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SUMMARY 

The srruclvrc of vegetation in a pmt-firs succersianal gradient of Aleppo pine forese in Altica, 
Greece, was studied bya synchroniemethad.Allstudy sites have typical Mediterraneanclimate 
and they form a post-fire chronosequence. The vegetation structure is  described by means of 
the flora of the sites, its diversity, thegrowth and the life forms. The burned ecosystems recover 
quite rapidly. While thevegetation strunure of themature stage is reached by the 20th poa-fire 
year, the flora practically remains thesame from the 15th post-fire year on. Duringthe first four 
years of the post-lire su-ional sequence, the herbaceous tara dominate the flora of the 
forests, reaching their peak a t  the second year. The richest family in terms of the tax8 it has is 
that of Legumino~ae for the initial two critical years of the succession. The majoriryof those 
taxa are herbaee,ous. The relative contribution oflegumes in the flora of the sdquential stages 
of the post-fire succession is  gaduaUy restricted. 

: . , ,  .. 

INTRODUCllON 

Fire io h o w "  to  he the main ecalogiel factor affecting thevegetation of  the Medilerranean 

-ctirnate'ecosystems (Naveh, 1967; 1973). The flora of those ecosystems have evolved certain 

mechanisms in order lo overcome the rvess caused by the fire incident (Navel,, 1973; Rundel 

198L;,Arianoutso"-Farappitaki and Margaris. 1981a). According to their recovery behaviour 

after fire, plane are claosified as'seeders",,"resprauters" or plane with intermediate behaviour. 
. ., 



One of the main Wes of Mediterranean ecosystems in Greece are the Mediterranean pine 

forests. In the mainland of Greece the dominating pins tree is Pinus halepensis (Aleppo pine), 

while at the islands of East Aegean Sea and in Crete Aleppo pine is been replaced by Pinus 

brutia (East Mediterranean pine). They both cover 8.72% of the forested area of Greece. 

About 24.10% of the area burned wery year during the dry summer period in Greece refers 

Lo Aleppo and Ena Mediterranean pine forests (Kailidis, 1992). During the period between 

1965 and 1989. 122015 ha of Pinus halepensis foreatswere burned. Considering that the Aleppo 

pine forests cover 371984 ha in Greece. thir percentage is not negligible. l l ~ e  situation seems 

more rwere  near the urban areas and the tourist resorts where forests are subjected to 

:ontinuing land-use changes, especially when burned. I n  urder ra cnnlribute towards the 

>ccurnulation of the knowledge needed to form ecologically round past-fire management plans. 

r e  undertook a study on the effects of f ire on the resilience of Pinus halepensis and Pintrs 

+rotia ecosystems. This paper reports on part of thir study, specifically on the vegetation 

.rructure in  a post-fire succesionai gradient of Aleppo pine foresrs in Attica. where they 

.onslitute 39.83% of iU forested cover and 17.83% a1 the overall Pinus halepensis cover in 

jreece. 

MATERIALS AND METHODS 

AU seven study sites are located on hillsides around Athens and they form a post-fire 

hronosequense of Aleppo pine forests. They all have typical Mediterranean climate, that is 

,ad,  subhumid winters and long, dry, hot summers. Data concerning the charactcristie~ of the 

ites are inserted in Table I. Although our effortwas to select sites as much identical as possible 

e had to establish them in locations of relatively difffeient bedrock formations, since they are 

~tremely diverse even in adjacent areas, as long as the dominant woody flora was identical and 

,e degree of human interference with the ecosystem \vas similar. Data for the study rites are 

iven in Table 1. 

T%e study larrcd for ei&l months, from October 1992 to June 1993. In order to describe the 

egetalion structure we followed the 'line-transect' method, which is supposed to be especially 

dvantageous and efficient in studies of contiguous stages in ecological succession or af  

,mmunities at transition zones (Brower et al. 1990). 

In every stand we have randonmly chosen three line transects of one hundred meters, 

zeping relatively adequate distance between them. On a monthly basis, we recorded all plants 



that were intercepted by an one-meter-long strip enended a t  evev meter interval across the 
, , . , .  , 

.,:. .. , . 
. .,.. . ,  , 

wire, counting a t  the same time the number of their individuals. ?bus, we end up having 300 

records per Line transect. , . 

Table 1. The charaeteristio of Ute sites studied (M= mature stand). 

Plant nomeclature follows Med . Checklist (Greuter et al. 1984-1989) 

RESULTS 

Table 2 presene the'tis1 of plant tara found along the line transecu at each mudy sire. We 

must point out that propably same obscure m a  not growing exactly on the g i d  created by the 

t ransem are not included in thecatalogue,since the sampling method, as foreraid, was designed 

in such way as to give not only qualitative but quantitative data as weU. 



Table 2. List o i  plant lsra observed in dl study sires. M refers to mature ( > 3 0  yr old) forest 
which is considered as the reference rite. The classification of the plant tar* to life form 

(LF) foilow the Raunkiaer's system. Ph= Phanerophytes. C h =  Charnaephytes. 
Cr= Cryptophytes, H =  Hernicryptophytes. Th= Therophytes. From Ph only Pinos 

halepensis has growth form of a tree. The rert Ph and the Ch are classified as shrubs, wh'ie 
Cr. H a n d  Th are all hcibs. 

YEARS AFTER FIRE 

TAXA 1 2  3 4 1 1 1 5 M L F  

1 PlNACEAE 

Pinus halepensls t t t + + t + P h  

2 FAGACEAE 

Querciis coccifera . + + + + + + P h  

3. CARYOPHYLACEAE 

Srellaria media . + . . . . . n  
Siiene vulgaris . + . . . . .  ~h 

Silene colorara . + . . . . . T h  

4. RANUNCllIACF.A!Z 

Anemone blanda . . + . . . .  H 

Clematis viralba 

5. PAPAWRACEAE 

Papaver rhoeas 

Pumaria microcarp? 

6. CRUCIFERAE 

H i ~ ~ h f e l d i a  incanna 

Capsella b G - p a s l o r i s  

BisculeUa d i d p a  

7. ROSACEAE 

Sarcoprer ium spinosum - . . i t + _  Ch 

8. LEGUMINOSAE 

Calicolome villosa - - + + - + - P h  



P~stacia lerebinthos 

13. MALVACEAE 

Malva sylvwrris 

14. THYMELEACEAE 

p p e l e a  lartonraira 

15. HYPERICACEAE 

Hypeicorn ernpelrifolium 

16. CISTACEAE 

Cisfus creticus 

Cistus ~ l v i f o l i u s  

Scandix peaen-jacobeus 

parnus carom 

18. ERICACEAE 

Arbutus unedo 

Arbutus adrachne 

Erica arborea 

Erica rnanipuliflora 

19. PRIMULACEAE 

Cydarnen p;lecum 

20. OLEACEAE 

Olea europl? 

P h i U p  lafifolia 

21. RUBIACEAE 



Biturninaria biluminosa 

Dorjcnium hirsuiurn 

Onobrjchis ebenoides 

Trifolium uninorum 

T f i l i u m  fin&"rom 

Trifolium campertre 

Trirolium srvense 

TrifoUjum srellatum 

Trifoliolirrm-lappceum 

vicia "illo~a 

Vidn disperma 

Vicis [errasperma 

Vicia sa tiva 

Lsrhyus setjfoljus 

~ s t h ~ . r " s  cicers 

Lsrhpos aphaca 

Ononis variegats 

Medicago lupnlina 

Medicago orbiculxris 

Medicago lilloralis 

Medicapo polymorpha 

Medicapo minima 

Lorus ornithopodioides 

Securigeia securidaca 

Securigera creiic,~ 

Hippociepi~ unisiiiquom 

Scorpiilros muiicaros 

9. GEWNIACEAE 

Geranium mnlle 

Erodium rnallacoider 

10. LlNACEAE 

Linum pubescens 



22  CONVOLWLACEAE 

Safureja lhynbra 

Coridolhjmus capilalus 

73. SCROPHULARIACEAE 

Veronica cymbauaria 

26. GLOBULARIACEAE 

GloaJIaria alypum 

27 PLANTAGINACEAE 

Planlago sp. 

28. CAPRIFOLJACEAE 

Loninra eVUcCd 

29. VALERlANELLACEAE 

VslerianeUa rp. 

30. DIPSACACEAE 

Tremaslelma pUertinium 

31. CAMPANUIACEAE 

Hejichrysum sp. 



Calendula nrvensis 

Cardous p)cnocephalus 

Hpochoeris achyophoriis 

Alractylis canceUia 

Cenrnorea mina 

Tragopogon sp. 

Scononera sp. 

Reicham'ia picioides 

Inula viscosa 

33. LILIACEAE 

Asphodelus aesrivus 

Asphodeline lutea 

Gasa gaeca 

SciJIa aorumnalis 

Ornitho@llom diverpens 

Muscari cornrnosum 

Aspragus aphyUus 

Ruscus acolesius 

Smilax s s p m  

34.  INDACEAE 

Crocus carovrighrianus 

Rornulea rp. 

Gladiolus iialicus 

35. GRAMINAE 

Cynosurur echinaius 

Biirn maxima 

Aegilops ovafa 

Lagurus ovafus 

Bromus ramosus 

Avens srerilis 

Brachj~odiurn pinnarum 



36. ARACEAE 

+ + - -  

. - . +  

Serapias sp. . . . .  

During the first three years after the fire the richest family, in terms of number of taxa, is 

the legume family (kguminosae). At the mare mature stands of the post-lire chronoscquence 

other familics, such ar Campositae, Graminae and Liaceae, appear to have rather more 

representative; than ihe rest families (Table 3). As it is obvious, the richest flora is observed 

on the second post-fire year,while the fewer taxa were noted on the  eleventh year after fire 

event (Table 3). 

?he percentage contribulion of the various Life fomr in the plant ma recorded at the study 

sites is shown in Table 4. 

Table 3. Number of m a  per family along the post fire chronosequenrr. 

Years after fire 
, Pami l iu  

1 2 3 4 11 15 M 

Pinaceae 

Fagaceae 

Ca~ophyllaceae 

Ranunculaceae 

Papaverawe 

C~ci ferae  

Roraceae 

Legurninosae 

Geraniaccae 

Linaceae 

Eupharbiaceae 

Anacardiaceae 



Malvaceae 

Thyrnelaeceae 

H p e r i u c e a e  

Cislaceae 

Umbelliferae 

Eriaceae 

Prirnulaceae 

Oleaceae 

Rubiaceae 

Convolvulaceae 

Boraginaceae 

Labiarae 

Scrophulariaeeae 

Globularivccac 

Planraginaceae 

Capriioliaceae 

Valerianellaceae 

Dipsacaceae 

Campanulaceae 

Cornpositae 

Liliaceae 

lridaceae 

Graminae 

Araceae 

Orchidaceae 

TOTAL 



Table 4. Life forms of the plant ma recorded at the study sites 
. , . , , , , . . , . ,  ,:.. .,. . .,,,. ', . , 

DISCUSSION 

Since 1934, when Raunkiaer introduced his life form system, it has met with a great deal 

of application in all the fields of terrestrial ecology. m a t  system can be ruccessfully applied in 

the study of post-fire succesrion, as a toi l  that allow us to predict the post-fire hehaviour of a 

plant according to its life form (Chapman and Crow. 1981). Of coune in many cares things 

might not be so simple. ~ o r e x a m ~ l e ,  phanerophytes in general are regarded as raprouters but 
. , , .  , , , , . . ,  

P i n u  halipensis and cis& spp. are obligative seeders. Chamaephytes and hemiclyptophytes 
, . . ~. . . . . 

also seem to perform a diverse post-Ere behaviour. On the other hand, therophytes are 

obligative seeders dnd myptophyte~ seem to be obligative resprauters. 
, .  , .  

During the early post-[ire yean herbaceous Dora dominates the Neppo pine forest 
, , . . 

ecosystems. ' I I e  same is true for other Mediterranean climate ecosystems (Hanes. 1971; Naveh 
. . .  . 

1973, Arianoutsou-Faraggitaki and Margaris, 19818; Arianoutsau- Faraggitaki, 1984; De Lillis 
; , ,  , .. 

and Tesli, 1992; Faraco etal. 1993). The m=jori& of those lam are r a v i n e d  only to the Erst 
, .  . . i : /  

fevr years after fire and ,hey are obligate reederr.'Thlheir seeds, which are long-viable and form ... . , :, , 

soil seed bank can only 5 ge&ninated after the influence of Ere (Keeley and Zedler. 1978: 
, . 

hrianouuou and Makgari$ 198th ~apavaJsiliau et 4 in the same volume). 

Between the first and the second post-fire year sit& a n  increase in the species richnew is 

observed. It wnnot be'attributed io th; enrichment of the flora of the burned forest by any 
' 8 .  4 . , , :  ,....,, . ' 

dormant reeds, since it is expected that all of ihe hard-coated seeds have already germinated 

by the first year. Increase in numbers of individuals (density) during the second post-fire year. 



: '  have been observed. After the second post-fire year a decrease is noted in  the flora of the 

Aleppo pine foresu. This is mainly due to the restriction of the therophytes represented in the 

Ilara of the sites. This a n  be possibly explained by thc hypothesis, that the absent herbaceous 

species have seeds the germination of which is directly or indirectly induced by fire. The  direct 

induction can be seen to the mechanical eruption of the hard seed coat (Arianoulsou and 

Margaris. 19Rlb: Roy and Sonie. 1992; n ~ a n o a  et al, 1992). while the indirect one can be related 

to the removal of the canopy (Roy and Arianouko"-Farappjtaki. 1985). Once 1 fire consumes 

the vegetation, the incident iight coming to the soil surface has different spectrum, since there 

is no leafy filler to intercept it. This leads lo a change in the R:FR ratio which reaches the Light 

sensitive seeds, which therefore germinate. It is possible that some of the soft coated accds do 

germinate this way. We auume that further decrease in the herbaceous taxa that is observed 

in the more mature stands (3 yr old burn and anwards) is prapably due to restriction imposed 

by the competition for lightand nutrients with the woody species whiclt are cosrantly extenled. 

Although we expected that the species richness will be lower and lower from year to year, we 

found that in  Fili (4 yr old burn site) the flora was richer than that of Stamata (3 yr old burn 

site). This happens hecauae in Stamatn cdstcd n thick layer of bryophytes that might have 

possibly affected in a negative way the plant community. In the 11 year old stand rhe woody 

species dominate the ecosystem. The vegetation is quite dense and the participation of the 

herbaceous nora is limited. Finally in the 15 year old stand the vegetation appears less dense, 

the canopy opens slightly again and some herbaceous species reappear. 

The  rich- plant family during the first yean  of the post-fire chronorequense is the family 

of Lcguminoaae. This has been referred also by previous researchers (Naveh, 1973; Chen e l  al, 

1975;Arianouuou, 1979; Rundel 1981;Thanor et d, 1989;Papavassiliou and Arianouuou, 1993, 

Arianouuou and Thanos, in the same volume) for Mediterranean dimate ecosystems. The 

importance of this family for the burned ecosystem is high, since the plants of that family are 

able to form symbiotic relations with n i t r o g e n - r i g  soil bacteria, thus contributing to the soil 

enrichment wilh nitrogen (Rundel, 1981; Arianoufsou-Faraggitaki and Magaris. 1981a, c; 

Papavassiliou and Arianoulsou, 1993; Arianoutsov and Thanos, in the same volume). The vast 

majority of tho species noted were herbaceous and their prerence was restricted to the first 

pool-fire stages. Only three woody species were recorded: Calicotomc villosa, Genisla 

acanthodada and AnrhyUis hermanniae. 

Other famihes which are rich both in number of taxa and in theraphyies (possibly seeders) 

are those of Compasilae and Graminae. They both show their peak of presence a1 the fourth 

post.frre year. 



Our resultsshaw that the postfiresuccersian at the M c p o  pine forests of Attica has similar 

characteristicswith thesuccession of other Meditteranean ecosystems(Arianoutsou-Farappitaki, 

1984; Erpirito-Santo e l  a1 1993; Lucehwi and Giovannini. 1993; Ne'eman et al, 1993). Still, 

there are not adequate data available in the Meditteranean countries per se, in order to furnish 

a strong theory on species replacement during post-fire sumssion. The main reason for that 

is that it is almost impossible to have long-term diachronic data on the same permanent plots 

in these human threatened areas. Most people use the synchronic methad, which has the 

expected shortcomings. I t  is our aim to contribute towards the ffiing of thiv gap by a 

combination of both methods under the framework of the current project 
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