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Fatty Acids in Pollen of 

Some Coniferous Species 

A bstract. Fatty acids in pollen of five 
coniferous species were isolated and ana- 
lyzed by gas-liquid chromatography. It 
was found that 0.76 to 0.89 percent of 
the dry weight of pollen was fatty acid 
in three species of Pseudotsuga and 1.25 
to 1.33 percent in two species of Pinus. 
Major components in Pseudotsuga were 
oleic, palmitic, and linoleic acids, whereas 
in Pinus they were linolenic, oleic, palmitic, 
and stearic acids. 

In the course of developing methods 
for preserving pollen for plant hybridi- 
zation, the chemical composition of 
pollen from various conifers was deter- 
mined. Fatty substances in pollen have 
received little attention because of the 
small amounts available for analyses 
(1). This paper, for the first time, re- 
ports the quantitative and qualitative 
determinations of fatty acids in three 
species of Pseudotsuga and two species 
of Pinus. There may be a correlation 
between the chemical findings and the 
phylogenetic relationships of the two 
genera studied. 

Pollen of Formosan Douglas fir, 
Pseudotsuga wilsoniana Hay, was col- 
lected in Ta Chia Chi, Taiwan, in the 
middle of February, 1962. Branches 
of big-cone Douglas fir, Pseudotsuga 
macrocarpa (Vasey) Mayr, bearing ma- 
ture male flowers, were shipped from 
southern California to Corvallis in the 
early part of April, in cartons which 
contained moist paper, and the pollen 
sac was forced to dehisce in the labora- 
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tory. Mature pollen of Douglas fir, 
Pseudotsuga menziesii (Mirb) Franco, 
was gathered in Corvallis from a single 
tree by a vacuum pollen collector in early 
April. Pollen of ponderosa pine, Pinus 
ponderosa Dougl., and lodgepole pine, 
Pinus contorta Dougl., was obtained 
from trees on the Oregon State Uni- 
versity campus in the early part of May. 
That all pollen samples were highly via- 
ble at the time of extraction was indi- 
cated by germination tests. 

Duplicate samples of 1 gram of fresh 
pollen were inactivated in 10 ml of 
boiling isopropanol; after cooling, 20 
ml of peroxide-free diethyl ether was 
added. Extraction was conducted at 
room temperature (21?C), for 16 hours 
with occasional stirring, followed by 
two successive extractions of ether for 
4 hours. Extracts were filtered with 
the aid of vacuum, combined, and 
washed; the solvent was removed in a 
rotary vacuum evaporator. The ex- 
tracted fatty substances were saponified 
by 2 percent ethanolic sodium hy- 
droxide for 2 hours; the ethanol was 
removed by a stream of nitrogen gas. 
The soap was dissolved in water, and 
the nonsaponifiable material was re- 
moved by hexane. The soap solution 
was acidified, and the fatty acids were 
recovered in ether and methylated with 
diazomethane. 

The mixtures of the methyl esters of 
the fatty acids were separated, in a 
temperature-programmed gas chroma- 
tograph by two columns which con- 
tained 10 percent and 20 percent di- 
ethyleneglycol succinate on acid-washed 
Chromosorb w (90 to 100 mesh). The 
identification of components was con- 
ducted by cochromatographic technique 
with pure methyl esters or by match- 
ing retention time of known mixtures. 
The quantitative analysis of the com- 

ponents was obtained by weighing the 
material from the peaks after each col- 
umn was calibrated against the standard 
mixture. 

The total fatty acid content, ex- 
pressed as percentage of dry weight, of 
the pollen of each species was as fol- 
lows: Douglas fir, 0.79; Formosan 
Douglas fir, 0.89; big-cone Douglas 
fir, 0.76; ponderosa pine, 1.33; and 
lodgepole pine, 1.25. The quantitative 
analysis of fatty acid in each species is 
shown in Table 1. Oleic, palmitic and 
linoleic acids are the major components 
in the Douglas firs, and linolenic, oleic, 
palmitic, and stearic acids are the major 
components in the pines. 

It is interesting to note the similarity 
between the fatty acid composition of 
Douglas fir and Formosan Douglas fir 
and between the two pines, while the 
composition of big-cone Douglas fir 
stands as an intermediate between the 
other two species of Douglas fir and 
pines. 

The unknown component in big-cone 
Douglas fir pollen is not margaric acid, 
a saturated C17 fatty acid, since the 
unknown formed a shoulder when mar- 
garic acid was cochromatographed. 
The unknown could be an unsaturated 
C16 fatty acid, for the peak disappeared 
when the mixture was hydrogenated 
and an increase of palmitic acid was 
observed. 

Taxonomic relationships of plant 
waxes which were analyzed by gas 
chromatography were shown by Eglin- 
ton (2), and characterization of plant 
families by major fatty acids has been 
indicated in the literature (3, 4). 
Ivanov considers oil content to be an 
inherited characteristic of plants where- 
as iodine value or composition of un- 
saturated fatty acids changes with 
climate (3). The data presented are 

Table 1. Distribution of fatty acids (as percentage, by weight, of methyl esters) in the pollen of five 
species of Pinaceae. 

Douglas Formosan Big-cone Ponderosa Lodgepole Fatty acid fir Douglas fir Douglas fir pine pine 

Caproic, C6 0.2 
Caprylic, C8 0.3 0.5 0.8 
Capric, CG1 0.6 2.5 1.8 
Lauric, C12 0.5 4.9 6.1 
Myristic, C14 0.2 0.1 0.8 2.0 1.8 
Palmitic, C16 20.9 26.5 26.4 17.6 13.4 
Palmitoleic, C16* 0.2 0.2 0.2 
Unknown 1.7 
Stearic, C18 2.7 2.5 15.6 10.9 12.2 
Oleic, CG8* 62.2 52.9 39.0 23.1 16.5 
Linoleic, CGit 11.9 16.4 8.0 5.4 4.4 
Arachidic, C20 0.2 
Linolenic, C18t 0.9 0.9 4.5 24.1 31.5 
Eicosenoic, C20* 0.4 0.3 1.3 2.5 2.9 
Behenic, C22 0.3 0.2 0.9 3.1 3.1 
Erucic, C22*' 3.6 3.5 

* One carbon-to-carbon double bond. 'Two carbon-to-carbon double bonds. $Three carbon-to-carbon 
double bonds. 
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consistent with this proposal, including 
the apparent anomaly-- of Pseudo-tsuga 
macrocarpa, which may be an environ- 
mental effect. Any taxonomic value of 
this report, however, awaits more gen- 
eral survey of the species in the family 
and between families. Furthermore, 
genetic make up of varieties (5), cli- 
mate (3, 4, 6), and maturity (7), have 
altered the composition of fatty acids 
in seed. A parallelism which might exist 
in pollen material might be revealed 
by further systematic study (8). 

TE MAY CHING 
KIM K. CHING 

Seed Laboratory and Forest Research 
Laboratory, Oregon State University, 
Corvallis 
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Temperature-Independent Morning Emergence in 

Lizards of the Genus Phrynosoma 

Abstract. An investigation of the re- 
lationship of morning emergence and body 
temperature in Phrynosoma demonstrated 
a rhythmic anticipation of conditions 
favorable for normal activity. Such a 
rhythm offers a mechanism by which ecto- 
thermic reptiles can use safe nocturnal 
shelters without loss of activity time in 
the morning. 

The daily existence of terrestrial 
"cold-blooded" animals, especially rep- 
tiles, depends upon their ability to 
utilize available external heat. Their 
activity is restricted when environ- 
mental conditions prove too, hot or 
cold. In many diurnal reptiles there 
appears to have been selection for high 
body temperatures with resulting en- 
hanced neuromotor control and celer- 
ity (1). 

Along with the advantages accruing 
to high body temperatures, these ani- 
mals must also suffer from a decrease 
in mobility at low temperature levels. 
Many of them use underground noc- 
turnal retreats and might not be ex- 
pected to begin daily activity until suf- 
ficient heat had penetrated into these 
shelters to warm them. Such a delay 
of emergence would result in the loss 
of valuable activity time on the sur- 
face during the morning. As an alter- 
native, ectothermic animals could re- 
main on the surface exposed through- 
out the night, but in the resulting cold- 
comatose condition they would be sub- 
ject to predation and possibly freezing. 
However, I have found that horned 
lizards, Phrynosoma, in captivity regu- 
larly emerge before sunrise at body 
temperatures of 190C, almost 150C 
below temperatures of normal activity 
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(1). These observations prompted an 
investigation of the relationship of 
morning emergence and body tempera- 
ture. 

The nature of morning emergence 
behavior in horned lizards is particular- 
ly advantageous for the study of this 
problem. In these animals daily activity 
is initiated by two distinct behavioral 
patterns. First, the animals may move 
upward in the sand until their heads are 
exposed and remain in this position 
until warmed to their activity levels. 
Alternatively, they emerge completely 
and begin basking in a fully exposed 
position. In either case inactive animals 
stay buried in the sand and are not 
visible. With the above criteria for 
activity, a simple experiment was de- 
vised to demonstrate whether there 
is any direct relationship between body 
temperature and morning emergence. 

Two mixed groups of 15 Phryno- 
soma coronatum and P. cornutum were 
separated and kept in the laboratory 
at constant ambient temperatures of 
180 and 271C. The animals had ac- 
cess to radiant heat from infrared 
lights for 8 hours daily. Light was pro- 
vided during this time and for four 
additional hours after the heat lamps 
were turned off; 12 hours were passed 
in relative darkness. The energy from 
the heat lamps was sufficient to allow 
the lizards to achieve normal activity 
temperatures (340 to 381C). Al- 
though both groups had been adjusted 
to this daily schedule for several 
weeks, they were maintained in the 
new situation for 3 days before meas- 
urements were taken. 

The lizards were active during the 
entire period of infrared radiation. All 
burrowed within 2 hours after the 
cessation of heating. The horned liz- 
ards spent the night buried from 2 
to 8 cm in the sand. Many animals in 
both groups emerged in the darkness 
shortly before initiation of heat and 
light. Records on the time of emer- 
gence of individual animals were made 
on four consecutive days. These are 
shown plotted as a percentage of the 
total number of animals in Fig. 1. The 
initiation of daily activity prior to the 
availability of heat to warm them oc- 
curred in both groups. 

The first animal came out of the 
sand about 40 minutes before experi- 
mental "sunrise." By 15 minutes be- 
fore the initiation of heat 70 percent 
of the animals were active. Body tem- 
peratures at this time were the same 
as environmental temperatures, 180 
and 270C, respectively. 

I believe these data show that the 
initiation of activity in the morning is 
independent of temperature, at least 
when the animals are warm enough 
to move. The similarity of emergence 
time in the two groups suggests the 
operation of an endogenous or circa- 
dian rhythm. 

The possibility of a circadian rhythm 
integrated with temperature regulation 
in reptiles is of considerable signifi- 
cance with regard to their biology. By 
this mechanism emergence in the 
morning may be timed to place the 
animal in a situation where it can warm 
rapidly to normal activity levels, al- 
though exposing only a part of the 
body may mediate this to some ex- 
tent. This is corroborated by observa- 
tions of lizards in the field. Norris (2) 
has found that simultaneous morning 
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}Fig. 1. Comparison of the timing of morn- 
ing emergence for four consecutive days 
of two groups of horned lizards main- 
tained at different temperatures. Activity 
begins prior to experimental "sunrise"~ 
indicated by the arrow at time 0. 
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