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In the studies of the annuals of the Joshua Tree
National Monument, Death Valley, and the Coa-
chella Valley, made prior to 1948, it appeared that
the temperatures which prevailed at the time of
the infrequent rainfalls were a critical factor in
determining which species would germinate. The
difference in summer and winter flora was shown
to be due to this factor (Went 1948, 1949, Went
and Westergaard 1949).

The extension of these observations in the pres-
ent paper consists of the attempt to define in more
detail the correlation between rainfall and tem-
perature, and germination. The study has ex-
tended from the fall of 1948 to the fall of 1953.

JOSHUA TREE

It was thought that temperature, in combination
with rainfall, might explain other differences than
those of summer and winter, for it is a conspicuous
feature of the flowering of the desert annuals that
a rather small portion of the number of native
species will blossom in any one year. At one time,
two or three species may dominate, appearing
most profusely; the following year these may
scarcely appear at all, quite different species pre-
dominating. Yet three, five, or even seven years
later the first ones may appear again, and in the
same locations. The present study is directed to-
ward the question whether their appearance might
be due to recurrence of favorable rain-temperature
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combinations. It might be that there are not in
any one year enough temperature-moisture com-
binations during and after the few rains, to cause
germination of all species if each has its own dif-
ferent and rather narrow requirements.

Accordingly, 17 stations were selected at ap-
proximately 3 mile intervals along the roads in the
Joshua Tree National Monument. This number
was later increased to 23 (Fig. 1). The altitudi-
nal range is from 610 m. (2,000 ft.) to 1,600 m.
(5,275 ft.). At each station was placed a rain
gauge and a quadrat. The gauges were read after
every rain by the Park Rangers.! Quadrats were
placed on level ground, well away from shrubs.

Temperature records were furnished by the Co-
operative Weather Station at Twentynine Palms.
As reported previously (Went 1948), there was a
mean difference of about 6° C. for an altitudinal
difference of 750 meters. In tables and figures the
temperatures are corrected for elevation. Pre-
liminary experiments showed that soil tempera-
tures were reasonably proportional to air tem-
peratures while the soil was wet which was the
only time germination was taking place.

(Quadrats were visited after each rain of suffi-
cient magnitude to cause germination, and germi-
nation counts were made. The quadrats were
revisited at suitable intervals to complete identi-
fication and observe survival. When seedlings

*We gratefully acknowledge the help of Supt. S. A.
King, former Supt. Frank Givens, and Supervisory Park

Ranger H. L. Earenfight, whose untiring cooperation has
been invaluable.
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could not be identified, they were transferred to
Pasadena and grown to maturity. As a prelimi-
nary study, the seedlings of the commonly occur-
ring plants had been sketched, at the cotyledon
stage and when showing the first pair of leaves.
In most cases the genus can ecasily be recognized
at this stage and very frequently the species. A
few of these seedlings are shown in Fig. 2. Seed-
lings were transplanted from the desert with less
than 19 of loss by placing them in an airtight
container with a litle moist earth or paper, replant-
ing them in sand, and watering with nutrient solu-
tion. It seemed to be more important to protect
the leaves from water-loss, than to be careful of
the roots, unless it was a taproot.

In 1952-53, a method of counting quadrats from
stereoscopic photographs was tried. Cement bases
were poured for a tripod of fixed height so that
the camera could be set up in exactly the same
position and height each time. All quadrats could
be photographed in less than a day. This method
provides a permanent record. Skill must be de-
veloped to count from photographs, and even then
some species cannot be distinguished. Color might
solve the problem. Herbarium specimens were
taken from near the quadrat of each species found
on the quadrats. These were deposited in the
Pomona College Herbarium.

Soil samples were taken from the vicinity of 17
quadrats after the first rain in 1948, and were
placed in various controlled conditions in the Clark
or Earhart Laboratories.

Germination of the more abundant annuals in the soil samples placed in various conditions of the laboratory.
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Cotyledons and first leaves of some of the plants found in the Monument.






