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1. INTRODUCTION 

The severe summer drought combined with high tem- 

peratures leads to a high frequency OF fires in 

mediterranean-type ecosystems. The relation of 

this climatic type with fire has been long ago 

noted (Griesebach, 1872). Shantz (1947) refers 

to the mediterranean-type ecosystems of California 

as "fire-type" or "fire-climax". The numerous 

adaptations of plants dominating mediterranean- 

type ecosystems indicate that fire has been a 

strong selective force and that these systems 

can be considered as "fire-induced" or "fire- 

adapted" (Jepson, 1930; Naveh, 1973; BisurelJ., 

1974). 

According to Mutch (1970) ecosystems subject to 

frequent Fires over evolutionary time have de- 

veloped characteristics, which make them extreme- 

ly flammable. This paint of view is reinforced 

by the fact that thebe ecosystems have developed 

adaptations which result in their surviving fire 

and further periodic fires of about every 15 years 

or so, appear necessary to maintain their maximum 

diversity and productivity' without frequent 

fires, fuels would accumulate in high quantities, 

and then, fires would lead to large changes in 

ecosystem structure (Biswell, 1974). 

According to Naveh (1975) adaptations to fire can 

be considered as an homeostatic feedback control. 

Positive reedback responses are those which re- 

sult in overcoming the after-efrects of fire by 

increased physiological activity. This is chief- 

I 
ly expressed by vegetative rssprouting, fire- 

stimulated seed germination and post-fire flower 

and seed production. Negative feedback responses 

can be regarded as all those mechanisms which en- 

able the avoidance of the fire hazard, either by 

direct tokersnce of seeds or plant organs, or by 

their reduced physiological activity during crit- 

ical fire periods. 

Le  Houerau (1973) reviewing the effect of fire 
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on mediterranean vegetation types, classified them 

as either active or passive pyrophytes according to 

their positive or negative feedback responses. Phry- 

gana species (plants of the arid mediterranean-cli- 

mate regions of Greece) seem to be active pyrophytes. 

They have developed, in the course o f  evolution, sev- 

eral features that make them very flammable. Their 

leaves are small, hairy and have thin cuticles. They 

have slender shoots with fine loosely arranged twigs, 

while most of the dead shoots remain on the mature 

plants. On the other hand, the dead leaves which 

fall at the base of the plants during the summer 

period provide a substrate for quick spreading rires. 

Two major types of plant regeneration can be distin- 

guished: obligatory resprouters (mainly maquis), 

which regenerate vegetatively from undisturbed under- 

ground buds and facultative resprouters (mainly phry- 

gana) which in addition can regenerate by seeds. Weg- 

etatiue regeneration in obligate resprouters begins 

almost immediately after fire, but is delayed in 

facultative ones until the first rains. This differ- 

ence has been attributed to the different depths 

reached by the root systems of the too plant groups 

(Naveh, 1975). 

Fires are very frequent in the phrygana comniunities. 

 his study reports on part or multifaceted eco- 

physiological study designed to provide information 

about Greek phryganic ecosystems and especially 

fire's effect on them. 

2. SITE DESCRIPTION 

A phryganic ecosystem located at Mount Hymettus, 

near Athens University Campus was studied. It was 

burnt accidentally in July 1976 (Fig. 1). 

3.  METHODS 
Throughout a two years period, burnt and control 

sites were frequent surveyed. Seedlings of woody 

plants dominating the ecosystem were counted in ten 
2 lm plots randomly selected in the burnt site. 
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FIGURE 1. Aspect of t h e  burned and unburned s i t e  

A t  t h e  same s tudy s i t e  t h e  t o t a l  aboveground vege- 

t a t i o n  was cropped monthly by means of 10 random- 

ly-spaced l r n  l i n e  i n t e r c e p t s .  Ground l i t t e r  ( a l l  

dead o rgan ic  ma td r i a l  on t h e  ground dawn t o  t h e  

s u r f a c e  o f  t h e  mineral  s o i l )  was a l s o  c o l l e c t e d  

from t h e  same p l o t s .  The samples were oven-dried 

and weighed. From these  d a t a  t o t a l  and r e l a t i v e  

percentage biomass a s  we l l  as  l i t t e r  p resen t  were 

ca lcu la ted .  Measurements were a l s o  taken of t h e  

h e i g h t s  of t h e  dominant woody p l a n t s .  In add i t ion  

t h e i r  l e a f  s i z e  and ch lo rophy l l  con ten t  were de te r -  

mined. 

4. RESULTS AND DISCUSSION 

Seed germination a f t e r  f i r e  i n  t h e  phryganic eco- 

system is very c h a r a c t e r i s t i c  i n  t h e  case of 

spp. (Arianoutsou-Faraggitaki,  Margaris 

i n  p ress ) .  Under normal cond i t ions ,  germination 

occuring i n  autumn is about 10 t o  20 s e e d l i n g s  

per  square  meter,  while a f t e r  f i r e  i t  r i s e s  drama- 

t i c a l l y  t o  300-400 s e e d l i n g s  per  square  meter 

(Fig .  2 ) .  S imi la r  d a t a  a r e  noted by Papanas tas i s  

(1977) f o r  Cistus s a l v i f o l i u s  and Cistus monspelien- 

sis, a s  we14 a s  fo r  o t h e r  r eg ions  (Le Houerou, 1973; - 
Naveh, 1974) .  Cistus s p e c i e s  have been considered 

by a l l  t hese  i n v e s t i g a t o r s  a s  ob l iga to ry  seed rege- 

n e r a t o r s  (Naveh, 1975; Papanas tas i s ,  1977; Arianou- 

tsou-Faraggi taki ,  Margaris,  i n  p r e s s ) .  

Most of the  dominant phryganic s p e c i e s  a r e  f acu l t a -  

t i v e  r e s p r o u t e r s .  For ty-f ive  days a f t e r  f i r e  t h e  
burned p l a n t s  o f  Sarcopateriurn spinosum produce new 

leaves  from t h e i r  r o o t  c r o w s .  One month l a t e r  Euphor 

b i a  acanthothamnos and Phlomis f r u t i c a s a  develop re- - 
s p r o u t s  i n  t h e  same say. The new leaves  OF t h e s e  re- 

s p r o u t s  a r e  s o f t ,  l a r g e  and with i n t e n s e  green co lour  

( ~ i g  3 ) .  

Even though t h e  r e sp rou t ing  begins  i n  a per iod i n  

which a l l  the  l e a v e s  o f  t h e  unburnt p l a n t s  are amall 

(summer l eaves ,  Margaris,  Papadogianni,  1978) t h e  

new leaves  of t h e  r e sp rou ted  s p e c i e s  are l a r g e r .  l h i s  

d i t f e r e n c e  i n  l e a f  s i z e  e x i s t s  dur ing almost a l l  t h e  

f i r s t  pos t - f i r e  year  [Fig. 4 ) .  



FIGURE 2. Cistus spp s e e d l i n g s  i n  t h e  burned s l t c  

FIGURE 3 .  Comparison betueen -- Phloais f r u t i c n s a  resproate6 i n i i  ii..!.:!l.:,:.<i i . l w t r  
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FIGURE 4. Comparison between resprouted and un- 
bu rn t  p l a n t  l e a f  s i r e s  i n  2. spinosum,Pi f r u t i cosa  
and t, acanthothamnos 

I n  a p e r i o d  o f  n i ne  months a f t e r  the  f i r e  the  r e -  

sprouts reach a l e v e l  of m a t u r i t y  so t h a t  they 

have gradua l l y  developed t he  c h a r a c t e r i s t i c s  o f  

seasonal dimorphism (new, smal ler  leaves, spiny 

format ions,  woody shoots) and are  thus adapted 

f o r  the  unfavourable drought cond i t i ons  of the  

summer (F ig .  5). 

Dur ing  the  f i r s t  p o s t - f i r e  year, E. acanthothamnos 

a n d z .  spinosum form f lowers  and F ru i t s ,  wh i l e  

P. f r u t i cosa  f l ou r i shes  the  second p o s t - f i r e  year, - 
a f a c t  t h a t  i n  no ima l  cond i t i ons  does n o t  happen 

u n t i l  the  f o r t h  o r  f i f t h  year (F ig .  6 )  

Phenological  d i f f e rences  between resprouted and 

unburnt  p l a n t s  du r i ng  the  second p o s t - f i r e  year 

are n o t  great .  The leaves o f  the  resprouted a r e  s t i l  

l a r g e r ,  b u t  smal le r  than those o f  the previous year. 

The resp rou t i ng  woody species o f  r, fru t i cosa ,  r. 
acanthothamnos and 2. spinosum a t t a i n  almost t h e i r  

o r i g i n a l  he igh t  by the  end o f  the  study per iod (Fig. 

7 ) .  
Naveh (1973) i n d i c a t e s  t h a t  5. spinosum reaches 40 

cm h i g h  w i t h i n  two years a f t e r  f i r e ,  whi le  Papana- 

s t a s i s  (1977) s t a t e d  t h a t  phrygana sprouts, i n  qener 

a l ,  a t t a i n  one t h i r d  o f  t h e i r  o r i g i n a l  height  by the 

end o f  t he  f i r s t  growing season. Parsons (1976) foun 

t h a t  Adenostoma fasc icu la tum (chamise chaparral o f  

California) was about 40-60 cm t a l l  4  years a f t e r  

f i r e .  Papanastasis (1977) no tes  t ha t ,  i n  general, 

phrygana p l a n t s  produce seeds by the  second season 

a f t e r  f i r e .  

Unfor tuna te ly ,  t he re  a re  no data available reqardlng 

p l a n t  phenology a f t e r  f i r e  i n  mediterranean-type eco 

systems. Data on the  midwestern American grasslands 

(Kucera, Ehrenreich, 1962; Hadley, Kieckhefer, 1960) 

r e f e r s  t o  a s i g n i f i c a n t  acce le ra t i on  i n  the l i l e  

cyc l e  o f  t he  dominant species, which was a t t r i bu ted  

t o  such f a c t o r s  as: 1 )  l i t t e r  removal, 2 )  c a r l l c r  

growth o f  species as a r e s u l t  o f  the higher s o i l  

temperature a f t e r  burning,  3)  grea ter  quan t i t i e s  o r  

a v a i l a b l e  n u t r i e n t s  and 4)  g rea ter  radiation. 

Probably, the  same processes would a lso  operate i n  

the phryganic ecosystem. As mentioned above, medi- 

terranean-type ecosystems a re  f i re- induced and f i r e -  

adapted. So, they possess an endogenous rhythm whicli 

determines t h e i r  numerous adaptat ions bu t  w i th  a 

general  fea tu re :  the  qu ick  response t o  environment01 

cond i t ions ,  espec ia l l y  f i r e .  Otherwise, a l l  those 

c h a r a c t e r i s t i c s  would have ceased ac t i ng  as adapta- 

t i ons .  The new leaves o f  the resprou t lng  p lan ts  are 

n o t  on l y  l a r g e r ,  b u t  r i c h e r  i n  ch lo rophy l l  Llian nor- 

mal. No doubt, photosynthesis i s  a l so  s ign i l ' i can t l y  

increased (Table I ) .  

The herbaceous vegeta t ion  which usua l l y  grows nmonq 

t he  woody phryganic species a re  a l s o  adapted t o  re- 

cu r ren t  f i r e s .  Many workers have noted the scarc l ty  

o f  herbs i n  mature mediterranean-type ecosystems 

(Sampson, 1944; Went e t  a l . ,  1952; Horton, Kraebel. 

1955; McPherson, Mu l le r ,  1967, 1969; Chou, I lu l ier ,  



FIGURE 5. Seasonal dimorphism on P. fruLicosa leaves (summer and winter l eaves )  
! 

FIGURE 6 .  Plrenological stages of t he  resprouting species during the first post-fire year 



FIGURE 7. Growth i n  he ight  o f  the resprout ing species, dur ing the study per iod 



TABL: 1. T o t a l  c h l o r o p h y l l  c o n t e n t  

T o t a l  c h l o r o p h y l l  (m9.q-'leaf d r y  u e i q h t )  

Phlomis Sarcopoter ium Euphorbia 

f r u t i c o s a  apinosum a c s n t h o t h a m o a  

JANUARY 1977 

Unburnt p l a n t s  2.0 2.3 4.7 

Burnt  p l a n t s  3.5 5.7 5.4 

I n c r e a s e  I 70 150 1 7  

APRIL 1977 

Unburnt p l a n t s  2.4 2.2 4.9 

Burnt  p l a n t s  4.6 5.0 5.2 

I n c r e a s e  I 9 0  128 7  

JANUARY 1978 

Unburnt p l a n t s  4.0 3.6 6.3 

Burnt  p l a n t s  3.2 4.4 8.6 

I n c r e a s e  ?; .-18 1 7  36 

1972; Chr i s t ensen ,  Mul l e r ,  1975).  A f t e r  f i r e ,  f i r e  i n  t h e  s i t e ,  s i n c e  as much a s  96% of  s i t e  n i t r o -  

however, such a r e a s  a r e  o f t e n  c a r p e t e d  w i th  a n n u a l  gen con  be l o s t  i n  t h e  smoke of  n f i r e  (Ar ianoutsou-  

and p e r e n n i a l  herbaceous  s p e c i e s  r a r e l y  seen i n  Fa ragg ikak i ,  Marga r i s ,  i n  p r e s s ) .  Probably  t h e  abun- 

t h e  und i s tu rbed  s i t e s .  The s e e d s  o f  many o f  t h e s e  dance o f  h e r b s  i n  b u r n t  areas may be r e l a t e d  t o  one 

herb s p e c i e s  l i e  durmant i n  t h e  s a i l  beneath  t h e  o r  more o f  t h e  fo l l owing  causes: 1 )  removal o f  t h e  

sh rubs  from one f i r e  t o  t h e  n e x t .  The numbers o f  sh rub  cover and l i t t e r ,  2) i n a c t i v a t i o n  o f  p h y t o t o x i c  

s e e d l i n g s  are h i g h e s t  i n  t h e  f i r s t  and second m a t e r i a l s  prod;ced by t h e  s h r u b s ,  3) more a v a i l a b l e  

y e a r s  fo l l owing  f i r e  (Naveh, 1974) .  Germination 

is r e s t r i c t e d  and t h e  h e r b  popu la t i on  g r a d u a l l y  

d imin i shes  as t h e  shrub cover i n c r e a s e .  The tem- 

p o r a l  dominance o f  h e r b s  and t h e i r  subsequent  de- 

c l i n e  i n  our s t u d y  site is shown i n  F i g u r e  8. 

I n  t h e  phryganic  ecosystem, t y p i c a l  examples of 

p o s t - f i r e  h e r b s  are Andropogon a, Asphodelus 

mic roca rpus ,  many s p e c i e s  o f  Cyclamen, w, 
Ornj thoqal lum,  Arisarum v u l g a r e ,  Crocus nudi fo-  

l i u s  and t h e  P a p i l i o n e c e a e ,  e s p e c i a l l y  T r i f o l i u n ~  - 
spp . ,  La thy rus  aphaca, Nedicaqo spp . ,  Lotus spp . ,  

V ic i a  spp . ,  e t c .  The presence  o f  t h e  l a t t e r  has  

been c o r r ~ l a t e d  u r i t h , n i t r o g e n  replenishment  a f t e r  

n u t r i e n t s  i n  t h e  s o i l ,  4 )  dec reased  compe t i t i on  w i th  

t h e  s h r u b s ,  f o r  a s h o r t  a t  l e a s t  p e r i o d  (Sueeney,  

1967; Muller  e t  e l . ,  1968 e t c ) .  

On A p r i l  1975 t h e  r e l a t i v e  p e r c e n t a g e s  o f  P ,  f r u t i -  

casa, E. acanthotharnnas,  5. spinosurn and C i s t u s  spp . ,  - - 
i n  t h e  t o t a l  aboveground biomass rere 33%, 24%. 13% 

and 8% r e s p e c t i v e l y ,  whi le  t h a t '  o f  t h e  o t h e r  woody 

p l anks  and h e r b s  (Helianthernum sp . ,  Thymus c a p i t a t u s ;  

A ~ ~ a r a g u s  a p h y l l o u s )  was 22% (Margar is ,  1976).  

A f t e r  f i r e  and i n  t h e  same growth s ea son  ( A p r i l  1977) 

t h e  s i t u a t i o n  was q u i t e  d i r f e r e n t :  t h e  r e l a t i v e  per- 

c e n t a g e s  o f  - P. f r u t i c o s a ,  r. acanthothamnos,  5. s p i -  - - 
nosurn nnd Cistus s p p . ,  uere 5%, 3C, 3X and 5% respec-  - 



FIGURE 8. Relative biomass percentages 

FIGURE 9 .  Total aboveground plant biomass measured during the study period. 



tively, while for all the rest (mainly herbs) to- 

gether, was 83?;. It is therefore, quite obvious 

how the growth of the herbaceous vegetation in- 

creased. This situation lasts far the autumnand 

win+er months till early spring. By the end of 

spring and the beginning o f  the summer the herbs 

dry out. The following growing scason the situe- 

tion is not the same but is still different from 

the prefire one. The secondary srlccession is not 

a series of plant substitutions but rather a grad- 

ual increase in dominance of perennial species 

which were found in the stand before fire. This 

prosess has been formed autosuccession (Hanes, 

?971). 

The changes in total plant biomass with time are 

plotted in Figure 9. Biomass production on April 

1977 was 06 of the prefire production (1,111 g. 
-2 

m , Margaris, 1976) while the following year 
(April, 1978) it was 195, which means that an in- 

crease of 55% in biomass production took place. 

At the end af the study period the total biomass 

was about 200 g.m-2. 

Papanastasis (1976) found that standing biomass 

in a Phlamis Fruticosa community was 3,000 kg. 
1 ha- ; on the other hand, in 5. spinosum community 

it was 1,200 kg.ha-l in the second and 2,000 kg. 

ha-' in the third year after fire. 

Sarnpson (1944) found that at the end +'the first 

groaing period Adenostoma fasciculatunj resprouts 
-2 

were 173.5 g.m . Within 0 years it became 1,279 
-2 -2 -1 g.m , growing at a mean rate of 110 g.m .year , 

recovering 40% of the original productivity. Long 

e+ al. (1967) and Specht (1969) noted that in the 

first 10 post-fire years of autosuccession the 

onnual productivity of sclerophylls in France, 
-2 

California and W. Australia was 15Og.m . 
Considering the above data and noting that from 

the first to the second year the biomass increase 
-2 

in the phryganic ecosystem was about 100 g.m 

ure can assume that within 5-10 years full recon- 

stitution would take place. 

5. I:ONCLUSlONS 

Fire, either natural ar man caused, has been part o f  

the Greek environment for thousands of years (Liakos, 

1973). Phryganic ecosystems are adapted to fire and 

depend an them far their continued mainferance. As 

Papanastasis stated (1976) Phlomis fruticosa and 
Sarcopoterium spinosum plants would not live longer 
than 20-30 years unless they were burned and hence 

revitalized. 

Our results are in ~qreernent with those found in ana- 

logous mediterranean ecosystems of the world (Italy, 

Spain, Israel, Chile, Australia, S. Africe and USA): 

The lack of water in combination with the high summer 

temperatures lsad Lo firein the phrygsna. This eco- 

system type covers  quickly by resprouting and/or 

activation of seed germination. This rapid recovery 

is probably in part due to the high photosynthesis 

rate of young leaves of resprouts. 
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