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ABSTRACT

The invasive bracken fern (Pteridium aquilinum) poses a significant challenge in the
Nyika National Park as it encroaches on grasslands that serve as critical feeding grounds
for herbivores. Understanding its effects on various species is vital for monitoring its
impacts. While recent studies have begun exploring the effects of bracken fern invasion,
its impacts on bird and reptile populations remain poorly understood. This study
investigated how bracken fern invasion affects bird and reptile species and their

functional diversity.

Bird and reptile surveys were conducted in bracken-invaded and non-invaded habitats.
Species diversity was compared using Hill’s numbers, beta diversity measured species

composition differences, and functional diversity assessed the impact on ecological roles.

The study recorded 59 bird species, with 27 in invaded habitats and 48 in non-invaded
habitats. For reptiles, six species were recorded, two in invaded and four in non-invaded
habitats. The results showed that bracken-invaded habitats had significantly lower
numbers of bird species and lower functional diversity than non-invaded habitats. Bird
species composition also differed, driven by species turnover rather than nestedness.
Despite reduced diversity, invaded habitats were still utilized by some bird species,
particularly mixed-feeding and ground-dwelling birds. For reptiles, the study could not

isolate significant differences due to the low number of species recorded in both habitat

types.

These findings suggest that invasion by bracken fern negatively impacts bird
communities by altering species composition and reducing ecological roles and trait
diversity. Conservation efforts should focus on controlling the spread of bracken fern to
mitigate further declines in species and functional diversity, particularly among birds.

Further research is needed to better understand the effects on reptiles.
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1. Introduction

Invasive alien species are among the most significant threats to biodiversity worldwide
(Butchart et al., 2010). Their impacts can be far-reaching and devastating. For instance, invasive
plants often reduce the abundance and diversity of both flora (Hejda et al., 2009; Pysek et al.,
2012) and fauna (Schirmel et al., 2016; Fletcher et al., 2019). Further, invasive plants alter
vegetation composition, often leading to the dominance of a few species (Castro-Diez et al.,
2016). These changes are primarily driven by the reduction of habitat heterogeneity and
structural complexity (Herrera & Dudley, 2003) which diminishes the range of ecological
niches available to support a diversity of species. Addressing these impacts often requires
substantial financial investment (Pimentel et al., 2002), making invasive plant species a
persistent challenge for conservation and ecosystem management.

Protected areas have been designed to enhance the protection of biodiversity, and indeed they
contribute positively to conservation (Leverington et al., 2010). They are effective at mitigating
threats such as habitat fragmentation and land-use change. However, addressing biological
invasions within protected areas is notably more complex (Foxcroft et al., 2017). The spread of
invasive plants is often facilitated by human activities, such as the construction of access roads
(Otto et al., 2014) and increased tourism (Pickering & Mount, 2010), which are integral to the
operation and management of many protected areas. Consequently, simply setting aside land
for protection often does not prevent the spread of invasive species. Instead, effective
prevention by limiting the introduction and establishment of invasive species is recognized as
the most effective approach to managing biological invasions (Leung et al., 2002).

The problem of invasive plant species is particularly pronounced in Africa, where their presence
in protected areas has grown substantially over recent decades (Foxcroft et al., 2013). In
Malawi, protected areas such as the Mulanje Mountain Forest Reserve and Nyika National Park
are heavily impacted by invasive plants. Among these, bracken fern (Pteridium aquilinum) has
emerged as one of the most problematic, especially in high-altitude grasslands. Although
bracken fern is invasive, it is native to the Nyika National Park but its invasiveness poses a
significant threat to the ecosystem and to the survival of native flora in general.

In the Nyika National Park invasion of bracken fern has become a growing concern, particularly
because the grasslands it invades serve as critical feeding grounds for herbivores. Estimates
suggest that bracken now covers over 20,000 hectares of the Nyika Plateau, with an annual
expansion rate of approximately 37 hectares (Kanzunguze, 2018). This rapid growth
underscores the urgency of understanding its ecological impacts. Previous studies have
examined the ecology of bracken (Kanzunguze, 2019), quantified its spread (Kanzunguze,
2018), and identified factors associated with its invasion (Banda, 2022). However, its impacts
on other taxa, particularly birds and reptiles, remain poorly understood.
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Globally, the study of the impacts of invasive plants on birds and reptiles has received little
focus, though in recent years there has been increasing attention to both birds (Catling, 2005;
Davis, 2019; Grzedzicka & Reif, 2020) and reptiles (Martin & Murray, 2011; Bateman &
Ostoja, 2012) in various countries. However, these studies have focused only on a subset of
invasive plants, making it difficult to generalize their results to other areas invaded by different
invasive plants with different ecological characteristics. This study explored how bracken fern
invasion affects bird and reptile species, and specifically on bird and reptile diversity.

2. Methods

2.1 Study area

The study was conducted in the Nyika National Park, located between latitudes 11°0'0" and
10°10'0" and longitudes 33°0'0" and 34°0'0" (Figure 1). The park covers an area of
approximately 3,200 km?, with miombo woodlands dominating at altitudes below 1,800 m. At
higher altitudes, grasslands prevail, interspersed with scattered forest patches. The dominant
grass species above 1,800 m include Loudetia simplex, Themeda triandra and Exotheca
abyssinica (Nyika-Vwaza Trust, 2024). This study focused on the montane region (>1900 m)
as this area is the most severely affected by bracken invasion. Bracken primarily invades
grasslands, making the montane grasslands more vulnerable than forest areas.
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Figure 1: Location of the study area, Nyika National Park.
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2.2 Bird and reptile surveys

Bird and reptile surveys were conducted in two habitat types within the study area — bracken-
invaded habitats and non-invaded habitats. Bracken-invaded habitats consisted of patches
where bracken had colonized grasslands, covering at least 70% of the habitat or target site. In
contrast, non-invaded habitats were areas either free of bracken or where bracken invasion had
only recently begun, covering less than 10% of the target patches. Both habitat types contained
scattered trees that were utilized by various species, particularly birds. Some of the recorded
bird species were not exclusively grassland or shrubland birds. In addition, for sites located
near forest edges, there was notable exchange of bird species between grassland and forest.

Bird surveys were conducted in the mornings between sunrise and 11:00 am, and in the late
afternoons, starting from around 16:00 pm until dusk (Bibby, 2000). In each habitat, transect
walks were carried out, with transect lengths ranging from 0.6 to 2.1 km (Figure 2). During the
surveys, all birds encountered — whether seen or heard — were recorded, along with their
corresponding abundance, geographic location and perpendicular distance from the transect.

The study surveyed reptiles in both bracken-invaded and non-invaded habitats through searches
on rocks, under logs and within piles of wood located within each habitat type. Figure 3 depicts
field activities during reptile surveys. These surveys were conducted during both daytime and
night-time to target specific species such as chameleons, which are active at night. Night
surveys were extended beyond grassland areas to include forest edges to increase the likelihood
of species detection. For all observed reptiles, the species name, abundance and geographic
location were recorded.

L

Figure 2: Surveyors during the bird survey.
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Figure 3: Surveyors conducting reptile searches during day and night.

2.3 Statistical analysis

Bird species diversity in bracken-invaded and non-invaded habitats was estimated using both
Shannon and Simpson indices. Species diversity between the two habitats was compared using
species accumulation curves, calculated with the iNEXT R package (Hsieh et al., 2016). The
INEXT package generates sampling curves along with confidence bands based on three orders
of Hill numbers (q=0,1,2). These orders represent species richness (q=0), Shannon diversity
(q=1), and Simpson diversity (q=2), respectively. Significance testing was based on confidence
interval comparisons — overlapping confidence intervals indicate no statistically significant
differences while non-overlapping intervals suggest significant differences.

Variation in bird species composition between bracken-invaded and non-invaded habitats was
assessed using beta-diversity. Total dissimilarity in species composition was calculated using
the Serensen and Jaccard indices (Baselga & Orme, 2012). Using these, the study determined
total beta diversity, nestedness, and turnover using the betapart R package (Baselga & Orme,
2012). Nestedness and turnover are particularly important as they help identify the causes of
species dissimilarity — nestedness indicates whether there are core species shared among
communities while turnover explains if dissimilarities result from species replacement
(Dyderski & Jagodzinski, 2021).

Functional diversity of bird species was estimated using three indices: functional richness
(FRic), functional evenness (FEve) and functional divergence (FDiv) (Villéger et al., 2008).
Functional richness quantifies the functional space occupied by a community, while functional
evenness reflects the distribution of species abundances within this space (Mason et al., 2005).
Functional divergence measures the distribution of species abundances along a functional trait
axis within the occupied range (Mason et al., 2005). Estimating functional diversity required
gathering species-specific traits which were used to calculate the indices. The study collected
11 traits per bird species (Table 1), encompassing functional roles such as resource acquisition
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and habitat preference. All trait data were sourced from the AVONET database (Tobias et al.,
2022).

Table 1: Traits used for estimation of bird functional diversity.

Trait Name Scale Categories

Beak culmen length Continuous NA

Beak nares length Continuous NA

Beak width Continuous NA

Beak depth Continuous NA

Tarsus length Continuous NA

Wing length Continuous NA

Tail length Continuous NA

Mass Continuous NA

Trophic niche Categorical frugivore, granivore, herbivore, invertivore,
nectarivore & omnivore

Primary lifestyle Categorical aerial, generalist, insessorial & terrestrial

Habitat density Categorical dense, semi-open & open

To minimize redundancy among functional traits, continuous traits were subjected to principal
components analysis (PCA). The first three principal components (PC1-PC3) were retained for
further analysis (see Appendix). PC1 represented size-related variation across traits, PC2
highlighted proportional differences between leg/body mass and beak traits, and PC3 captured
flight adaptations. Categorical trait variables were converted into dummy variables. The
resulting PCI-PC3 components and dummy variables were used to estimate functional
diversity indices using the “FD” R package (Lalibert¢ et al., 2014).

For reptiles, the analyses were limited to descriptive statistics as the data did not meet the
assumptions required for robust hypothesis testing. Consequently, the study focused on
describing the abundance of different reptile species in bracken-invaded and non-invaded
habitats.

3. Results

3.1 Bird species composition and diversity between habitats

The study recorded a total of 406 individual birds across both bracken-invaded and non-invaded
habitats. Of these, 160 individuals were recorded in invaded habitats while 246 were observed
in non-invaded habitats. Overall, 59 bird species were identified across the two habitat types,
with 27 species in bracken-invaded habitats compared to 48 species in non-invaded habitats.

In bracken-invaded habitats the main bird species observed were the Cape Robin-Chat
(Cossypha caffra), Churring Cisticola (Cisticola njombe), Black-lored Cisticola (Cisticola
nigriloris), African Stonechat (Saxicola torquatus), Common Waxbill (Estrilda astrild),
Cinnamon Bracken-warbler (Bradypterus cinnamomeus) and Hildebrandt’s Spurfowl
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(Pternistis hildebrandti) (Figure 4). The Cape Robin-Chat and African Stonechat were
frequently seen perching on shrubs or small trees growing within the heavily bracken-invaded
areas. The Churring Cisticola was often observed flying and moving actively within these areas.
The Black-lored Cisticola and Cinnamon Bracken-warbler were notable for their loud and
frequent calls in the bracken areas.

Hildebrandt’s Spurfowl was most often seen walking along roads and trails passing through
bracken thickets. It was also observed utilizing the bracken canopy and open spaces between
stems within the thickets. Similar behavior was noted for other species, such as the Red-winged
Francolin (Scleroptila levaillantii), Whyte’s Francolin (Scleroptila whytei) and Common Quail
(Coturnix coturnix), although these species were not observed in high abundance during the

study period.
=
-
25 23
;E 21 20
20
E 0 14
=]
= 15 12 0
=
£ 10
z
5 I
0
& © & & D > &
Q(b% S O &\‘\0 0?‘0 &\\ 0’&@ %Qb’
> > .Q\% \9& D @é'\ P
E N S ®
S N : S .
CJ O{} Q\é\' %(b‘jv\ \@@% \é\\%
&Q €
Species N

Figure 4: The main bird species in bracken-invaded habitats.

On the other hand, the main bird species in non-invaded habitats were the Churring Cisticola
(Cisticola njombe), Yellow-mantled Widowbird (Euplectes macroura), Black-lored Cisticola
(Cisticola nigriloris), Common Waxbill (Estrilda astrild), Fan-tailed Grassbird (Schoenicola
brevirostris), Dark-capped Bulbul (Pycnonotus tricolor) and African Firefinch (Lagonosticta
rubricata) (Figure 5). The Churring Cisticola was frequently observed flying in the grasslands,
particularly at altitudes over 2000 m, but its activity declined noticeably at lower altitudes.
Another commonly observed species was the Fan-tailed Grassbird, which was easily identified
by its distinctive calls. The Common Waxbill, Dark-capped Bulbul and African Firefinch were
primarily observed utilizing shrubs and small trees growing within the grasslands.
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Figure 5: The main bird species in non-invaded habitats.

Despite the apparent difference in the number of bird species between bracken-invaded and
non-invaded habitats, a statistical comparison based on Hill numbers showed no significant
difference in species richness between the two habitats (Figure 6). However, significant
differences were observed in the Shannon and Simpson diversity indices. Non-invaded habitats
had consistently higher Shannon and Simpson diversity estimates (Figure 6). The Shannon and
Simpson diversities for bracken-invaded habitats were 2.73 and 0.91, respectively, while non-
invaded habitats had values of 3.38 and 0.95.

A beta diversity analysis between bracken-invaded and non-invaded habitats showed that bird
communities in bracken habitats were distinct from those in non-invaded habitats. The total
beta diversity estimates showed that the dissimilarity in species composition between the two
habitats ranged from moderate (Serensen index = 0.573) to high dissimilarity (Jaccard index =
0.729). Furthermore, the results revealed that the primary contributor to dissimilarity in species
composition was species turnover rather than loss or gain (Table 2). The findings further
revealed that bracken-invaded habitats do not simply represent a subset of bird species found
in non-invaded habitats but rather support distinct bird communities. This interpretation is
supported by the relatively low values of species nestedness compared to those of species
turnover (Table 2).

Table 2: Bird beta diversity estimates.

Beta diversity component Serensen index Jaccard index
Species turnover 0.407 0.579
Species nestedness 0.166 0.150

Total beta diversity 0.573 0.729
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Figure 6: A comparison of bird species diversity in bracken invaded and non-invaded
habitats. Shaded areas represent confidence intervals where overlapping confidence
intervals indicate no significant differences. Hills numbers of order q are used: species
richness (qg=0), Shannon Diversity (q=1, the exponential of Shannon entropy) and
Simpson Diversity (q=2, the inverse of Simpson concentration).

3.2 Bird functional diversity between invaded and non-invaded habitats

Overall, the results indicate that habitats invaded by bracken fern were characterized by reduced
bird functional diversity. Non-invaded habitats consistently showed higher values across all
three functional diversity indices (FRic, FEve and FDiv) compared to bracken-invaded habitats
(Figure 7). Specifically, bird species in non-invaded habitats occupied a larger functional space
and displayed greater trait variability, as reflected in the higher functional richness (FRic) values
(Figure 7). In contrast, invaded habitats showed reduced trait variability and occupied a smaller
functional space relative to non-invaded habitats.

Functional evenness (FEve) was also lower in invaded habitats, although the difference was
marginal (Figure 7), indicating that species in non-invaded habitats were more evenly
distributed within the functional space. Conversely, the lower FEve in invaded habitats suggests
that bird species were more clustered around specific functional traits.

Similarly, functional divergence (FDiv) was slightly higher in non-invaded habitats, indicating
greater variability in the distribution of species along extreme functional traits. In contrast,
bracken-invaded habitats exhibited reduced functional trait space, less evenness and lower
divergence, consistently highlighting a lower functional diversity compared to non-invaded
habitats.
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Figure 7: Functional diversity indices in bracken-invaded and non-invaded habitats.

FRic represents functional richness, FEve represents functional evenness and FDiv

represents functional divergence.

3.3 Reptile species diversity

The study recorded a limited number of reptile species in both bracken-invaded and non-

invaded habitats. A total of six reptile species were observed across the two habitat types: two

species in invaded habitats and four species in non-invaded habitats (Figure 8). In the invaded

habitats, recorded species were the Grey-bellied Grass Snake (Psammophylax variabilis) and
the Montane Three-striped Skink (7rachlepis hildae). In contrast, the non-invaded habitats
seemed to have a higher species richness with records of the Eastern Yellow-bellied Sand Snake
(Psammophis orientalis), Montane Three-striped Skink (Trachlepis hildae), Striped Skink
(Trachlepis striata) and Variable Skink (Trachlepis varia). Among these, Trachlepis hildae was
notably more abundant in the non-invaded habitats (Figure 8). Interestingly, opportunistic

amphibians were recorded in both habitat types. Figure 9 shows pictures of some reptile species

recorded in the study.
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Figure 8: Abundance of reptile species in bracken-invaded and non-invaded habitats.

Figure 9: Some reptile species recorded during the study. (a) Grey-bellied
Grass Snake (Psammophylax variabilis), (b) Striped Skink (Trachlepis
striata), (¢) Montane Three-striped Skink (7rachlepis hildae).

4. Discussion

4.1 The impact of bracken on bird species and functional diversity

This study highlights the significant ecological impacts of bracken fern invasion on bird
communities. Bird species diversity was lower in bracken-invaded areas compared to non-
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invaded areas, suggesting that bracken invasion alters habitat quality and reduces resource
availability. These findings align with previous research showing that invasive plants disrupt
habitats by altering vegetation structure, food availability and predator communities (Nelson et
al., 2017). The dominance of floristically uniform vegetation in bracken-invaded areas likely
contributes to this reduced diversity, supporting the habitat heterogeneity hypothesis which
predicts higher bird species diversity in more diverse habitats (MacArthur & MacArthur, 1961;
Lorenzon et al., 2016; Cooper et al., 2020). In contrast, homogeneous habitats, like grassland
monocultures, typically support fewer bird species (George et al., 2013).

Food availability is another key factor. Invasive plants often reduce arthropod abundance in
invaded habitats (Litt et al., 2014), consequently insectivorous bird species may prefer
uninvaded areas with higher arthropod abundance. While some invasive plants provide
alternative food sources (Ortega et al., 2014), bracken offers limited food resources for birds as
it is generally less attractive as food to both animals and insects.

Functional diversity analyses further emphasize the broader ecological impacts. Non-invaded
habitats support higher functional richness (FRic), functional evenness (FEve) and functional
divergence (FDiv), suggesting they provide a broader array of ecological roles and trait
combinations. This aligns with studies reporting reduced functional diversity in bird
communities within invasive plant-dominated habitats (Schuldt et al., 2022; Grzedzicka et al.,
2024). The lower functional diversity in bracken-invaded areas reflects a narrower ecological
niche space, limiting the ecological functions available.

Despite these challenges, bracken may benefit certain bird species. Ground-dwelling birds, such
as francolins and common quails, utilize bracken thickets for predator protection. Although
their populations appeared low, it is possible they colonize these habitats in greater numbers
but were difficult to detect due to the dense vegetation. Similarly, the Cape Robin-chat
(Cossypha caffra) and African Stonechat (Saxicola torquatus) thrive in bracken-invaded
habitats, suggesting their ability to adapt to or tolerate it. The Cape Robin-chat, in particular
has been observed thriving in areas invaded by Acacia species (Rogers & Chown, 2014)
indicating its ecological flexibility.

These findings suggest that while some bird species can adapt to bracken-invaded habitats,
invasion significantly alters the overall bird community. Bracken habitats support distinct bird
assemblages, as evidenced by higher species turnover values compared to nestedness. This
indicates that such habitats host unique bird communities shaped by changes in habitat
structure, resource availability and microclimatic conditions caused by dense bracken growth.
Consistent with this, Grzedzicka (2022) found that invasive plants alter beta diversity in bird
communities creating a distinct species composition.

While this study provides valuable insights, it is limited by the lack of direct testing for causal
relationships and many conclusions are based on correlation. In addition, the study does not
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account for seasonal variation which could offer deeper insights into the influence of bracken
on bird communities (Seoane et al., 2013; Katuwal et al., 2022). Despite such limitations, the
findings serve as a foundation for further exploration of other hypotheses.

4.2 The impact of bracken on reptile species composition and diversity

The study could not clearly isolate differences between bracken-invaded and non-invaded
habitats due to the low number of reptile species recorded in both. Only six species were
observed, with two in bracken-invaded areas and four in non-invaded areas. The low reptile
species richness is likely to be related to the high elevation of the sampling sites. Reptile capture
rates and species richness tend to be higher at lower elevations, with declines above certain
thresholds (Fischer et al., 2005). For instance, species richness for lizards and snakes tends to
peak between 1000—1500 m and decreases significantly at higher elevations (Fu et al., 2007).
This study surveyed sites at elevations ranging from 1971 m to 2486 m, with an average of
2229 m, which may explain the low species count. Reptile distribution is closely linked to
temperature variations which are associated with elevation. Even small elevation differences,
such as 50 m, can result in significant changes in species presence (Fischer et al., 2005).

Survey methods may have also influenced the low reptile capture rates. Different approaches
for reptile surveys vary in effectiveness depending on habitat conditions (Ali et al., 2018).
Visual searches, the approach used in this study, may have been less effective in the dense
bracken and grass. While time-constrained searches are generally more efficient than trapping
(Crosswhite et al., 1999), combining them with trapping methods could have improved species
detection in both invaded and non-invaded habitats.

The two reptile species observed in bracken habitats suggest that invasion may not completely
exclude reptiles but could limit the species that thrive there. In contrast, non-invaded habitats
supported slightly higher species richness. Notably, 7. hildae, the only species recorded in both
habitat types, was significantly more abundant in non-invaded areas suggesting these areas offer
more favorable conditions. However, the low number of reptile species and their corresponding
abundance complicate the isolation of bracken fern invasion effects from other potential
influencing factors, such as habitat structure, microclimate or prey availability.

4. Conclusions and Recommendations

This study explored the effects of bracken fern invasion on bird and reptile communities. For
birds, findings show that bracken invasion is associated with lower species number and
functional diversity, suggesting that bracken alters species composition. While bracken-invaded
habitats may support some species, particularly mixed-feeding birds, the negative impacts seem
to outweigh the benefits.
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For reptiles, the results were inconclusive due to the low number of species recorded in both
habitat types. However, the presence of a few species in bracken-invaded areas suggests these
habitats may still offer resources or refuge for some reptiles. Further research is needed to assess
how bracken-invaded habitats affect reptile diversity and abundance.

Based on these findings, the study recommends focusing conservation efforts on controlling
bracken fern spread to protect species and functional diversity, especially amongst birds. Future
studies should include more extensive surveys across seasons and times of day, as well as
examine various microhabitats within invaded areas to better understand their ecological roles.
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6. Appendix: Summary of principle components analysis (PCA) of bird traits.

Importance of components:

standard deviation

Cumulative Proportion

Standard deviations (1,

PC1

., p=8):

PC2

PC3

pC4

PC5

PC6
2.469 1.1505 0.59811 0.31534 0.23602 0.20016 0.16085 0.04296
Proportion of variance 0.762 0.1655 0.04472 0.01243 0.00696 0.00501 0.00323 0.00023
0.762 0.9274 0.97213 0.98456 0.99153 0.99654 0.99977 1.00000

PC7

[1] 2.46895902 1.15046479 0.59811488 0.31534065 0.23602415 0.20015981 0.16085388 0.04296125

Rotation (n x k) = (8 x 8):

Beak.Length_Culmen 0.
Beak.Length_Nares 0.
Beak.width 0.
Beak.Depth 0
Tarsus.Length 0
wing.Length 0.
Tail.Length 0
Mass 0

PCl
3918101
3620334
3790524

.3343858
.3326838

3629540

.3510651
.3070200

-0.
-0.
-0.
4717443
.4569619
.2653960
.1150328
.5152047

-0

[=NeNe Rl

PC2
1581003
3582753
2572600

-0.
-0.
-0.
-0.
-0.

0.

0.
-0.

PC3
18691170
21064759
06342820
03857874
27209109
35602084
75431323
38132311

PC4

.16175722
.14317037
.34156213
.02779216
.09104975
. 72485551
.51913245
.18081951

PC5

.5033586
.4417817
-0.
-0.
-0.
.2735790
-0.
-0.

4599926
4523184
1231945

0857005
1946972

0.
-0.
0.
-0.
0.
-0.
-0.
-0.

PC6
15887621
17212413
07059848
04739927
71202182
11854701
01865713
64538689

0.
0.
0.
-0.
-0.
-0.

0.
0.

PC7
020424999
119179350
667207642
674136482
119655547
234148843
128844296
003014079

-0.
.66083199
-0.
-0.
.24842360
.04402759
.02720811
-0.

PC8

PC8
69380046

08778071
04565170

08808791
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