


This paper reports a series of laboratory and field studies of the 
Monterey pine cone beetle. The author devoted much time and 
effort, on both the west and east slopes of the Berkeley Hills, in 
determining the effects of humidity and temperature on the in
sect's survival. His principal concern was to determine its ability 
to inhabit areas outside the coastal fog belt. · It was definitely 
established that the beetle's life cycle is favored by moderate tem
peratures and a plentiful supply of moisture. This was evident 
by its prevalence on the seaward side of the range, where fogs are 
frequent and summer heat is not excessive. On the other hand, 
when the insects were "planted" on the east side, near San Pablo 
Dam, the mortality rate was very high, thus showing the adverse 
effects of heat and low humidity. · The present study represents 
the second portion of the author's Ph.D. thesis; the first portion is 
cited herein under "Schaefer (1962)." 
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Charles H. Schaefer 

Factors Affecting the Distribution of the 
Monterey Pine Cone Beetle 

(Conophthorus radiatae Hopkins) 
in Central California1 

INTRODUCTION 
THIS STUDY records the results of a 
series of experiments with Conoph
thorus radiatae Hopkins (Scolytidae), 
which attacks and aborts the second-
year cones of Pinus radiata D. Don. in 
California. However, the distribution 
of C. radiatae is more limited than that 
of its host. The cone beetle is appar
ently restricted to stands of Monterey 
pine within a few miles of the Pacific 
Coast—areas which receive frequent 
fog during the summer months. 

Fig. 1. Geographic location of study areas in 
relation to San Francisco Bay and the Pacific 
Ocean. 

1 Submitted for publication September, 1962. 

The limits of distribution were par
ticularly noticeable in the San Fran
cisco Bay area of central California. 
Monterey pine stands on the coastal 
hills above Berkeley were infested with 
the beetle, but plantations three miles 
east of Berkeley on the lee side of the 
same hills were almost free of attack 
(fig-i). 

The occurrence of summer fogs ap
peared to be associated with cone beetle 
distribution. I t was postulated that 
amelioration of summer temperatures 
and increased available moisture owing 
to fog favored the occurrence of C. 
radiatae in the coastal stands, whereas 
inland, where summer fog was less fre
quent, temperature and moisture con
ditions became too extreme for its sur
vival. 

This study was undertaken to deter
mine those factors affecting the distri
bution of the cone beetle, particularly 
the influence of temperature and mois
ture under summer fog conditions. Lab
oratory investigations included studies 
of techniques for determining cone 
temperatures and the effects of tem
perature and moisture on cone beetle 
survival. Field studies included meas
urement of cone temperature and mois-
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ture in situ; effects of direct radiation, 
cone orientation, reflection and reradi
ation, wind and fog on cone tempera

ture; and a limited comparison of the 
effects of coastal and interior climatic 
conditions on cone beetle survival. 

LIFE HISTORY OF THE CONE BEETLE 
A detailed account of the life history 
of Conophthorus radiatae has been pub
lished recently (Schaefer, 1962).2 A 
summary of it is given here as a general 
background to this study. Adult beetles 
overwinter in cones killed during the 
previous season. The beetles emerge in 
late February and March and attack 
cones which are beginning their second 
year of development. The female con
structs a gallery which severs the vas
cular tissues, causing the death of the 
cone. Eggs are deposited in small niches 
along the gallery. The larvae feed on 
the cone tissues and pass through two 
instars before pupating within the same 
cone in June. The pupae transform into 
adults during late June and July. 

Newly attacked cones show no symp
toms for several weeks. Then, the 
underside and distal one-half gradually 
turn brown, while the base remains 
green. By summer, the entire attacked 
cone has turned reddish brown, and 
considerable shrinkage has occurred 
over the entire surface. Such cones are 
referred to as aborted cones (fig. 2). In 

Fig. 2. (Above) An aborted cone between 
two unattacked cones. (Below) Cone at left 
was aborted early in the season, while the one 
at right was attacked later; only the tip por
tion has undergone shrinkage. 

contrast, the unattacked cones remain 
green and by late spring are much 
larger than the aborted cones. All cones 
remain attached to the tree for several 
years. The reddish cast of the currently 
infested aborted cones distinguishes 
them from cones aborted in previous 
years, which have a grayish cast. 

LABORATORY INVESTIGATIONS 
Measurement of Cone Temperatures 

Methods. The proper placement and 
depth of thermocouples in both green 
(unattacked) and aborted cones was 
studied. Twenty-four-gauge, copper-
constantan thermocouples were inserted 
into green cones (average diameter, 2 
inches) at depths of one-quarter and 
one-half inch on the exposed surface 
and one-half inch on the shaded side. 
As aborted cones are smaller (average 
diameter 1.5 inches), depths of one-
quarter, three-eighths, or one-half inch 
on the exposed side and one-half inch 
on the shaded side were used. Thermo

couples were forced straight in toward 
the central cone axis in a path perpen
dicular to the place of insertion. Before 
insertion into aborted cones was pos
sible, it was necessary to punch an 
opening slightly smaller than the di
ameter of the thermocouple. Radiation 
was provided by an ordinary heat lamp. 
Intensity of radiation was varied by 
changing the distance between lamp 
and cone. By this means, temperatures 
of 68 to 122° F. were obtained at a 
depth of one-half inch within the ex
posed sides of the cones. The tempera
tures at all other depths were com-

1 See "Literature Cited" for citations, referred to in the text by author and date. 
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pared with those at one-half inch on 
the exposed side, the depth at which 
most beetles are found in green cones. 
Beetles are often nearer the surface in 
aborted cones. 

Results. Heat conduction was greater 
in the green cones, perhaps as a result 
of their greater moisture content com
pared with aborted cones. Below 77° F., 
cone temperatures at varying depths 
were approximately equal, but as tem
peratures increased, the differences with 
depth increased markedly (fig. 3). 

The size of cones did not significantly 
affect temperature. Temperatures meas
ured at the same depth in cones of vary
ing size were almost equal. Because 
there was considerable variation in 
temperature when radiation was chang
ing, it was established that at least 
two thermocouples were necessary to 
estimate maximum and minimum cone 
temperatures at a given depth. These 
were inserted through the surfaces of 
greatest and least exposure to direct 
solar radiation. 

Mortality at High Temperatures 
Methods. Aborted cones containing 

adults were placed in temperature cabi

nets at 95, 104, 113, and 122° F. Since 
naturally infested cones were used, un
even sample sizes resulted. Eggs on 
moist filter paper and larvae and pupae 
in cone sections were subjected to tem
peratures above their favorable range 
(above 86° F. ; see Schaefer, 1962), but 
similar to those they might encounter 
in the field during their respective 
spring developmental periods. Expo
sures varied from 4 to 8 hours. Two ex
posures (24 hours apart) were made 
at some temperatures. Mortality rec
ords were taken 48 hours after treat
ment. 

Results. No mortality of any stage 
resulted from one 8-hour exposure at 
95° F. Larval mortality of 8 per cent 
occurred after 3 days' continuous expo
sure, 53 per cent after 8 days, and 100 
per cent after 12 days at this tempera
ture. 

Little mortality of any stage resulted 
from short exposures at 104° F. Expo
sures at 113° for more than a few hours 
caused significant mortality, and ex
posures at 122° were harmful, even for 
short periods (table 1). 

(The seven tables in this issue are 
grouped on pages 99-102.) 

Fig. 3. Variation of temperature with depth in green, unattacked cones {right) and in aborted 
cones (left)y exposed to artificial heat in the laboratory. The graphs show deviation from tem
perature readings taken at the half-inch depth. 
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Moisture Content of Aborted Cones 
in Subsaturated Atmospheres 

Methods. Excised, aborted cones were 
placed in small chambers consisting of 
two pint Mason jars with their lids cut 
through and soldered together. Screen
ing inserted between the lids kept the 
cones (in the upper jar) above the 
solutions (in the lower jar) used to con
trol humidity. Relative humidities of 
22, 55, 76, and 95 per cent were ob
tained, using KAc (potassium acetate), 
Mg(N03)2, NaCl, and K2S04, respec
tively. Temperature was maintained at 
68° F. Relative humidities were deter
mined with cobalt thiocyanate paper. 

Each cone was weighed daily to the 
nearest centigram. Equilibrium mois
ture content was reached at the three 
lower humidities in 15 days, at which 
time cones were weighed, dried at 
225° F . for 48 hours, and dry weights 
were determined. Cones in the 95 per 
cent chamber continued to gain weight 
until their tissues were saturated and 
the adults began to emerge (20 days). 
Dry weights could not be calculated, 
because of large quantities of boring 
dust ejected by the beetles before emer
gence. The dry weights given for these 
cones show the average dry weight of 
all cones used and should be approxi
mately correct, as all were taken from 
the same source at the same time. 

Measurement of Temperatures 
within Cones in Situ 

Methods. Monterey pine is an intol
erant species; crown development is 
greatly affected by light. In pure, dense 
stands, the crown is well developed only 
in the upper part except for edge trees, 
which also have well-developed crowns 
on the exposed side. Cones are produced 
only in those portions of the crown that 
receive direct sunlight. There is great 
diversity in exposure of cones to solar 
radiation. Cones in the top of the crown 
are usually fully exposed on all four of 

Results. The moisture content of ap
parently dry aborted cones varies di
rectly with the relative humidity of 
the surrounding air (table 2). Cones in 
the 95 per cent range absorbed moisture 
until their tissues were saturated, but 
the moisture content of cones in lower 
humidities was in equilibrium at levels 
increasing with the atmospheric rela
tive humidity. 

Effect of Relative Humidity 
on Adult Cone Beetle Survival 

Methods. Aborted cones collected in 
the field were placed in the controlled 
humidity chambers previously de
scribed and held at 68° F. Five cones 
in each humidity chamber were dis
sected after 64 and 85 days, and the 
adults were examined. 

Results. The attempt to approximate 
natural conditions by exposing intact 
cones resulted in unequal sample size 
and no beetles in one sample of the 55 
and 95 per cent humidities. The results 
(table 3) indicate that survival in
creases with increasing relative hu
midity; also, that some adults are capa
ble of withstanding extremely dry con
ditions. The number of adults in the 
samples was not large enough to com
pare survival with time at any given 
humidity; however, at both 64 and 85 
days, the survival increased with in
creasing relative humidity. 

their sides, with their proximal portions 
shaded, while cones on the periphery 
may have only one surface exposed, 
with the others shaded by adjacent foli
age. Due to differences in cone position 
with regard to adjacent foliage and 
branches, cardinal directions could not 
be used alone for determining thermo
couple sites. Thermocouples were in
serted through the center of the surface 
of the longest exposure to sunlight 
(SLE) and the surface of shortest ex
posure (SSE). Thermocouples were in
serted to a depth of one-half inch in 
green cones and three-eighths inch in 

FIELD INVESTIGATIONS 
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aborted cones. The shallower depth in 
aborted cones was selected on the basis 
of greater temperature variation with 
depth found in the laboratory in 
aborted cones (fig. 3), and because 
beetles occur closer to the surface than 
in green cones. 

The aborted cones were the main con
cern in this study, as this is the condi
tion of all cones containing cone beetles 
in the summer and fall periods. Tem
peratures of green cones are of biologi
cal importance only during the spring 
period, as newly attacked cones remain 
green for some time before aborting. 
There are no green cones containing 
beetles in the summer, but the tempera
tures of unattacked green cones were 
measured for comparison with those of 
aborted cones. 

A 69-foot "edge" tree with cones in 
its upper stratum (63 to 68 feet above 
the ground) and lower stratum (35 to 
38 feet above the ground) was selected 
for initial field experiments on cone 
temperatures. Variables compared in 
relation to cone temperature follow. 

1. Cone Condition — Green Unat
tacked, or Attacked and Aborted. Two 
thermocouples were placed in green and 
aborted cones at each crown level. 

2. Cone Orientation. Two thermo
couples were placed in two surfaces 
(SLE and SSE) of an aborted cone 
having its longitudinal axis approxi
mately parallel to the solar rays at 
midaftemoon and in another with its 
longitudinal axis approximately per
pendicular to the radiation at the same 
time. Both cones were situated in the 
upper crown, and their positions were 
similar except for orientation to the sun 
at midaftemoon (1500 hours P.S.T.)8 

3. Reflection and Reradiation of Foli
age. Foliage was removed from the 
vicinity of aborted cones so that reflec
tion, reradiation, and other influences 
of nearby foliage were reduced. Extra 
foliage was placed around other aborted 
cones in order to maximize the influ-

8 In this paper, the time of day is given by ' 
hours. 

ence of nearby foliage, and still other 
cones were left in their natural location 
with respect to adjacent foliage. Tem
peratures were recorded beneath the 
two surfaces (SLE and SSE) for cones 
in each category. 

4. Wind. A metal, cup-type anemom
eter was placed in each crown stratum. 
Wind velocities were recorded through
out each experiment. 

5. Fog or Stratus. The occurrence and 
persistence of fog or stratus in the ex
perimental area were recorded through
out each experiment. 

6. Radiation. Observations on sun
light striking the crown were recorded 
periodically. A black copper globe, 6 
inches in diameter, was placed in each 
crown stratum to obtain an index of the 
mean effectual radiation intensity of 
the environment. The globe tempera
tures referred to in the text and figures 
were based on these black globes and 
were, of course, influenced by ambient 
air temperature and air currents as 
well as the radiation load. One thermo
couple was placed in the center of each 
globe, and a second was placed in a 
shaded position 2 inches from the outer 
surface. The latter served to measure 
ambient air temperature. The measure
ment and use of black-globe tempera
tures have been described by Bond and 
Kelly (1955) and by Leigh and Smith 
(1959). 

Temperature measurements from all 
thermocouples were recorded for pe
riods of 12 to 48 hours on an automatic-
recording, 16-point potentiometer. This 
was located in a trailer 50 feet from the 
test tree. Temperatures were recorded 
to the nearest tenth Fahrenheit degree 
every 4 minutes. Anemometer leads 
were connected to Foxboro recorders, 
also located in the trailer. 

Results and Discussion. The effects 
of solar radiation on insect habitats 
have been widely studied. Wellington 
(1950) pointed out that there are often 
large differences between temperatures 
e "nautical" system: midnight to midnight, 24 
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of the insectan habitat and ambient air, 
mainly caused by radiant heating and 
cooling. Henson and Shepherd (1952) 
found that the heating effect in mines 
of the lodgepole needle miner is directly 
proportional to the radiation level, and 
is modified by degree of exposure, 
needle orientation, size of mine, and 
wind. Henson (1958) showed that as
pect, exposure, orientation, ventilation, 
absorptivity, density, and size all affect 
the temperatures of an insect habitat 
exposed to radiation. At this writing, 
however, no published works are known 
which state the degree to which cone 
temperatures are affected by direct 
solar radiation or are modified by other 
factors. 

Cone temperatures begin to increase 
at sunrise at a rate proportional to the 

degree of exposure to direct solar radi
ation. Aborted cone temperatures in
crease at a faster rate and to a higher 
degree than do those of unattacked 
green cones. During sunlight hours, 
temperatures of fully shaded, aborted 
cones are 3 to 5° F . above the ambient 
air temperature, but temperatures be
neath aborted cone surfaces that are 
fully exposed have been observed to 
be 25 to 29° above this value. The tem
peratures in aborted cones beneath the 
SLE may be as much as 10 to 15° higher 
than those beneath the SSE at midafter-
noon on warm, clear days. These values 
vary, of course, depending on the radia
tion intensity and other variables which 
are discussed in this paper. Aborted 
cone temperatures fluctuate much as do 
black-globe temperatures (fig. 4), al-

% 
5 

HOUR OF DAY 

Fig. 4. Kelationship between aborted cone and black-globe temperature. (1) Temperature in 
center of black globe. {2) Ambient air temperature two inches from black globe. (3) Tempera
ture beneath surface of longest exposure (SLE) of aborted cone. (4) Temperature beneath sur
face of shortest exposure (SSE) of aborted cone. (Data were collected at Berkeley, California, 
July 13,1960.) 
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though their respective temperatures 
vary because of differences in location 
and color. 

The temperatures of green, unat-
tacked cones increase more slowly in 
the morning than those of aborted cones 
and reach a more or less constant level 
during the afternoon hours. During the 
morning period of temperature in
crease, the temperatures beneath the 
SLE are about 3° F. greater than those 
beneath the SSE. The greatest differ
ences seldom exceed 6°, even during 
maximum exposure. Decrease of tem
perature with shade is at a constant 
rate in contrast with the rapid, sharp 
decline in shaded, aborted cones. 

Temperatures beneath the SLE were 
observed to be as much as 5° F. higher 
in the cones oriented perpendicular to 
the sun than in those oriented parallel 
to the radiation. This orientation was 
only at 1300 to 1600 hours, and the 
relative temperature levels varied dur
ing the morning and afternoon (ñg. 5). 
The temperatures beneath the SLE and 

SSE of cones oriented perpendicular 
to the sun differed by 10° F., while 
they differed by only 5° in the cones 
with parallel orientation. 

Aborted cones with no adjacent fo
liage were much cooler than those with 
adjacent foliage, indicating a marked 
effect of reflection and reradiation (fig. 
6). Cones with foliage matted beneath 
them had SLE temperatures 10 to 12° 
F. higher than those with no adjacent 
foliage. There was also a significant dif
ference in SSE temperatures, even 
though shaded, probably as a result of 
greater cooling by wind on the cones 
with no adjacent foliage. Temperatures 
in cones with mats of foliage placed be
neath them were significantly higher 
than those of cones in natural situa
tions, i.e., with the foliage in the posi
tion it normally occupies. 

Cone temperatures in the upper 
crown (63 to 68 feet) were consistently 
lower than those in the lower crown (35 
to 38 feet). As those cones in which 
temperatures were compared were sim-

9 0 
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Fig. 5. Effect of cone orientation on temperature in aborted cones. The experimental cones 
were perpendicular or parallel to the sun at 1400 hours. (1) Temperature beneath SLE perpen
dicular to solar radiation. (2) Temperature beneath SSE perpendicular to radiation. (3) Tem
perature beneath SLE parallel to radiation. (4) Temperature beneath SSE parallel to radiation. 
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ilar with respect to other variables dis
cussed, it was concluded that the tem
perature differences were caused by dif
ferences in wind velocity. The black-
globe and ambient air temperatures 
substantiated this observation (fig. 7). 
Black-globe temperatures are affected 
by radiation, ambient air temperature, 
and air movement. Their positions in 
the two strata were selected to mini
mize variation in radiation, but there 
may have been some variation in con
centration of nearby foliage. 

I t is well known that wind velocity 
increases with height in the crown 
(Geiger, 1950). Anemometer readings 
showed considerably greater air move
ment in the upper crown, and although 
low wind velocities (1 to 3 mph) were 
not recorded by the anemometer, they 
were frequently observed. Temperature 
fluctuations within individual cones 
during short periods when radiation 
intensity was apparently constant could 

not be directly correlated with wind 
records. 

Cone temperatures were close to am
bient air temperatures in the absence 
of solar radiation. Aborted cone tem
peratures decreased to air temperature 
within an hour after sunset, while 
green, unattacked cones did not decrease 
to this value for about two hours. Cone 
and black-globe temperatures remained 
within I o F . of the ambient air temper
ature throughout foggy summer nights. 
Temperatures of both strata were 
within I o during such nights. On clear 
evenings, cone and black-globe temper
atures fell about I o beneath ambient air 
temperatures until fog or stratus moved 
in from the ocean. After the latter 
event, all temperatures remained 
within 0.5° of ambient air. During one 
clear spring night, black-globe tempera
tures and those of attacked green cones 
remained 3 to 4° below the ambient 
air temperature throughout the night. 
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Fig. 7. Effect of height on black-globe temperature. (1) Black-globe temperature at 37 feet. 
(#) Ambient air temperature at 37 feet. (3) Black-globe temperature at 68 feet. (4) Ambient 
air temperature at 68 feet. (Data were collected on a clear, sunny day in July, 1960.) 
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Fog or stratus was present every sum
mer night in which temperatures were 
recorded, which circumstance probably 
accounts for night temperatures re
maining close to the temperature of the 
ambient air by the reduction of loss of 
radiant heat. 

When fog or stratus is present, cone 
temperatures are drastically reduced 
(fig. 8). As long as fog or stratus per
sists during the day, cone temperatures 
remain only a few degrees above the 
ambient air temperature. The cooling 
effect is brought about in two ways: by 
reduction of solar radiation and by ad-
vective cooling. 

Measurement of Cone 
Moisture Content 

Methods. No instrumentation was 
available to determine directly the 
moisture content of aborted cones in 
situ. Aborted cones were suspended in 
trees in positions simulating natural 
locations. Three excised cones were 
placed 7 feet aboveground in trees at 
elevations of 500, 775, 960, and 1,200 
feet on the same west-facing slope in 
Berkeley. Daily weighings (to the near
est centigram) were made with a port
able torsion balance, and changes in 
weight were assumed to be caused by 
moisture gain or loss. Weighings were 
made at sunset, so that the net daily 
change (total moisture gain during 
night and early morning minus evap
oration loss during day) was deter
mined. After 19 days of measurements, 
the cones were collected and dried and 
the dry weights were determined. Tem-

The strength and position of the North 
Pacific anticyclone control the circula
tion of air over the San Francisco Bay 
area. When the anticyclone is in its 
normal position (the center of this 
high-pressure system is in the Pacific 
Ocean and varies from 34 to 37° N. 
Lat. and 144 to 149° W. Long, during 

89 

peratures and humidities were recorded 
with a hygrothermograph at the 960-
foot elevation throughout the experi
ment. The hygrothermograph was 
placed 4.5 feet aboveground in a stand
ard weather shelter, which was located 
in an open, grass-covered area. 

Results. Four weather periods oc
curred during the 1961 experiment: 
July 6-11 was fogless, July 12-14 was 
foggy, July 15-19 was fogless, and July 
20-25 was foggy. The moisture content 
of each cone at each elevation is shown 
for selected dates during each of the 
above periods (table.4). Temperature 
and relative humidity data, measured 
at the 960-foot elevation, are shown in 
table 5. The lower elevation (500 feet) 
did not receive the condensation at 
ground level during the foggy periods 
that the other elevations did, but the 
atmospheric humidity was high. Cones 
at the 500-foot elevation had the high
est moisture content at the end of dry 
periods and about the same moisture 
content as cones at other elevations 
after foggy periods, indicating smaller 
gain and loss of moisture. The cones at 
the 1,200-foot elevation lost the greatest 
amount of moisture during the dry or 
fogless periods but gained the most 
during foggy periods. The 1,200-foot 
station was along a ridgetop, and the 
higher wind velocity probably ac
counted for the larger moisture loss 
during dry periods. The relationship of 
atmospheric temperature and humidity 
to aborted cone moisture gain and loss 
is shown for the three cones tested at 
960 feet (fig. 9). 

June through August), polar maritime 
air moves into the Bay area from the 
northwest (Patton, 1956). This results 
in marked differences in temperature 
and humidity between the coastal re
gion and areas east of the Berkeley 
Hills. Rarely, however, the North Pa
cific anticyclone moves inland during 

VARIATION OF SUMMER WEATHER IN THE 
SAN FRANCISCO BAY AREA 



10
 

II
 

12
 

13
 

14
 

15
 

16
 

17
 

Ιβ
 

19
 

20
 

21
 

22
 

23
 

24
 

25
 

JU
LY

 1
96

1 
Fi

g.
 9

. C
om

pa
ri

so
n 

of
 c

ha
ng

es
 i

n 
m

oi
st

ur
e 

co
nt

en
t 

of
 a

bo
rt

ed
 c

on
es

 w
ith

 a
tm

os
ph

er
ic

 t
em

pe
ra

tu
re

 a
nd

 h
um

id
it

y.
 

{U
pp

er
 

se
ct

io
n)

 
N

um
be

r 
of

 h
ou

rs
 in

 p
re

ce
di

ng
 2

4 
ho

ur
s.

 {
Lo

we
r 

se
ct

io
n)

 
Pe

r 
ce

nt
 m

oi
st

ur
e 

of
 a

bo
rt

ed
 c

on
es

. 
(E

le
va

ti
on

, 
96

0 
fe

et
, 

B
er

ke
le

y,
 C

al
if

or
ni

a.
) 



HILGAEDIA · Vol. 3d, No. d · March, 1963 91 

the summer and continental air moves 
into the Bay area. This air-mass type 
results in clear, extremely hot days, 
modified somewhat on the coast by the 
Pacific Ocean and San Francisco Bay. 

Under the more common polar mari
time air masses, summer temperatures 
along the coast are among the coldest 
within the continental limits of the 
United States. Mountain barriers, up 
to 1,500 feet, parallel the coast and 
separate the central valley of Califor
nia from the Pacific Ocean. Berkeley 
is on the eastern shore of the large San 
Francisco Bay, directly east of the 
Golden Gate, through which extensive, 
fog-laden air masses pass inland. 

East of the Berkeley Hills, the sum
mer climate is hot and dry in contrast 
to the generally cool, humid coastal con
ditions. Humidity in the Bay area is 
highest in the summer when there is 
little or no precipitation, so that the 
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annual variation in precipitation is op
posite in phase to relative humidity 
(Patton, 1956). 

Patton distinguishes between fog and 
stratus. Fog refers to low layers of con
densation reaching to the ground level. 
Stratus refers to condensation that is 
well above ground level. Byers (1930) 
gives one explanation for the formation 
of fog: "The fog on the ocean is formed 
by the passage of saturated air over a 
cold surface caused by the upwelling 
of waters from the ocean depths. I t is 
an advection fog. As the fog-bearing air 
moves over the cold water coastward, 
the surface of discontinuity in the ver
tical temperature gradient is elevated 
and the fog 'lifts' off the surface of the 
ocean." Fog is rare for most low eleva
tions in the summer, but stratus is 
common. The daily pattern of stratus 
occurrence over Berkeley is illustrated 
for the summer of 1952 (fig. 10). Un-

(Twrn to page 9d.) 

0430 1030 1630 2230 0430 1030 1630 2230 0430 1030 1630 2230 
HOUR OF DAY 

JUNE JULY AUGUST 
MONTH 

Fig. 10. Daily pattern of stratus occurrence over Berkeley, California, in the summer of 1952. 
Based on the data of Patton (1956), shown in his table 19. 
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Fig. 11. (-above) San Pablo Dam plantation in foreground, San Pablo Eidge in background, on a 
clear, fogless day. (Below) Same area on a foggy morning. (Photos were taken toward the west.) 
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Fig. 12. (Above) Same area shown in ñgure 11, but slightly to the north, showing the evening 
fog which occurs from the coast east to San Pablo Ridge. (Below) A ridge in the Berkeley Hills 
on the edge of the fog belt. A morning fog is moving through a saddle in the ridge. 
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fortunately, such data are available 
only for this one year. During the 
night, stratus comes in contact with 
land elevations above 600 feet, but is 
usually dissipated during the morning. 

The marked differences in macrocli-
mate between the Bay area and the lee 
side of the Berkeley Hills seemed to 
constitute the most logical reason for 
the distribution of the cone beetle. Com
parative studies were made of tempera
ture and moisture on both sides of the 
Berkeley Hills. 

Comparison of Coastal and 
Inland Temperatures 

Hygrothermographs were placed in 
standard weather shelters in Monterey 
pine stands in three locations (fig. 1) : 
Strawberry Canyon, Berkeley (960-
foot elevation) ; San Pablo Ridge on 
the eastern edge of the fog belt (1,250-
foot elevation) ; and east of San Pablo 
Dam out of the fog belt (500-foot eleva
tion). These were kept in operation 
from June 7 to October 30, 1961. The 
San Pablo Dam plantation received 
many more hours of warm to hot tem
peratures than did either of the other 
two areas (table 6). San Pablo Ridge, 
immediately west of the reservoir, is 
characteristically the edge of the fog 
belt (figs. 11 and 12). 

Most of the temperature differences 
(table 6) are characteristic of the 
weather which occurs when the North 
Pacific anticyclone is located northwest 
of the coast. However, about June 13 
the anticyclone moved inland, causing 
high temperatures in the Bay region, 
as discussed earlier. The air tempera
ture on June 14 reached 114° F. at San 
Pablo Dam plantation but only 99° in 
Berkeley. Similar conditions occurred 
again July 10 and 11, as indicated by 
the large number of hours above 90 and 
100° at San Pablo Dam, but the maxi
mum temperature was only 106° at 
San Pablo Dam and 98° in Berkeley. 
Under either weather system, tempera
tures are consistently higher inland 
during the summer months. 

Comparison of Coastal and 
Inland Moisture 

The effect of fog as a moisture source 
in coastal areas has been discussed by 
many workers. Almost every summer 
afternoon, fog collects on the hills at 
elevations above 800 feet and stays un
til it is dissipated the following morn
ing. Occasionally, the fog remains the 
entire day. Means (1927) studied pre
cipitation resulting from "fog dr ip" in 
the Berkeley Hills. Under 15-20-foot 
stands, he determined that equivalent 
precipitation from fog drip during 
June and July, 1927, was 2.87 inches 
under Monterey pines at 1,500 feet, 
3.60 inches at 1,600 feet, and 2.33 inches 
under eucalyptus trees at 1,650 feet. 

Oberlander (1956) measured the pre
cipitation resulting from fog drip be
neath trees on an exposed ridge of the 
San Francisco peninsula. From July 
20 to August 18, 1951, fog provided 
17.1 inches of precipitation beneath 
125-foot Douglas fir trees that were 
directly exposed to the incoming fog, 
and lesser amounts beneath partly shel
tered trees of the same species; 1.8 
inches beneath 200-foot Sequoia sem-
pervirens (redwood) trees in sheltered 
locations; and 58.8 inches beneath 20-
foot Lithocarpus densiflora trees. The 
amount of fog drip increases with the 
height of tree crown, greater area of 
foliage surface, and greater ratio of 
foliage surface to ground area (Kit-
tredge, 1948).Byers (1953) has pointed 
out that fog not only supplies moisture, 
but also reduces évapotranspiration. 
The latter effect results from reduction 
in the number of daylight hours and 
reduction of daytime temperatures. 

The extent of fog in the Berkeley 
area is shown by the large number of 
hours when the relative humidity was 
above 90 per cent (table 7). The rela
tive humidity reached 100 per cent on 
21 mornings in June, 17 in July, and 
25 in August. The atmosphere was sat
urated for over 10 consecutive hours 
on many such mornings ; in fact, 5 days 
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was the longest interval between morn
ings having 100 per cent relative hu
midity. Stratus replaced fog in Sep
tember, and although saturation did 
not occur, relative humidities were over 
90 per cent on 22 mornings during the 
month. The San Pablo Ridge study area 
was located on one of the channels 
through which fog moves to the east 
and northeast. Although the relative 
humidity seldom reached 100 per cent, 
the effect of fog was greatest here be
cause it was blown against the foliage 
and cones, and condensed. Condensa
tion onto foliage and cones was much 
greater when the fog was moving than 
when it was more dense but stationary. 
The plantation area east of San Pablo 
Dam receives no dense fog, but is often 
exposed to moist air when the coast fog 
dissipates inland. 

The data clearly show marked dif
ferences in relative humidity among the 
three areas (table 7), largely as a re

sult of differences in fog and stratus 
occurrence. Adults of Conophthorus 
radiatae remain within the aborted 
cones throughout the summer, fall, and 
winter, and there is almost no rain from 
May until late October. During this 
period, the atmospheric humidity is the 
only source of cone moisture. For these 
reasons, it was postulated that the large 
differences in temperature and mois
ture were responsible for the restric
tion of C. radiatae to those areas receiv
ing summer fogs. 

Effects of Temperature on Cones 
in the Study Area 

Temperatures of attacked cones were 
measured during the spring of 1961 
when eggs were present, and later dur
ing the larval development period. Cone 
temperatures were compared only in 
Berkeley and the San Pablo Dam plan
tation. 

During warm spring days, cone tern-
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Fig. 13. Temperature beneath SLE (1) and SSE (#) of an aborted cone near San Pablo Dam; 
temperature beneath SLE (3) and SSE (4) of an aborted cone in Berkeley. Both were on the 
east side of the crown, and were consequently exposed in the morning and shaded during the 
afternoon. The Berkeley area was covered by stratus in the morning, and during the afternoon 
the ambient air temperature was much lower than at San Pablo Dam because of the effect of 
advective cooling. 
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peratures, coastal and inland, occasion
ally exceeded 95° F . but never reached 
104°. Results of laboratory experiments 
indicated that little, if any, mortality 
could be expected at these temperatures 
unless they persisted. Summer cone 
temperatures in the San Pablo Dam 
plantation area are consistently higher 
than those of the Berkeley area, but 
seldom reach the tolerance limits of the 
beetle. Figure 13 shows the tempera
tures recorded from similar cones in 
Berkeley and the San Pablo Dam plan
tation on a typical summer day. 

During the infrequent hot periods 
described earlier, when ambient air 
temperatures rose to over 100° F., it 
is certain that cone temperatures rose 
to levels causing mortality. On clear, 
warm days, the temperature beneath 
the SLE was observed to be 25 to 29° 
greater than that of the ambient air, 
which at this time was below 65°. I t is 
possible that even greater differences 
occur when the ambient air tempera
ture becomes high. Unfortunately, tem
perature-recording equipment was not 
in place during one of the infrequent 
hot periods. Many of the exposed sur
faces of cones were scalded on June 14, 
1961, and dissection of cones showed a 
high mortality of pupae and second-
instar larvae. This mortality was 
greater in the San Pablo Dam planta
tion area than in Berkeley. 

Effects of Moisture 
on Cones in the Study Area 

Four aborted cones were suspended 
in trees on San Pablo Ridge, in Straw
berry Canyon (Berkeley), and at the 
San Pablo Dam plantation, each group 
near the site of the hygrothermograph 
in its area. The cones were periodically 
weighed from July 28 through Octo
ber 27, 1961, when the first rain oc
curred. The average moisture content 
and standard deviation for each weigh
ing and each location are shown in 
figure 14. The standard deviations are 
small following dry periods and high 
after foggy periods. The high standard 

deviations result from differences be
tween exposure of cones to fog, amounts 
of foliage adjacent to cones (on which 
fog condenses and drips or runs off), 
and permeability differences. 

The cones in Berkeley received the 
greatest number of hours of fog and 
maintained a consistently higher mois
ture content than did the cones placed 
in the San Pablo Dam plantation. 
Aborted cones on San Pablo Ridge had 
high moisture contents throughout most 
of the study period, even though they 
did not receive as many hours of fog 
and were exposed to longer periods of 
low humidity than the cones in Berke
ley. The San Pablo Ridge area, being 
located on one of the few channels 
through which fog moves inland, is re
stricted to a relatively small area but 
does demonstrate the great effect that 
fog can have. 

SAN PABLO RI06E 

STRAWBERRY CANYON, BERKELEY 
SAN PABLO DAM PLANTATION 

Fig. 14. Average moisture content (dry-
weight basis) and standard deviation for three 
groups of four aborted cones, suspended in 
trees on San Pablo Eidge, in Strawberry Can
yon (Berkeley), and at the San Pablo Dam 
plantation, respectively. Graphs appear in that 
order, reading from top to bottom. Weights 
were recorded periodically from July 28, 1961, 
until the first rain late in October. 
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Comparative Field Studies 
of Cone Beetle Mortality 

To evaluate the effects of temperature 
and moisture in the San Pablo Dam 
plantation area, ovipositing females 
were collected in Berkeley in March, 
1961, and transferred into cones of the 
San Pablo Dam plantation. In June, 
aborted cones from Berkeley were 
fastened to trees at the San Pablo Dam 
plantation in similar locations to those 
originally occupied, and were compared 
with similarly treated cones placed on 
San Pablo Ridge and in Berkeley. Since 
the cone beetle was already present on 
San Pablo Ridge and no geographic 
barrier occurred from this location to 
the San Pablo Dam plantation a mile 
below, there was no real threat in arti
ficially transporting living beetles into 
the plantation. Collections were made 
from the above cones on September 29 
after the end of the summer fog period 
and on October 27 after the first fall 
rain. 

The first collection of aborted cones 
from the San Pablo Dam plantation 
contained 62 adults, of which 12 (19 
per cent) were alive. Cone samples from 
San Pablo Ridge contained 20 adults, 
and 5 (25 per cent) were alive. No sam
ple was taken in Berkeley at this date. 
The second collection of cones from the 
San Pablo Dam plantation contained 68 
adults, and only 1 (1.4 per cent) was 
alive; 39 adults were collected from 
cones on San Pablo Ridge, and 24 (63 
per cent) were alive; and 32 out of 96 
adults from test cones in Berkeley were 
alive (33 per cent). Unfortunately, the 
number of adults present in the aborted 

cones used in this study was much less 
than ' anticipated, so that the sample 
size was much smaller than planned. 
This, of course, reduced the certainty of 
results; nevertheless, a general pattern 
was evident. The highest adult survival 
occurred on San Pablo Ridge, where the 
cone moisture content was high and 
temperatures lower than for the planta
tion to the east. The lowest survival oc
curred at the San Pablo Dam planta
tion, where the cone moisture content 
was consistently lower than in the other 
areas throughout the summer. 

Progeny were present in only 5 out of 
30 cones on the San Pablo Dam planta
tion, into which ovipositing females 
were placed in March. Only 14 of the 
total of 51 progeny developed into 
adults. Most, if not all, of the remainder 
were killed by high temperatures dur
ing the period June 13 to 15. The stages 
killed (pupae and large second-instar 
larvae) indicate that this was the ap
proximate period of death. 

This study was concerned with the 
ability of Conophthorus radiatae to in
habit areas outside the fog belt. The 
cone beetle is not present throughout 
all coastal areas inhabited by Monterey 
pine (Schaefer, 1962). No information 
was found that might explain the ab
sence of the beetle from Monterey pine 
stands at Cambria and Swanton, Cali
fornia, coastal areas to the south which 
receive frequent summer fogs and to 
which Monterey pine is native. How
ever, it has been found at Pacific Grove 
and on nearby Point Lobos, where the 
tree is very common (Schaefer, 1962). 
A heavily forested area near Monterey 
gave rise to the tree's common name. 

SUMMARY 
The survival of Conophthorus radiatae 
Hopkins is greatly reduced in areas east 
of the coastal fog belt. The spring cli
matic conditions are similar in coastal 
and inland areas, but there are great 
differences in summer conditions, re
sulting mainly from the effects of fog 

in coastal areas. I t appears that infre
quent high summer temperatures are 
primarily responsible for the reduction 
of immature survival, while the combi
nation of low humidity, warm to high 
temperatures, and no precipitation re
duces adult survival in inland areas. 
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Fog accompanying a cold air mass 
markedly reduces the temperatures in 
coastal areas and provides precipitation 
equivalent to many inches of rainfall; 
these effects appear to reduce mortality 
to a large degree. 

Although a small per cent of the 
beetles implanted into the inland area 
survived throughout the study period, 
it is possible that further mortality 
would occur during the late fall and 
winter and also that underpopulation 
phenomena might operate to prevent 
successive generations from becoming 
established. During two years of study 
and collection at the San Pablo Dam 
plantation, no living beetles were seen. 
Since beetles were found just above 
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this region on San Pablo Ridge and 
no geographic barriers are present, it 
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tablish itself in the San Pablo Dam 
plantation. 

I t may be possible that a small per 
cent of incoming beetles could survive 
in such an inland area; however, it is 
very unlikely that high populations, like 
those occurring in Berkeley, could be
come established in such localities as 
the San Pablo Dam plantation because 
of the reduced survival described above. 
A few living beetles have been found on 
the east slope of San Pablo Ridge, a few 
hundred feet below the crest. The fog 
often "slops over" into this area, thus 
producing more favorable conditions. 

Regional Park and the San Pablo Dam 
properties of the East Bay Municipal 
Utility District is also gratefully ac
knowledged. 

The study was supported in part by 
the California State Division of For
estry, the T. B. Walker Foundation, 
and P.H.S. research grant No. E-885 
from the National Institutes of Health, 
Public Health Service. 

ACKNOWLEDGMENTS 



HILGAEDIA · Vol. 34, No. 4 · March, 1963 99 

TABLE 1 

MORTALITY OF CONOPHTHORUS RADIATAE EGGS, LARVAE, PUPAE, 
AND ADULTS AT HIGH TEMPERATURES 

Stage 

Adul t s 

Second-Ins tar 

F i r s t - Ins ta r 

Eggs 

T e m p . 
° F . 

122 
122 
113 
113 
113 
104 
104 

113 
113 

113 
113 
104 
104 

104 
104 
104 

104 
104 

N u m b e r 
of ex

posures 

1 
1 
1 
1 
2 
1 
2 

1 
1 

1 
1 
2 

1 
2 
2 

2 

Leng th 
of ex

posure 
(hours) 

4 
8 
6 
8 
8 
8 
8 

4 
8 

4 
8 
8 
8 

6 
4 
6 

6 
6 

N u m b e r in 
sample 

33 
17 
14 
53 
29 

9 
14 

6 
10 

5 
5 
5 
4 

3 
4 
4 

10 
12 

N u m b e r in 
check 

55 
55 
20 
20 
55 
20 
20 

7 
7 

5 
10 
10 
5 

4 
4 
4 

12 
12 

Per cent 
mor t a l i t y 

76 
100 
50 
60 

100 
33 
36 

0 
10 

0 
100 

0 
0 

0 
0 
0 

0 
42 

Per cent 
check 

mor t a l i t y 

5 
5 

25 
25 
25 
25 
25 

0 
0 

0 
0 
0 
0 

0 
0 
0 

17 
17 

Adjus ted 
mor ta l i t y 

71 
100 
25 
35 

100 
8 

11 

0 
10 

0 
100 

0 
0 

0 
0 
0 

0 
25 

TABLE 2 

MOISTURE CONTENT OF ABORTED CONES OF PINUS RADIAT A UNDER 
CONTROLLED RELATIVE HUMIDITIES AT 68° F.* 

Repl icate 
n u m b e r 

1 
2 
3 

I M C t 

7.2 
7.1 
7.1 

E M C J a t 
22% R . H . 

3.7 
3.8 
3.8 

I M C 

7.8 
7.5 
7.0 

E M C a t 
55% R . H . 

8.0 
7.9 
7.2 

I M C 

5.3 
6.4 
9.3 

E M C a t 
76% R . H . 

10.1 
10.2 
10.7 

I M C 

7.2§ 
7.2 
7.2 

E M C a t 
95% R . H . 

>20 
>24 
> 2 1 

* All data are shown as per cent of dry weight. 
t IMC = "initial moisture content." 
t EMC = "equilibrium moisture content." 
§ Dry weight, based on average dry weight of all cones placed in other humidities. 

TABLE 3 

SURVIVAL OF CONOPHTHORUS RADIATAE ADULTS IN ABORTED CONES 
AT CONTROLLED HUMIDITIES AND 68° F. 

Exposure in d a y s 

64 
85 

22% R . H . 

No. in 
sample 

22 
32 

Pe r cent 
l iv in? 

27 
22 

55% R . H . 

No . in 
sample 

16 
0 

Per cent 
l iv ing 

56 

76% R . H . 

No. in 
sample 

22 
13 

Per cent 
l iving 

95 
38 

95% R . H . 

No . in 
sample 

0 
23 

Pe r cent 
l iving 

48 
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TABLE 4 
PER CENT MOISTURE OF ABORTED CONES (DRY-WEIGHT BASIS) DURING 
FOGGY AND FOGLESS PERIODS* IN BERKELEY, CALIFORNIA—JULY, 1961 

Eleva t ion 
(feet) 

500 

775 

960 

1,200 

Repl ica te 
n u m b e r 

2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

J u l y 7 

9.3 
13.3 

8.1 
9.5 

12.5 

11.2 
11.3 
10.7 

9.8 
7.8 
7.3 

Ju ly 11 

6.2 
6.2 

4.1 
4.1 
4.2 

3.9 
6.2 
4.7 

2.5 
2.7 
2.8 

J u l y 14 

9.7 
8.8 

9.9 
7.8 
7.8 

8.2 
10.7 
9.1 

5.8 
6.4 
6.1 

Ju ly 19 

7.2 
6.7 

5.2 
5.0 
5.1 

4.3 
6.7 
5.0 

3.0 
3.3 
3.2 

J u l y 25 

12.8 
10.7 

12.9 
10.7 
10.8 

11.3 
13.5 
13.3 

8.2 
10.9 
11.8 

* J u l y 12-14 a n d 20-25 were foggy; o ther days were fogless. 

TABLE 5 
HUMIDITY AND TEMPERATURE DATA FROM THE 960-FOOT ELEVATION, 

BERKELEY, CALIFORNIA, DURING JULY, 1961 

Period 

J u l y 6-11 
J u l y 12-14 
J u l y 15-19 
J u l y 20-25 

Rela t ive h u m i d i t y (hours) 

Sa tu ra t ed 

0 
22 
0 

56 

Grea ter t h a n 
90% 

1 
29 

2 
72 

Less t h a n 
40% 

68 
2 

43 
0 

Less t h a n 
30% 

47 
0 

19 
0 

T e m p e r a t u r e °F . (hours) 

Greater t h a n 
90 

14 
0 
1 
0 

Greater t h a n 
80 

53 
0 

26 
0 

Less t h a n 
70 

93 
5 

80 
10 
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TABLE 6 
NUMBER OF HOURS PER WEEK* ABOVE INDICATED FAHRENHEIT 

TEMPERATURE LEVELS FOR BERKELEY, SAN PABLO RIDGE, 
AND SAN PABLO DAM PLANTATION, JUNE 7-OCTOBER 30, 1961 

Week 

J u n e 7-12 
12-19 
19-26 
J u n e 2 6 - J u l y 3 . . 
J u l y 3-10 
10-17 
17-24 
24-31 

7-14 
14-21 
21-28 
Augus t 28-

Sep tember 4 . . 
Sep tember 4-11 
11-18 
18-25 
Sep tember 25-

October 2 
October 2-9 
9-16 
16-23 
23-30 

Totals 

70° + 

4 
79 
30 
38 
45 
73 
61 

6 
35 
19 
36 

4 

23 
10 
6 
6 

46 
16 
64 
34 
0 

635 

Berkeley 

80° + 

0 
43 

2 
8 

20 
27 
22 
0 
1 
0 
5 
0 

4 
2 
2 
0 

5 
0 

21 
5 
0 

167 

90° + 

0 
6 
0 
0 
4 

10 
1 
0 
0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
2 
0 
0 

23 

100° + 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

70° + 

0 
59 
22 
19 
25 
40 
51 
14 
36 
38 
58 

8 

34 
55 
17 
18 

61 
38 
58 
48 
0 

699 

San Pab lo Ridge 

80° -f 

0 
40 

2 
4 

12 
18 
20 

3 
12 
5 

10 
0 

10 
23 

5 
2 

22 
14 
19 
15 
0 

236 

90° + 

0 
15 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
4 
0 
0 

0 
0 
4 
3 
0 

26 

100° + 

0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 

2 

70° + 

16 
67 
60 
45 
47 
79 
71 
20 
48 
48 
47 
39 

58 
38 
19 
27 

54 
35 
42 
24 

5 

889 

San Pab lo D a m 

80° + 

0 
46 
38 
20 
27 
42 
36 

7 
16 
19 
17 
4 

19 
24 

7 
11 

37 
15 
24 
15 
0 

424 

90° + 

0 
28 

6 
7 

15 
24 
24 
0 
5 
1 
5 
0 

9 
11 

1 
1 

6 
0 

15 
7 
0 

165 

100° + 

0 
8 
0 
0 
5 

11 
3 
0 
0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 

27 

* Each week includes from 0800 hours on the first day to the same time on the last indicated day. 
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TABLE 7 

NUMBER OF HOURS PER WEEK* ABOVE INDICATED RELATIVE HUMIDITY 
LEVELS AT BERKELEY, SAN PABLO RIDGE, AND SAN PABLO DAM 

PLANTATION, JUNE 7-OCTOBER 30, 1961 

Week 

J u n e 7-12 
12-19 
19-26 
J u n e 2 6 - J u l y 3. . 
J u l y 3-10 
10-17 
17-24 
24-31 
A u g u s t 1-7 
7-14 
14-21 
21-28 
Augus t 28-

S e p t e m b e r 4 . . 
Sep t ember 4-11 
11-18 
18-25 
Sep t ember 25-

October 2 
October 2-9 
9-16 
16-23 
23-30 

Tota l s 

Berkeley 

20% 
a n d 

below 

0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 

11 
0 
0 
0 

0 
0 
0 
0 
0 

13 

30% 
a n d 

below 

0 
13 
0 
4 

19 
19 
4 
0 
0 
0 

13 
0 

16 
1 
0 
0 

14 
14 
19 
0 

15 

151 

90% 
a n d 

above 

35 
26 
44 
36 
36 
32 
44 
94 
68 
72 
59 

102 

66 
44 
84 
64 

22 
30 
29 
17 
37 

1,041 

100% 

14 
19 
36 
22 
17 
24 
35 
75 
54 
52 
41 
66 

55 
0 
0 
0 

0 
1 
0 
0 
0 

511 

San Pab lo Ridge 

20% 
a n d 

below 

0 
2 
2 
0 

12 
16 
4 
0 
1 
0 

12 
0 

27 
20 
0 
4 

19 
5 
0 
0 
0 

124 

30% 
a n d 

below 

0 
45 
12 
8 

38 
66 
58 

4 
6 
2 

33 
0 

38 
54 

5 
8 

72 
40 
36 
22 
20 

567 

90% 
a n d 

above 

30 
32 
36 
36 
30 
22 
40 
84 
38 
62 
42 
66 

61 
36 
81 
46 

21 
14 
36 
21 
34 

868 

100% 

8 
4 
1 
0 
1 
1 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 

15 

San P a b l o D a m 

20% 
a n d 

below 

0 
2 
0 
0 
3 
2 
2 
0 
0 
0 
8 
0 

23 
5 
0 
6 

7 
6 
0 
0 
2 

66 

30% 
a n d 

below 

0 
17 
5 

18 
20 
26 
19 
8 
5 
2 

13 
3 

37 
26 

5 
14 

38 
20 
32 

7 
20 

335 

90% 
and 

above 

20 
18 
30 
29 
12 
16 
27 
68 
31 
31 
40 
45 

44 
27 
43 
24 

18 
24 
24 

8 
21 

600 

100% 

1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 

0 
1 
0 
2 

0 
0 
0 
0 
0 

7 

* Each week includes from 0800 hours on the first day to the same time on the last indicated day. 
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