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The recovery of vegetation in Mediterranean ecosystems after wildfire is mostly a result 

of direct regeneration, since the same species existing before the fire regenerate on-site 

by seeding or resprouting. However, the possibility of plant colonization by dispersal of 

seeds from unburned areas remains poorly studied. We addressed the role of the 

frugivorous, bird-dependent seed dispersal (seed rain) of fleshy-fruited plants in a 

burned and managed forest in the second winter after a fire, before on-site fruit 

production had begun. We also assessed the effect on seed rain of different 

microhabitats resulting from salvage logging (erosion barriers, standing snags, open 

areas), as well as the microhabitats of unlogged patches and an unburned control forest, 

taking account of the importance of perches as seed rain sites. We found considerable 

seed rain by birds in the burned area. Seeds, mostly from Olive trees Olea europaea and 

Evergreen pistaches Pistacia lentiscus, belonged to plants fruiting only in surrounding 

unburned areas. Seed rain was heterogeneous, and depended on microhabitat, with the 

highest seed density in the unburned control forest but closely followed by the wood 

piles of erosion barriers. In contrast, very low densities were found under perches of 

standing snags. Furthermore, frugivorous bird richness seemed to be higher in the 

erosion barriers than elsewhere. Our results highlight the importance of this specific 

post-fire management in bird-dependent seed rain and also may suggest a consequent 

heterogeneous distribution of fleshy-fruited plants in burned and managed areas. 

However, there needs to be more study of the establishment success of dispersed seeds 

before an accurate assessment can be made of the role of bird-mediated seed dispersal in 

post-fire regeneration. 

Keywords: wildfire, frugivorous birds, seed rain, post-fire management, colonization, 

microhabitat. 

 

Mediterranean plant communities have been defined as resilient to fire (Lavorel 1999) 

because of the widespread occurrence of persistence organs and the strong recovery 
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capacity found in vegetation. After a disturbance, plants regenerate by two main 

strategies, resprouting and seed germination, depending on each species‘ life traits 

(Pausas 2001, Buhk et al. 2007). Resprouters are plants that shoot buds from 

undamaged lignotuber, epicormic tissues, rhizomes, roots, etc. Seeders have dry fruits 

with small seeds which germinate from the seed bank after heat stimulus caused by fire 

(Verdú 2000, Keeley & Fotheringham 2000). Both regeneration strategies allow most 

Mediterranean plant communities to regenerate directly in a process that has been called 

autosuccession, that is, the fast recovery of a plant community with the same species 

pool that it had before the disturbance (Trabaud & Lepart 1980). However, not all plant 

communities are capable of direct regeneration (Rodrigo et al. 2004) and even if they 

were, propagule colonization could play an unnoticed role in post-disturbance 

succession. 

Seed dispersal, by different agents, is the natural process that is most important in 

allowing plant colonization of disturbed habitats (Neeman & Izhaki 1996). Directed 

dispersal by animals towards locations with particular characteristics is fundamental for 

successful seedling establishment and recruitment (Howe & Smallwood 1982, Schupp 

& Fuentes 1995). In the Mediterranean Basin the fruit of most fleshy-fruited plants 

ripens in autumn-winter, when it can be consumed by carnivore mammals and by 

wintering and resident frugivorous birds. These endozoochorous vertebrates digest the 

fruit pulp but defecate the viable seeds at some distance from the mother plant. In 

general, fleshy-fruited plants have big, short-life seeds that are killed by heat, and 

resprout after fire (Pausas & Verdú 2005). During the first months following the fire, 

these plants dedicate their strength to vegetative growth, and most of them do not bear 

fruit until more than a year after the fire. Throughout this initial period, the 

endozoochorous dispersal of their seeds from unburned habitats to burned areas could 

play a role in regeneration. However, this process remains to be studied (but see 

Cowling et al. 1997). 

The pattern and composition of the seed rain can determine the regenerative potential of 

fleshy-fruited plants dispersed by endozoochorous vertebrates (Howe & Smallwood 

1982, Schupp & Fuentes 1995). Factors that influence the composition of the seed rain 

include the density, distribution and fecundity of the seed sources in the vicinity, the 

spatial pattern of dispersal by the agents involved, and landscape features, such as perch 

availability for birds, that influence seed deposition (Murray 1988, Izhaki et al. 1991). 

Post-fire management, such as salvage logging operations, may take place after a forest 

fire. Logging alters the habitat use of birds, including frugivorous species (Llimona et 

al. 1993, Izhaki & Adar 1997, Herrando et al. in press), and could therefore affect the 

quantity and spatial distribution of dispersed seeds belonging to fleshy-fruited plants. 

Hence, the removal of perches (surviving trees, snags and burned branches) could be a 

critical issue, because of the importance of perches in seed deposition patterns 

originating from bird transport (Guevara & Laborde 1993, Pausas et al. 2006, Herrera & 

García 2009). 
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We took advantage of a large area of Mediterranean forest and shrubland that had 

recently been severely burned to investigate the magnitude of seed dispersal of fleshy-

fruited plants by birds (i.e. seed rain). Since the plants of the burned area had not yet 

come to fruition during the study, all the collected seeds originated in unburned areas, 

which made it possible to assess genuine seed colonization in a disturbed area. A second 

aim of this study was to analyse the effects of post-fire management on seed rain by 

birds. In this connection, we predicted that the removal of perches would negatively 

affect the magnitude of seed rain in burned and managed forests. 

 

The study was carried out in the Santa Caterina valley (3º7‘ E, 42º3‘ N), in the Montgrí 

massif (Catalonia, in the north-east of the Iberian Peninsula). This is a limestone area 

with a meso-Mediterranean climate. In September 2004 a wildfire burned 627 ha of 

Aleppo pine forest (Pinus halepensis), shrubland, rocky outcrops and crops. It was a 

severe fire which affected the forest canopy and undergrowth and caused widespread 

tree mortality. The study was conducted in the second winter after the fire (winter 2006-

07) in a burned area of c. 90 ha, and in an unburned control area at a distance of 2 km 

(Figure 1). The vegetation in the burned area was at an early regeneration stage and 

consisted of  low shrubs (Kermes oak Quercus coccifera, Evergreen pistache Pistacia 

lentiscus, rock roses Cistus spp.), climbing plants (Rough bindweed Smilax aspera, 

Wild madder Rubia peregrina and Wild asparagus Asparagus acutifolius) and grass 

(Brachypodium retusum). Within the burned study area only one patch of 2 ha was 

unburned. This patch was the nearest source of seeds (of native fleshy-fruit shrubs, 

some planted olive trees Olea europaea var. europaea and European hackberries Celtis 

australis). We knew this because we visually inspected the burned area and verified that 

fleshy-fruited plants were not fruiting in the regenerating shrubland. The unburned 

control area was an Aleppo pine forest unburned for the latest 50 years and with well-

developed undergrowth.  

Most of the burned study area (c. 70 ha) was managed for timber harvesting. It was 

public property so homogeneous salvage logging, consisting of felling almost all pine 

snags but leaving 5-10 standing snags/ha, was carried out. Non-commercially profitable 

logs and branches were piled along the contour lines in order to avoid soil erosion in 

this rugged terrain. The size of these barriers ranged between 0.5 and 1 m high and 3-10 

m long (Figure 2a). The density of barriers was very high in some areas, reaching 100 

barriers/ha (Figure 2b). Open areas, covered by regenerated low shrub vegetation, were 

found between the barriers. The rest of the burned study area (patches totalling up to 15-

20 ha) was not managed and pine snags (200-400 snags/ha) remained standing until 

they fell naturally in following years. Finally, the unburned control Aleppo pine forest 

was unmanaged. 
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Bird censuses were conducted once a month, from November to February, in order to 

record frugivorous species that could potentially disperse the seeds of fleshy-fruited 

plants. A line transect (Bibby et al. 1992) 3.3 km long was carried out within the burned 

study area (Figure 1). Approximately 40% of the total length of the transect passed 

through unlogged areas, while the rest was in salvage logged areas. A second transect 

(900 m long) was carried out in the unburned control area. Bird species occurrence was 

recorded within a band 40 m wide on each side of the pathway. We defined three 

microhabitats in the logged area: isolated snags, barriers and open areas. The location of 

birds among the three microhabitats was recorded in order to assess the microhabitat use 

of frugivorous species. We also classified bird species as fleshy-fruit plant dispersers in 

line with the available information for the Mediterranean region in autumn-winter 

(Herrera 1984, 1998). 

Figure 1. Left: Area burned by the 2004 wildfire (the solid line is the fire perimeter) and location of the 

bird census transects in burned and unburned areas (dashed lines); the extent of pine forest is shown in 

grey and the square shows the area enlarged at right. Right: location of the bird transect and seed trap 

sites in the burned study area (circles: unlogged; stars: barriers; squares: open areas; triangles: isolated 

trees; the last three microhabitats were located in logged areas) The two-hectare unburned patch is also 

drawn. 

Figure 2. Log and branch erosion barriers in the study area. (a) A typical barrier; (b) Aerial photograph 

showing the distribution of barriers (dark lines). 
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Dispersion of fleshy-fruited plant seeds by birds was assessed in the five microhabitats 

resulting from management or its absence: unburned control forest, burned unlogged 

forest, and isolated snags, barriers and open areas in the burned logged forest. Seeds 

were collected using seed traps installed under perches from where birds could defecate. 

Perches consisted of living trees, snags, isolated snags, barriers or resprouting sprouts, 

depending on the microhabitat. Seed traps consisted of circular 0.07 m
2 

plastic trays 

with a height of 4 cm. Each tray was covered by a 0.7 cm
2
 wire mesh to prevent seed 

predation by rodents and birds. A sampling unit was made up of five of these traps put 

together and separated by 0.5 m from each other below the same perch. Four sampling 

units were set up in each microhabitat. Sampling units of the different microhabitats 

were interspersed in the available area. However, as management was not under our 

control, unlogged sites could not be interspersed with the other three microhabitats in 

the burned area (Figure 1). Sampling units, within and among microhabitats, were 

located at different distances from the nearest seed-source areas (unburned pinewood 

patch and burned area perimeter), ranging between 200 and 2,500 m from these sources. 

The seed traps were installed in November and checked monthly until early March. 

Once the seeds had been collected, they were counted and identified using a reference 

seed collection. We then obtained the dispersed seed density per plant species in each 

sampling unit, by dividing the number of seeds collected by the sampling unit area. 

 

We used general linear mixed models (GLMM) to assess whether the distance from the 

seed source area affects the density of seeds found in traps. To this aim we used only 

the microhabitats where seed rain had to come from a distant seed source, thereby, 

excluding the unburned control. Seed density was the dependent variable in the GLMM, 

the distances between each replicate and the seed sources were the explicative variables 

and the four microhabitats from the burned area were the random factor, in order to 

control their possible effect on seed rain. We tested the seed results for the native 

shrubland species (Evergreen pistache, Wild asparagus, Rough bindweed and Wild 

madder) together since we assumed they had a common potential origin (i.e. the 

unburned patch and the unburned shrubland adjacent to the burned area perimeter). We 

separately tested the seed results of the Olive trees with a potential origin in the 

unburned patch and in the groves to the south and on the west side of the burned area. In 

both cases we used, alternately, the minimum distance to the nearest potential source 

(usually the unburned patch) and the mean distance between the two/three nearest 

potential sources as the explicative variable in the model.  

We also performed ANOVA tests to detect differences in seed dispersal between 

microhabitats and plant species. For a first analysis, we used the seeds collected for all 

the plant species together, and we conducted two more, separate, tests for the Olive tree 
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and the Evergreen pistache, the two most dispersed species. In all cases, seed density 

was the dependent variable and microhabitats were the categorical predictors. Post-hoc 

differences were tested with Tukey tests. Seed density was square root transformed in 

order to fit the normality assumption. Statistical tests were performed with 

STATISTICA 8 software (StatSoft Inc. 2001). In all cases we considered P < 0.05 as 

being statistically significant. 

 

We found 25 bird species in transect censuses, eight of which have a frugivorous diet in 

autumn-winter. These species were both forest species (found in the control and burned 

sites) and open-habitat ones: European Robin (Erithacus rubecula), Black redstart 

(Phoenicurus ochruros), Stonechat (Saxicola torquata), Blackbird (Turdus merula), 

Song thrush (Turdus philomelos), Sardinian warbler (Sylvia melanocephala), Dartford 

warbler (Sylvia undata) and Blackcap (Sylvia atricapilla) (Table 1). Frugivorous bird 

richness reached its highest value in wood debris barriers (66.7% of the total number of 

bird species), followed by open areas (46.2%), unburned control (35.3%), snags in the 

unlogged area (30.0%) and isolated snags (15.4%). The eight frugivorous species were 

observed in the barriers, with Sylvia warblers being especially frequent, and six of them 

were found in the open area around the barriers (although less frequently), or perched 

on the isolated snags of the logged area (occasionally). On the other hand, Turdus 

thrushes were the only species recorded in unlogged areas. 

 

We collected a total of 135 seeds of six fleshy-fruit plant species: Olive tree, N=83; 

Evergreen pistache, N=37; Wild asparagus, N=10; Rough bindweed, N=2; European 

hackberry, N=1; and Wild madder, N=1. The highest densities of Olive tree seeds were 

Table 1. Frequency of occurrence of frugivorous bird species in the five microhabitats (CO: unburned 

control, UN: burned unlogged, IS: isolated snags, OP: open area and BA: barriers) obtained from the four 

monthly censuses.  

 Microhabitat 

Species CO UN IS OP BA 

European Robin Erithacus rubecula 0.75    0.25 

Black redstart Phoenicurus ochruros    0.50 0.50 

Stonechat Saxicola torquata    0.75 0.75 

Blackcap Sylvia atricapilla 0.50    0.75 

Sardinian warbler Sylvia melanocephala 1.00  0.25 0.25 1.00 

Dartford warbler Sylvia undata   0.25 0.50 1.00 

Blackbird Turdus merula 1.00 0.50  0.25 0.50 

Song thrush Turdus philomelos 0.75 0.75   0.25 

Total richness 5 2 2 5 8 
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found in barriers, whereas Evergreen pistache was much more dispersed in the 

unburned control forest (Table 2).  

The distance from the potential seed sources to the sampling sites had no significant 

effect on seed dispersal (Table 3) either for native plant species or for Olive trees. 

However, microhabitat affects significantly the seed rain of olives. The ANOVA 

revealed significant differences in seed dispersal between microhabitats (F4,15 = 5.18, P 

< 0.01). The barrier and unburned control microhabitats had the highest values of seed 

density, reaching more than ten seeds/m
2
 in the four-month sampling period. The lowest 

values were found in the burned unlogged, open area, and in especially, isolated snag 

microhabitats (Figure 3). However, post-hoc testing only showed that unburned control 

and barrier microhabitats were significantly different from the isolated snag 

microhabitats. Nevertheless, the effect of microhabitat depended on plant species: being 

significant for both Olive tree (F4,15 = 3.21, P = 0.04) and Evergreen pistache (F4,15 = 

4.60, P = 0.01). Post-hoc comparisons show that significant differences existed between 

barriers and selective logging microhabitats for the Olive tree, and between the 

unburned control and burned unlogged, selective logging and open areas microhabitats 

for the Evergreen pistache (Figure 3).   

Table 2. Mean density (in seeds/m
2
 ± standard error) of fleshy fruit plant seeds collected in traps per 

microhabitat (CO: unburned control, UN: burned unlogged, IS: isolated snags, OP: open area and BA: 

barriers).  

 CO UN IS OP BA 

Olive tree Olea europaea 13.44 ± 7.0 7.78 ± 4.9 0.71 ± 0.7 8.49 ± 3.1 19.10 ± 7.9 

Evergreen pistache Pistacia lentiscus 16.98 ± 4.8 2.12 ± 1.3 2.12 ± 0.7 3.54 ± 2.7 3.54 ± 0.7 

Wild asparagus Asparagus acutifolius 4.24 ± 1.8 2.12 ± 1.3 - - 2.83 ± 2.0 

Rough bindweed Smilax aspera 0.71 ± 0.7 - - - 0.71 ± 0.7 

European hackberry Celtis australis - - - - 0.71 ± 0.7 

Wild madder Rubia peregrina - - - - 0.71 ± 0.7 

 

Figure 3. Mean density of collected seeds per square meter (square root transformed) in each 

microhabitat. A: sum of all plant species; B: Olive tree seeds; C: Evergreen pistache seeds. Black bars 

correspond to burned sites (CO: unburned control, UN: burned unlogged, IS: isolated snags, OP: open 

area and BA: barriers). Error bars indicate standard error. 
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Our results show that there exists a bird-dependent seed rain in Mediterranean burned 

and managed forests, originating from seed sources in unburned areas. Furthermore, the 

quantity of seeds coming into a burned area is not very different in magnitude from the 

seed rain measured in nearby unburned forests. However, the density of seeds found in 

burned logged forests was heterogeneous, which suggests that habitat and microhabitat 

do have an important effect on seed rain (Debussche & Isenmann 1994, Kollmann & 

Pirl 1995, Milton et al. 1997). 

Seed dispersal of fleshy-fruited plants can be affected by the different occupancy of 

microhabitats by frugivorous birds. The highest seed density in the burned area was 

concentrated in wood barriers, which may be attributable to the frequency of 

frugivorous bird species in this microhabitat. Bird species recorded in barriers usually 

occur in low vegetation, such as open shrublands or forest undergrowth, and wood 

barriers may favour their presence since these structures are the main perches in the 

short term after fire, when shrub regeneration is still very limited. Birds may actively 

use wood barriers for shelter, roosting, perching and even as feeding points. Even 

without fruiting plants, coarse woody debris can be a source of macro-arthropods in 

winter (Jabin et al. 2004, Varady-Szabo & Buddle 2006), and the majority of the 

frugivorous species we found also have an insectivore component in their diet (Snow & 

Perrins 1998). Consequently, the higher use of the barriers by frugivorous-insectivorous 

birds could be the cause of the higher seed dispersion rate in this microhabitat. Besides, 

such widely different microhabitats as unlogged burned patches and open areas both 

show evidence of a similar seed rain. The intermediate seed density found in completely 

logged areas could be due to the close proximity of barriers, from where frugivorous 

birds can occasionally visit the surrounding area. This edge effect at small scale may 

increase the seed rain in those open areas. In contrast, the similar seed density found in 

unlogged burned patches can be explained by the fact that only thrushes were found in 

such areas. On the other hand, few bird species used the isolated snags resulting from 

Table 3. Linear regression analysis between seed density and distance from the nearest seed source, using 

microhabitats as the random factor. 

 SS df F p 

Native shrub species     

Nearest source     

Distance 8.79 1 0.66 0.432 

Microhabitat 76.45 3 1.93 0.183 

Average 2 nearest sources     

Distance 1.10 1 0.08 0.784 

Microhabitat 70.61 3 1.69 0.226 

Olea europaea     

Nearest source     

Distance 0.31 1 2.67 0.130 

Microhabitat 2.40 3 6.86 0.007 

Average 3 nearest sources     

Distance 0.26 1 2.17 0.169 

Microhabitat 2.25 3 6.19 0.010 
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selective logging, probably because of the lack of a suitable canopy cover, a snag 

density that is too low for thrushes, and because warblers do not usually perch on the 

highest branches. Therefore, contrary to our predictions, remaining isolated snags do 

not seem to act as dispersal sites for frugivorous bird depositions in such areas. 

Nevertheless, we showed that the effect of microhabitat on seed rain varies with the 

seed species. Such differences may stem from the local availability of each plant fruits, 

since Evergreen pistache fruits are probably much more abundant in unburned control, 

where seed rain has found to be higher, than Olive tree fruits, where it is not a common 

plant.  

The Olive tree, a cultivated variety grown in nearby groves, was the species for which 

more seeds were found. Despite its high seed dispersal rate in the study area, its post-

dispersal seeding capability seems very limited in natural conditions, and it is not 

considered an invasive species. Large thrushes (Song Thrush and Blackbird) are 

probably responsible for the dispersal of these seeds, since the gape size of birds limits 

the swallowing of large olive fruits (Rey et al. 1997). Hence, smaller frugivores should 

be considered as pulp peckers (Herrera 1984, Rey & Gutiérrez 1996) and not seed 

dispersers of commercial olive trees. On the other hand, the smaller fruits of native 

species may have been dispersed either by thrushes or by other major frugivores 

(mainly Sylvia warblers and the European Robin, see Herrera 1995). However, despite 

thrushes being scarcer than other species in barriers, that is where commercial olive 

seed rain reached its highest value (Table 2). Furthermore, the fact that we could not 

find an effect of distance from seed sources on seed density suggests that bird dispersers 

can move considerable distances between the burned and the unburned area. Jordano et 

al. (2006) found that small-sized frugivores (warblers) rarely disperse seeds at more 

than 100 m, and the nearest seed source was at c. 200 m to its nearest sampling unit. 

This also suggests that the majority of seed dispersal in our area is attributable to 

thrushes, the largest bird dispersers found in the burned area.  

Bird depositions produce a directed, non-random seed rain (Murray 1988, Izhaki et al. 

1991, Herrera et al. 1994). Nevertheless, the number of dispersed seeds is only a 

quantitative factor (Schupp 1993) since plant recruitment depends also on the 

microhabitat‘s suitability for seedling emergence and establishment (the nurse-plant 

effect), including  factors such as competition, light intensity, temperature, soil 

conditions, rodent predation and herbivore damage (Tewksbury & Lloyd 2001, 

Kollmann 2000, García & Obeso 2003). Although wood barriers only represent a 5-

10% of a burned and managed forest area, and therefore the absolute seed rain is 

probably not higher there than over other more extensive microhabitats, barriers may be 

more suitable because of their similarity to shrubs, where the germination of certain 

species is higher (García-Fayos & Verdú 1998). However, seed predation by rodents 

tends to be more intense under shrubs than in open areas (Kollmann 1995, Hulme 

1996), and wood piles can benefit certain rodents (Manning & Edge 2008). Therefore, 

further investigation is needed to evaluate whether bird-dispersed seeds can successfully 

establish themselves in those microhabitats so that they can act as recruitment sites for 
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fleshy-fruited plants. If they could, the differential seed rain between microhabitats 

would lead to a heterogeneous distribution of fleshy-fruited plants in burned and 

managed areas in which a fine-grained mosaic of structures (isolated snags, wood 

barriers and open areas derived from logging) occurs.  In contrast to our study area, 

small, privately-owned forest properties are the rule in Catalonia, a pattern that 

promotes patchy management. And finally, there needs to be further investigation into 

frugivorous bird distribution in autumn-winter in burned areas, in order to determine 

their habitat and microhabitat relationships more accurately, and to assess the effects of 

post-fire management on these species. 
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