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SUMMARY

Bracken ferninvasion in Nyika National Park (NNP) has been an increasing causefor
concern to the Malawi Department of National Parks and Wildlife (DNPW) and other
stakeholders of the Protected Area (PAWith respect to future biodiversity conservation
efforts. Much uncertainty at the theoretical level on the factors influencing its invasion
have been progressively acute because of the absencef information regarding the
spatial extent and temporal distribution of the species To the further discomfort of
DNPWmanagement, lack of clarity on the actual threat posed by the invasion on the PA
has made it difficult for pragmatic management plans for the invasion to be developed.
Thus, the current project aimed at shedding more light on both the spatial and temporal
distribution of bracken fern in NNP as well as assessing the impact of the invasiby
comparing plant species diversity and soil physicathemical parameters in bracken
invaded and noninvaded areas. Standard remote sensing techniques, biodiversity
assessment methods awell as soil analytical procedureswere employed to address the
study objectives.Results revealed thatracken fern covered 13.7% (20,940.7 hectares)
of the entire grassland plateau as of 2017, and was distributed more densely within five
kilometres of the pine plantation located at the centre of NNP. The results alshowed
that the area invaded bybracken fernincreased by 121.9% (19,919.4 hectares) between
1986 and 2016 across the grassland plateau, with a 4.06% annual rate of increase.
Furthermore, the results indicated significantly (p<0.01) lower plant species diersity
(richness and evenness) in areas invaded dyracken than non-invaded areas across the
grassland plateay as well as significant vaations in soil physical and chemical
properties of soils in invaded and norinvaded communities. Given the 4.06% rate of
spread between 1986 and 2016(663.9 hectares per yea}, bracken could invade the
entire grassland plateau in NNP within the next 40 years if left unchecked. This could
result in significant alterations to the soil community and cosequent loss of grassland
plant species diversity in the protected area on which wildlife depends. As it stands,
further monitoring on the distribution of the species in the PA as well as research into the
factors influencing its spatialtemporal distribution are highly recommended.
Additionally, the study recommends that field experimentation of different control
options for the invasion should be carried out simultaneous to the research on invasion

drivers.

Page |1



2018/19 Report to the Nyika Vwaza (UK) Trust

ACKNOWLEDGEMENTS

| wish to acknowledge the Nyika Vwaza Trust (UK3s majorfinancers of the current work
which has contributed to the postgraduate study of the researcheand invaluable
information for use by the Department of National Parks and Wildlife (DNPWgyecondly,

| thank the Peace Parks Foundation (PPF) SA for ihemmense technological support
throughout this study. Thirdly, | wish to extend my gratitude to Mr. P. Wadi DNPW
Northern Division Manager) and the entire DNPW management for their consistent
logistical support during field work. Likewise, much gratitude is expressed to Dr. D. Njera
and the entire Department of Forestry and Environmental Management at Nzu

University for their mentorship throughout the project.

Special thanks are expressed to Associate Professor L. Mwabumba, Dr. D. S. B. Gondwe
and Mr. G. Z. Nxumay#or their tireless moral and intellectual support throughout the

span of the project which was interwoven with my postgraduate studies. Their
contribution to this work cannot be overemphasized. Similarly | also wish to
acknowledge the particular supportof JasonGilbertson, Sopani Sichinga Bob Awali and
Justice Mughoghdor their support during the critical project stages of data collection,

analysis and validation

Page |1



2018/19 Report to the Nyika Vwaza (UK) Trust

Contents
SUMM AR e et e e et e e e e e e e e 1
ACKNOWLEDGEMENTS. ... e e et e eaeeeeenes 1
LIST OF TABLES......c et e e e e e et e e e e e e e e eba e e e e e 1
LIST OF FIGURES ... e e e e e e e e e e e nnnnnns 1
1.0 INTRODUGCTION. ... ettt e e e e e e e e e e e e e e eennn e e eeeas 1
1.1 Background ofthe study..............coi i 1
0 @ L ] 1= 1)< 3
1.2.1  SPECIIC ODJEUVES. ... .. 3
1.2.2 RESEAICh QUESHIONS......cviiiiiiiiiiiiiiiei s s e e s e e e e e e e e e e e e e e e e e e aaaaaaaaaaaes 3
2.0  METHODOLOGY....cotttuiiiiieiiiiiiiiaa ettt e et e e e e e e e abb e e e e e e e eesan e eeaas 5
2.1 SHUAY SIE. . —————— 5
2.2  RESEAICN DESIQN....ccoi i 5
2.3 Detection ofBracken ferninvasion on the Nyika plateau..............ccccoecuvvvineee. 7
2.3.1 Baseline GPS Survey and Creation of Training Data................cccccvvvvennee. 7
2.3.2  IMAQE ACUISITION. ....ceiiiiiiiiiiiie e et e e e e e e e e e e e e e e s e 9.

2.3.3 Image pre-processing (correction and enhancement) an&egmentation...9
2.3.4 Image Classification and Accuracy ASSESSMENL.........ccccceeeevieiiiieieeeeeenn 11
2.3.5 Post Classification ANaAlYSES.........cuuiiiiiiiiiiiiiiei e 12

2.4  Assessment of the effect dracken ferninvasion on Plant Diversity on the

NYIKA PIALEAUL. ... e 16
2.4.1 Determination of Sampling Scheme............ccccccoiiiii i, 16
2.4.2 Field Survey (Plant Inventory and Taxonomic Identification).................. 17
2.4.3  DIVErSItY ANAIYSES.....cciiiiiiiiii i 19
2.4.4  POStDIVErsity COMPAIISONS......uuuiiiiiiieeeiiiiiiiiieee et e e e e e e e e reee e e 20

Page |1



2018/19 Report to the Nyika Vwaza (UK) Trust

2.5 Comparison of the physical and chemical properties of soils Bracken fern

invaded and noninvaded areas on the Nyika plateau...........ccc.covvvvvvivvveeeviiiiinnnnnnn. 21
2.5.1 Soil sampling, preparation and ANalySes...........cccccvveeeeeiiiiiiiiiiiiieeeeeeeen 21
2.5.2 Physical and Chemical ANalySes...........cccuuiiiiiiiiiiiiiiiiieeee e 21
2.5.3  Statistical ANAIYSES..........coooiiiiiiii e ————— 21

3.0 RESULTS & DISCUSSIQN. .. .ottt e e e eeeii e e e e e eeenes 22

3.1 Spatiaktemporal distribution of Bracken ferninvasion on the Nyika plateau.22
3.1.1 Spatial distribution of Bracken ferninvasion on the Nyika plateau.......... 22
3.1.2 Temporal distribution of Bracken ferninvasion on the Nyika plateau......26

3.2 Effect of Bracken ferninvasion on grassland diversity on the Nyika plateau..30

3.2.1 Effect of Bracken fernnvasion on grassland plant species diversity on the

NYIKB PIATEAU ....eeieeeee e 30

3.2.2 Effect of Bracken ferninvasion on soil physicaichemical properties on the

NYIKB PIATEAU ....eeieeeee e 33
4.0  CONCLUSIONS. ...t e e e e e e et e e e e e e e eerrnna e e e aeeeennes 35
5.0 RECOMMENDATIONS AND FURTHER RESEARCH........cccovviiiiiiiiiiiiiiin. 35
6.0 REFERENCES.. ... .o et e e e e e e e eeeees 37
7.0 APPENDICES . ... et e et e e e e 40

Page |2



2018/19 Report to the Nyika Vwaza (UK) Trust

LIST OF TABLES

Table 1: Reference points (n=606) collected for land cover classes during the baseline
GPSSUNVEYS iN 2016 AN 20L7.....uuiiiiiiii oo eeeeeeeem e erreeeeems e eeeeeenee e O
Table 2:Spectral characteristics (adopted and modified from Parece & Campbell, 2013)
of the Landsat ima@s used in the Study..............cceiiiiiiiccceeeeeiiie e L0
Table 3:Buffer features used as reference points for assessing bracken fern spatial
distribution on the Nyika platau.............ccoovuiiiiiccceeeeer s eeeeremmmr e eemeee el
Table 4: Proportion ofbracken fernand other land cover classes on the grassland plateau
in Nyika National Park @ of 2017...........cooieiiiiiiiiceeeen e ereeeemmme e e eeennnn 22
Table 5: Spatial distribution of bracken fern infestation, increase in area infested, area
around plantation andproportion at different distances from Chelinda pine plantation in
Table 6: Spatial distribution of bracken fern area coveredncrease in area, area of buffer
around roads and proportion at different distances from the roads in NNP............... 25..
Table 7: Spatial distibution of bracken fern area covered, increase in area, area of buffer
around streams and proportion at different distances from the streams in NNP........ 25
Table 8: Percentage change in area of bracken fern invasion on the Nyika plateau between
1896 ANA 2016........ccceeiiieiiceeeeeeeees e eeeeereenr e e e e e e e e ee e s emmmmmmme e s e e e e e e e e e e e s emmmmnnnns D]
Table 9: Comparison of plant species diversity between bracken fern invaded and ron
ET OAAAA AOAAO OOET ¢ 3EATTIT160.AEOQAQQBOU AT A
Table 10: Proportion of total nitrogen, soil carbon and organic matter in soils sampled
from invaded and noninvaded areas on the Nyika plateau..............c.ccooiiiceeeeeeeeeeens 34..
Table 12: Error matrix for 2017 support vector machine image classification............ 41

Table 13: Soil physical parameters from P. aquilinum (bracken fern) and grassland plots

42
Table 14: Soil chemical parameters from P. aquilinum (bracken fern) and grassland plots

42
Table 15:Phosphorus (P) levels from P. aquilinum and grassland plois...................42....

Table 16: Chemical parameters significantly different at P<0.01 betwaeP. aquilinum

invaded and uninvaded plots at different depths..............cooiiiiiiccccceeeeeee 43

Page |1



2018/19 Report to the Nyika Vwaza (UK) Trust

LIST OF FIGURES

Figure 1: Location of Nyika National Park in Malawi..................oovieeeeemmmn e
Figure 2: Overall work flow of the Study...........oouiiiiiieiii e 6.....
Figure 3: Harmonized methodology for objectives 1 and 2..............cccooivicccceeenvvvennnn e,

Figure 4: Function (in red circle) used to calculate area covered by pixebjects in the
(o Fo ST 1 =0 N = T T PP I
Figure 5: Fixed distance buffer menu (highlighted in red) used to create buffers for spatial
analysis of bracken fern distribution on the Nyika plateau in QGIS...................uve... 15
Figure 6: Overview of methodology for determining the spatiatemporal distribution and
current coverage of bracken fern on the grassland plateau..................ooeennnn.... 16..
Figure 7: Area used for laying sampling plots on the grassland plateau within Nyika
NALIONAl PArK.........ccoiiiiiiiiiiiieeeemmmme ettt e rmmmmmme e e e e e eeeeeesesnnnmmmmmeeseeeeessssssssmmmmmmmmeees L do
Figure 8: Distribution of sampling plots in the study sampling area......................cc.. 183
Figure 9: Species accumulation curves for plots in invaded and namvaded areas.....18
Figure 10: 2017 land cover classification of the Nyika Plateau....................ceeeeeeee.. 23
Figure 11: Change map of bracken fern distribution on the Nyika plateau from 1986 to

Figure 12: Forecast of change in the area of bracken fern and grasslands on the Nyika

8] E= == LU PP PP P PPPPRRRPPPPPPPRPPPIRD L SO
Figure 13: Individual rarefaction curves of bracken fern plots..............cccccvvvieeeeeeeen . 31
Figure 14: Individual rarefaction curves of grassland plots...........ccccceeeeiiieeeeecccennnnn. 32.

Figure 15: Visual comparison of bracken fern invaded areas (above) and uninvaded areas
(below) on the grassland plateau in NyikaNational Park................cccoooeiieeeeemeceeennnnnn. 32...
Figure 16: Clay and Sand content in plots not invaded with P. aquilinum at 40cm soil

depth (A) and 20cm soil depth(C), and plots invaded with P. aquilinum at 40cm soil depth

(B) and 20cm soil depth (D) on the grassland plateau...............ccoooiieeeememceieiiieeeeeeeea 43...
Figure 17: Cation concentrations at 20cm soil depth............ccccoivivieemceee e 440
Figure 18: Cation concentrations at 40cm sodepth............cccevvviiiiicccciciveiiivennnn 44

Page |1



2018/19 Report to the Nyikéwaza (UK) Trust

1.0 INTRODUCTION
1.1 Background of the study

Nyika National Park(NNP)YEO - A1l AxE8 O 1 AOCAOO POiT OAAOAA
lying in the northern part of the country, with a small portion extending into the north
eastern part of Zambia. The national park is characterized with a beautiful rolling
grassland plateau on the interior(i.e. the Nyika plateau) unique floral assemblages that
provide habitation to a diverse community of wildlife, and little streams that drain into

Lake Malawi interspersed through breathtaking valleys (cf. Burrows and Willis, 2005;
Johnson, 2017).

Like most protected areas in Southern Africa, Nyik&lational Park has not been spared
its share of conservation related challenges. Besides the common problems such as
poachingand encroachment plant invasions are becoming a serious concern. Currently,
the Nyika plateau is faced with multiple plant invasias from species such as Mexican
pine (Pinus patulg, Black wattle (Acacia mearnsi, Himalayan raspberry QRubus
ellipticus) and Bracken fern Pteridium aquilinum) besides others (GoM, 2015;

Kanzunguze, 2017).

The most pressing of these at the moment is bcken fern(Nxumayo, 2013), which has
been described as spreading beyond the central plateau and forming extensive patches
within the national park (Nxumayo, 2016). With recent evidence confirming its spread
(Kanzunguze, 2018), several stakeholders of the national park are now planning towards
developing long term management interventions of this specific invasion (besides the
others) in the protected area. It is to complement these efforts that the current study was

embarked upon.

Initially, the first phase of this study (Kanzunguze, 2018) demonstrated the feasibility of
using remote sensing (RS) and geographic information systems (GIS) nmonitoring
bracken invasion. During the first phase, one thing that came out very clear was that there
was an increase in the amount of bracken since 1986 to 2016. However, aspects such as
the spatial distribution of the species visa-vis existing featuresin the area were not
thoroughly revealed. Furthermore, the factors that could be promoting the invasion were

only speculative.
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Instead of delving into explicit elucidation of the factors promoting the bracken fern
invasion in the national park during thesecond phase of the study, increasing agitation
amongst managers of the protected area over the invasion prompted otherwise. The issue
amongst keystakeholders was on the feasibility of controlling the invasion in light of its
notoriety in protected areaselsewhere in the world (cf. Stewart et al., 2005; 2008), as
well as the cost implications of carrying out control initiatives for the same across the
entire plateau (cf. Nxumayo, 2016). Coupled with the absence of information both on the
current spatial distribution of the species as well as effects of the same on important
attributes of the national park, management of NNP appeared to be getting disinclined to
prioritizing the invasion (Mwiya, 2017). This was especially in light of other problems
that have been getting increasing attention in the national parkparticularly in relation

to human-wildlife conflicts.

The problem expressed by managers can be summarized as a dilemma of risBs.one
side, te risk of wasting resources in addressing perceived invasion threat that is no
threat at all. On the other sidethe risk of procrastination in implementing an invasive
plant management intervention forbracken fernwhen the threat posed by the species is
in fact a serious one than meets the eyd the moment.Knowing the problematic nature
of bracken fern in environments similar toNNP (cf. Robinsonet al, 2010; Bergetet al.,
2015), ignoring or prolonging this dilemma and/or inattention to the invasion could
result in a scenario wherein the ability of the national park to sustain important

biodiversity components and functions is heavily undermined or compromised

Therefore, the second phase of this project as reported herein went a step further in using
the same RS and GIS techniques (asthe first phase) in refining both the spatial and
temporal distribution of the species on the Nyika plateaulhis was done with the purpose
of bringing out the extent of bracken fern invasion on the Nyika platea&urthermore, an
assessment was carried out to ekermine the extent to which bracken fern could be
affecting the grasslandplateau by comparing plantand soil characteristics in bracken
invaded and noninvaded areas.This wasdone to allow managers to appreciatand/or
vividly conceptualize the severity of bracken fern invasion inNNP. It is therefore the
expectation that the findingsin this report will help NNP managementand all relevant

stakeholdersin making decisions on when and hovbestto manage the invasin.
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1.2 Objectives

The study determined to reveal the spatial extent and temporal distribution obracken
fern, and also assess the effect of its invasion on plasgeciesdiversity of the grassland

plateau in Nyika National Park.

1.2.1 Specificobjectives

The specificobjectives of the study were as follows;

a) To establish the currentspatial extent of bracken fern on the grassland plateau in
Nyika National Park.

b) To determine the temporal distribution of bracken fern on the grassland plateau in
Nyika National Park from 1986 to 2016.

c) To assess the effect dfracken ferninvasion on plant diversity in Nyika National Park.

d) To compare soil physical and chemical properties between invaded and namvaded

areas on the grassland plateau in Nyika Nationakik.

1.2.2 Research questions

The following research questions were used to assess the specific objectives;
Objective 1: To establish the current spatial extent diracken fernon the Nyika plateau

i.  What is the current coverage obracken fernon the Nyika plateau?

ii.  What is the pattern ofbracken ferndistribution across the Nyika plateau?

Objective 2: To determine the temporal distribution obracken fernon the Nyika plateau
from 1986 to 2016.

i.  To what extent hasbracken fernspread in area over the past 30 years on the
Nyika plateau?
il. At what rate hasbracken ferncoverage changed on thaélyika plateau over the

past 30 years?
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Objective 3: To assess the effect bfacken ferninvasion on plantspeciesdiversity on the

Nyika plateau.

i. How does plant diversity compare betweerbracken fern invaded areas and
uninvaded grassland area®n the Nyika plateau?
ii. Is vegetation in bracken fern invaded areas similar to the vegetation in

uninvaded areas on theNyika plateau?

Objective 4: To compare soil physical and chemical properties between invaded and ron

invaded areas orthe Nyika plateau

i. Are there significant differences insoil physical properties between bracken
fern invaded and nonrinvaded areas orthe Nyika plateal?
ii. Are there significant differences insoil chemical properties betweenbracken

fern invaded and nonrinvaded areas on theNyika plateau?
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2.0 METHODOLOGY

2.1 Study Site

The study was conducted in Nyika National Park located betweend®uv 6 @b 6T AT A
3Bpuvd @uvbdetr | RECOOA ¢8pQg8 YO 1T EAO AO AT Al OE
consists ofrolling grassland hills interspersed with pockets of montane forest patches at

the mouths of valleys, which get steeper away from the central plateau (with slopes up to

1 km wide, and 200 m deep) especially towards the northern and extensively forested

eadern escarpments (Burrows & Willis, 2005).
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Figure 1: Location of Nyika National Park in Malawi
2.2 Research Design

The research was carried out as a crossectional survey, employing both remote sensing
and geographic information system (GIS) techniques, vegetation ecology and biodiversity

assessment techniqueas well as soil analyticamethodsto address the study objectives.
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2.3 Detection of Bracken ferninvasion on the Nyika plateau

Figure 3.3 illustrates the harmonized methodology employed in establishing the spatial
extent and determining the temporal distribution of bracken fern. The objective was

largely achieved using remote sensing techniques in geographical information systems.

Preparatory Stape
(Data requirements and Resource mobil ization)

l l

GPS survevs and field observations Image aquisition
- - i

Inage Pre-processing
Creation of training data (Image correction, Panchromatic sharpening,
| Imapge transformation )

Image Classification
[Support Vector Machine Alporithm) ¥

Accuracy Assessment .
- Consultations

7 gy

Post-classification Analvses
(Lingar repression, Change detection, Area coverape)

Figure 3: Harmonized methodology for objectives 1 and 2.
2.3.1 Baseline GPS Survey and Creation of Training Data
Field surveys were carried out in September 2016 and December 2017. A Global Positioning

System, calibrated to Universal Transverse Mercator (UTM) southern zone 36 of the World
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Geodetic System of 1984 (WGS 84), was used to record coordinates of differemtd cover
classes. A coordinate was recorded at a point where a target land cover class covered an
area of greater than 900mM (30m x 30m) around the recording point. A total of 606
reference points were collected during the surveys (Table 3. 1) and storad an .xls file
format in Microsoft Office Excel 2016 spreadsheet. The coordinates collected in 2016 were
used in determining the spread obracken fernfrom 1986 to 2016, whereas the coordinates
collected in 2017 were used in establishing the spatial exte¢ of bracken fern on the

grassland plateau.

Table 1: Reference pointdn=606) collected for land cover classes duringhe baseline
GPS surveys in 2016 and 2017.

Number of coordinates

Land Cover Class Description 5016 recorded 5017
Fern A stand with complete bracken fern 97 44
dominance.
Forest Patch of forest e.g. miombos, junipers 122 78
firs, eucalyptus and pines.
Grassland Upland grassland areas with little 57 145
woody shrubsavailable.
Fire scar A tract of land scarred by fire with very 0 55
few herbs and grasses regenerating.
Water A water body e.g. dam, lake, river 8 0
stream.
Sub-total 284 322

The remote ecosystem monitoring assessment pipeline, REMAP (Murray al., 2018),
was used to verify precision of reference points. The stored coordinates were then
converted to a .csv file format for data visualization and manipulation in Quantum GIS
version 2.18. The data (displayed as points) was then converted and saved as a point

shapefile (.shp file format) to be used as training data during image classification.
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2.3.2 Image acquisition

The Landsat family of satellite imagery was selected for use in remote detection of
Pteridium aquilinumbecause of their cheap acquisition cost (Wuldest al.,2012), ease of
processing and manipulation, consistency of data capture over different locatioghu et

al, 2012; Hansen & Loveland, 2012; Vogelmaret al.,2016), and proven reliability in
invasive plant detection and monitoring (Huang & Asner, 2009; Kennedgt al, 2014;
Bradley, 2014). Satellite imagery for the 1986016 analysis was accessed armbtained

on the 20" February, 2017, whilst that for the 2017 analysis was accessed and obtained
on the 23d January, 2018 both from the United States Geological Survey (USGS) Earth
Resources Observation and Science (EROS) Centre archive at
http://earthexp lorer.usgs.gov/. Acquisition dates for all the images which covered the
entire grassland plateau in Nyika National Park (path/row: 169/67) were obtain on dates
within the months of August and September. These months were selected for image
acquisition firstly because that is the time wherbracken fern patches on the grassland
plateau exhibit a reddishbrown to deep-green pigmentation that is distinct from the rest

of the grassland plant species, which are usually dry at the same time. Secondly, the
months were selected because that is the time when there is the least cloud cover across
the Nyika plateau (the hotdry season), bearing in mind that high cloud cover affects the
guality of satellite imagery captured for an area by any remote sensing platform (Jagon,
2017). Table 3.2 summarizes the spectral characteristics of the Landsat imagery used for
assessing the spatial extent and temporal distribution dbracken fernin Nyika National

Park during this study.

2.3.3 Image pre -processing (correction and enhancement ) and Segmentation

The image preprocessing approach by Gilbertsoet al.,(2017) was adopted in this study.
Atmospheric, radiometric and geometric distortions as described in Campbell, (2011)
and Mishra et al., (2014) were corrected using the atmospheric and topographic
correction (ATCOR) model in PCI Geomatica software. The AJ® model was calibrated
using coefficients provided in the channel metadata files for the satellite imagery.
Panchromatic sharpening as described in Let al.,(2017) was next carried out on the
corrected imagery using the PANSHARP algorithm to reduce tepatial resolution of all

the imagery from 30m to 15m.
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Table 2:Spectral characteristics (adopted and modified fronfParece & Campbell, 2013) of the Landsat images used in the study.

Band Landsat 8 (OLI) Landsat 7 Landsat 5 (TM) Resolution Band Applications
ID (ETM+) (m)
1 Visible (Coastal) Visible Visible 30 Coastal and aerosol studies
(0.43-0.45¢ 1) (0.45-0.52t | (0.45-0.52t |
2 Visible (Blue) Visible Visible 30 Bathymetric mapping, distinguishing soil from
(0.45-0.511 1) (0.52-0.601 | (0.52-0.60t | q vegetation, and deciduous from coniferous
vegetation.
3 Visible (Green) Visible Visible 30 Emphasizes peak vegetation, which isuseful for
(0.53-0.59t | (0.63-0.69¢1 | (0.63-0.69t | assessing plant vigour.
4 Red Near-Infrared Near-Infrared 30 Discriminates vegetation slopes.
(0.64-0.67t | (0.77-0.90¢t | (0.76-0.90t |
5 Near-Infrared Near-Infrared Near-Infrared 30 Emphasizes biomass content and shorelines.
(0.85-0.88t | (1.55-1.75¢ | (1.55-1.75t |
6 Shortwave Infrared 1 Thermal Thermal 30, 60, 120 | Discriminates moisture content of soil and
(1.57-1.65t | q (10.40-12.50t | | (10.40-12.50t | ¢ vegetation; penetrates thin clouds.
7 Shortwave Infrared 2 Mid-Infrared Mid-Infrared 30 Improved moisture content of soil and vegetation and
(2.11-2.29t | q 2.08-2.35¢1 | (2.08-2.35t | q thin cloud penetration.
8 Panchromatic Panchromatic 15 15-meter resolution, sharper image definition.
(0.50-0.68t | 0.52-0.90¢ |
9 Cirrus 30 Improved detection of cirrus cloud contamination.
(1.36-1.38t |
10 Thermal Infrared Sensor 1 100 100-meter resolution, thermal mapping and
(10.60-11.19t I q estimated soilmoisture.
11 Thermal Infrared Sensor 2 100 100-meter resolution, thermal mapping and
(11.50-12.511 | estimated soil moisture.

Additional information of all Landsat images obtained from the United States Geological Survey Landsat Missiarthives ( https://landsat.usgs.gov/).
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Image transformations as described by Lu and Weng, (2007) were created using ENVI
software for amplification and enhancement of landscape features such as vegetation
types, bare ground and water prior to differentiation of classes. Some of the
transformations carried out amongst others outlined in Gilbertsoret al., (2017) and
described in Campbell (2011) include the Normalized Difference Vegetation IndéxDVI,
Enhanced Vegetation IndexEVI, Normalized Difference Moisture IndexXNDMI,
Normalized Difference Water Index-NDWI and the Normalized Difference Built Index
NDBI.

Image segmentation was carried out using an objettased approach as described by
Hussainet al., (2013). The enhanced image transformations were segmented into distinct
objects by Multiresolution Segmentation algorithm (MRS) as implemented in Trimble
eCognition software, using the object orientated module in PCI Geomatica software. The
MRS algorithm groups pixels/data points with similar spectral values into objects using
scale, shape, compdacess and layer weighting as input parameters (Gilbertson & van
Niekerk.,2017). All image bands for the satellite imagery in this study were used as input
to the MRS algorithm, with more weighting on green (15%), red (20%), neanfrared
(40%), and short-wave infrared (25%) spectral bands. The calibration parameters for the
MRS algorithm (scale, shape and compactness) were set to 55 for scale and 0.5 for both
shape and compactness after multiple tests and visual assessment to determine what was

best for the informational classes.

2.3.4 Image Classification and Accuracy Assessment

In order to extract landcover classes from the satellite imagery, the supervised image
classification approach as described in Wuldest al.,(2018) was carried out. The Support
Vector Machine (SVM) algorithm as described in Maxwekt al., (2018) was used to
classify all satellite imagery in PClI Geomatica software. The SVM had its radial basis

function kernel set according to recommendations by Hseat al., (2003).

Following the approachby Gilbertsonet al.,(2017), a 3:2 ratio was employed for splitting
data used in image classification and accuracy assessment. Such that 60% of reference
data was used for training the SVM algorithm whilst 40% of the remaining data was used
for assessingaccuracy of the land cover classifications. The object orientated module in

PCI Geomatica software was used to run the accuracy assessment and automatically
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generate error matrixes for the image classifications in this study. The error matrices
contained information on overall accuracy (OA) and kappa statisticc) of the entire
classification, as well as errors of commission (EC), errors of omission (EO), producer
accuracy (PA) and Consumer accuracy (CA) for all land cover classes as described in
Lillesand et al.,(2008).

2.3.5 Post Classification Analyses

Post classification analyses included extraction of areas (in hectares) of landcowtaisses
using the $.function from the attribute table field calculator in QGIS (Figure 3.5).
Afterwards, change detection was carried out using equations adopted from Singh (2013)
in determining the percentage of area on the grassland plateau that was infested by
bracken fern for each year (Equation 3.1) and the percentage change in area of the
grassland plateau invaded bybracken fern (Equation 3.2). Equation 3.3 adopted from
McAlpine (2014) was used to calculate the annual rate bfacken ferninvasion expressed

as a proportion of the invaded area.

0AOAARDAR A C A PTITT 88888 SB%B 8BEBL
OAOAARBATHA p TISE8 8 %N 3.2
)y T OAOE iU O pTT 0 RS EH 3.3

The 2017 spatial extent ofbracken fern was assessed in terms of distribution of the
species at different distances from the Chelinda pine plantation and linear features (roads
and rivers). Feature buffers (Table 3.3) were created using the fixed distance buffer
function from the vector geoprocessing tools in QGIS (Figure 3.6) as outlined by Treglia,
(2016).

Page |12



2018/19 Report to the Nyika Vwaza (UK) Trust

Table 3:Buffer features used as reference points for assessifgacken fern spatial
distribution on the Nyika plateau.

Buffer Linear features Chelinda Pine Plantation
ID Riverine Road
Distance  Area (ha) Distance  Area (ha) Radius (m) Area (ha)
(m) (m)
1 100 41000 100 3000 1000 2000
2 250 6800 250 9000 2500 5000
3 500 114000 500 13000 5000 14000
4 750 18000 7500 27000
5 1000 24000 10000 44000

NB: All area values are rounded to the nearest thousand. Streams and rivers across the entire plateau where

used, whereas roads within 10Km radius from the plantation were sampled for the analysis.
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2.4 Assessment of the effect of Bracken ferninvasion on Plant Diversity on the

Nyika plateau

Figure 3.3 illustrates the harmonized methodology employed in assessing the effect of
bracken ferninvasion on plant diversity in Nyika National ParkThe objective was largely

achieved using vegetation ecology techniques.

V4 Determination of Sampling Scheme . . .
2.4.1 Determination of Sampling

/s
fﬂ’" l Scheme
/
/ Determination of the area from
| Field Survey

‘ which to compare plant diversity
- -_5“‘ between bracken fern invaded and
% Y uninvaded areas was based on the
; Plant Taxononic ldentification output obtained from the 2017
;f w assessment ofbracken fern extent.

:E ¥ Accessibility of the areas in question
ga Diversity Anahrses was also factored in during selection

L; . . of areas where to lay plots for
r'; diversity assessments. Thus, Figure
5? r 3.8 presents the segmentation of
E‘I Post-Comparisons NNP, whilst Figure 3.9 shows where
LET plots were laid in the study samplng
~— Y area. This area was considered
f'/‘;’, \l sufficient in representing both

N Consultations grassland andbracken fern invaded
areas on the plateau. Simple random

Figure 6: Overview of methodology for sampling was used in laying of plots
determining the spatiaktemporal from which to assess plant diversity.

distribution and current coverage ofbracken

fern on the grassland plateau.
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Figure 7: Area used for laying sampling plots on the grassland plateau within Nyika

National Park.
2.4.2 Field Survey (Plant Inventory and Taxonomic ldentification)

Sample rarefaction and/or species accumulation curves as described in Colwell al.,
(2004) were used to determine the optimum number of sampling plots for collecting data
on plant diversity in the sampling area (see Figure 3.10). Following the steps deibed

in Hill et al.,(2005), a plot of 100n? was set up containing 3 quadrats (1rheach) laid
diagonally within the plot. Plots were laid where the dominant vegetation (grass or
bracken fern) covered more than 2500n3. Thus, 40 plots evenly distributed inbracken
fern invaded and norinvaded areas were laid on the grassland plateau during thseirvey.
Species taxon were identified in the field using the Southern Africa Botanical Diversity
Network (SABONET) checklist for plants on the Nyika plateau (Burrows Willis, 2005).
Where species were difficult to differentiate in the field, specimen were verified further

using the at the Mzuzu National Herbarium and Botanic Gardens.
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Figure 8: Distribution of sampling plots in the studysampling area.
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Figure 9: Species accumulation curves for plots in invaded and nenvaded areas.
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2.4.3 Diversity Analyses

Species counts, frequencies, abundance and densities were calculated using the statistics
functions in Microsoft Office Excel 2016. These parameters were then used to calculate
the Simpsons Index (D), Simpsons Index of Diversity {], Shannon Diversity Index [H]
AT A 3EATTTI180 %KOEPUsAE ihE Guigigsindites Adeton in %
Paleontological Statistics version 3 (PASV3.0). The indices were calculated using the

formulae below as outlined in Magurran (1988) and Morriset al.,(2014).
Yo e € 808 'Q (D B — 0¢— 88888 &B.3

Where Hranges from 1 (low diversity) to 4.5 (high diversity),ni/n denotes the
proportion of a species (i) to the total number of speciesf) in the community, andin

denotes the natural logarithm.
0N 6 Q0 & ®Qa Boygn 88 8 8 8 EanB.4

Where E4 ranges from 0 (uneven) to 1 (complete evennessl is the Shannon index and

In(n) is the natural logarithm of all species in the community.
YQaneOEQ®@w B — 8888 8Bg@S85

Where D ranges from 0 (infinitely high diversity) to 1 (no diversity) and ni/n denotes

the proportion of a species (i) to the total number of species ) in the community.
YQaNEeOEQQB®QL QI p MWwp B — 8888 8Bg®86
Tol AEA OEA 3EIDPOIT80 ETAAG 11 OA -ntlitg® Ahe]l j OAA

index was subtracted from 1 so that values closer to 1 represent higher diversity and

those close to 0 represent low diversityas illustrated in Equation 3.6.
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2.4.4 Post-Diversity Comparisons

The effective number of species was calculated as illustrated in Equations 3.7 and 3.8 to

allow comparison of species richness as outlined iHammer et al., (2001) and explained

inJost (2006)8 ! AAEQET 1T ACdeficlent €GO AT AAF & A AAveddsd )1 AAC
calculated to compare the extent of similarity in specific types of plant taxa between the

invaded and uninvaded communities as illustrated in equations 3.9 and 3.1GCand J

both range from 0 (complete pecies dissimilarity) to 1 (complete community overlap).
Y@ ¢ & DEQQ Wb @Y QEMQIQwR B — '0¢— 8 8Equation 3.7

YQ4& i ¥ QoQnios Q@ P 88888888 Bgaian 3.8
B —

YE I Q666 QQQOBQREE & 888 8 8 Hoiaion 3.9

Where Cis the total number of species the two communities have in common, whilStl

and S2denote the total number of species found in communitiet and 2 respectively.

0 GO MOEMAG ¥ ny 8 88 8 8 Biion 3.10

Where S and S are the number of species unique to samples or communitiesand b

respectively, and is the number of species common to the two samples.

Further comparison of species abundance between thwacken ferndominated plots and
grassland plots were carried out using individual rarefaction and SHE analysis curves as
recommended by Colwellet al.,(2012). These were generated in PASVY3.0 using the
diversity analysis function. Additionally, Students Hest was dterwards run in
Palaeontological Statistics version 3 (PASV3.0) to determine whether differences in
diversity between the bracken fern invaded and uninvaded grassland plots was

significantly different or not at the 95% confidence level
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2.5 Comparison of t he physical and chemical properties of soils in Bracken fern

invaded and non -invaded areas on the Nyika plateau

2.5.1 Soil sampling, preparation and Analyses

Determination of the area from which tolay plots andcollect soil samples wasadopted

from the sampling scheme of sampling plant diversity (cf. Figure 3.9%0il samples were

thus collected from invaded areas (n=12) and noimvaded areas (n=12) on the grassland
plateau. Within each plot, three soil sampling points along the diagonal of the plot were

used to collect soil samples at depths of 20cm and 40cm. A total of 142 soil samples were
collected, each weighing approximately 500 grams. The collected samples were stored in
labelled plastic bags and transported for further processing and laboratory atysis at

the Lunyangwa Research Statiot the research station, soil samples were sorted according

to their labels (location and depth) and air dried for three days so as to reduce moisture and
allow for easy crushing. Samples were then ground into $izes using agstleand mortar,

and sieved using a 2mm sieve mesh. The finely sieved soil samples were then emptied into
plastic bottles and stored at room temperature for analysis of physical and chemical parameters.

These were used for further analysésoil physical and chemical properties

2.5.2 Physical and Chemical Analyses

Soils were analysed fottotal clay content, sand content, pH, organicarbon (C), organic
matter (OM), total mineralizable nitrogen (TN), available Phosphorus (PRotassium (K),
Cdcium (Ca), Magnesium (Mg), Cation Exchange Capacity (CEZdy and Sand content
were determined using procedures outlined in Chilimba (2007) and pH was determined
using a pH meterTotal organic carbon was analysed using the Walkley and Black method,
from which the Organic matter (OM) was determined. fie total mineralizable nitrogen
(TN) was obtained as a fraction (5%) of th®©M. Available phosphorus was analysed using
Mehlick-3 extractant. To determine the rest of the cations, soil samples were transported
to Chitedze Research Station where an Atom#tbsorption Spectrophotometer(AAS)was

used to analyse the samples<CEC was calculategs outlined in Chilimba (2007).

2.5.3 Statistical Analyses
Data were analysed using Paleontological Statistics (PAST) version3.0 software
i (AT T AOh ¢mpoeQ@8 3 004dinwaldarried buh b bcdmpard od 4

parameters between bracken invaded and noimvaded sites.
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3.0 RESULTS & DISCUSSION

This section discusses the findings of the study. The findings for the first and second
objectives are combined seeing as they deal with the distribution of bracken invasion,
whereas the results for objectives three and four are combined in that they both dealthi

impacts of the invasion.

3.1 Spatial-temporal distribution of Bracken fern invasion on the Nyika plateau.
The current study set about to establish the current spatial extent and pattern of bracken

fern, as well as its temporal distribution in terms ofoverall change and rate of spread

across the plateau over a 3§ear period (1986-2016) as in the following subsections

3.1.1 Spatial distribution of Bracken fern invasion on the Nyika plateau.

In mapping the spatial distribution of bracken fernacross the Nyika plateau, the results
from this study revealed that the actual coverage of the species detected in the area as of
2017 was 20940.73ha, approximately 14% of the entire grassland plateau MNP (Table
3.1). The largest land cover proportion was by grasslands (50.63%) followed by fire scars
(20.14%), whereas bare ground covered the smallest area (0.86%)o distinct spatial
pattern for bracken fern was however noted, seeing as the species wadatected almost
across the entire plateauas shown inFigure 3.11. This particular finding empirically
sustains the observations of Nxumayo (2016) and Kanzunguze (2016) regarding the
apparent spread ofthe specieson the grassland plateau in NyikdNational Park. Such
widespread distribution of bracken fern is also consistent with the observations of
several authors described by Robinsomt al.,(2010) who have made mentioned of the
cosmopolitan nature of he speciesand its adaptability to a wide ange of environmental

conditions.

Table4: Proportion of bracken fernand other land cover classes on the grassland plateau
in Nyika National Park as of 2017.

Class Area (ha) Proportion of plateau (%)
Bracken fern 20940.7 13.57
Grasslands 78145.1 50.63
Forests 22839 14.8
Fire scars 31102.7 20.14
Bare ground 1333.5 0.86

1 Accuracy assessment error matrix for the image classification is presented in the appendices.
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Figure 10: 2017 land cover classification of the Nyika Plateau.
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Whilst no overall spatial pattern wasconspicuous, he results further revealed that the
bracken was concentrated most dense within a 5km radius around the 500ha pine
plantation on the grassland plateau (Table3.2), wherein the species covered
approximately 25% (833ha) of the entire 1730.2ha around the plantation. The
proportion of bracken fernarea declined away from the pine plantation up to 5Km, after
which point a 2.4% increase in proportion obracken fernwas detected up to 10Km away

from the plantation.

Table 5: Spatial distribution of bracken fern infestation, increase in area infested, area
around plantation and proportion at different distances from Chelinda pine plantation in
NNP.

Distance from  Area of Bracken Areaincrement  Area around Proportion of

Plantation fern infestation of Bracken fern plantation Bracken fern
(Km) (ha) infestation (ha) (ha) area (%)
1 433.4 1730.2 25.1
2.5 883.6 +450.1 5331.9 125
5 1646 +812.4 14443.3 8.9
7.5 2874.5 +1228.5 27462 9.4
10 4790.7 +1916.3 44382 11.3

NB: AppendixD further illustrates the distribution highlighted in this table.

Furthermore, results on the spatial pattern also revealed that bracken fern was closely
distributed along linear features (roads and riverine features). As outlined in Table3.3
and 3.4, itwas shown that most brackeroccurred denselywithin 200m and 150m buffer
areas alongside roads and riverine systems respectivelfhe largest proportion of
bracken fern along roads was detected within the 10@meter and the 500 meter road
distances, with he proportion of brackeninfestation declining beyond 500m(Table 3.3).
As for the rivers and streams, a larger proportion obracken fern area of infestation
(7.8%) was detected between the 150m and 250m riverine buffers with lesbracken
detected beyondthe 250m buffer distance(Table 3.4).
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Table6: Spatial distribution of bracken fernarea covered, increase in area, area of buffer

around roads and proportion at different distances from the roads in NNP

Distance from  Area of Bracken Area Increment of Area of road Proportion

road (-m-) fern infestation Bracken fern buffer (ha) of Bracken
(ha) infestation (ha) fern area
(%)
100 454.6 3010.8 15.1
250 947.1 +492.6 8871.7 8.4
500 1554.6 +607.5 12828.2 154
750 2013.9 +459.3 18153.5 8.6
1000 2540.8 +526.9 24427.5 8.4

NB: AppendixEillustrates the distribution highlighted in this table.

Table 7: Spatial distribution of bracken fernarea covered, increase in area, area of buffer

around streams and proportion at different distances from the streams in NNP.

Distance from Area of Area Increment  Area of stream  Proportion of
stream Bracken fern of Bracken fern buffer (ha) Bracken fern
(-m-) infestation (ha) infestation (ha) infested area

(%)

150 1680.5 41286.8 4.1

250 3736.4 +2055.9 67695.1 7.8

500 4392.5 +656. 113554.3 14

Ershova (2010) made mention of an association betweednracken fernand pine species
in Siberia, in agreement with observations made by Marrs and Watt (2006) regarding the
same association betweemracken fernand pines in the temperate regions (Great Britain
in particular). In these studies,bracken fern patcheswere denser close to pine stands
than further away. Furthermore, Marrs and Watt (2006)also highlighted the consistent
occurrence ofbracken fern along linear features such as hedgerows, roadsides, verges,
tracks and woodland edges in the United Kingdom, complementing earlier findings on

bracken ferninvasion in New Zealand by Taylor (1985).

Whilst no distinctive spatial pattern for bracken fern across the Nyika plateau was
conspicuous in this study (Figure3.1), the increased density of the species in close
proximity to the Chelinda pine plantation and along linear featureslemonstrated in this

study provides a starting point for investigations into the reasons for the current
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distribution of the species in the park. To complement such enquiries, it may be equally
necessary to establish the distribution pattern of the species from other important spatial
features such adorest areas on the edges of the grassland plateau, as well as the common
tourist attraction sites in the park such as the Juniper forest South of Chelinda plantation and
Nganda peak in the north. In light of such an invasion pattern associated witlidateags,
management of Nyika National Park may have to carefully consider their @harcad
construction and maintenance activities in the national parkConsideringsuch activities

as ecological disturbances, these could be perhaps paving the way forther invasion

and establishment of bracken ferrwithin the national park.

Regarding enquiries into factors promoting spread, we factor that could be influencing
the current distribution of bracken fern on the Nyika plateau is the widespread and
apparently frequent occurrence of both controlled and wild fires across the Nyika plateau
in the protected area (Johnson, 2017). Already in this study, approximately 20%
(31102.7ha) of the grassland plateau was revealed to have been burnt by fires during the
assessment (Figure3.1 and Table3.1), an area which may have been occupied (before or
afterwards) by the speciesbracken fern. This possibility of fires influencing the
distribution of bracken fern stems from the well documented adaptive behaviour of
invasive ferns after fires (Walker & Sharpe, 2010), especiallythe rapid post
establishment behaviour of bracken fernaccording to Gliessman, (1978), Atkinson,
(2004) and Thomaset al., (2014).A closer look by management at the fire regime would

therefore be considered very critical in order to monitor bracken fern invasion.

3.1.2 Temporal distribution of Bracken fern invasion on the Nyika plateau.

In assessing the temporal distribution of bradieen on the Nyika plateau, the results revealed

that bracken fern coverage has increased between 1986 and 2016. As demonstrated in Table
4.6, net increments ifbracken ferncoverage of 2573.1ha and 19919.4ha detected over the
sampled area and entpéateau expanse respectivelgre revealedBoth scenarios (sampled

area and entire plateau) reflect an average 56.9% increment in the area invadackbg

fern. Furthermore, Table 4.7 reveals a larger proportion of the grassland plateau was invaded

by bracken fernin 2016 (20.2%) than in 1986 (9.1%), equivalent toimvasion rate of
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approximately 4.1%per year(i.e. 663.9ha/yr)between 1986 and 201bkigure 42 illustrates

the increase as a charigeap of bracken fern invasion between 1986 and 2016.

Table8: Percentage change in area bfacken ferninvasion on the Nyika plateau between
1896 and 2016.

Site on the Areain 1986  Areain 2016 Area Change from Percentage
Nyika plateau (ha) (ha) 1986 to 2016 (ha) Change (%)
Sampled area 1788.79 4361.93 +2573.13 +143.8
Entire plateau 16344.61 36263.98 +19919.38 +121.9

Table 3.6: Area invaded bybracken fern expressed as a proportion of the entire Nyika

plateau between 1986 and 2016.

Year Plateau area Proportion of plateau Proportion
invaded with invaded with Bracken increment of
Bracken fern (ha) fern (%) invaded area (%)
1986 16344.61 9.08 -
2001 30693.97 17.05 +7.97
2016 36263.98 20.15 +3.1

NB: Annual rate of invasion betweerl986 and 2016 is 4.064%, approximately 663.9ha per year.

These findings are consistent with several studies elsewhere in revealing an inevitable increase
in bracken ferrcoverage over time. For instance, Curatedenandeet al, (2015) reported a

4.41% annual rate of increasebracken ferrcoverage in Southern Ecuador over aygér

period (19872001), whilst Schneider and Fernando (2010) reported a 9.09% rate of increase
in the coverage obracken fernover a 15year period (1982005) in diffeent cultivation
systems of Southern Yucatan (Mexico). Furthermore, whilst McAlpine (2014) reported a
relatively low annual increment 0.98% for the species over-yeab period (1962005) in

the Peak District National Park (United Kingdom), Singh (20&Bprted much larger rates of
approximately 25.6% in 2 years (20R011) within the uKhahlamba Drakensberg Park World
Heritage Site (South Africa).
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Figurell: Change map dfracken ferrdistribution on the Nyika plateau fro®86 to 2016.

Building on the concept of the invasion framework by Blackhaitral, (2010) which posits

that invasive organisms will inevitably increase their abundance and spread to other areas
within a landscape over time, this study strongly positsfthither spread and increase in the
coverage of théracken fernon the grassland plateau in Nyika National Park is very likely.
Given the 4.06% rate difacken ferrinvasion on the Nyika plateawer the past 30 years, the
remaining grassland portion tife plateau (109247.8ha) could be invaded within the next 40
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years(i.e. by 2055)keeping all other factormfluencing its spreadonstant as illustrated in
Figure 4.3. Considering the rates of invasion of the species in other areas heretofore
highlighted, total invasion by 2050 coukeéll be a bestase scenario. It may be important for
management of Nyika National Park to consideestmentif not particularlyon cortrol of

the species, at leash further studies to explore and model the distribution of the species
the natinal parlso as to zerin onthe pertinence of the invasion. In this line of thought,
ecological modelling techniques have been recommended laythors such as Gallieret

al., (2010), Kearneyet al., (2008) and Phillipset al., (2006) which can go a step further in
helping management identify hotspotof bracken fern invasionthat could require critical

attention within the national park.
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Figurel2 Forecast of change in the aredadcken ferrand grasslands on the Nyika pkate
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3.2 Effect of Bracken fern invasion on grassland diversity on the Nyika plateau.
The current study also set about to assess the effect of bracken fern invasion by

comparing the current grassland plant diversity, soil physical and chemical properties
between bracken fern invaded and nosinvaded areas on the Nyika plateau. Theesults

are presented in the following subsections.

3.2.1 Effect of Bracken fern invasion on grassland plant species diversity on the

Nyika plateau.
In comparing plant species diversity across the grassland plateau, the rEshblés3(6)
revealedsignificantly lower diversity §<0.00]) in bracken fern invaded areadd<1.93) than
norrinvaded grassland areasl=H2.29). Similarly, the invaded areas were significantly
(P<0.0) less evenKx=0.723 than norinvaded areassH=0.801). Furthermore, the results
revealed about 20% dissimilarity in species richness between bracken invaded-anvéded
pl ots based on badat hand eS draercaCalarslar@ amdidesxi di en
(J=0.759, CC=0.863

Table9: Comparison of plant species diversity betwiesatken fernnvaded and noinvaded

areas using Shannonbés diversity and equitahbi

Area Shannon Index {) Shannon Equitability (En)
Invaded 1.927+0.07 0.723+0.019
Noninvaded 2:289+0.08 0.801 + 0.015
P-value 0.0015 0.007

NB: Data are means standard errors.

Analysis of individual rarefaction curvés compare richness and abundance between bracken
invaded and noimvaded areashowed that less than 10 species taxa with individual
abundances between 26 and 90 individual bracken fern invaded plots (FiguB4) as
compared to 14 species tawh individual abundances between 30 and 110 individuals in
norrinvaded plots (Figure.5). Figure 3.6 further illustrates (visually) holracken fern
invaded areas appeared dominated by brackenirfecantrast to other grass species on the
grassland pkeau.These results generally agree with similar observations of low plant species

diversity in areas invaded tyracken ferras reported by McGlonet al., (2005), Marrs and
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Watt (2006), and also Schneider and Geoghegan (2006) for bracken invasionZiedamd,

the United Kingdomand Mexicorespectively

According to Robinsoret al., (2010), the low diversity and abundance of grassland plant
species inbracken invaded areasdemonstrated in the rarefaction curvesuld be a
demonstration of allelopathy by the species. This is in agreement with reports from authors
such as Engelman & Nyland (2006) as well as Betal.,(2007) who demonstrated hdahe

rapid regrowth obrackenfronds interferes with the regeneratiof other plant species through
shading. In addition, the suppressive effecbiafcken pecieson the growth and survival of
other grassland vegetation through the release of chemicals from both its rhizomes and fronds
in its vicinity was demonstrated Denmark (Rasmussen, 2003) and Brazil (de Jesus Jettoba
al.,, 2016). Vetter (2009)also revealed several ways through whidiracken fern
allelopathically inhibits the growth of other vegetation and therefore results into reduced plant
abundanceandspeces richnessvherever it invades, complementing earlier findings on the

same by Gliessman and Muller, (1977) as well as Pakeman and Marrs, (1991).
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Figurel3: Individual rarefaction curves @iracken ferrplots.

Besides allelopathy, authors such as Gliessman, (1978), Marrs and Watt (2006), Walker and
Sharpe (2010) as well as Thoneisal., (2014) revealed that ecological disturbances such as
fire promote bracken invasion. In addition to the fires that swept a2fb$%o of the entire
plateau (31,102ha) in 2017 (Table 3.1), Johnson (2017) also reports that wildfires fires are a
frequent occurrence on the grassland plateau. Thus, fires may be another factor influencing the

spread and dominance lmfacken ferronthe grassland plateau in Nyika National Park.
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Figurel4: Individual rarefaction curves of grassland plots.
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Figure 15: Visual comparison obracken ferninvaded areas (above) and uninvaded areas
(below) on the grassland plateau in Nyika National Park.

The findings of the current study substantiate and give credence to the observations of
Nxumayo (2016) and Kanzunguze (2016) who descrliragken ferras dominating other
grassland species wherever it had formed patches on the Nyika grassland $ataquhis
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situation ofbrackeninvasionon the Nyika plateais similar to tkat of brackeninvasion in the

United Kingdomat a pointwhen investigations into its conservation value began to be
investigatedAt the point, t was revealed that though conlired) brackenpread across large
landscapes is challenging (Pakeman & Marrs, 1991) and its further spread in the long run is
inevitable (Pakeman & Marrs, 1993), mitigation of its negative effects on biodiversity
conservation requires prompt development w¥asive plant management interventions
(Pakeman & Marrs, 1996). A particular point especially echoed in their re{iakeman &

Marrs, 1991; 1993; 1996) was that furthemackeninvasion led to the sure decline in
biodiversity and changed succession tjges from grassland to woodland lmacken
invaded communities. Similar concerns have since been raised and reviewed by authors such
as Hartig and Beck (2003), Schneider and Geoghegan (2006), and also Stelvg2008)

for bracken fernnvasions irSouthern Ecuador, Mexico and the United Kingdom respectively.

In light of such observations, management of Nyika National Park may need to immediately
begin appraising the costs of either developing appropriate management intenl@attées

fern invagon in the protected area or neglecting the invasion altogether at the expense of
declining plant species diversity and its associated ecological consequences. Mehlaleter
(2010), Simberloff (2013) as well as Genovisi and Monaco (2013) provideitodigiews to
invasive plant species management in protected areas. Furthermore, Radeseaigh

D 6 A n tebah,ana also Mack and Foster in an earlier review of invasive weed management
by Inderjit (2009) recommend different approaches to-beseft analysis of invasive plant
control interventionsThese recommendationsuld go a long wain informing management

of Nyika National Park on feasible ways of addressiragken ferrnnvasion.

3.2.2 Effect of Bracken fern invasion on soil physica I-chemical properties on the

Nyika plateau.
In comparing soil physical and chemical properties across the grassland plateau, the results
revealedhatsoils were generally acidic (pH=4.95+0.35), and dominantly-itdyin bracken
fern invaded areas (clap8.2%, sand=41.8%) than in norvaded areas (clay=54.2%,
sand=45.8%). According to Vetter (2009), pH levels in less than 5.5 are very idaadioen
fern establishment and colonization. Additionally, results also revealed moderate levels of
Organic Matter (1.54%), Soil Carbon (0.882.35%) and Total Nitrogen (0.22.2%) in all
sampled soilsTable 3.7, but these were significantly higher (P<0.001) in invaded areas than

noninvaded areas.
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Table 10: Proportion oftotal nitrogen, soil carbon and organic matter in soils sampled from
invaded and noimvaded areasn the Nyika plateau.

Soil depth Plots Total Nitrogen z N Soil Carbon z C Organic Matter z OM
(cm) (%0) (%0) (%)
20 Invaded 0.193£0.007a 2.24+0.077" 3.85+0.1322
Not invaded 0.139+0.009° 1.61+0.4632 2.77+0.174b
40 Invaded 0.162+0.0062 1.88+0.0732 3.2440.1252
Not invaded 0.096+0.009° 1.12+0.104b 1.93+0.18b

Data (mean * standard error of the mean) in columns with diffetgr@rscripts within a soil depth (i.e. 20cm or
40cm) are significantly different at P<0.001.

Phosphorus (P) levels were generally low in both areas (<18ug/g), but significantly lower
(p=0.024) in invaded areas (7.12ug/g) than -noraded areas (vs 10.66ug/g). Although
Magnesium (Mg) levels were generally high in both areas-(3@@&nol/kg), they were also
significantly lower (P=0.003) ibracken fernnvaded areas (1.77cmol/kg) as comguato the
noninvaded areas (2.16cmol/kg). No significant differences in Calcium (Ca) and Potassium
(K) levels were revealed between invaded and-insaded areas, although these were
generally high (>0.5cmol/Kg). Additionally, the Cation Exchange Capd€EC) of soils

from bracken ferrinvaded areas was generally high in both areas (>30meq/100g), but again
significantly lower (P=0.013) ibracken ferinvaded areas (31.62meq/100g) than-myaded

areas (36.24meq/100g).

The significant variationsn chemical and physical properties of soilbracken ferAnvaded

areas as compared to the riomaded areas on the Nyika plateau reflect the need for careful
consideration in development of chemical control interventions. This is mainly because of the
slight inconsistency of the current results to findings from other reviews. For instance, the
elevated total nitrogen levels in invaded areas was rather contrary to the conclusions and
findings of authors such as Marrs and Watt (2006) as well as Griffitdd=ilan (2007) for
bracken fernnvasion in the UK and USA respectively. Furthermore, in the review of fern
ecology by Mehltreter et al, (2010), contributors such as Richardson and Walker (2010),
Walker and Sharpe (2010) as well as Robinson et al, J288€m to suggest consistently
reduced soil nutrition in terms of chemical parameters such as nitrogen and phosphorus, in
areas invaded by problem ferns (especiatigcken feripwhich was rather not so consistent

with the findings of the current study et in instances as for CEC and P levels (more results
on soil analyses in appendices). As such, a lot of changes in the edaphic properties of soils on
the Nyika plateau as a consequence of either fuliteaken fernnvasion or any possible
control optims may remain speculative unless further close monitoring of the soils is

consistently carried out alongside plant diversity assessments.
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4.0 CONCLUSIONS

Thus far, the study has demonstrated the widespread extent angtadual increase of
bracken fern on the grasslandplateau in Nyika National Park Additionally, the remote
sensing and geographic information systems approach to detection, mapping and
monitoring of the species has proved very effective. Management of the national park
could use these fidings in appraising the potential cost of different invasive plant
management interventions for the species in the national parkas well as future

monitoring of the invasion.

Secondly, the study has also demonstrated that there are significant diffengrilaesspecies
diversity as well as selected soil physical and chemical parameters between invaded and non
invaded grassland areas in Nyika National Park. Plant species diversity has particularly been
revealed to be lower in invaded areas, whilst tlseilte for soil analysis are very variable.
Management of Nyika National Park may seriously need to consider careful monitoring of the
changes in the edaphic properties of the grassland plateau (and its associated plant species

diversity) in light of furthe bracken fernnvasion or attempted control initiatives.

5.0 RECOMMENDATIONS AND FURTHER RESEARCH

The current study has empirically demonstrated natken ferris associated with reduced
plant diversity and abundance. One limitation to this finding however, was that it did not
highlight the specific taxa that are excluded fltaracken fermnvaded plots. It is recommended
that further work be carried out to mamiplant diversity and abundance in relatiobtacken
ferninvasion on the grassland plateau in NNP, with a focus on identifying the composition (or

type) of affected grassland plant species.

The current study also revealedannual rate of increaseiafbracken ferrcoverage over the
plateauof 4.06% (663.9 hectares per yedr@tweenl986 and 2016. A limitation to the use of
this resultis that it assumes all factattsat could influence further spreadthe invaded area

to be constant. Other studie=veal that there could be more factors at play influencing the
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spread ofbracken ferron the plateau, amongst which is fire. This study thus recommends
thorough investigation into the role of fire in influencing the temporal and spatial distribution
of bracken fernnvasion in Nyika National Parlseeing as fires are reported as an increasing

concern in the protected area

The risk of consequent loss in plant diversity with furttvercken fernnvasion on the Nyika
plateau was also demonstrated in thigdy. At a 46% rate of increase, the remaining
uninvaded grassland plateau is projected to have been dominabeackgn ferrwithin the

next 40 years if left unaddressed. It is therefore recommended thdtecesit analyses of
different control optins for managing the invasion should be promptly carried out. This can
also be followed up with actual experimentation of different control options in selected

localized areas across the plateau.
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7.0 APPENDICES

Appendix A: Highlights from the study

1: Surveying bracken fern patches on the
Nyika plateau.

2: Collection of soil samples in bracken
fern invaded areas. @

3: Collecting data on bracken fern
density, frond height and rhizome depth

4: Plant species diversity inventory in
pine dominated area on the plateau.

5: With PPF colleagues at their GIS lab in
Stellenbosch (SA) for remote sensing

analyses
6: Soil analyses at Lunyangwa research @
station.
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