few
mites were present probably represent sampling variation. These
minor fluctuations may be conspicuous graphically because of use of
the logarithmic scale necessitated by great variation in mite numbers.

Eggs were found on lower leaf surfaces during all months of the
year. The ratio of eggs to active forms on leaves did not increase when
mite numbers decreased.

Foliage Discolorations
Type 1. This has been found only at Astoria. Dark-green raised

areas occurred on under surfaces of leaves (Figure 15) with smooth,
greasy-looking, slightly raised, purple areas on the upper surface,
corresponding in position to abnormal areas on the lower surface
(Figure 15). Sometimes such areas occurred along the upper surface
of a large vein or mid-rib for a distance of one-fourth to one-half
inch. These symptoms appeared in early autumn on the current sea-
sons growth. Extensive premature dropping of leaves occurred when
this leaf-spotting was common. Almost identical symptoms occur on
camellia in the Willamette Valley. These also appear in early autumn
on the current season's leaves.

Fungi are associated with this condition although causal rela-
tionship has not been established (Herridge 1960, 1961). One of a
pair of trees of the variety Brownell's Special was sprayed with tri-
basic copper sulfate in June 1961. No spray was applied to the other
tree. Both these trees had been severely affected with this leaf-spotting
in the three previous years. The spots were far less numerous and
smaller on the sprayed tree in September 1961. Spotting on the un-
sprayed tree was as severe as in previous years. The sprayed tree had
also been kept free of mites by Diazinon sprays applied at 2-week in-
tervals from March until September. Absence of this symptom in the
eight other orchards where mites were common indicated, however,
that mites were not the cause.



Figure 15. Discoloration type 1 showing raised, discolored
areas on lower leaf surface (left) and upper leaf surface (right).

Type 2. Purple mottling occurred, on the upper surface unaccom-
panied by any abnormalities of the lower leaf surface. This symptom
sometimes developed very rapidly on all leaves in late fall on trees
having a heavy berry crop and appears to be a nutritional problem.

Type 3. Leaves of green holly varieties sometimes develop a
grayish cast called "silvering." It is especially conspicuous on green-
leaved varieties (Figure 16) but also occurs on variegated holly, show-
ing as silvering on the green areas of the leaves and causing dullness
of yellow areas. This symptom is reminiscent of the condition of
peach leaves caused by feeding of the peach silver mite, Vasates cor-
nutus (Banks). Time of appearance varied in different orchards. It
first showed on leaves 10 months old in some orchards and on leaves
18 months old in others.

Five trees were kept free of mites for 18 months by monthly
applications of Diazinon. During this period, May 1960 to October
1961, no mites were found on 750 leaves taken in periodical samples
from the five trees. In October 1961, silvering appeared on leaves
which were produced in spring 1960, even though these trees had
never had a mite infestation.



Figure 16. Discoloration type 3 showing silvering on green
holly (right) in contrast with normal leaf (left).

Type 4. Raised spots on the lower leaf surface of English holly
occur to some extent in most holly orchards. These spots vary in time
of appearance, size, number, and accompanying discoloration but
have a general similarity (Figures 17, 18, 19, 20, and 21).1 They may
be visible as early as August on current season's growth but usually
do not appear until late winter. Spots on year-old leaves vary in size
from those barely visible to others one-fourth inch in diameter. Raised
spots on the lower surface are sometimes accompanied by correspond-
ing purple or chlorotic areas on the upper surface. Such variation of
symptoms is not surprising, considering the number of varieties in-
volved.

Two trees of the Pilkington variety were sprayed monthly with
Diazinon from May 1960 through August 1961. A total of 19 mites
was found on 440 leaves from these trees during that time. Spotting
(Figure 17) was present to an equal extent on 1960 leaves of both
sprayed and unsprayed trees by April 1961. The few mites on sprayed

' The leaves used for these photographs were not necessarily typical of the
condition of the orchards from which they were obtained.
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trees could not have caused the extensive spotting which occurred.
Three trees of the Pinto variety were sprayed monthly with Diaz-

inon from May 1960 through August 1961. During this time 26 mites
were found on 280 leaves from these trees. Spots were first found on
1960 leaves in April 1961. They were equally abundant on both
sprayed and unsprayed trees, and were especially numerous along
the margins of the leaves (Figure 18). Blisters were more numerous
and darker in color by July but were less pronounced on sprayed
trees. The difference between sprayed and unsprayed trees was prob-
ably due to some effect of the insecticide other than mite control, be-
cause there were too few mites (less than one per leaf) to have caused
such feeding injury, mites do not congregate along the leaf margin,
and spotting was equally pronounced on both groups of trees when it
first appeared.

Four trees of the Silver Trim variety were sprayed monthly with
Diazinon from May 1961 through September 1961. No mites were

Figure 17. Discoloration type 4 showing raised areas on lower
leaf surfaces of the Pilkington variety, Neotsu, Oregon.
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found on 320 leaves from these trees during this time. In September
1961 spots appeared on 1961 leaves of both sprayed and unsprayed

trees (Figure 20).

Figure 18. Discoloration type 4 showing raised areas on lower
leaf surfaces of the Pinto variety.
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Mites averaged less than one per leaf in the Pilkington orchard
following the Diazinon spray applied in June of 1960 (Figure 13).
Raised spots on the lower surface of 1960 leaves (Figure 19) ap-

Figure 19. Discoloration type 4 showing raised areas on lower
leaf surfaces of the Pilkington variety, Corvallis, Oregon.
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Figure 20. Discoloration type 4 showing raised areas on lower

leaf surfaces of the Silver Trim variety.

peared by August 1960 even though no mites had been present during
the growth period of these leaves. Spotting in this orchard was con-
sistently of a relatively harmless form since no discoloration of the
upper surface occurred.

Type 5. This type of discoloration is uncommon. The lower leaf
surface is brown and rough and the upper surface has a somewhat
chlorotic mottle. General appearance is what one might expect of rust-
mite injury. This was observed on one occasion prior to the 2-year
period of sampling for mites. It was, however, never found in any de-
gree on any of the mite-infested trees during the sampling period,
although extremely large numbers of mites were sometimes present.
The occasion when this injury was found was when mite populations
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developed rapidly during the summer when holly leaves were still
soft and injury may be possible under these conditions. We have no
basis of comparison, however, because mite populations ordinarily do
not amount to much before foliage has hardened.

Discussion

All evidence indicated that these mites were not responsible for
any of the common foliage discolorations of English holly. No other
visible effects of feeding were found, although very large numbers of
mites sometimes occurred. As many as 2,070 mites were found on a
single leaf. Low temperatures and high humidity prevailing at the
time of peak populations and the rigid structure of holly leaves might
have enabled plants to better withstand mite feeding. The relatively
small proportion of eggs to mites on leaves at any one time indicated
that these mites had a relatively long developmental period, compared
to most mites, or that the reproductive rate was low, or both. Total
number of mites ocurring on leaves during a season might, therefore,
be quite low compared to mites on other plants, in spite of a relatively
large number at the population peak.

Lack of injury by mites makes any special sprays for mite con-
trol of doubtful value. Sprays to control insect pests of holly should
be applied about late April, depending on the area (Swenson 1962).
This is about the time mite populations declined from natural causes,
and there was no evidence that sprays applied at this time have any
subsequent effect on development of mite populations in late summer
or fall. The only insecticide application made in any of the orchards
after the last spring rains was Diazinon in the Pilkington orchard on
June 14, 1960. No mite population developed in this orchard during
the following winter, and this was the only case where mite popula-
tions failed to develop.

Sulfur sprays have been used to control eriophyid mites on other
crops and lime-sulfur, as used for algae control by some holly grow-
°rs, would undoubtedly control these mites. Acaricalus hederae has
been controlled by nabam' which is recommended for control of
Phytophthora leaf and twig blight in Oregon.

`Harry Andison, unpublished data
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