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Abstract 

Fire severity influences species diversity and alters species habitat requirements, therefore it is 

important to understand what effect severity has on fynbos communities. The smallest twig diameter 

of burnt skeletons was used as a severity index and compared between two fire events for 9 

permanently marked plots on the southern Cape Peninsula. Species diversity, richness and 

composition were analysed for one year and eight years after a fire event in 2000 and 3 years after a 

fire event in 2008. Twig diameters for Erica, Leucadendron, Rhus and Acacia species were 

significantly greater for the 2008 fire than the 2000 fire event, indicating that the fire was more 

severe in 2008. The ratio of reseeders to resprouters changed from 8:2 in 2001 and 2008 to 7:3 in 

2011 post the second fire event. Thus resprouters were not negatively affected by increased fire 

severity. Ericoid reseeders appeared to favour more intense fires. Succession of fynbos communities 

had a greater influence on species diversity, richness and composition than fire severity. Thus fire 

severity does not influence fynbos communities and factors that influence species survival between 

fire events, such as succession or alien plant invasions, may be more influential than fire severity. 
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1. Introduction 

The Cape Peninsula falls within the Cape Floristic Region and is dominated by fire-driven fynbos 

shrublands. Fire frequency, intensity, extent and seasonality influence species diversity and co

existence of fynbos communities (Bond and Keeley, 2005). Changes in the fire regime alter species 

habitat requirements resulting in shifts of colonizing species (Bond and van Wilgen, 1996; Thuiller 

et al., 2007). Understanding shifts in fynbos communities will help with conservation strategies and 

management of fire regimes across the Cape Floristic Region (Midgley et al., 2003). However, it is 

difficult to tease apart which components of a fire regime result in changes within plant 

communities. 

Fire severity is a proxy for fire impact on different ecological components and assists in explaining 

plant community shifts as an integrated measure of the fire regime. Various factors influence the 

severity of a bum; such as wind speed, fire intensity, season, moisture, vegetation type and biomass 

load (Bond and van Wilgen, 1996). These factors promote variable fire severities thereby 

maintaining heterogeneity in the landscape (Bond and van Wilgen, 1996).Thus it is important to 

select a severity index that detects a range of intensities and reflects the ecological impacts of the fire 

(Euston-Brown et al., 2002). 

Euston-Brown et al. , (2002) suggests that the smallest twig diameter post-fire is a good proxy for 

determining fire severity in fynbos communities. Smallest twig diameter from burnt skeletons has 

successfully been used as a severity index in other Mediterranean type ecosystems such as 

Californian chaparral (Moreno and Oechel, 1989; Keeley, 1998). The index is based on the 

assumption that smaller diameters of remaining twigs would indicate less severe fires than larger 

diameters. However, the effect of fire severity varies with different species susceptibility to burning; 

therefore the index can only be compared between the same species or closely related species 

(Euston-Brown et al. , 2002). 

Fynbos species richness and composition have different stages of succession at different ages post 

burning (Hoffman et al. , 1987; Bond and van Wilgen, 1996; Rutherford et al. , 2011). Some studies 

show that species richness starts declining shortly after the first year post-fire (Privett et al. , 2001) 

and others show that species richness increases until three years post-fire (Hoffman et al. , 1987; 

Rutherford et al., 2011). By the third year post-fire most short-lived reseeders and under-canopy 

vegetation start disappearing due to shading and competition as longer-lived reseeders and 
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resprouters age and dominate the canopy cover (Kruger, 1983; Le Maitre and Midgley, 1992; van 

Wilgen and Forsyth, 1992). Therefore, when making comparisons between different plant 

communities the age of the fynbos being sampled is important. 

Fire intensity may influence post-fire vegetation recovery through alteration of soil properties, 

reduction of soil seed bank and loss of resprouting organs (Keeley, 1998). Species can regenerate 

post-fire via deep rooted underground storage organs such as lignotubers, corms and bulbs, or 

through sprouting from shallow rooted woody tissue exposed at the soil surface (Linder and Ellis, 

1990). Resprouting species that regenerate through shallow rooted sprouting are most vulnerable in. 

high severity fires (Keeley, 1998). For example, Californian chaparral resprouters were found to 

decrease in cover after severe fires (Keeley, 1998). Numerous fynbos species are reliant on soil 

stored seed banks for regeneration, thus severe fires which scorch the soil may negatively influence 

recruitment of obligate seeders (Bond et al. , 1999). Scorching of soil was found to be a particular 

problem in alien invaded areas and in patches where alien invasive plants were stack piled (Euston

Brown et al. , 2002). Although seeders are able to quickly re-establish within these heat scarred areas 

from surrounding vegetation, obligate resprouters which have a lower rate of sexual reproduction are 

more likely to be lost from communities after severe fires (Bond and Wilgen, 1996; Buhk et al., 

2007). 

1.1 Background and Objectives 

In January 2000, the Cape Peninsula experienced one of the most intense wild fires , which burnt 

about 8000 hectors of pristine fynbos and alien invaded areas. In November 2000, Euston-Brown et 

al. (2002) set up 52 permanent plots in these burnt areas and studied the impact of different alien 

clearing treatments on fire severity and its influence on post-fire pant recruitment. A re-survey was 

done by Blanchard et al. (2011 , unpublished) in January 2008, which determined the impact of the 

different clearing treatments on post-fire succession and vegetation recovery. Shortly after the re

survey a fire re-burnt 11 plots in February 2008. Fire severity measurements were sampled within a 

month post fire by Ryan Blanchard and Doug Euston-Brown. In June 2011 , a fourth survey for 9 of 

the re-burnt plots was done and the data collected over the past 11 years were analysed for the 9 plots 

sampled. Detailed records of how species composition and regeneration modes change from one fire 

to the following fire are rare, making this study important for understanding the influence of fire 

regimes on fynbos communities. 
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The objective of this study was to determine how species diversity, richness and composition have 

changed over the past 11 years and whether changes are linked to severity of the two fire events. 

Differing fire severities may preference different regeneration modes and therefore different species. 

Thus the study also determined how fire severity impacts on the ratio of reseeders to resprouters. It 

was expected that if the fire severity index for the two fires are similar, then changes in fynbos 

communities and regeneration modes would be due to alternative driving forces, such as vegetation 

succession or alien invasive plants. If dramatic differences in fire severity occur then changes in 

communities and regeneration modes may be due to this influence. 

2. Methods 

2.1 Study Sites 

The study sites were located between Kommetjie, Scarborough and Simonstown on the southern part 

of the Cape Peninsula (Figure 1 ). Only burnt sites were re-sampled and the two wetland sites were 

excluded from the analysis. Any patches which did not bum within sites were also excluded. Sites 

not invaded by alien plants were designated as pristine and sites which currently have alien plants or 

have been cleared of alien plants since the 2000 fires were designated as alien sites (Table 1). For 

further detailed description of site choice and characteristics see Euston-Brown et al. (2002). 

4 



05-10-2011 

"' ····-i ... ~-. ... 
.. ·. ,_. "-... . ,··-.... ·1--

....., ...__.,. .. >-··-·A.,,. t'"-<!i ~ .. ~ .. ..::• ''i . .\).~.\.-../< 

<A"~~""4~:::~-

I 
f 
j ' J 

Figure 1. Map of the southern Cape Peninsula showing the original sampled plots by Euston-Brown 

et al. (2002) with current sample area encircled (taken from Blanchard et al. 2011 , unpublished). 
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Table 1. The habitat, alien status and number of each site sampled. 

Habitat Aliens No. of Sites Site Numbers 

Table Mountain Absent 3 40,23,30 

Sandstone/Gravel (Pristine) 

fynbos 
Present 

6 
(Alien) 

25, 28,39,41,48,52 

2.2 Sampling method 

The data collection followed methods used by Euston-Brown et al. (2002) and Blanchard et al. 

(2011, unpublished), to ensure research comparability. A full description of sampling methods can be 

found in Euston-Brown et al. (2002). Each site covered a 20x30 meter area, which was divided into 

six lOxlO meter plots and two lxl meter sub-plots nested on opposite comers of each lOxlO meter 

plot to represent different scales. Although, nested plots present problems with pseudo-replication, 

independence is unimportant when taking means across multiple plots for each scale (Keeley et al. , 

2003). 

Sampling of vegetative variables were done in 2001 , 2008 (pre-fire) and 2011. All species within the 

first 100 m2 plot were identified to the lowest taxonomic rank and only new species within the 

remaining 5 plots were recorded. Estimates of percentage cover and height for different growth 

forms as well as regeneration modes were made in each 100 m2 plot. Detailed sampling was done in 

the lm2 sub-plots by including data on height, abundance, regeneration mode and the number of new 

seedlings for each species. Using the data base developed by Euston-Brown et al. (2002) for 

different plant functional types, deep rooted (underground storage organs) and shallow rooted 

(sprouting from woody tissue) resprouting species were determined. 

Fire severity was measured in 2001 and 2008 from post-fire skeletal remains to estimate the severity 

of the bum. The smallest twig diameter was measured below and above 0.5 meters from the ground 

for two different plants within each 1 m2 sub-plot. It was assumed that smaller twigs will be left after 

less intense fires versus higher intensity bums. Four different genera were used to represent different 

growth forms for comparing severity between the two fire events. Acacia, Rhus, Erica and 
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Leucadendron represented alien trees, indigenous trees, ericoids and proteoids respectively. These 

genera were selected because they consisted of at least 3 twig measurements for each year over all 

the sites sampled. 

2.3 Data Analysis 

Shannon-Wiener, Equitability and Simpsons diversity indexes were calculated at the lm2 scale for 

each individual sub-plot. A one-way analysis of variance (ANOV A) was calculated between the 

three survey events in the program STA TIS TICA 2010. Thereafter, if the ANOV A was significant a 

Tukey HSD post hoc test was done. 

Species richness was determined for each scale, where each individual sub-plot was used for the lm2 

scale and only the first lOxlOm plot was used for the 100m2 scale. All species found across the 6 

plots were used for the 600m2 scale. Species richness was Log+ 1 transformed to meet normality 

assumptions before doing an ANOV A and post hoc Tukey HSD test between the three surveys. The 

difference in species richness between alien invaded and pristine sites was determined for each year 

over different scales using a student t-test with the transformed data. 

Species composition was computed in PC-Ord 5.0 using a Nonmetric Multidimensional Scaling 

ordination (NMS) with S0rensen similarity index. Species absence/presence data was used and 

grouped according to year and alien status at the 600m2 scale. Species that only occurred once over 

all sites were excluded from the ordination to reduce the influence of rare species. 

The twig diameters were Log+ 1 transformed to meet assumptions of normality prior to student t-test 

analysis between 2000 and 2008 fires . T-tests were carried out for Acacia, Rhus, Erica and 

Leucadendron twig diameters. Zeros were removed from the severity data, because it could either be 

an indication of high severity or represent vegetation with high flammability, such as graminoids. 

The percentage cover of resprouters versus reseeders were graphed and compared across the three 

vegetative surveys using a Kruskal-Wallis non-parametric ANO VA at the 100 m2 scale. The 

proportion of the total number of reseeders to resprouters for all sites was determined for each year. 

The abundance of dominant reseeder and resprouter genera were summed and compared between the 
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three surveys. Furthermore, changes in abundance of different resprouting modes (deep or shallow 

rooted) were compared between the surveys. 

3. Results 

3.1 Species diversity, richness and composition between the different surveys 

Species diversity in 2008 was significantly different from 2001 and 2011 surveys according to both 

Shannon-Wiener and Simpsons Indexes (Table 2). The Equitability Index was not different between 

surveys. 

Table 2. The mean (±standard deviation) for the different diversity indexes and results from one-way 

ANOV A and Tukey post hoc test at the lm2 scale. 

Diversity Index 2001 2008 2011 Df F p 

Shannon-Wiener 1.97 (0.70t 1.67 (0.55)0 1.99 (0.54t 309 9.469 <0.001 

Equitability 0.84 (O.IOt 0.83 (O.llt 0.85 (0.09t 300 1.120 >0.05 

Simpsons Index 6.63 (3.59)a 4. 79 (2.28)0 6.64 (3.39t 309 12.131 <0.001 

Species richness increased as the sample area increased (Figure 2). Species richness in 2001 at the 

600m2 scale was significantly greater than species richness in 2008 and 2011 (ANOVA: df=30, F= 

11.97, p<0.01). 

The greatest difference in species richness between pristine and alien sites was seen at the 600m2 

scale in 2001 (Ttest 2001 : df=122, F=l.56, p<0.001) and the least difference at the lm2 scale (Figure 

3). At the 600m2 scale the species richness decreases more dramatically from 1 year to 3 years post 

fire compared to loss of species richness from 3 years to 8 years post fire, despite the shorter time 

period. The difference in species richness is trivial (<10 species) between pristine and alien sites in 8 

year old vegetation for all scales (Figure 3). 

8 



05-10-2011 

2SO 
- 2001 

200 

"' "' QI 

.E lSO 
u 
ii: 
"' ·~ 100 
QI 
a.. 
VI 

so 

0 

0 100 200 300 400 soo 600 700 

Sample area (m2
} 

Figure 2.The mean species richness with standard deviation for three surveys grouped into different 

scales (m2
) . 
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Figure 3.The difference in mean species richness between pristine and alien fynbos sites over age of 

vegetation post-fire for each scale (m2
). 

Results from the Nonmetric Multidimensional Scaling (NMS) ordination are shown in Figure 4 for 

each sampled site. Two distinct groupings can be seen between the different survey years. Sites 

surveyed in 2008 and 2011 were all distributed closer to axis 2, compared to the sites in the 2001 

survey which were distributed further from axis 2 (Figure 4). The distance between sites in 2001 and 

2008 was greater than the distance between sites in 2008 and 2011. 
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Sites were also grouped as 'pristine', which did not have alien species. Pristine sites were distributed 

on the bottom left quadrat and were separated from the alien invaded sites which were distributed 

towards the top right quadrat of the ordination (Figure 4). Site 39 was more closely distributed 

relative to the pristine site grouping and sites 52, 41 and 28 became more similar over time. 

Alien28 
~ien28 

Alien41 \ 

Alien52 

Alien25 

Alien39 

Pristine23 

Alien39 

Ptistine23 Ptistine}) 

Ptistin&40 ~ Ptistine)J ~ 

Ptislin&40 ~ 

Axis 1 

Alien48 

Alien52 

Alien39 

Prisline}) 

Pristine23 

l>Jien41 

year 

•2001 
• 2008 
J. 2011 

l>Jien28 

Figure 4. NMS ordination of species composition (absence/presence) at the 600 meter scale grouped 

by year of survey (500 iterations with 27 plots and 344 species; stress=12.08; stability=0.006; 

p=0.004). 
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3.2. Fire severity between the two fire events 

Alien invaded sites 25 and 48 were burnt to the ground in 2001 , thus no twig diameters were 

recorded. Erica (Ttest: df=56, F=l.48, p<0.001) and Leucadendron (Ttest: df=34, F=5.4, P<0.001) 

showed twig sizes that were significantly larger for 2008 than 2001 below 0.5 meters from the 

ground (Figure 5). Acacia (Ttest: df=31 , F=l.56, p>0.05) and Rhus (Ttest: df=12, F=3.27, P>0.05) 

twig diameters were not significantly different between the two fires below 0.5 meters from the 

ground (Figure 5). Acacia (Ttest: df=lO, F=43.42, p<0.001), Erica (Ttest: df=15, F=4.21 , p<0.001), 

Leucadendron (Ttest: df=34, F=31.48, p<0.001) and Rhus (Ttest: df=7, F=l.28, p<0.001) showed 

significantly larger twig sizes in 2008 than 2001 above 0.5 meters from the ground (Figure 6). 
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Figure 5. The mean and standard deviation of twig diameter (cm) below 0.5 meters from the ground 

for different growth types following post-fire severity surveys in 2001 and 2008. 
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Figure 6. The mean and standard deviation of twig diameter (cm) above 0.5 meters from the ground 

for different growth types following post-fire severity surveys in 2001 and 2008. 
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3.3. Reseeder and resprouter representation 

As vegetation age increased, the percentage cover of reseeders increased (Figure 7). The percentage 

cover reseeders in 2001 was significantly lower than in 2008 and 2011 (K.ruskal-Wallis: N=162, 

H=84.l 7, p<0.001). The percentage cover of resprouters in 2011 was significantly greater than in 

2001 and 2008 (K.ruskal-Wallis: N=162, H=20.00, p<0.001). The proportion of total number of 

reseeders to resprouters changed from 8:2 for 2001 and 2008 to 7:3 for 2011. Despite difference in 

plot cover between reseeders and resprouters increasing to 63% in 2008 (8 years post fire) , the 

proportion of reseeders to resprouters was not different from 2001 (Figure 7). 
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Figure 7. The mean percentage cover and standard deviation for reseeders and resprouters over post

fire age at the 100 m2 scale. 

Resprouting species within the genera Acacia, Elegia, Pseudopentameris and Thamnochortus 

increased in abundance post 2008 fire compared to 2001 and 2008 (Table 3). However, species 

within the genera Ficinia, Olea, and Pelargonium decreased in abundance since the 2008 fire. Rhus, 

Pelargonium and Olea had a number of mortalities between the 2001 and 2008 time period. 

Resprouting Ehrharta and Tetraria species appear to decrease in abundance as vegetation age 

increased (Table 3). 

Reseeding species from the genera Acacia, Elegia, Erica, Leucadendron, Metalasia and Passerina 

all increased in abundance post 2008 fire (Table 3). A large number of Pelargonium mortalities were 

noted between 2001 and 2008 as well as a decrease in abundance from 2008 to 2011. Aspalathus, 
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Ficinia, Othonna and Roella decrease in abundance as vegetation age post fire increased. Reseeding 

Ehrharta species show the opposite trend and increased in abundance as vegetation age post fire 

increased (Table 3). 

Table 3. Total abundance of dominant resprouting and reseeding species grouped into genera for lm2 

sub-plots over the three sampling years. New seedlings ofresprouting species were noted as seeders. 

Resprouting Sprouting Reseeding 

mode 2001 2008 2011 2001 2008 2011 

Acacia shallow 0 2 9 Acacia 4 14 29 

Ehrharta deep 62 0 7 Aspalathus 276 23 110 

Elegia deep 5 5 14 Ehrharta 40 117 46 

Ficinia deep 333 93 78 Elegia 5 11 21 

Olea shallow 34 11 6 Erica 37 132 176 

Pelargonium deep 26 11 10 Ficinia 317 146 194 

Pseudopentameris shallow 5 32 39 Leucadendron 82 56 86 

Rh us shallow 22 7 7 Metalasia 63 47 85 

Thamnochortus deep 27 75 81 Othonna 38 5 33 

Tetraria deep 84 19 57 Passerina 55 49 74 

Pelargonium 302 22 14 

Roel/a 670 5 209 

4. Discussion 

Understanding the influence of fire severity on fynbos communities and mode of regeneration will 

assist in improved management of the fire regime. There are a number of papers on how fire regime 

components influence fynbos communities, however most focus has been on fire frequency (Bond 

and van Wilgen, 1996). This research is an extension of the first work done by Euston-Brown et al., 

(2002) on fire severity using a post-fire index. It is also one of few studies that consist of detailed 

changes in community structure and composition over two consecutive fires in permanently marked 

plots. 

The burn in 2008 was significantly more severe than the burn in 2001 according to the smallest twig 

diameter above 0.5 meters for all four genera of plants (Figure 6). Remaining twigs below 0.5 meters 

were not different between the two burns for Acacia and Rhus species, possibly because they do not 
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burn as severely as Erica and Leucadendron species or because they were taller and just did not bum 

below 0.5 meters. 

Using species of the same growth form ensures that fire severity is measured without the influence of 

different species flammability. However, using a severity index specific to genera/species is limiting 

because they do not occur over all sampled plots. Thus, this index was unable to provide a 

standardized indication of severity across all plots sampled. Therefore, the comparison of severity 

between fires only includes a subset of sites. In future, sampling of twig diameters at the 100 m2 or 

600m2 scale instead of at the lm2 scale may increase the likelihood of comparing the same genera 

across more sites. Results from the fire severity index could also be improved by using an index 

applicable across all sampled plots and not limited by variability of species flammability. 

The species diversity in 2008 was significantly lower than in 2001 and 2011, which is expected in 

fynbos communities as shorter lived species start dying off with increasing stand age (Table 2; 

Kruger, 1983; Le Maitre and Midgley, 1992; van Wilgen and Forsyth, 1992). The equitability index 

was similar for all three surveys, indicating that there was a similar distribution of species abundance 

(Table 2). Species diversity and species richness was not different between 2001 and 2011 at the lm2 

scale (Table 2 and Figure 1). However, species richness was significantly greater at the 600m2 scale 

for 2001 than 2011. Thus species diversity may be different between 2001 and 2011 if abundance of 

species was collected and diversity calculated at the 600m2 scale. 

The 2001 peak in species richness was due to the large number of species found in pristine plots 

(Figure 3). This high species richness can be attributed to post-fire annuals and reseeders, which die

off one to three years post-fire, explaining the lower species richness in 2011 (Bond and van Wilgen, 

1996; Rutherford et al., 2011). There was little difference in the number of species found between 

alien and pristine plots at the lm2 scale (Figure 3). However, species richness was severely impaired 

in alien sites at the 100 m2 and 600 m2 scales (Figure 3). This difference between micro- and macro

scales becomes trivial in older vegetation as species richness becomes depleted in pristine sites, as 

was seen in 2008 (Figure 3). 

There are a few explanations for both the loss of species in alien sites (Figure 3) and the tendency of 

alien plots to become more similar in species composition over time (Figure 4: plots 28, 41 and 52). 
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Increased fire intensity from high alien biomass and heat scars from stack piling may result in loss of 

resprouters and seeds in soils (Euston-Brown et al., 2002). The physiological functioning of alien 

plants may have an effect on the soil chemistry and nutrient composition influencing species 

recruitment ability and survival (Morris et al., 2011). Furthermore, alien species may also establish 

before indigenous species or out-compete them in the post-fire environment (Morris et al., 2011). 

The separation of species composition into pristine sites and alien sites was not unexpected, because 

of the many more species found in the pristine sites (Figure 4). Interestingly, site 39 was more 

similar to pristine than alien in 2011 (Figure 4). This indicates that the site recovered from the 

invasion of alien plants, possibly because it was surrounded by pristine fynbos resulting in a faster 

recovery time compared to other cleared alien sites. 

It was expected that the community composition in 2001 would be more similar to the 2008 survey, 

considering that a fire occurred between the 2008 and 2011 surveys. The NMS ordination of fynbos 

community composition however, showed that sites sampled in 2008 were more similar to the 2011 

survey than to the 2001 survey (Figure 4). This result highlights a few important points. Firstly, not 

having fire present in a fynbos community is more of a disturbance to the species composition than 

having a fire bum all the vegetation. Secondly, the severity of the bum experienced did not have a 

large influence on the community composition as evidenced by the similarity of 2008 and 2011 plots. 

Lastly, changes in species composition prior to the fire event may determine the species composition 

post fire. However this point cannot be made with certainty, due to the sampling of different stages 

of vegetative succession. Another problem with the ordination results is the similarity seen between 

2008 and 2011 surveys which may be a result of the species richness being similar. In other words 

the 2001 species richness being significantly greater than 2008 and 2011 (Figure 2) thus forcing 

them to be more similar to each other. 

The results show that species composition was stable after a fire event within and across sampled 

sites, but large differences occurred between fire events. Thuiller et al. (2007) found high stability of 

species composition at the meta-scale (over all sites sampled) but high temporal turnover at the local 

scale (within sites). However, Thuiller et al. (2007) was unable to analyse independent fire events to 

determine the reason for the changing species composition at the local scale. Their conclusion was 

that variability at the local scale was due to uneven fire regime effects, post-fire environmental 

factors and succession within fynbos communities. However, fire regime components involved with 
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the severity of fire actually have less influence on species composition compared to post-fire 

variables, such as senescence of species. Furthermore, it would have been interesting to see where 

plots would have distributed (closer to 2001 or 2008), if they had been sampled one year post the 

2008 fire as well. 

Fire severity may influence the representation of different regeneration modes within communities. 

The ratio of reseeders to resprouters remained 8:2 from 2001 to 2008, despite the large changes in 

species richness, diversity, composition and differences in percentage reseeder and resprouter cover 

(Table 1, Figure 2, 4 and 6). However, after the 2008 fire the ratio changed to 7:3 . The percentage 

cover of resprouting species was also significantly greater in 2011 than in 2001 and 2008 (Kruskal

Wallis: ·N=162, H=20.00, p<0.001). Thus the more severe fire promoted a greater abundance and 

cover of resprouting species relative to reseeding species, which was opposite to what was expected 

(see Keeley, 1998). 

Erica, Metalasia and Passerina species showed a marked increase in abundance after the more 

intense 2008 fire compared to the 2000 fire (Table 3). Euston-Brown et al. , (2002) predicted that 

severe burns with a smallest twig severity index of 1.5cm for ericoid species would result in high 

seed mortality. The Erica twig diameters for the 2008 burn varied from between 0.5 cm to 1.5 cm 

indicating a relatively severe fire (Figure 5). However, the abundance of Erica seeds was much 

higher in the 2011 survey compared to 2001 and 2008 (Table 3). This indicates that reseeding ericoid 

species are able to tolerate high severity fires and be successful. However the ability to survive high 

severe fires may be restricted to the specific fire regime of pristine sites, as Erica species were not 

found in heavily invaded sites. 

The increase in reprouting species was due to the increase in abundance of Acacia, Elegia, 

Pseudopentameris and Thamnochortus, indicating that these resprouting species are not negatively 

influenced and might even be favoured under more severe fire regimes (Table 3). Bellingham and 

Sparrow (2000) suggested that deeper resprouters would be more abundant in areas with severe and 

frequent disturbances, compared to shallow rooted sprouters which would prefer less intense 

disturbances. Both Elegia and Thamnochortus are deep rooted species, explaining why they were 

less influenced by a higher severity fire. However rooting depth cannot explain why deep rooted 

resprouts of Pelargonium, Tetraria and Ehrharta decreased in abundance or why shallow rooted 

Pseudopentameris increased in abundance (Table 3). Furthermore, a greater mortality of shallow 

16 



05-10-2011 

rooted Rhus and Olea species was seen between 2001 and 2008, than after the 2008 fire (Table 3). 

Therefore, abundance of resprouts cannot be predicted by fire severity alone and other environmental 

factors need to be considered such as species susceptibility to drought, senescence and the influence 

of alien invasives. 

5. Conclusions 

This study shows that fire severity has limited influence in determining species diversity, richness 

and composition. However other environmental factors, such as post-fire succession, alien invasion, 

and plant functional traits play a more important role. Reseeding ericoid species increased in 

abundance after the more severe fire in 2008. However, due to the limited severity index this can 

only be claimed true in uninvaded pristine sites. The ratio of resprouters increased relative to 

reseeders in the more intense fire, but there was mixed results regarding the abundance of deep and 

shallow rooted resprouters between the two fire events. Thus the different fire severities did not 

preference either resprouting mode. Although, fire severity did not drastically influence the fynbos 

communities, it is unknown how communities may react to more severe fires than the two fire events 

observed. Continuing this long term research would provide further valuable information on changes 

in the landscape as well as influences of current fire regimes on future fynbos communities. 
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Ceramium but their increase in number is small relative to the increase in Ceramium 

biomass. Thus, once Ceramium populations do become large, isopods are useless as 

control agents. 

Isopods are most valuable in combating Ceramium during harsh environmental 

conditions and when Ceramium populations are low. Their importance may be in 

retarding the initial spread of Ceramium, and keeping the Graci/aria relatively 

epiphyte free for a longer period of time. 

ACKNOWLEDGEMENTS 
I wish to express my sincere thanks and appreciation to the following: Mr. Smit for his 

involvement in all aspects of the project but especially for hi s pervision, constructive 

ideas and criticisms and for allowing me access to th tha collected by him since 

1995. Dr. Bolton for his valid criticisms and supervision. Dr. Anderson for 

experimental materials used, time spent discussing the project and for his help in the 

collection of materials. Dr. Griffiths for his identification of crustaceans. The Sea 

Fisheries crew, Mr. Boothroyd, Mr. Kemp, Mr. Share for the collection of materials 

and good company on the water. 



REFERENCES 
Anderson, R.J., Simons, R.H. and Jarman, N.G. (1989). Commercial seaweeds in 
South Africa: a review of utilisation and research. S. Afr. J mar. sci. 8: 277-299. 

28 

Anderson, R.J. , Levitt, G.J., Dawes, C.P. and Simons, R.H. (1992). Experimental 
growth of Gracilaria in Saldanha Bay, South Africa. In Proceedings of the first 
international workshop on sustainable seaweed resource development in sub-Saharan 
Africa. Mshigeni, KE., Bolton, J. , Critchley, A and Kiangi, G. (eds.). Windhoek, 
Namibia. 

Anderson, R.J. , Levitt, G.J. , Keats, D.W. and Simons, R.H. (1993). The role of 
herbivores in the collapse of the Graci/aria resource at Saldanha Bay, South Africa. 
Hydrobiologia. 260/261: 285-290. 

Anderson, R.J., Monteiro, P .M.S and Levitt, G.J. (1996). The effect oflocalised 
eutrofication on competition between Ulva lactuca and a commercial Graci/aria 
resource. Hydrobiologia. 326/327: 291-296. 

Bird, C.J. and Kain, J.M. (1995). Recommended names of included species of 
Gracilariaceae. Journal of Applied Phycology. 7: 335-338. 

Brawley, S.H. and Fei, X.G. (1987). Studies of mesoherbivory in aquaria and in an 
unbarricaded mariculture farm on the Chinese coast. Journal of Phycology. 23 : 614-
623 . 

Buschmann, A.H., and Gomez, P. (1993). Interaction mechanisms between Graci/aria 
chilensis (Rhodophyta) and epiphytes. Hydrobiologia. 260/261 : 345-351. 

Buschmann, A.H. , Renato, W. and Retamales, C.A. (1995). Cultivation of Gracilaria 
on the sea-bottom in southern Chile: a review. Journal of Applied Phycology. & : 291-
301. 

Coley, P .D. (1988). Effects of plant growth rate and leaflifetime on the amount and 
type of anti-herbivore defence. Oecologia. 74: 531-536. 

Coley, P .D. , Bryant, J.P . and Chaplin, F.S. (1985). Resource availability and plant 
antiherbivore defence. Science. 230: 895-899. 

Chiang, Y.M. (1981 ). Cultivation of Gracilaria (Rhodophycophyta, Gigartinales) in 
Taiwan. Proc. Int. Seaweed Symp. 10: 569-574. 

Critchley, AT. and Rotmann, KW.G. (1992). Industrial processing of seaweeds in 
Africa: the South African experience; In Proceedings of the first international 
workshop on sustainable seaweed resource development in sub-Saharan Africa. 
Mshigeni, KE., Bolton, J. , Critchley, A and Kiangi, G. (Eds.) Windhoek, Namibia. 

Duffy, J.E. (1990). Amphipods on seaweeds; partners or pests? Oecologia. 83 : 267-
276. 



29 

D'Antonio, C. (1985). Epiphytes on the rocky intertidal red alga Rhodomela larix 
(Turner) C. Agardh: negative effects on the host and food for herbivores? J. Exp. mar. 
Biol. Ecol. 86: 197-218. 

Dawes, C.P. (1995). Suspended cultivation of Gracilaria in the sea. Journal of 
Applied Phycology. 7: 303-313 . 

Enright, C.T. (1979) . Competitive interaction between Chondrus crispus 
(Florideophyceae) and Ulva lactuca (Chlorophyceae) in Chondrus aquaculture. Proc. 
Int. Seaweed Symp. 9: 209-218. 

Fletcher, R.L. (1995). Epiphytism and fouling in Gracilaria cultivation: an overview. 
Journal of Applied Phycology. 7: 325-333. 

Fredricq, S. and Hommersand, M .H. (1989). Proposal of the Gracilariales ord. nov. 
(Rhodophyta) based on an analysis of the reproductive development of Graci/aria 
verrucosa. J. Phycol. 25: 213-227. 

Griffiths, C. (1976). Guide to the Benthic Marine Amphipods of Southern Africa. 
Trustees of the South African Museum. Cape Town. 

Hay, M.E. and Fenical, W . (1988). Marine plant--herbivore interactions: The ecology 
of chemical defence. Ann. Rev. Ecol. Syst. 19: 111-145 . 

Howard, R.K. and Short, F .T. (1986). Seagrass growth and survivorship under the 
influence of epiphyte grazers. Aquatic Botany. 24: 287-302. 

Isaac, W .E . (1937). Studies of South African seaweed vegetation. 1. West coast from 
Lamberts Bay to the Cape of Good Hope. Trans. R. Soc. S. Afr. 25(2): 115-151+2 
plates. 

Isaac, W .E . (1956). The ecology of Gracilaria confervoides (L.) Grev. in South Africa 
with special reference to its ecology in the Saldanha-Langebaan Lagoon. In Second 
International Seaweed Symposium, Trondheim, July 1955. Braarud, T. and Sorenson, 
N .A. (Eds.) . London; Pergamon: 173-185. 

Isaac, W .E. , Finlayson, M .H. and Simon, M .G. (1943). Agar from South African 
Seaweeds. Nature. 151 : 532 

Kensley, B . (1978). Guide to the Marine Isopods of Southern Africa. Trustees of the 
South African Museum. Cape Town. 

Littler, M.M. (1980) . Morphological form and photosynthetic performance of marine 
macroalgae: tests of function/form hypothesis. Bot. Mar. 22: 161-165 . 

Mayer, A.M.S. (1981) . Studies of Gracilaria sp. in Bahia Arredondo, Chubut 
Province, Argentina. Proc. Int. Seaweed Symp. 10: 705-710. 



30 

McLachlan, J. and Bird, C.J. (1984). Geographical and experimental assessment of the 
distribution of Graci/aria species (Rhodophyta, Gigartinales) in relation to 
temperature. Helga/. Meereunters. 38; 319-334. 

Molloy, F.J. (1992). Studies on the Ecology and Production of Seaweeds of Economic 
and Potential Economic Importance on the Namibian Coast. PhD. thesis, unpublished. 

Moss, B.L. (1982). The control of epiphytes by Halidrys siliquosa (L.) Lyngb. 
(Phaeophyta: Cystoseiraceae). Phycologia. 21(2): 185-191. 

Nicotri, M .E . (1977). The impact of crustacean herbivores on cultured seaweed 
populations. Aquaculture. 12: 127-136. 

Nicotri, M.E. (1980). Factors involved in herbivore food preference. J. exp. mar. Biol. 
42: 13-26. 

Peterson, C.H. and Renaud, P .E . (1989). Analysis of feeding preference experiments. 
Oecologia. 80: 82-86. 

Pickering, T.D., Gordon, M.E. and Tong, L.J. (1993). Effect of nutrient pulse 
concentration and frequency on growth of Graci/aria chilensis plants and levels of 
epiphytic algae. Journal of AppliedPhycology. 5: 525-533 . 

Poore, A.G.B. (1994). Selective herbivory by amphipods inhabiting the brown alga 
Zonaria angustifolia. Marine Ecology Progress Series. 107: 113-123 . 

Rotmann, K.W.G. (1990). Saldanha Bay, South Africa: recovery of Graci/aria 
verrucosa (Gracilariales, Rhodophyta). Hydrobiologia. 204/205 : 325-330. 

Sand-Jensen, K. (1977) Effect of epiphytes on eelgrass photosynthesis. Aquat. Bot. 3: 
55-63 . 

Santelices, B. and Doty, M.S. (1989). A review of Graci/aria farming. Aquaculture. 
78: 95-133 . 

Santelices, B. and Lopehandia, J. (1981). Chilean seaweed resources: a quantitative 
review of potential and present utilisation. Proc. Int. Seaweed Symp. 10: 725-730. 

Shacklock, P .F. and Croft, G.B. (1981). Effect of grazers on Chondrus crispus in 
culture. Aquaculture. 22: 331-342. 

Sieburth, J. McN. and Conover, J.T. (1965). Sargassum tannin, an antibiotic which 
retards fouling . Nature . 208 : 52-53 . 

Simons, R.H. (1977). The algal flora of Saldanha Bay. Trans. ray. Soc. S. Afri. 42(3): 
461-482. 



Smit, A.I., Fourie, AM., Robertson, B.L. and du Preez, D.R. (unpublished). Control 
of the herbivorous isopod, Paridotea reticulata Barnard, in Graci/aria verrucosa 
(Hudson) Papenfuss cultures. 

31 

Steentoft, M., Irvine, L.M. and Farham, W.F. (1995). Two terete species of Graci/aria 
and Gracilariopsis (Gracilariales, Rhodophyta) in Britain. Phycologia. 34(2): 113-127. 

Steinberg, P.D. (1985). Feeding preferences of Tegulafunebralis and chemical 
defences of marine brown algae. Ecological Monographs. 55(3): 333--349. 

Tugwell, S. and Branch, G.M. (1989). Differential polyphenolic distribution among 
tissues in the kelps Ecklonia maxima, Laminaria pallida and Macrocystis angustif olia 
in relation to plant defence theory. J. Exp. Mar. Biol. Ecol. 129:219-230. 

Ugarte, R. and Santelices, B. (1992). Experimental tank cultivation of Graci/aria 
chilensis in central Chile. Aquaculture. 101 : 7-16. 




