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Abstract 

The  seed production and size of Calluna vulgaris, Erica cinerea and Erica vagans were studied at 

different altitudes (from coast to high mountain). There were no significant differences in seed production 

among species, although E. cinerea tend to produce more seeds. Seed production of the species varied 

between localities. A high seed production was not found at the highest altitudes for E. vagans and E. 

cinerea. Neither low seed production nor significant annual fluctuations were revealed for Calluna at the 

highest altitudes. Type of substratum seem to influence seed production of E. vagans. Its lowest seed 

production was on quartzite. Altitude did not seem to have an effect on seed size, however, the 

characteristics of soil could influence on the mean seed size. The smallest seed size of Calluna was 

produced on richer soils. While E. vagans showed the highest seed size on this type of soils. Annual 

variations in mean seed size for two species were also revealed.  

Seed production and seed size variations between species and sites could be related with the success of 

seed regeneration and present distribution patterns of these plants. 
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Introduction 

The heaths are very common dwarf shrubs in Asturias (Northern Spain), which occur along a wide 

altitudinal range (Vera 1983a). 

The regeneration of heathland plants which can occurs by seeds depends, amongst other factors, 

on  seed production. Furthermore, seed production is one of the main factors which determines the size of 

the seed bank (Bruggink 1993, Trabaud 2000). The soil  seed bank of heathland plants , which   is  long-

term persistent  (Mallik & al. 1984; Miller & Cummins 1987) plays  an  important role  in  the  restoration  

of  heathlands (Hobbs & al. 1984; Gloaguen 1990). The species with a higher seed production may have a 

greater  advantage in the maintenance of existing populations and  in the colonization of bare ground, as 

opposed to those with lower seed production.  

However, not only  it is necessary to determine the seed production in different species which 

can occur together, but it must also be estimated in different environments. One way of inferring the 

significance of  particular environment  factors on seed production is through altitudinal gradients 

(Wookey  & al. 1993). This can provide a better understanding of factors which affect seed production, 

and expand our knowledge of natural borders in the distribution of plants. Information on seed 

regeneration at the geographical limits of species is essential (Pigott 1992). Therefore investigations on 

seed production along an altitudinal gradient are neccesary in order to know the success of seed 

regeneration at different altitudes. These studies are essential, particularly in high mountain areas, where 

poor seed production could be a limiting factor in the reproductive processes. Various investigations have 

shown variations of seed production with climate and environmental conditions  (in McGraw & Vavrek 

1989; Crawley 1992; Legg & al. 1992; Thompson 1992; Bruggink 1993; Vera 2007; Vera 2011a, Vera & 

al. 2013) as well  as  annual fluctuations  ( Miller 1979; Miller & Cummins 1987; Bruggink 1993; Holm 

1994). Comparative studies on seed production of  Calluna vulgaris between years for some localities 

were  carried out    with the  aim of  determining   if there are such annual fluctuations. This type of study 

is very important, fundamentally in severe environments, where seed production has rarely been 

measured, and can vary widely between years.         

Several studies have suggested the importance of seed size in the colonization of plants by 

seedling establishment. In some species, large seeds contribute to a higher germination and seedling 

survival (Harper 1977; Gross 1984; Tripathi & Khan 1990;  Lusk 1995; Vera 1997; Reyes & al. 2000). 

Therefore, other aim of this study is an estimation of the average seed size of each population of studied 

heaths at different altitudes.   

 The contribution of data on seed production and size of studied heaths at different elevations is 

particularly important, since the estimation of these factors together with those already studied on the 

germination capacity of seeds and the effect of seed size on germination for the same heathland plants 

along the same altitudinal gradient (Vera 1997) makes it easier to determine the success of seed 

regeneration of these heaths at different altitudes. 

 Investigations on seed production and size which affect  seed regeneration along an altitudinal 

gradient are essential, since such studies can  give information on the influence of factors associated with 

altitudinal gradient on  seed production and  size. Nowadays this is very important since it could help to 
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understand the potential effects of climatic change on the reprodution and distribution of plants (Vera 

2011b). 

 

Material and Methods 

Study sites 

The  study was carried out in Asturias (Northern Spain) along an altitudinal gradient from the coast (Cape 

Peñas) to the central range of the Cantabrian Mountains (San Isidro Mountain Pass). 

 The three studied species: Calluna vulgaris (L.) Hull (hereafter referred to as Calluna), Erica 

vagans L. and Erica cinerea L. occur between the coast and the  San Isidro mountains, but Calluna  has a 

wider altitudinal range than the other two heaths (Vera 1997). 

 Through altitudinal gradient various types of substrata occur  and   more than one can be found  

at the same altitude. On the other hand heaths can grow on soil developed from different rocks (Vera 

1983a; Vera 1983b). Erica vagans is the heath occurring in a wider range of soil pH growing on all types 

of substrata. However it is rare to find E. vagans on quartzite in the Cantabrian Mountains, but it is less 

rare on this type of substratum on the coast. Therefore it  was not always  possible to take  samples of the 

three heaths for each elevation on  the same substratum. 

 Characteristics of the samples site are given in Table 1. 

 The characterization of climate along altitudinal range is difficult because of the lack or scarcity 

of data in mountain areas. A thermic altitudinal gradient from the coast to the Cantabrian Mountains is 

calculated by Muñoz (1982). A decrease of 0’562ºC in the annual average temperature for each 100 m is 

deduced. The annual average temperature in Cape Peñas (100 m) is 13’93ºC, therefore at 2100 m  it 

would be 2’69ºC (studied altitudinal range). Annual precipitation varies between 942 mm (Cape Peñas) 

and 1787 mm (Mountain Pass of Leitariegos, 1525 m). Leitariegos is the highest meteorological station 

above 1500 m with data recorded over several years in the Cantabrian Mountains.   

 

Seed production 

Seed capsules were collected in November 1994, from five individuals of each species at  each altitude, 

when most seeds had ripened but before the capsules had dehisced, with the aim of  estimating  the seed 

production. The seeds were counted from 20 capsules in each individual. Seed production was obtained 

by multiplying the mean number of seeds produced per capsule by the total number of flowers collected 

in each individual in plots of 20x20 cm. The mean seed production in San Isidro at 2090 m was only 

obtained from three individuals, because the other two individuals don´t have 20 capsules in adequate 

conditions for its estimation, being several of them open. 

 Furthermore, the data of 1994 seed production for Calluna were compared with seed production 

estimated in other years for some of the studied sites calculated with the same method, but sometimes it 

was only possible to estimate the seed production for three individuals. In other cases only the number of 

seeds per capsule only was indicated (Table 2). 
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Seed size 

30 seeds from each of 5 individuals for each species and from each site were measured, in order to 

establish the mean seed size for each altitude in 1994.  Moreover, seed size for Calluna and E. vagans 

was also estimated for two of those  studied  localities in  1990, with the aim of  determining  if there 

were  differences in mean seed size between years (Table 4). The lenght and width of each seed was 

measured with a micrometer under a stereoscopic microscope. 

 

Statiscal analyses 

Analysis of varianza (ANOVA) was carried out to examine differences between species, altitudes, years 

and substrata on seed production and size. 

 The relationships between the  flower number and  mean seed number per capsule, the mean 

seed size and seed production per individual, as well as mean seed size  and  soil pH per site were 

established using Pearson correlations. 

 

Results 

Seed production 

There were no significant differences in seed production among species in 1994, although Erica cinerea 

tend to produce more seeds per area unity  (mean  424200 seeds/m2) than Erica vagans (mean 383675 

seeds/m2) and Calluna (mean 322825 seeds/m2). Erica cinerea was the species producing more seeds per 

capsule (mean 8’35) with respect to   E. vagans (mean 5,16) and Calluna (mean 5,59) (p<0’01), but this 

does not imply more significant seed production, as it has already been  indicated, since E. cinerea 

developed less flowers (mean:47300 per m2) compared with E. vagans (mean 71375 per m2) and Calluna 

(mean 58937 per m2) (p<0’05). 

Seed production of the studied species varied among localities, being variable both the number 

of flowers and seeds per capsule (Table 1).  Seed production of Calluna was variable between sites 

(p<0’001), showing the highest production at 1620 m on siliceous substrate. Erica vagans increased its 

seed production with altitude until 1200 m, but it decreased at highest altitude (p<0’0001). Erica cinerea 

had the lowest seed production at highest altitude (p<0’01) (Table 1). Number seeds per capsule of E. 

cinerea also decreased with altitude (p<0’01). 

 The type of substratum only seems to have an effect on the seed production and number of 

flowers for E. vagans. The lowest seed production was on quartzite (p<0’001), while the highest number 

of flowers was on shale (p<0’001). Type of substratum had no significant effect on  the number of 

flowers, seeds per capsule and seed production for Calluna. Although in similar altitudes (range 1500-

1700 m), the pH of soil could influence on the seed production. The highest seed production in Calluna 

was in the soil with the lowest soil pH (Table 1). 
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Table 1.  Mean  (SE) of number flowers per m2  (n=5), seeds per capsule (n=5x20) and seed production   

per m2  (n=5)  for each species in different localities in 1994, except in San Isidro, 2090 m (n=3). 

 

 

Calluna vulgaris 

Locality and site 

descriptions 

Number flowers/m2 Seeds per capsule Number seeds/m2 

Cabo Peñas. 100 m. 

Quartzite. Soil pH: 3.9 
76700  (10600) 4’07   (0’43) 279900  ( 16900) 

Pto. San Isidro. 800 m. 

Quartzite. Soil pH: 4.9 
91300  (14900) 4’31   (0’33) 361800  ( 47800) 

Pto. San Isidro. 1200 m. 

Shale. Soil pH: 4.8 
59000  (  4500) 1’86   (0’15) 103100  (   9300) 

Pto. San Isidro. 1510 m. 

Shale. Soil pH : 5.2 
59600  (  8500) 6’24   (0,37) 382300  ( 85700) 

Pto. San Isidro. 1620 m. 

Shale. Soil pH: 3.7 
69400  (  5300) 9’85   (0’44) 702800  (128300) 

Pto. San Isidro. 1680 m. 

Limestone. Soil pH: 5.1 
33200  (  2600) 5’45   (0’23) 182100  (  18000) 

Pto. San Isidro. 2020 m. 

Quartzite. Soil pH: 3.6 
30000  (  1600) 6’20   (0’48) 189600  (  47600) 

Pto. San Isidro. 2090 m. 

Quartzite. Soil pH: 3.7 
52300  (14900) 6’76   (0’69) 381000  (196500) 

 

 

 

 

Erica vagans 

Locality and site 

descriptions 

Number flowers/m2 Seeds per capsule Number seeds/m2 

Cabo Peñas. 100 m. 

Quartzite. Soil pH:3.9 
60800  (14900) 1’61   (0’13)  96200  (25600) 

Pto. San Isidro. 800 m. 

Limestone. Soil pH: 6.8 
50400  ( 3600) 6’38   (0’46) 323000  (58900) 

Pto. San Isidro. 1200 m. 

Shale. Soil pH: 4.8 
89500  ( 4600) 9’72   (0’58) 869900  (91900) 

Pto. San Isidro. 1510 m. 

Shale. Soil pH: 5.2 
84800  ( 5600) 2’91   (0’28) 245600  (23500) 

 

 

 

 

Erica cinerea 

Locality and site 

descriptions 

Number flowers/m2 Seeds per capsule Number seeds/m2 

Cabo Peñas. 100 m. 

Quartzite. Soil pH: 3.9 
47400  (11100) 11’00  (0’57) 513200  (109400) 

Pto. San Isidro. 800 m. 

Quartzite. Soil pH: 4.9 
66200  ( 8100) 9’37  (0’56) 617600  ( 98900) 

Pto. San Isidro. 1200m. 

Quartzite. Soil pH: 4.7 
28300  ( 3800) 4’70  (0’47) 141800  ( 39900) 

Cabo=Cape; Pto.=Mountain pass 
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 Only Cabo Peñas showed significant annual fluctuations in seed production (p<0’0001). Calluna 

had very low seed production in 1999. The mean number of seeds per capsule in 1999 was very small 

compared with  other years in this locality (Table 2). There were no significant differences in seed 

production Calluna between years in the higher altitudes of Pto. San Isidro, although the number of 

flowers and seeds per capsule was variable between years. A lower number of flowers was developed in 

1999, both in  Pto. San Isidro and  Cabo Peñas, while more seeds per capsule were produced in that year 

in both sites of Pto. San Isidro (at 2020 and 2090 m), unlike Cabo Peñas (Table 2). 

 There was  no relationship between number of flowers per individual and  mean number of seeds 

per capsule for any species.  There was only a trend in Calluna to produce less seeds per capsule in those 

the years when it produced more flowers in Pto. San Isidro (Table 2).   

 

Table 2. Mean of number flowers, seeds per capsule and seed production of Calluna vulgaris in different 

years and sites on quartzite.  Number of samples is  given in parentheses. 

 

Locality            Altitude Year Number flowers/m2 Seeds per capsule Number seeds/m2 

Cabo Peñas          100 m 1990 - 4’31        (n=22) - 

Cabo Peñas          100 m 1991 - 3’00        (n=48) - 

Cabo Peñas          100 m 1993 - 3’36         (n=56) - 

Cabo Peñas          100 m 1994 76700   (n=5) 4’07     (n=5x20) 279900   (n=5) 

Cabo Peñas          100 m 1995 - 8’06     (n=5x20) - 

Cabo Peñas          100 m 1999 40760   (n=5) 0’57     (n=5x20)   24857    (n=5) 

Pto. San Isidro   2020 m 1994 30000   (n=5) 6’20     (n=5x20) 189600   (n=5) 

Pto. San Isidro   2020 m 1998 26733   (n=3) 6’23     (n=3x20) 166056   (n=3) 

Pto. San Isidro   2020 m 1999 22860   (n=5) 8’07     (n=5x20) 180378   (n=5) 

Pto. San Isidro   2090 m 1994 52300   (n=3) 6’76     (n=3x20) 381000   (n=3) 

Pto. San Isidro   2090 m 1998 29933   (n=3) 9’55     (n=3x20) 289333   (n=3) 

Pto. San Isidro   2090 m 1999  19940   (n=5) 9’77     (n=5x20) 204310   (n=5) 

Cabo=Cape; Pto.=Mountain pass 

 

Seed size 

There were significant differences in seed size according to length and width between species  for 1994 

(P<0’001) (Table 3). Erica cinerea had the largest seeds (mean 0’80x0’55 mm) while Calluna (mean 

0’62x0’46 mm) and E. vagans (mean 0’58x0’51 mm) showed smaller seeds. 

 The shape varied between species, the seeds of Calluna and Erica cinerea being long, while in 

Erica vagans they were nearly spherical. 

 There were significant differences in seed size between the different sites in each species 

(p<0’0001). The altitude did not seem to have an effect on seed size. However the type of substratum and  

soil pH could influence on the mean seed size. The smallest seed size of Calluna was produced on 

limestone substratum (pH=5’1). Small seed size was also obtained in soil with similar soil pH on shale 

(pH=5’2). The seed size of E. vagans also differed with substrate (p<0’0001), although it was on 

limestone where it showed the highest seed size. E. vagans seed size increased significatly with 

increasing  soil pH  (p<0’05). The seeds of E. cinerea always collected on quartzite were influenced by 

soil pH. The largest seed size was found in Cabo Peñas, where the soil pH was lower. 

 Furthermore, the mean seed size of each individual could be correlated with the number of seeds 

produced in some of the species.  The seed size of E. cinerea decreased with increasing  seed  production  
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(r=-0’52, p<0’05, n=15)  and a negative correlation between seed size and number of  seeds per capsule 

was found for Calluna (r=-0’34, p<0’05, n=38). 

 

Table 3. Mean seed size (length and windth) in each species in different altitudes in 1994. 

(See type of substratum in Table 1). 

 

  

Calluna vulgaris 

 

Erica vagans 

 

Erica cinerea 

Locality  Mean seed size (LxW) 

(Intervals) 

Mean seed size (LxW) 

(Intervals) 

Mean seed size (LxW) 

(Intervals) 

Cabo Peñas 

100 m 

0’64 x 0’46 mm 

(0’60-0’90) x (0’35-0’65) 

0’57 x 0’49 mm 

(0’45-0’70) x (0’40-0’60) 

0’82 x 0’61 mm 

(0’70-1’00) x (0’55-0’70) 

Pto. San Isidro 

800 m 

0’62 x 0’45 mm 

(0’50-0’80) x (0’30-0’60) 

0’60 x 0’52 mm 

(0’55-0’70) x (0’45-0’65) 

0’77 x 0’52 mm 

(0’60-1’00) x (0’45-0’65) 

Pto. San Isidro 

1200 m 

0’70 x 0’51 mm 

(0’60-0’90) x (0’45-0’55) 

0’57 x 0’50 mm 

(0’50-0’70) x (0’40-0’60) 

0’81 x 0’50 mm 

(0’65-1’00) x (0’40-0’60) 

Pto. San Isidro 

1510 m 

0’57 x 0’41 mm 

(0’40-0’75) x (0’30-0’60) 

0’58 x 0’53 mm 

(0’40-0’80) x (0’40-0’70) 

 

Pto. San Isidro 

1620 m 

0’65 x 0’48 mm 

(0’50-0’80) x (0’40-0’60) 

  

Pto. San Isidro 

1680 m 

0’55 x 0’42 mm 

(0’40-0’95) x (0’30-0’60) 

  

Pto. San Isidro 

2020 m 

0’62 x 0’48 mm 

(0’50-0’80) x (0’35-0’60) 

  

Pto. San Isidro 

2090 m 

0’61 x 0’46 mm 

(0’50-0’90) x (0’35-0’60) 

  

Cabo=Cape; Pto.=Mountain pass 

 

 Variations in  mean seed size for Calluna and E. vagans between years (1990 and 1994) for two  

studied localities were shown (Table 4). A relationship between number of seeds per capsule and seed 

size per year in both species and localities was found. A higher mean number of seeds/capsule in 1990 for 

each species and localities was estimated in 1990 than that in 1994, while the  mean  seed size was lower 

in 1990.  

 

Table 4. Mean of number seeds per capsule and seed size (LxW) of Calluna and Erica vagans  in 

differents years and sites. Number of samples are given in parentheses. 

 

   

Calluna vulgaris 

 

Erica vagans 

Locality Year Number seeds 

 per capsule 

Seed size  

(mm) 

Number seeds 

per capsule 

Seed size 

(mm) 

Cabo Peñas 1990 4’31  (n=22) 0’58 x 0’39 (n=77)  2’46  (n=50) 0’54 x 0’47  (n=77) 

 

Cabo Peñas 1994 4’07 (n=100) 0’64 x 0’46 (n=150) 1’61 (n=100) 0’57 x 0’49 (n=150) 

 

Pto. San Isidro  

800 m  

1990 6’30  (n=50) 0’55 x 0’41 (n=146) 6’92  (n=50) 0’57 x 0’50 (n=150) 

Pto. San Isidro 

800m 

1994 4’31 (n=100) 0’62 x 0’45 (n=150) 6’38 (n=100) 0’60 x 0’52 (n=150) 

Cabo=Cape; Pto.=Mountain pass 
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Discussion 

Seed production 

The three heath species showed a similar overall mean seed production, although the seed production for 

each species varied between sites. This could have implications on seed regeneration when these species 

occur together. A higher density of seedlings emerged of Erica. cinerea than the two species, Erica 

vagans and Calluna was found in Cabo Peñas heathland which had suffered fire damage. E. cinerea was 

the specie with more seed production in this locality (Vera & Obeso 1995). 

 A higher altitude does not seem   to influence seed production for Calluna. It could indicate not 

such great differences in seed production with other latitudes. The seed production of Calluna has been 

studied by a number of authors with varying results, some of the variations being due to the different 

methods used (Barclay-Estrup & Gimingham 1994). Our estimations of Calluna seed production along 

the altitudinal gradient are included within the limits on seed production indicated by Legg & al. (1992) 

and  Barclay-Estrup & Gimingham (1994) according to their studies and those of  other authors, although 

the mean number of seeds per capsule are usually lower in our studied zone than   the other localities of 

Europa. We rarely found  a mean of about 10 seeds per capsule. Only a mean seed per capsule above 11 

was estimated between 1400 and 1700 m  on siliceous substratum in the Cantabrian mountains  in 1990 

(unpublished data).  A warmer summer in 1990 in the mountain could have had an influence on  a good 

seed production. The highest seed production of Calluna about 1600 m on siliceous substratum, where 

the germinative capacity was high (Vera 1997) could be related to a wide spread of heather in these zones 

(observ. person.).  Calluna is less frequent in habitats with  soil pH not very acidic (Vera 1983b, Grime & 

al. 1989; Rameau & al. 1989). The mean number of seeds per capsule produced  by the  Calluna 

population at the highest  altitudes of Asturias was not lower, being  even  higher than in  most lower 

sites. A high  mean number of seeds per capsule in mountain areas of Asturias with its severe  climate 

could explain an usually high number of seeds in other areas of  northern Europe which  also have a 

severe climate , where hard environmental conditions when they are not extreme do not seem to affect on 

average seed production, although  annual fluctuations occur. However, these results do not coincide with 

those obtained by Miller & Cummins (1987) between 300 and 750 m in Scotland, where the average 

number seeds per capsule declined with increasing altitude, showing wide annual fluctuations. While 

there were  no significant annual fluctuations in seed production of Calluna in the higher locality of Pto. 

San Isidro. But Calluna can occurs at more elevated altitudes, above 2400 m (Vera 1983a), since the 

environmental conditions about 2000 m could be less of a determinant in seed production than at the 

highest altitudes where Calluna can   occur. However, there were significant differences between years 

for Cabo Peñas. The mean seed production for 1999 was extremely low. We do not  know the reason for  

this, because the monthly average temperatures and annual precipitation were similar in the different 

years, but many plants of Calluna are drying up on  this site. 

Investigations into seed prodution over three years in the high mountain of  Pto. San Isidro above 

2000 m showed an elevated seed production. Furthermore the seeds from these sites show a good quality  

because they   had a vey high germination in favourable laboratory  conditions (Vera 1997). This supports  
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that the view the absence or low densinty  of seedlings observed in the high mountain is  due neither to 

seed production nor to the quality of seeds.  Probably, the main causes of scarce seedlings  are the low 

temperatures and the usually low moisture content of sandy soils developed on quartzites for germination. 

The latter even have lower humidity content than the soils on quartzite in lower localities, when there is  

no snow cover, because they have little organic matter.   

 Our data for Erica cinerea usually show a higher seed production  than those recorded by Mallik 

& al. (1984) and Barclay-Estrup & Gimingham  (1994). Although some variation can be expected when 

different methods are used as  was indicated above , other differences could be due to the fact that the  

studied zones are situated at different latitudes. Our results suggest an effect of altitude on seed 

production of E. cinerea. Therefore,  it may also  explain a normally   lower seed production in Scotland, 

situated at a higher latitude  with hard environmental conditions. Adverse conditions seem  to influence 

seed development of E. cinerea. However, a lower seed production in  he highest localities studied could 

not significant a disadvantage in seed regeneration with respect to low populations, since the seed from 

the highest altitudes had a much higher  germination than those from lower altitudes in favourable 

conditions (Vera 1997).  

 The seed production  for Erica vagans has never been estimated. This species shows a different 

seed production between sites. It is dificult to suggest a pattern of seed production, because both altitude 

and substratum seem to have an influence on its seed production. A high production was not found at the 

highest altitude in 1994, although a very higher number seeds per capsule was produced in the same  site 

in 1990 (7’2 seeds, although some them were not very well shaped, but filled) (unpublished date).  This 

may  be due to the fact that  the highest studied locality of E. vagans  is near the  superior border of its 

distribution, and the seed production in this situation may be erratic influenced by the  weather conditions 

(Miller & Cummins 1987; Crawley 1992; Legg & al. 1992; Holm 1994).  

 The type of substratum seems to influence  the seed production of Erica  vagans. The population 

of  E. vagans occurring on quartzite had a lower seed production in 1994 than on those other substrates. 

Other estimations were also carried out for 1990, 1993 and 1995 year in Cabo Peñas (unpublished data) 

and the mean number seeds per capsule was always low (about 2 seeds), while it was higher in a nearly 

locality on limestone (7 seeds per capsule). These results suggest that E. vagans could have more 

difficulty than those other heaths in seed regeneration on quartzite, although seeds collected from Cabo 

Peñas on quartzite did  not have  a very low germination in controlled chamber conditions (Vera 1997). 

This is supported by the absence of seedlings of E. vagans on  this site, while several seedlings of  

Calluna and E. cinerea emerged (Vera & Obeso 1995).  Furthermore, the  sandy soils developed on this 

type of substrate keep low moisture, which affects on germination. A low humidity seems to  influence 

unfavourably  the emergence and establishment of E. vagans seedlings (Vera & Obeso 1995; Obeso & 

Vera 1996). In fact, these data reveal why E. vagans usually is less frequent on quartzite. 

  The characteristics of soil had no significant effect on the  number of flowers and seeds  per 

capsule of Calluna. However, Macgillivray (1990) showed a lower production of flowers in the poor soils 

type podsol than in the acidic brown, establishing a negative correlation between flower numbers and 

seed numbers. However, neither of the species studied by us showed a significant  relationship between 

these variables. Only some tendency have been shown in this study.   
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Seed size 

The results from the mean seed sizes  in 1994 for Erica vagans and Erica cinerea are similar to those 

obtained in previous studies (Fraga 1984), as well as for Calluna (in Gimingham 1960, in Legg & al. 

1992). The range of seed size found in this study for these species was generally greater that those shown 

by Fagúndez 2006 and   Fagúndez & Izco 2004, 2011. 

 There were no significant differences with respect to altitudes in any studied species, although a 

seed weight increased significantly with increasing altitude was found for other species (Holm 1994).The 

mean seed size coul be influenced by seed production and characteristics of soil  in some of the studied 

species.  

 Seed size and seed production has usually been interrelated (Harper 1977; Greene & Johnson 

1994; Eriksson & Ehrlen 1998). This could be due to the fact that those individuals which had employed 

more resources to develop a high number of seeds tend to produce smaller seeds. However, only a 

negative correlation between seed size and seed production was found for E. cinerea  and between seed 

size and number of seeds per capsule for Calluna. For this reason, it could  be expected that variations in 

seed size would be found with annual fluctuations in seed production between years. In fact, a smaller 

mean seed size was estimated  for Calluna and E. vagans both in  Cabo Peñas and Pto. San Isidro (800 m) 

in 1990  than that obtained in 1994, which is related to  a higher number of seeds  per capsule in 1990,  

although  there is no relationship between number of  seeds per capsule and seed size when both localities 

are considered together.  This could be because seed production  and size may be influenced by the 

weather conditions within species and localities, varying with the years  while these may be affected by 

other factors    when different localities are compared  

The type of substratum and  soil pH  seem to influence on  the mean seed size. Calluna produced 

the smaller seed size on soils with higher pH  (above 5), which were developed on limestone and a type of 

shale. This  could be a disadvantage for Calluna, growing in soils with not very acidic pH, because  the 

seedlings from smaller seed have a worse survival and growth  rate than those from larger seeds (Vera 

1997). This may be other  reason why Calluna is less frequent in habitats with  soil pH not very acidic 

(Vera 1983b, Grime & al. 1989; Rameau & al. 1989). While Erica vagans had the largest size on 

limestone. The seed size of E. vagans tends to increase with increasing soil pH.  Although this species can 

occur on all type of substratum (Dupont 1975; Vera 1983a y 1983b; Rameau & al. 1989; Mayor 1999), it 

is more common on soils which are developed on calcareous substrata, where E. vagans produce the 

largest seeds. Soil  pH also  seems to  influence  seed size of Erica cinerea, producing the smallest seeds 

size in habitats  with lowest pH. These results suggest that the variation in responses to the effect of soil 

characteristics on seed size in the species, when  they are not always correlated with seed production, 

could be related to the fact that  each species requires  different conditions for its  optimal developement . 

Therefore, the species could produce smaller seed size if the conditions are not very favourable for its 

growth. 

 Significant differences in seed size among species and within the three species between sites 

suggest variations on germination and seedling survival related to seed size. 
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 The large seeds within species could germinate earlier and showed better germination (Tripathi 

& Khan 1990; Arista & al. 1992; Vera 1997).  Moreover, a better seedling survival and growth from 

heavier seeds within species linked with bigger storage reserves of seeds is found by Harper (1977), 

Tripathi & Khan (1990), Reyes & Casal (1994) and Vera (1997). 

 Erica cinerea was the species which had the largest seed. This suggests that the seedling survival 

of E. cinerea could be more successful than those other heath species studied, when they occur together. 

A high correlation between seed weight and initial seedling weight among and within species  was found 

by Gross (1984), although the seedling establishment success depends on  the type of ground cover. 

However, significant differences  in seed size of E. cinerea and Calluna  did  not show an effect on initial 

size of their seedlings  on  a bare soil after a fire in Cabo Peñas (Vera & Obeso 1995), even the survival 

of seedlings of E. cinerea was worse than in Calluna, the seedling establishment being  independent of 

seed size, in agreement with Gross (1984) for bare soils. 
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