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Effect of Fire Intensity on Non-Native Plant Species Community in a
Canarian Pine Forest Three and Eleven Years After Fire

C. Garcia-Dominguez and J.M. Fernandez-Palacios

Departamento de Ecologia, Facultad de Biologia, Universidad de La Laguna, La Laguna 38206, Espaiia

Abstract: The invasion of non-native plant species is one of the greatest threats to natural ecosystems, and oceanic islands
are especially susceptible to this threat. Fire, as a disturbance factor, has been found to promote non-native species
invasion and fire intensity is one of the variables determining the severity of invasions. This study was designed to
determine the impact of non-native species in the Tenerife pine forest understory on the island of Tenerife, Canary
Islands, Spain, and how they are affected by low and high intensity wildfire. We resampled in 2006 the plots set for a
previous study in 1998 within the area affected by a wildfire in June 1995. Six control plots, nine low-severity burned
plots and twelve high-severity burned plots were sampled three and eleven years after fire. Native species cover increased
in high severely burned plots with respect to control plots. It also increased in low and high severely burned plots from
1998 to 2006. No differences were found for non-native cover and richness between fire intensities or in time. Results
suggest that some of the native understory plant species are adapted to high intensity fire and respond by increasing their
cover after fire to the detriment of non-native species. Forest management with prescribed fire may not increase non-
native species invasion as has occurred in other ecosystems.

Keywords: Non-native species, wildfire, Pinus canariensis, understory.

INTRODUCTION

Invasion of non-native plant species is considered one of
the greatest threats to natural ecosystems worldwide [1].
Oceanic islands are especially susceptible to invasions as
their ecosystems have special characteristics derived from
isolated evolution. They have a reduced number of species,
which means low competition, absence of large herbivores,
absence of diseases and disharmonic flora and fauna [2].

The loss of the existing plant biomass due to a
disturbance is the most important factor inducing non-native
plant invasion in natural or seminatural ecosystems [3-6], but
the presence of non-native species propagules [7] and the
ratio of native-non-native propagules [8, 9] will be important
factors determining the invasion rate after a disturbance.
Large wildfires can eliminate all the vegetation cover and
may alter plant community composition by providing ideal
habitats for non-native species [10]. Many studies have
found an increase in abundance and richness of understory
plant species after fire mostly due to ruderal species [11, 12].
But these species were native in some cases [13, 14] and
non-native in others [15-18].

Fire severity affects the survival and recovery of
vegetation [19, 20] and non-native species invasion can
respond in different ways to different fire severities [15, 10,
21]. Adaptation to fire, climatic conditions after fire and post
fire management also have an influence on non-native
species invasion after wildfire [22]. Even in communities
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adapted to high severity fire, non-native species may enter
the community post fire and reduce survival of pre-fire
vegetation [8].

In the Canary Islands, prescribed burnings in pine forest
have been applied during the last few years to reduce fuel
amounts, but the possible effects of this management on non-
native plants invasion has not been studied. Although the
present study was conducted in an area burned by a wildfire,
results after low-intensity wildfire may be useful to predict
what would happen after a low-intensity prescribed burn.

Non-native species on Tenerife Island in 2005 made up
11% of the total species on the island [23]. The Canary
Islands are part of one of the 25 hotspots of biodiversity in
the world and currently, non-native species are the primary
threat to the 100 most threatened native species [24].
Although the most dangerous non-native species are all
vertebrates [25], 46% (79 species) of the total non-native
species in Tenerife are plants [23].

The pine forest in Tenerife is not one of the ecosystems
most affected by non-native plant species at the moment, but
two of the 100 most invasive species in Macaronesia are
common there: FEucalyptus globulus and Eschscholzia
californica [26]. Neither of these species were present at the
study plots.

For this manuscript, we used data from a previous study
about plant species composition three years after fire, which
did not take in account species origin [12]. We resampled the
same plots eleven years after fire, to have longer term data
and to be able to compare both sampling periods.

The aim of this study was to compare richness and cover
of native and non-native species found in three different
wildfire intensities and how this chages in time. Differences
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in species composition were tested as well. The study
hypoteses were: 1) General species cover and richness will
increase after fire, mostly after high intensity fire; 2) This
effect will be transitory and pre-fire conditions will recover
over time; 3) Increase in species cover and richness after fire
will be mostly due to non-native species; 4) Fire severity will
have an effect on species composition and the ratio native-
non-native species.

MATERIALS AND METHODOLOGY
Study Site

The present study was conducted in the Corona Forestal
National Park (28°19°N, 16°34’W) in Tenerife, which was
extensively affected by a wildfire in June 1995. The study
sites were planted with P. canariensis during the 1940s and
1950s [27] as part of a reforestation program. At present,
mean pine density of the studied sites is 875 trees/ha at the
windward site (N-NE) and 1140 trees/ha at the leeward site
(S-SW). Mean DBH and height are 84 cm and 20 m at
windward and 74 cm and 17 m at leeward site, with a poor to
absent regeneration.

Understory composition and structure of the Canarian
pine forest maintain some differences depending on aspect.
Due to moisture, the windward side has a more developed
understory, which is dominated by Erica arborea and
Adenocarpus viscosus. The leeward side usually has more
open canopy, with less understory density, dominated by A.
viscosus and Chamaecytisus proliferus.

Mean annual precipitation of the area is 600 mm, but can
be twice this amount if fog drip is considered [28]. Mean
annual temperature is 11°C with 8-10°C between maximum
and minimum day temperature and minimal annual
fluctuation.

Additional information about the area and species is
described by Ceballos and Ortuiio [29], Blanco ef al. [30] del
Arco Aguilar et al. [27], Fernandez-Palacios [31] and
Arévalo et al. [12]. Nomenclature follows the check-list of
Izquierdo et al. [32]. Species origins were taken from the
same book. Only “definite” native and “probable” native
species were marked as native species.

Sampling Design

Sampling design was performed by Arévalo ef al. for a
previous study [12]. Two sites were selected for this study,
one facing N-NE (windward) and the second one facing S-
SO (leeward). Fifteen 10 x 10 m plots were established at the
windward site and twelve at the leeward site, affected by
different fire severities. Three types of plots were
differentiated as a function of the scorch height: control plots
(C: not burnt), low-severity burned plots (L: surface fire) and
high-severity burned plots (H: canopy largely or completely
consumed). At the windward site three C, six L and six H
plots were established while at the leeward site, three C, six
L and three H plots were established. Due to the irregular
effect of fire in the forest, plots could not be randomly set,
but deliberately choosing areas were fire had the desired
intensity.

Cover of all the understory species in each plot was
estimated and noted as a cover category based on the
following scale: 1: traces; 2: <1%; 3: 1-2%; 4: 2-5%; 5: 5-
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10%; 6: 10-25%; 7: 25-50%; 8: 50-75%; 9: 75%-100%.
Elevation, slope, canopy cover, litter, bare soil, and rock
cover were also measured on each plot. Sampling was
conducted three years after the fire by the cited authors [12].
Eleven years after fire, we resampled the same plots and
classified the data from both samplings into native and non-
native species.

Statistical Analysis

Species cover categories were converted back into
percentages (midpoint of each category) for the analyses.
After confirming the lack of a normal distribution of the
data, we performed a Kruskal-Wallis test to see if there were
differences between fire intensities for cover and richness of
total understory vegetation, native, and non-native species
separately. In the cases where differences were found, we
used a Mann-Whitney U test to know between which
treatments were the differences. To test for changes over
time in cover and richness, we used a Wilcoxon test for each
fire intensity category separately, comparing results three
years after fire with results eleven years after fire. We used a
nonparametric test for the same reasons mentioned above.
Both analyses were performed using the SPSS statistical
package [33] with a = 0.05.

We used a Detrended Correspondence Analysis (DCA)
[34] to show differences in species composition among all
27 plots. This indirect analysis helps to reveal environmental
variables not included in the sampling, as it shows complete
variation in species composition. Testing for Pearson
correlation among samples coordinates on each axis and fire
intensity, we can know if fire intensity is the variable
explaining the species composition variation. We performed
multivariate analysis with the CANOCO package [35].

RESULTS

Environmental variables of the plots at the two sites
showed some differences in elevation and slope (Table 1).
This is a consequence of the irregular intensity of fire within
the affected area, which made necessary the subjective
method of selecting plots. These variables were included as
covariables for the multivariate analyses. Canopy cover was
lower in high severely burned plots than in the other plots
three years after fire, but canopy, soil and rock cover were
not used as covariables for the analyses, as they can be
directly related to fire intensity and we do not want to
eliminate the variability created by these variables.

A total of 46 species were recorded in the understory
community. 24 of them were native species, 16 were non-
native and 6 could not be completely identified. All non-
native species were theropyte and hemicryptophyte, while
native species also included some nanophanerophytes and
chamaephytes within the most common species.

Mean total understory vegetation cover was the highest
in severely burned plots three and eleven years after fire
(Table 2 and Fig. 1). Native species cover and richness were
always higher than non-native species for all treatments
(Table 2 and Fig. 1), but both were highly variable within
fire intensities (Table 2), which makes difficult to find
statistical differences. No statistical differences were found
in total and non-native species cover and richness between
different fire intensities in either year (Table 3). However,



72 The Open Forest Science Journal, 2009, Volume 2

native species cover and total richness were significantly
higher in high-intensity fire plots than in low-intensity fire
plots three years after fire (Table 3). Two native shrub
species  (Adenocarpus viscosus and Chamaecytisus
proliferus) were mostly responsible for this cover increase.

Table1. Environmental Plots Characteristics Three Years
After fire. Mean Percentage of Rock Cover, Bare
Soil Cover and Canopy Cover. Mean Altitude and
Slope. Data Eleven Years After Fire were Very
Similar, Only High-Intensity Fire Plots’ Canopy

Cover Increased

Fire Rock Soil Canopy Elevation Slope
Intensity (%) (%) (%) (m) (%)
Windward Site
control 33 23 86.7 1418.3 80
low 3.7 1.8 82.4 1435.0 70
high 4.7 1.7 65.4 1410.0 70
Leeward Site
control 43 1.0 62.9 1531.7 100
low 43 1.0 65.0 1481.0 95
high 4.7 1.3 60.6 1485.0 85
Table2. Mean and Standard Deviation (in Brackets) of

Richness and Cover Percentage for Each Treatment.
Years After Fire are in Brackets
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humidity stress is lower than at the leeward site. Non-native
graminoids, Galium scabrum and Origanum vulgare were
associated with control windward plots while Urospermum
picrioides, Vicia sp. and Sonchus oleraceus were more
common in burned plots. Briza maxima and Galium aparine
were found in both windward and leeward burnt plots, while
species of the genus Geranium were indicative of leeward
burnt plots.
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Fig. (1). Mean and standard deviation of native and non-native
Total | Nat. | N-nat. | Total | Nat. | N-nat species cover and richness percentage, three and eleven years after
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(123023 05 | G371 63 2:6) Total cover 27 2.61 0.271 27 0.45 0.799
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High- Richness 3) as) | (15 G4 22) (1.6) Nat. cover 27 6.50 0.039 27 3.83 0.148
Intensity Cover 27 262 08 713 723 15 N-nat. cover 27 1.21 0.547 27 1.09 0.581
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. . . . N-nat. rich 27 4.12 0.128 27 1.17 0.556
With regard to changes on time, total and native species fat Tiemess

cover in low- and high-intensity fire plots increased
significantly between 1998 and 2007 (Tables 2 and 4). We
found no differences in non-native species cover or richness
between three and eleven years after fire for any of the fire
intensities (Table 4).

DCA revealed aspect to be the most important factor
determining understory species composition (Figs. 2, 3),
masking a possible effect of fire intensity. Both native and
non-native species composition were different in windward
and leeward plots. Three years after fire (Fig. 2), most non-
native species were associated with the windward site, where

P-values < 0.05 are in bold type. Nat.: native species; N-nat.: non-native species.

In contrast, eleven years after the fire (Fig. 3), non-native
species were found at the leeward site as well as at the
windward site. Non-native graminoids, G. scabrum and O.
vulgare were still indicators for windward control plots and
Geranium species for leeward burnt plots. However, a
number of new non-native species were found at the leeward
site not particularly related to any treatment. All these
species had covers under 1%.
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Table4. Number of Samples (n) Statistical Value (Z) and

Significance (sig) for Wilcoxon Tests

Control Low-Intensity High-Intensity

n| Z sig | n Z sig |[n| Z sig

Total cover -1.43]0.154]12|-3.01 | 0.003 -2.5010.012

Nat. cover -1.5710.116| 12| -2.59 | 0.010 -2.5210.012

N-nat. cover

-1.810.070

9

9
-0.5410.588]12|-1.72|0.086|9 | -0.34|0.735

9

9

Nat. richness -0.41]0.680]12|-0.36|0.723 -0.88 0379

6
6
6
Total richness | 6 | -0.32| 0.751] 12 | -0.09 | 0.931
6
6

0.00 [ 1.000[12|-0.60(0.546(9 | 1.70 | 0.090

P-values < 0.05 are in bold type. Nat.: native species; N-nat.: non-native species.

N-nat. richness

We repeated both DCAs including aspect as covariable to
eliminate the variability created by this variable and see if
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fire intensity gained providence (data not shown).
addition, a Pearson correlation was used to asses if fire
intensity was responsible for species composition variation
among plots. We did not find a correlation (data not shown),
so we cannot say that fire intensity has an effect on species
composition. Other factors may be limiting and managing
non-native species establishment.

DISCUSSION

The Canarian pine forest was heavily disturbed as a result
of intense logging following the European colonization of
the Canary Islands [36]. Large areas in Tenerife were
reforested with P. canariensis during the last century [27],
including the study sites. In addition, a considerable number
of dirt roads cross the forest area. A high invasion rate could
be expected associated to the anthropogenic disturbances
[13, 37] and the possibility of propagule dispersal [38].
However, a small number of non-native species covered the
area even after high-intensity fire and neither of the two most

DCA 3 years after fire

o
PTAQ \
\
Windward site \‘ Leeward site
. \\
MYFA " ASON
) CHPR
o HYGR
| % o OF
\
co 0O APA
casc  © e 'OH ©
RACO  Gram*  XoRvu oo O .
BRSY NEMA 9 1 GEDI
1 cIsy x@
sooL | * GEMO
= ERAR ) SOAC
wn \
k%, Vis X
<>E< P Abvi SCsp
| \ SICR
: o
URPI MIHY
RUMA
MEsp
HYRE™®
PODI
x COsp
<5
-3 Axis | 4

Fig. (2). DCA species and samples scores three years after fire. Circles are windward site plots and squares are leeward site plots. Empty
figure in control, grey is low-intensity fire, black is high-intensity fire. Non-native or unknown species are marked with an x-mark. Non-
native species are in bold type. Native species are marked with a point. Species names are in the abbreviation list.
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DCA 11 years after fire
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Fig. (3). DCA species and samples scores eleven years after fire. Circles are windward site plots and squares are leeward site plots. Empty

figure in control, grey is low-intensity fire, black is high-intensity

fire. Non-native or unknown species are marked with an x-mark. Non-

native species are in bold type. Native species are marked with a point. Species names are in the abbreviation list.

invasive non-native species in the pine forest (E. globulus
and S. californica) were found in the study plots. Moreover,
non-native species invasion seems to be not related with fire
occurrence and intensity.

Each vegetation community is adapted to a different fire
regime, exhibiting various adaptations that enable it to
persist after fire [39]. Fire regimes have changed with human
activities and this may reduce the native species advantage in
recolonizing after fire. Moreover, fire has been reported to
promote an explosion of non-native species population in the
short-term [17, 18], which is especially detrimental after
severe wildfire [2]. Our results contrasted with these

findings, as no differences were found between fire
severities or between burned and unburned plots. In
concordance with our study, Kuenzi ef al. [11] found
similarly low non-native plant cover in low and high
severely burned areas three years after fire. The cited authors
explained the lower-than-expected success of non-native
species, through the drought occurred during the study. The
Canarian pine forest is mostly a nutrient-poor, dry ecosystem
[40], where non-native species may not find proper
conditions for establishing unless especially humid weather
conditions (as 2006). This may explain the differences in
non-native species composition at the leeward site (where
water is more a limiting factor) between 1998 and 2006,
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which was accompanied with a higher cover and richness of
native species as well. In this way, results suggest that fire
itself is not influencing the rate of non-native species
invasion, but other factors are more likely to have a larger
influence on it: as precipitation, competition with native
species or presence of propagules. However, all these
variables have to be better studied to assess what their
influence is.

Wildfires are recurrent in the Canary Islands, although
their occurrence in the same area more than once within a
20-year period is rare [27]. Pinus canariensis is well adapted
to high intensity fires [41] and understory vegetation may be
adapted as well. Germination or growth of native species
may be induced by high temperatures. The most common
understory native species, Adenocarpus viscosus and
Chamaecitysus proliferus, increased their cover after high
intensity fire. The behavior of these species together with
possible changes in soil characteristics after high-intensity
fire [42] may be related to the reduction of non-native
species in severely burned plots because of changes in
availability of light, water and nutrients.

Most studies on the effect of fire in non-native plant
invasions are short to middle-term, but vegetation dynamics
are complex and long-term studies are necessary to observe
changes in understory composition [43]. Species
colonization after fire is dominated by early succesional
species which are mostly annual or biennial and may
disappear after pre-fire conditions recover. All non-native
species in our study were therophyte or hemicryptophyte and
the decrease in non-native species richness in severely
burned areas eleven years after fire may be related to
competition with native species as mentioned above.

Behavior of non-native species may be species specific
[42]. Some species were more common in control plots
while others were more common in burned plots. The same
thing happened with regard to aspect. Thus, it is important to
continue studying non-native species composition in the
ecosystem, as the invasion of a new species could have
completely different responses to a future fire.

CONCLUSION

Non-native species invasions are currently not a big
problem in Tenerife pine forest. Only a few species have
reached and colonized this ecosystem and they are always in
low densities. We did not find a relation between fire and the
invasion or expansion of these species, although it has some
effect on general species composition. Non-native species
seems to be less competitive under hydric stress, but they
still build a soil seed bank and germinate when climatic
conditions improve. Results suggest that some of the native
understory plant species are adapted to high intensity fire
and respond by increasing their cover after fire to the
detriment of non-native species. Forest management with
prescribed fire may not increase non-native species invasion
as has occurred in other ecosystems.
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ABBREVIATIONS

ADVI = Adenocarpus viscosus (Willd.) Webb & Berthel.
ANPI = Andryala pinnatifida Aiton

ASLI = Asterolinon linum-stellatum (L.) Duby in DC.
ASON = Asplenium onopteris L.

Avsp = Avena sp. (cf. barbata)

BRMA = Briza maxima L.

BRSY = Brachypodium sylvaticum (Huds.) P. Beauv.
BYOR = Bystropogon origanifolius L’Hér.

CECA = Centranthus calcitrapae (L.) Duft.

CISY = Cistus symphytifolius Lam.

COsp = Conyza sp.

CHPR = Chamaecytisus proliferus (L. f.) Link
ERAR = Erica arborea L.

FUMU = Fumaria muralis Sonder ex Koch

GAAP = Galium aparine L.

GAPA = Galium parisiense L.

GASC = Galium scabrum L.

GEDI = Geranium dissectum L.

GEMO = Geranium molle L.

Gram = Non-native graminoid

HYGR = Hypericum grandifolium Choisy

HYRE = Hypericum reflexum L. {.

LAsp = Lthyrus sp.

MEsp = Medicago sp.

MIHY = Micromeria hyssopifolia Webb & Berthel.

MYFA = Myrica faya Aiton
NEMA = Neotinea maculata (Desf.) Stearn

ORVU = Origanum vulgare L.

PAsp = Papaver sp.

PEsp = Pericallis sp.

PODI = Polycarpaea divaricata (Aiton) Poir.
PTAQ = Pteridium aquilinum (L.) Kuhn in Kerst.
RACO = Ranunculus cortusifolius Willd.

RUMA = Rumex maderensis Lowe

SCsp = Scrophularia sp.

SICR = Sideritis cretica L.

SIVU = Silene vulgaris (Moench) Garcke
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SOAC = Sonchus acaulis Dum. Cours.

SOOL = Sonchus oleraceus L.

STME = Stellaria media (L.) Vill.

URPI = Urospermum picroides (L.) Scop. ex F. W.
Schmidt

Visp = Vicia sp.
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