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Abstract

Fire plays a crucial role in the Ericaceous forest ecology within the World Heritage Site of Simen Mountains
National Park. Objectives of our study were to evaluate the potential of E. arborea epicormic shoot formation
in different tree diameters and heights after forest fire occurred, and investigate establishment of woody
species in the fire affected ericaceous forest. Two 40 m x 40 m sample plots were established, one at a fire
affected site and another at an unaffected site. Within each plot, 1m x 1m subplots were placed at 2 m intervals
along diagonal transects 51 in each site. Experimental treatments (soil scarification, mowing, fire and total
enclosure) were assigned to subplots. A non-parametric t-test for two independent samples of unburned and
burned plots was applied to test the degree of significance. From the crown-fire affected plots 56.3% of the
trees were re-sprouted from the base in the first diameter class (0-4.9 cm). Out of 993.7 individual trees ha™ in
the second height class (1.5-3 m), 73 % were sprouted. Erica arborea is favoured by fire since re-sprouting of
shoot from the remaining stumps is widespread. Prescribed burns for E. arborea regeneration should consider
in future management plans.
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1 Introduction

Wildfire is the main factor responsible for the present heterogeneous structure of the lower Afroalpine and
Ericaceous vegetation belt in the East African Mountains and elsewhere (Wesche et al., 2000, Kuma and
Shibru, 2016). Fire is a determining ecological factor for most dry afroalpine ecosystems. Periodic fire can
influence the survival of seedlings establishment (Caughlin et al., 2014). The role of heat-shock in stimulating
regeneration from fire-following plant species is well known (Hanley et al., 2001). However, the effects of
wildfire on landscapes vary depending on fire regime (type of fire, intensity, season, frequency, duration) and
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on the community burned (Vivian et al., 2008). The effects of spatial heterogeneity within a burn site, and in
particular variable fuel loads caused by the distribution of pre-existing vegetation, may significantly affect
patterns of post-fire seedling recruitment (Odion and Davies, 2000). Fire can Kill nearly all hardwood
regeneration and forcing the rootstocks to sprout (Brose and Lear, 1990). Moreover, frequent burning may
reduce the capacity of resprouting species to regenerate (Pausas and Keeley, 2014) and if burnt within their
primary juvenile age, species dependent on seedling regeneration are also eliminated (Salis et al., 2016).
However, burned soils showed lower water holding capacity and soil carbon; however these changes did not
affect topsoil water, and, contrary to expectation, there was a slight tendency toward higher seedling survival
on more heavily burned soils (Kitzbergar et al., 2005). Heat shock may induce the production of chemicals that
cause changes in the seed coat or other external layers to overcome water impermeability barriers and facilitate
to seedling recruitment (van Breuge et al., 2016).

The topography of Simen Mountains is irregular and has large differences in slope; exposure and elevation
give rise to strong gradients in temperature and precipitation pattern, shading effects and local microclimates,
and these topographic variations may affect the plant recruitment and seed germination by prevailing
dormancy. It is well recognized that appropriate light conditions, temperature, nitrate, microclimate, and
hormonal treatments may favor germination in many species (Oliva et al., 2008). In addition fire may
influence germination via the production of heat, ash, change in micro-sites, and heat damages the seed coat
making it permeable and facilitates imbibitions of the embryo (Luna et al, 2007). Fire pro-ducts break the
dormancy of species growing in fire prone habitats, and endorse seed survival (Ool et al., 2006).

Small height and size seedlings generally do not tolerate fire (Brand et al., 2012). Furthermore, most of the
dry afromontane forest seeds, especially those in the top few centimetres of soil, can be killed by fire (Salis et
al., 2016). E. arborea are often considered pyrophytes, although Kuma and Shibru (2015) report that seedling
distributions following fire indicate that fire is unfavourable for their establishment. This is because of drought
that fire dried the soil moisture. Accidental fires are common in the Simen, with peak frequency during the
farming periods in April and May.

E. arborea is favoured by fire since re-sprouting of shoot from the remaining stumps is widespread, but
large herbivores browse the fresh shoots on every occasion (Kuma and Shibru, 2015), therefore re-growth is
almost impossible in some heavily degraded sites. So far, fire provides the best opportunity for regeneration
from seed (Ool et al., 2014).

Additionally, fire alters the cycling of nutrients, as well as the biotic, physical, moisture, and temperature
characteristics of the soil (Cardil et al., 2014). Higher surface temperatures often enhance seed germination and
plant growth (Chung, 2015). Fire plays a crucial role in the regeneration of E. arborea in both dry afromontane
and Ericaceous vegetation (Wesche et al., 2000; Hendrickx et al., 2015; Kuma and Shibru, 2015). Studies from
other tropical African Mountains monitoring post-fire successions provide insight into the regeneration
capabilities of various Afroalpine vegetation types (Wesche, 2002; Robinson, 2014). Erica plants have
survived fire, but it has been reported that the shoot development was slow and two years after the burning, the
plants would recover their original structure (Kuma and Shibru, 2015; Juli et al., 2014). E. arborea forests
have significant value for Simen residents and the surrounding lowland settlers as an essential source of
harvestable products (e.g. wood, food, medicines, fodder), as an economic benefit from tourism by attracting
visitors (Ejigu et al., 2015), and as a regulator of the climate and hydrology of the area (Kuma and Shibru,
2015). Conserving the remaining remnants is therefore extraordinarily important in order to provide a habitat
and genetic reservoir for both animal and plant. The factors influencing regeneration by seeds have been
studied in several fire-prone forest communities in Ethiopia (Miehe and Miehe, 1994; Wesche et al., 2000;
Tesfaye, 2004; Teketay, 2005; Johansson et al., 2009). However, the relative importance of tree species
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recruitment by resprouting and the potential of epicormic shoot formation among different diameters and
heights have not been studied. Objectives of our study were to (1) evaluate E. arborea epicormic shoot
formation in different tree diameters, and heights after forest fire occurred, (2) investigate germination and
establishment of woody species in the fire affected ericaceous forest. Ho: height class has no relation with
epicormic shoots formation of E. arborea trees.

2 Study Area and Methodology

2.1 Study site

The World Heritage site, Simien Mountains National Park, and its Erica arborea L. Ericaceae forests are
within the Tekeze River watershed area and are home to many conservation species of international note (i.e.
endangered, rare and endemic). Simen Mountains National Park is located where the Adrk’y, Beyeda, Debark
and Janamora and Telemet districts of the Amhara Regional State, North-west Ethiopia meet.

Fig. 1 Map of the study area.

The study area is at 13° 11°N, 38° 00’E. The nearest major city is Gondar, the capital of North Gondar
Zone (Amhara Region), 138 km to the south. The park is one of only two legally gazetted national parks for
the country and, at present, the only national park in Amhara Region. The gazetted area is 225 km? and after
re-demarcate in 2004 the area increase to 412 km®. Mean annual rainfall in the park is about 1515 mm (Hurni,
1986) and the monthly mean of minimum daily temperature is below 1.5°C in November and December. An
absolute minimum of -2°C (November and December) has been recorded at Gich at (3600 m).

2.2 Data collection

This study was done in a crown-fire affected area during the first growing season after the fire had occurred.
The recently burnt area in the Simen National Park near the Sankaber site was studied. One 40 m by 40 m
sample plot could be fitted in the burnt forest, a plot of the same size was laid out in an adjacent not fire
affected part of the same forest. Fire un affected plots was 50 m far from the fire affected plots, and have
similar vegetation characteristics, hydrology, topographic features, and exposure to the sun. Re-sprouts from
lignotubers and epicormical buds were recorded on all E. arborea individuals (i.e. both dead and living plants)
found within the sample plot. Individual plants were determined according to trees > 3 m height and > 10 cm
diameter at breast height were recorded, identified by species, and grouped into three diameter and height
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classes; saplings (diameter < 10cm at breast height, tree height between 1.5 m and 3 m) and of sprouts or
shoots of woody species (height < 1.5 m).

For germination and establishment of woody species in the wildfire affected forest, from 40 m by 40 m
sample plots a total of 102 sample plots were investigated of which 51 were at sites where the understorey and
topsoil was affected by fire and 51 in patches apparently not touched by fire. A 1 m by 1 m sub plots spaced at
2 m intervals along the transect line starting from the two corner point diagonally. From those sub plots
germination and establishment of tree seedling at different micro-site in burn and unburned E. arborea stands
were counted.

2.3 Analysis data

The quantitative information was analyzed using descriptive techniques of data analysis. In the data analysis
process, the completed survey data were coded and analyzed by using the SPSS statistical software version 20
(IBM, 2011). In descriptive analysis; the frequency distribution, percentage and graphs (bar graph, histogram)
were interpreted to show detailed picture of the existing situation on the study area. Data were also calculated
using one-way analysis of variance and statistical analysis from the tabulated figures for each sampling plots
burned and unburned E. arborea stand. To check either any epicormic shoots different in different height class
were tested using Chi-square tests.

3 Results and Discussion

3.1 Regeneration by epicormic shoots formation at different tree diameter

From a total of 2.181 trees ha? (both alive and apparently dead with no indication of re-sprouting) in the
crown-fire affected plots, 1.050 trees ha® were in the diameter class < 5 cm. Of these 325 trees ha had not re-
sprouted while 725 trees ha showed re-sprouting. About 56.3% of the trees which showed re-sprouting from
the base and/or epicormic shoots in the study area were in the first diameter class (0-4.9 cm).
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Fig. 2 Diameter to fire response. Fig. 3 Number of sprouts after fire.

The results indicate that small size E. arborea can survive fires by resprouting from lignotubers (Fig. 2 &
3). The second diameter class also shows a relatively good-resprouting ability, compared to larger diameter
classes. Generally, when the diameter classes increase, the number of sprouted and epicormic shoots decreases.
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Fig. 3 shows relatively higher proportion of individual survived tree > 5 sprouts in all diameter classes. The
number of sprouting shoots > 5 from one tree base is relatively higher than the sprouting shoots having < 5
shouts from one tree.

Fig. 4 Sprouting shoots from lignotuber (Photos Glatzel, 2010).

However, the frequency in the first diameter class is significantly higher than in the other diameter classes
and generally, the frequency of survived stems having > 5 sprouts decreased significantly from the first
diameter class to the second diameter class. We observed a similar trend for surviving stems that had <5
sprouts, where an increase in the diameter class goes along with a decrease in the number of stems having <5
sprouts. The result shows that severely burned trees in the higher diameter class had fewer epicormic shoots.

Our results show that re-sprouting frequency is significantly higher in the smallest diameter class than in
the larger classes (Fig. 2). The high frequency in the small diameter class may be due to high rates of re-
sprouting from lignotubers. It has been reported that lignotuber is more important during the early stages of
plant development (Kuma and Shibru, 2015). Sprouting ability is related to carbohydrate reserves, as plants
with larger reserves in the lignotubers and roots support greater production of sprouts and consequently,
greater total biomass than plants with smaller reserves (Walters et al., 2005; Catry et al., 2013).

In the larger tree diameter classes there were a limited number of re-sprouted individuals, which was
perhaps the cause of higher litter accumulations around the stem base, which in turn causes the high fire
intensity. A high intensity of fire has been reported as the main cause of the high mortality of both medium and
large-sized trees (Brand et al., 2012). These results suggest that the re-sprouting mechanism provided by
lignotubers is very important for seedling and sapling survival after fire, may be in areas of lower rainfall such
as the Simen Mountains.

3.2 Epicormic shoot formation at different tree height

Sprouted shoots were found on plants within all three height classes. From a total stems 2.181 ha all live and
dead trees, 431 trees ha™'were counted within the first height class (0 -1.4 m). Out of these, 45.4% were non-
sprouted individuals and 53.6% were sprouted individuals. Out of 993.7 individual trees ha™ in the second
height class (1.5-3 m), 27% were non-sprouted individuals and 73 % were sprouted individuals, whereas out of
747.7 individual trees ha™ in the third height class (> 3 m), 56.2 % were non-sprouted and 43.8% were
sprouted. These results show that following this fire E. arborea was able to re-sprout from trees within all
three size classes. However, compared to the other larger height classes, the second height class has a
relatively higher sprouting. From a total of 1.287 individual trees ha™ that survived fire, 231.3 sprouted
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individuals (18%) were in the first height class (0-1.4 cm), and 725 sprouted individuals (56.3%) in the second
height class, and 331.2 sprouted individuals (25.7%) in the third height class (Fig. 5).
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Fig. 5 Height to fire response (Vertical bars show standard errors of mean).

This shows that E. arborea second height class survived fire better than the other two size classes by
developing root lignotuber to sprouts after fire (Figs 4 & 5). This would suggest that medium height E.
arborea can survive and continue to be common in an Ericaceous vegetation composition, even with a higher
intensity of fire. A relatively high number of third height class and second height class survived the fire (Fig.
2), and regenerated from sprouts more than expected. Cal 2% is equal to 153.3 which is larger than the critical
value 5.991, therefore, we reject the null hypothesis and we can conclude that height class has a relation with
epicormic sprouting shoots. Remarkably, trees showed less extensive epicormic sprouting, whereas the second

height class (saplings) had epicormic sprouts of a greater percentage.
Both in the first height class (0-1.4 m) and the second height class (1.5 - 3 m) the number of trees surviving

the fire is higher than that killed by fire. Survival was highest in the 2" height class at the sapling stage (Fig.
5). This result suggests that not yet mature E. arborea, in particular trees in the sapling stage which have
developed a healthy lignotuber to re-sprout after a fire (Fig. 5) are crucial for vegetative regeneration after
wildfire. Closed stands of old trees with a high fuel load of litter are more likely to succumb to intense forest
fire. Epicormic shoots are an important mechanism for a tree to regenerate its foliage and to remain
photosynthetically active following crown damage by fire (Clarke et al., 2013). In our study epicormic re-
sprouting was better in low diameter class than in large trees, most likely again due to the high intensity of fire
under big canopy trees, related to fuel load. Our results are in line with those of former research in semi-humid
mountain ranges and afroalpine vegetation. E. arborea is in general capable of surviving fire (Perry et al.,
2015).
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However, as the height of the trees and the fuel load around the stem base increase fire intensity may be
severe killing the individual trees and the soil seed bank nearby, which leads to selective destruction of large
and old trees (Fig. 2 & 5). Fires of moderate intensity can result in a loss of tree crowns in the middle height
class (Juli et al., 2014), but these are frequently replaced by epicormic re-growth from the stems of the affected
Erica trees. Regeneration from lignotubers or stem epicormic buds can enable the species to survive fire
(Pausas et al., 2016). E. arborea seedlings and saplings of small height can survive fire better than those within
the bigger height classes, by developing root lignotubers into sprouts after fire hazard (Fig. 4). Yirdaw et al.
(2015) suggest that despite frequent fires in the Bale Mountains region, Erica species can survive in a bushy
state and continue to constitute the common vegetation composition.

3.3 Seedling establishment of woody species in wildfire affected area

As Fig. 7 shows, more seedlings/ first height class (725 individual species) were found in burned plots than in
plots not affected by fire, suggesting that fire is able to create conditions favourable to seedling establishment.
In total we counted seedlings of three tree species, of which more than 99% in the burned and 94 % in the
unburned plots were E. arborea. A non-parametric t-test for two independent samples of unburned and burned
plots as group variables was applied to test the degree of significance and a two-sample Kolmogorov-Smirnov
test showed a statistically asymptotical (2-tailed) significant difference of P < 0001.
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Fig. 6 Seedling density in 1m? comparison between burned and unburned sites.

Fire plays an important role in maintaining the diversity of the subalpine vegetation (Yirdaw et al., 2015).
In our study on a recently burnt forest site, higher population of seedlings was counted at the burned site (59.3
individuals m?) than at the unburned site (18.9 individuals m). This is probably because fire can enhance the
seedling establishment of E. arborea by providing specific requirements of light, nutrients, water and
temperature (Bhadouria et al., 2017). Actuality, fire may have a basic role in stimulating the germination and
establishment of E. arborea, whose germinates and establishment emerge even after being exposed to high
temperatures (120°C) for 10 minutes (Baskin and Baskin, 2014). Crosti et al. (2005) and Pausas (2015) add
that higher soil surface temperatures often enhance seed germination and plant growth in ericaceous vegetation.
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Studies in the Bale Mountains have shown that E. arborea are presumably more successful re-seeders
during early regeneration stages after fire (Yirdaw et al., 2015), which would explain the much higher
abundance of seedlings at this burned site, compared with that at the unburned site, since fire can destroy
humus and alter its soil chemistry due to an increase in soil temperature, thus altering the microbial
inhabitation and reducing the moisture retention capacity of the soil in favour of germination (Bhadouria et al.,
2017; Satyam and Jayakumar, 2012). According to former studies, during fire 95% of the nitrogen and 20-30%
of the other principal plant nutrients and accumulated litter are lost from the system and the enhanced thermal
characteristics of the charred wood material on the soil surface can trigger the germination of heather species
(National Wildfire Coordinating Group, 2001; Nathalie, 2015).

As Fig. 6 shows, the number of seedlings at the burned site was higher than at the unburned plots, with a
few exceptional plots, such as plots number one and forty eight, on which we counted a relatively high number
of seedlings per plot as compared to both burned and unburned plots. This is because these plots are situated
on fully sun exposed sites with recent soil erosion and almost no or little competition from grasses and herbs.
This is in line with the finding that light is stimulating germination in several forest tree species (Khurana and
Singh, 2001), thus being the most important factor for the regeneration of pioneer species and the major
requirement to break the dormancy of deeply buried seeds (Pons, 2000; Jaganathan et al., 2017).

We counted three species, of which over 99% at burned site and 94 % at unburned site were E. arborea. It
has been reported that fire plays a crucial role in the regeneration of E. arborea in both dry afromontane and
Ericaceous vegetation (Wesche et al., 2000). Studies in the Mediterranean region suggest that under natural
conditions smoke provides an important cue for triggering the seed germination of Erica species (Hall et al.,
2017). However, if the plots are intensively burned, only few seedlings were recorded as evidence in few plots.
This is because the strong heat in these two plots probably killed the viable seeds in the soil seed bank. This
point has been further illustrated by the work of Probert (2000), who describes seeds being killed if
temperatures are too high.

4 Conclusions

Fire is part of the natural dynamics of Erica forest. Fire plays a crucial role in the Simen Mountains National
Park Ericaceous forests. Fire damaged stands in the study area were covered by sufficient E. arborea young
trees, those young trees were re-sprouting from lignotubers and epicormic buds. E. arborea is favoured by fire
since re-sprouting of seedlings from the remaining stumps is widespread. Ground fire also facilitates
regeneration and seedling establishment form seed deposited after fire. To encourage the regeneration of the E.
arborea prescribed fire should be considered in future management plans.
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