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The History and Application of Palynology 
(Pollen and Spores) ,  by C. C. M. Gutjahr + 

R. P. Wodehouse described in his  excellent book "Pollen Grains" 
the history of pollen morphology. According to h is  data, the ear l ies t  
known recognition of pollen i s  attributable to the ancient Assyr ians ,  
who pract iced hand pollination of the date palm. Among the many ca rv -  
ings and examples of glazed brickwork that have been recovered f rom 
the i r  ancient civilization a r e  a number which have been interpreted to 
represent  this  pract ice.  

Carved slabs of stone representing this theme have been found in  
the palace of Ashur-nasi-Apal, who was the ru ler  of the Assyrian em-  
p i re  f rom 885 to 860 B. C. The gigantic beings have large,  widespread 
wings and the posture i s  always the same ,  with the upraised right hand 
bearing the spathe, the left hand hanging at  the side bearing a basket. 

Whatever the co r rec t  interpretat ion of the carvings m a y  be, it i s  
recorded that Horodotus, in the middle of the Fif th Century B. C. 
brought back f rom his  t rave ls  in the Eas t  the information that the date 
palm i s  fer t i l ized by dusting i t  with branches of the male.  This  might 
be one of the f i r s t  economical applications of pollen. 

The detailed study of pollen and spores  a r e ,  of course,  associated 
with the development of the microscope.  On account of the smal l  s ize  
of the pollen gra ins  (average 0.025 of a m m )  not even the f i r s t  studies 
could be made until the microscope had reached a fa i r ly  high stage in 
its development. 

In the 17th Century Hook gave the world h is  compound microscope,  
which i s  described and i l lustrated in the preface to h i s  "Micrographial '  
dated London 1665. It consists  of a b r a s s  tube with a single objective 
a t  the sma l l  end, a la rge  eyepiece a t  the opposite end. It i s  ha rd  to 
est imate i ts  importance in the 17th Century. 

GREW (Englishman) and MALPIGHI (Italian) described pollen 
grains in 1682 and 1687 respectively. 

Since the beginning of the 20th Century the study of pollen and 
spores  has increased  in importance, mainly based on the experiences 
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It i s  obvious that the petroleum industry i s  a l so  able t o  benefit by 
the new method. F o r  example: in a r e a s  with t e r r e s t r i a l  o r  brackish 
deposits,  where  cor re la t ion  by means  of other microfoss i l s  i s  gener -  
ally difficult. 

The Standard Oil Company of California and C a r t e r  Oil Company 
(now J e r s e y  Research)  have s tated that they have taken up palynological 
r e sea rch  in 1952 and 1953 respect ively.  

In 1938, on instruct ions f rom the Royal Dutch Shell group, R. 
Potonie in Germany investigated some  samples  f rom Mexico. In 1939 
one of the m e m b e r s  of the Houston Geological Society collected samples  
in Venezuela fo r  palynological investigations. We like to give the credi t  
to E.  H. Rainwater ,  who rea l ized  the r ea l  potentialit ies of the pollen 
and spo re  s tudies  21 y e a r s  ago. In subsequent y e a r s  F. Florsch(its 
analysed,  a t  the reques t  of Shel'l, samples  f rom Malay and the Car ib-  
bean. 

After the w a r ,  in 1947, the f i r s t  operat ional  labora tory  was  estab-  
lished by the Royal Dutch Shell group in Maracaibo,  Venezuela. Now 
many palynological labora tor ies  exist  throughout the world. 

Origin of Pol len  and Spores  

Spores  a r e  borne,  fo r  example, on the underside of the leaves of 
the sporophyt. The brown spots  cal les  s o r i  contain s eve ra i  sporangia. - 
Each sporangium consists  of a shor t  s talk and a swollen head contain- 
ing the spo re s ,  usual ly 64 in number.  When the spo re s  a r e  r ipe the 
sporangium wall  i s  ruptured and the spo re s  a r e  ejected and d i spe r sed  
by the wind and water .  In the higher  plant groups pollen a r e  fo rmed  in 
the an ther  and dis tr ibuted by wind, water  o r  an imals .  

The pollen gra in  h a s  t h r ee  concentr ic  layers .  The cent ra l  par t  i s  
the living cel l  which germinates  on the s t igma and f o r m s  a pollen tube 
that  penetrates  the s tyle  and brings the fer t i l iz ing nuclei down to the 
ovum. The middle l aye r  envelopes the whole of the pollen g ra in  and 
consis ts  mainly of the  s a m e  substances that fo rm the bulk of the ord i -  
nary  ce l l  walls  of the plant. The third and outer  layer  of the pollen 
gra in  i s  made  of one of the m o s t  extraordinari ly res i s tan t  ma te r i a l s  
known in the organic world. The chemis t ry  of the  outer  wall  (exine) i s ,  



unfortunately, ve ry  poorly understood. The i r  insolubility in a l l  sol-  
vents and the i r  high r e s i s t ance  to  mos t  chemical  agents makes  the 
study of t he i r  chemical  nature ve ry  difficult. According to ZETZSCHE 
the m a t e r i a l  of the outer  wal l  i s  re lated to te rpenes  o r  s imi l a r  com- 
pounds, f o r  example, rubber .  The m a t t e r  is  by no means  settled. 

T h e r e  a r e  th ree  f ac to r s  that s e r v e  a s  the factual bas i s  f o r  pollen 
analysis  : 

1. Pol len gra ins  of different taxonomic groups a r e  different.  
2. The enormous quantities of pollen gra ins  which a r e  produced 

and dis t r ibuted.  F o r  example:  one shoot of Hemp produces 
annually 500 mil l ion pollen gra ins ,  while a ten  yea r  old branch 
of P ine  produces annually 350 million pollen gra ins .  

3. The g rea t  r e s i s t ance  of the exine (pollen wall) which permi ts  
pollen gra ins  to  be embedded in sed iments  and s t i l l  be recog-  
nizable. Excellently p r e se rved  and apparent ly unchanged 
spo re  walls  a r e  found in Paleozoic rocks whe re  a l l  other  
m a t e r i a l  ha s  been carbonized and dis tor ted.  According to  
l i t e ra ture ,  pollen gra ins  can be heated to a lmos t  300° ce l s ius  
without destroying them. Pol len  and spo re s  can be t rea ted  
with concentrated ac ids  and bases  with ve ry  l i t t le  effect  on the 
exine (wall). They a r e ,  however ,  l e s s  res i s tan t  to oxidation. 

Transportat ion by Wind 

Although exact  information concerning the dis t r ibut ion of pollen 
and spo re s  by wind i s  difficult to obtain there  i s  considerable  evidence 
showing that they can be t ranspor ted  v e r y  g r ea t  dis tances.  

Hes se lman  exposed plates  to  t r a p  pollen on two light ships  in  the 
Gulf of Bothnia. On one of the ships ,  19 mi l e s  off the coast ,  103,037 
pollen gra ins  w e r e  t rapped in one month. On the other ship, 34 mi l e s  
offshore,  56,075 gra ins  w e r e  t rapped in the s a m e  t ime interval .  

Another example shows that cer ta in  conifer pollen have been found 
in Greenland,  which have been c a r r i e d  by the wind f rom the continent 
of Amer i ca  for  a dis tance of 625 mi l e s  o r  more .  

The ver t ica l  t ranspor ta t ion  by winds can be considerable .  Investi-  
gations have revealed the at tack of ru s t  on Canadian c rops  was caused 
by windblown infection f rom the South and ru s t  spo re s  have been found 
a s  high a s  15,000 feet.  Over  Kasse l  and ~ g t t i n ~ e n  (Germany) many 



pollen have been found a s  high a s  6,000 feet. The greatest  concentra- 
tions were  observed between 1.000 and 2,000 feet. 

Transportation by Water 

Recent studies in the Orinoco delta have revealed that some pollen 
and spores  a r e  transported by water. Cuticles (plant t issues)  can be 
distributed by r ive r s  and ocean currents  over la rge  a reas .  

Transportation by Animals 

Some pollen a r e  ca r r i ed  from the anther of one flower to the stigma 
of another by s o m e  animal such a s  insect, bird, bat o r  slug. Pollen 
grains of this type have smal l  chance of being preserved a s  fossi ls .  
They possess  often a heavily a r m e d  surface and layer of sticky oil on  
the surface of the grains,  which cause them to stick better to the body 
of the animal. 

Oxidation 

Pollen and spores  cannot withstand prolonged oxidation. Pollen 
and spores  when subjected to the action of a i r  take up oxygen. This 
auto-oxidation appears to be a photochemical process  involving the ad- 
dition of oxygen molecules to double linkages in the pollen wall with the 
formation of peroxides. This will bleach the grains and in the long run 
the pollen a r e  destroyed. 

Fossilization 

Since oxygen i s  the main enemy of the spore and pollen wall it i s  
obvious that s t r a t a  deposited in reductive environments often contain 
well preserved pollen and spores .  

Application 

1. Honey Studies: 

In dubious cases  a study of the pollen of a honey may help to 



determine i t s  country of origin. It m a y  a l so  help to  revea l  
dishonest p rac t ices :  a supposed German  honey with an abund- 
ance of BOMBACACEAE pollen and other  exotic pollen m a y  
readi ly be shown to be a Mexican, etc.  (Erd tman)  

2 .  Hayfever Studies: 

Besides the g r a s s e s  and ragweeds many other  plants contribute 
to the production of hayfever.  The  hayfever special is t  will 
study botanical m a p s  of the region, he  will  de te rmine  the 
pollen of every wind-pollinated spec ies  and f rom these  he 
se lec t s  the ex t rac t s  of the spec ies  which flower during the 
t ime  the patient ha s  hayfever.  Smal l  but gradually increasing 
amounts of the ex t rac t s  will  be introduced to the patient by the 
physician to build up a res i s tance  to the toxicity of c e r t a in  
pollen. 

3 .  Crimina l  Studies: 

Some palynologists have cooperated with police depar tments  to 
analyze f r e s h  mud f r o m  the shoes o r  f rom the c a r  of a su s -  
pect.  The assemblage  of pollen and spo re s  m a y  revea l  the 
a r e a  i n  which the suspect  has  t ravel led.  

4. Sal t  Studies: 

Interesting pollen and spo re  assemblages  have been recovered  
f rom sa l t  deposi ts .  

5. Correlat ion:  

The la te  glacial  and Holocene (Recent) of Wes te rn  Europe can 
be subdivided into 9 to10 zones which can be t r aced  over  la rge  
a r e a s .  Palynological correlat ions .have been ca r r i ed  out by 
Shell  palynologists around Lake Maracaibo, Venezuela, the 
resu l t s  have been published in "The Application of Palynology 
to Oil Geology with Reference to Western Venezuela" Geologie 
en  Mynbouw n r .  3 New Se r i e s ,  Vol. 17, pp. 49-76, March 1955. 


