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SUMMARY

Landtech Consulting was commissioned in 2021 to collect drone mapping data to determine the success of drone
seeding operations and monitor land cover change since the last similar data collection projec2019-2020.

In March 2018, embersignited a bushfre within Lake Cobrico and its peatased soil profile to change the
composition and distribution of key vegetation and related habitats forever.

To assistrestoration planningwithin a site highly fragmented due to historic agricultural activity, droiseeding of
scoria cone woodlandspecies has occurred at various ratesnd within a varied fire intensity mosaic.

This followup monitoring data collection and analysis processras to provide an insight into optimum seeding rates
and resulting comparison of vegetation cover change using drone technologies.

Utilisingfire extent and fire intensity maps, previouand 2022 sub-2cm drone mapping data collected by Landtech
Consulting(2020), and droneseeding coverage/seeding intensity data within such areas, analysis producthe
following findings

1. Increasedindigenousvegetation cover over the recent twgear period(2020-2022);
2. Increased cover with assisted drone seeding; and
3. Increased cover with increased seed concentrations.

Such data confirmed the utility of drone technologies integrating site ecology to achieve low impact and remote

based revegetation operations. Various projects around Australia have recently utilised eithethnds however not
used together providing a future sustainable and innovative approach to-ground land management activities and
their monitoring.

The following report and attached PDF poster summary will detail methodologies used to support the ongoing
ecosystem restorative processes within this highly significant site.

(" ¢ <y :, 5 s 5 " g 3 : ¢
Figure2 & Transitional areas to the west of the lake depicting change from shrubland on the left through to dry grassland areas (right)

SUMMARY RESULT
+General land cover comparisons 2022022 o land cover and species diversity has markedly increased since the
previous mapping data collection project in 2020;

+Droneseeding varied seed concentration comparisord Although not quantified,outputs from data collected clearly
display increased cover in areas of increasesked concentration/rates;

+Comparison of cover change drorgeeded and nordrone seeded areasd Although not quantified, increases in cover
were evident as expected in areas that are seedahhancing already effective natural regeneration processes;

+Responses of severely burnt aread increase grassland species as expected, increase in bare earth and lichen crust
cover, in addition to more sparse native vegetation nature¢generation
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Figure3 6 Tea Tree shrub death and natural renewal within paryrnt sites.

Job: Lake Cobrico Drone Seeding Monitoring (Drone Mapping) Projedanuary 2022 Date: 7/02/2022
Client: Heytesbury Landcare Netwollsouthwest Victoria) Page:3




1. PROJECT BACKGROUND

The followingreportis based on a request from Kate Leslie (Heytesbury Landcare Network) to complete folipw
droneseeding vegetatiorresponsemonitoring, using truecolour cameras onboard quadcopter drones at Lake
Cobrico (also known a€obrico Swamp Wildlife Reserye

The 1314 hectare site consists ofa highly fragmented lakebed and regrowthcoria conewoodland vegetation
including nonreversible impacts of longerm agriculural use (see Figures 4 & 5.

Thesite includes elements of arendangered EologicalVegetation Qass 894 Scoria Cone Woodland that has

been reduced to isolated small patcheswith lake-associated herb and aquatic vegetation also significantly reduced.
Cobrico Swamp is typical of many isolated remnants and consists of varied vegetation regrowth within a history of
integrating threats and changes to natural disturbance regimes.

Incremental fragmentation (grazingand patch isolation inhibits local and regional vegetation connections that allow
dispersal of key species propagule and genetic transfer processes, increasing the vulnerability of redisteel faunal
populationsand species extinctions, and the destructive effects of inbreeding depression.

%

Figures4 & 5 d Postfi

e

re (March 2018) impactand the twoyear recovery and land cover change

Natural and assisted vegetation regeneration patterns can be analysed tie collection of sequential imagery with
drones, providing a platform for repeatableemote and low impactecological surveillance. Impacts from peat fire
control measures such as trenching, clearing, and vehicle movement can also be analysed for the megative
response in vegetation composition.

Effectively managing such impacts can utilise improving camera and drone technologies to support adaptive
environmental management processesNumerous references propose the use of this method in addition texturat
based characteristics fordrone-based image collectior? 2 The quality, health, and progress of each direct seeded
area can be analysed using multispectral imagerwith the ability to analyse such layers for a range of indicas
such as heat and drought stress, plant height and health, and the nitrogen and chlorophyll content of plants.

A combination of multispectral and thermal imaging cameras and sensors albdepiction of many different
analytical layers which are optimal in sensing germination development.

1 Department of Environment, Land, Water & Planning (DELWP) 2019. Bioregional Conservation Status, Victorian Bioregions; éttess:
https://www.environment.vic.gov.au/__data/assets/pdf_file/0012/50511/Bioregional -ConservationStatusfor-each-BioEVC.pdf

2YongGuH, SeHoonJ & OhseokKwon O (2017).How to utilize vegetation survey using drone image and image analysis software, Journal of Ecology &
the Environment. Accessed fromhttps:/link.springer.com/article/10.1186/s4161 0-017-0035-2

3 Researchgate Forum (2015). What is the best solution in vegetation association mapping based on high quality, low altitudaelamagery? Accessed from:
https://www.researchgate.net/post/What_is_the_best_solution_in_vegetation_association_mapping_based_high_quality low_altitiedeial_imagery

4 Buters T 2019; Dronebased remote sensing a a novel tool to assess restoration trajectory at firgcale by identifying and monitoring seedling emergence
and performance; Curtin University WA; Accessed from:
https://espace.curtin.edu.au/bitstream/handle/20.500.11937/78329/Buters%20T%202019.pdf?sequence=1

5 Buters T 2019; Dronebased remote sensing as a novel tool to assess restoration trajectory at fseale by identifying and monitoring seedling emergence
and performance; Curtin University WA; Accessed from:
https://espace.curtin.edu.au/bitstream/handle/20.500.11937/78329/Buters%20T%202019.pdf?sequence=1
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The application ofdronesin plant health monitoring is well established for agriculture and forestry however, there is
little evidence of translationalresearch applying these approaches to ecological restoration, wittone use in the
monitoring of ecological recovery comprising less than 7% of studies.

Figure 68 Natural restoration in many areas has increased significantly and where large t

A, 2

deEath is a feature of the data collected.

Traditional methods of monitoring the success of revegetation involve on ground assessments of vegetation survival,
species mix and abundance. These methods can be time consuming and can also incleknents of subjectivity
due to differences in the on ground conditions of the day and the experience of the assessor.

Conservation agencies such as Bush Heritageldnjebup Reservg utilise drones to simply ronitor the progress of
restoration from paddek back to natural vegetationWith modern drone technologies and assortesensors, it is
possible to get accurate and repeatable information regarding the extent of cover, height of the canagoyg number
of plants occurring within set plotsin a way tha provides non-subjective and repeatable monitoring datawith the
addition of high precision (RTK) positioning systemaccurate canopy height modelssia digital surface analysis can
enhance site interpretation.

References suggesstocking count mode$ can be usedto identify the individual native plants in the plot, which can
then be used to calculate the number of stems per hectareAdditionally the etent of cover of vegetation withim
transect plotsupports quantifyingpercentagechange overtime and/or post intervention.

Drones produceinformation in a number of different formatsallowingdata to be further manipulated with mapping
programs such as ArcGIENVI, GlobalMapper etc. Subjectivity issues will remain howewdere itis necessaryto
user define boundaries within the software applications

UShased land cover studies include the use of drones anduttispectralimagery providing theopportunity to
improve upon satellite imagery foresourcemanagement because of the very high spatiaesolution, multispectral
capability, and opportunity to collect redime observatiors.2

High resolution mapping of lsosen habitats is invaluable for resource inventorgnd change detectionin difficult to
accesssites withadvanced information of thephysical conditions of the study areand improved land feature
delineation.®

6 South CoastNRM2016Bus h Her i t age Aust r drbne sedding gvbjeot;beesseddronfhéps:#sputheoastnrm.com.au/wp-
content/uploads/2018/07/drone_case_study 2016.pdf

7South Coast NRM 2016; Bush Heritage Austral i a0 stpMsauthcedstorm.coRmewswwr ve dr one seg
content/uploads/2018/07/drone_case_study 2016.pdf

8 Yang B, Hawthorne TL, Torres H, Feinman M. Using Obpraéented Classification for Coastal Management in the East Central Coast of Florida: A Quantitative
Comparison betwen UAV, Satellite, and Aerial Dat®rones 2019; 3(3):60. https://doi.org/10.3390/drones3030060

9 Yang B, Hawthorne TL, Torres H, Feinman M. Using Obpraéented Classification for Coastal Management the East Central Coast of Florida: A Quantitative
Comparison between UAV, Satellite, and Aerial Dabaones 2019; 3(3):60. https://doi.org/10.3390/drones3030060
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Mapping of coastal vegetation and weed infestations such as (Five Islands) near Port Kembla in N$igé
recreationbased drone technology to analyse key indicator vegetatioarsival rate postdisturbance events with the
ability to focus on single species due to spectral interrogation and analysis procesdeshis project data was able
to be analysed to understand vegetation distribution patterns within the reserve includiwged invasiveness, weed
treatment effectiveness, andultimately used to solve broader managerial issues associated with delicastand

ecosystems.

10 Barlow P 2018: A comparative study of raster and vector based approaches in vegetation mapping on Five Islands off the obBstrt Kembla; University of
Wollongong. Accessed fronfnttps://ro.uow.edu.au/cgi/viewcontent.cgi?article=1162&context=thsci

Job: Lake Cobrico Drone Seeding Monitoring (Drone Mapping) Projedanuary 2022 Date: 7/02/2022
Client: Heytesbury Landcare Netwollsouthwest Victoria) Page:6



https://ro.uow.edu.au/cgi/viewcontent.cgi?article=1162&context=thsci

2. SITE CONTEXT

Scoria Cone Woodlands a sparselywooded grassywoodlandtypicallydominated by noreucalypt trees to 10m.
Canopy (15% cover) species include Drooping Stuak (Allocasuarina verticillatg with Silver BanksiaBanksia
marginata) and Blackwood Acacia melanoxylohover a grassy to brackemlominated understorey with a rangef
herbs. Scoria Cone Woodlandccurs on the slopes of freeldraining scoria cones and spatter areas of coarse
boulderforming flow sources. Soils are fertile but often skeletat.

Figures9 & 10 8 Comparativeimages from asignificantly burnt site and increases in land cover between 2020 and 2022.

The Cobrico Swampcomprises a tuff ring 2 km in diameter and 15m high enclosing the shallow crater of mdar.
The tuff ring is semkircular and of even height in the north and west but is lower in the soutlest. The crater floor
is occupied by a small lake on the easta side and the rest is drained swampland. The floor is peaty and overlies
white clay. Recent mapping indicates the tuff is surrounded by limestofte.

Fig

Typical remnant specie® of woodland and lakebed under and groundstorey includBursaria spinosa(Sweet
Bursaria),Senecio pinnatifolius(Variable Groundsel)Rumex brownii(Wiry Dock)Senecio quadridentatugCotton
Fireweed),Acaena novaezelandiae (Bidgeewidgee),Geranium potentilloides(Cinquefoil Cranesbill)Acaena
echinata( S h e e p 6\%ola BaderacdaWillis 1972) (Ilvyleaf Violet),Dichondra repens(Kidneyweed),Oxalis exilis
(Shady Wooeborrel), Poa labillardierei(Common Tussocigrass),Lomandra filiformis(Wattle Matrush), Dianella
revoluta s.l.(Blackanther Flaxlily), Carex breviculmigShortstem Sedge) Austrodanthonia pilosa(Velvet Wallaby
grass),Microlaena stipoices var. stipoides(Weeping Grass), anéteridium esculentum(Austral Bracken)Persistent
weeds within the study area include.ycium ferocissimum(African Boxthorn), Hypochoeris radicata(Cat's Ear)Briza
maxima (Large Quakingyrass),Romulea rosea(Onbn Grass), andHolcus lanatus(Yorkshire Fog).

11 Department of Environment, Land, Water & Planning (DELWP) 2019; Victorian Volcanic Plains; EVC 894 Scoria Cone Woodlasdedfaem:
https://www.environment.vic.gov.au/__data/assets/pdf_file/0029/48755/VVP_EVCs_combined.pdf

12 Ollier, C.D. & Joyce, E.B. 1964. Volcanic physiography of the Western Plailéatdria. Proceedings of the Royal Society of Victonmgp 357-376.

13 Edwards, J. 1991b. Geology of the Cudgee 1:25 000 map, Port Campbell Embayment, East Otway Basin, ViGerngical Survey of Victoria Unpublished Repd@91.
14 Department of Environrent, Land, Water & Planning (DELWP) 2019; Victorian Volcanic Plains; EVC 894 Scoria Cone Woodland; Accessed from:
https://www.environment.vic.gov.au _data/assets/pdf_file/0029/48755/VVP_EVCs_combined.pdf

Job: Lake Cobrico Drone Seeding Monitoring (Drone Mapping) Projedanuary 2022 Date: 7/02/2022

M\ landtech, =2 : e
ot Client: Heytesbury Landcare Netwollsouthwest Victoria) Page:7



https://www.environment.vic.gov.au/__data/assets/pdf_file/0029/48755/VVP_EVCs_combined.pdf
https://www.environment.vic.gov.au/__data/assets/pdf_file/0029/48755/VVP_EVCs_combined.pdf

2.1 BUSHFIRE IMPACT

LR i &)

Figure12 6 Long smauldering high-intensity fires have clearly impacted vegetation regeneration in key are@BELWP 208).

Bushfire ember attack infrom the northrwest in March 2018 ignited peat fires within the lakebed which burnt a
relatively large proportion of the existing vegetatioAreas within the lakebed were burnt severely in western
sections with fire extending into some broad indigenous getation sitestotheeastAs one of the worl dp
terrestrial carbon reserves, peatlands have been experiencing drainage and ficesitributing to 5% of global carbon
emissions1®

Drone imagerycollected in severely, partially, or unburnt areas can be analysed to determine impact of various fire
coverages and intensities and followp natural regenerative responses. Google image(isee Figures13-14)

collected in the weeks following the fire alsprovide insight into burn patterns in addition to data provided by DELWP
(seeFigure 18). Brief analysis has been provided later in the repoaind where further interpretation is beyond the
resourcing of this report/project.

Google e A P
Figures13-15 & Google imagery was coincidentally collected in the weeks post the bushfire providing insight into fire burn patterns.

15 XAG Australia 2020https://www.xagaustralia.com.au/post/lake-cobrico
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2.2 DRONESEEDING REVEGETATION ACTIVITIES

Droneseeding has been carried ouby XAG Australian 202016 with varying seeding rates per hectare (sdeigure
19). Dronemappingprior to this in 2020 was completed by Landtech Consultingithin the study area

Drones have been used for many years to sow seed in broad acre agricuHo@sed contexts however raly seeding
natural areas.Droneswith intelligent spreadingsystemswere used to distribute seedsdirectly into the difficult-to-
accessareas. Seeding by hand or ground equipment is inapplicable toe study site due to fire impacts, ground
instability, and restrainedaccess and where remote seedinddroneseeding)may reduce disturbance tosulnerable
postfire landscapes

Based on accepted direcseeding rates(see Figure 19)the site was seeded in three different zones utilisingultiple
drones todisseminate seed at varying rates per hectare (0.5kg to 1kg/ha). Zones 1 and 3 shown below consisted of
both partially and several burnt areas to the north and south of the study area.

]

Cobrico Drone seeding project
Yellow cross-hatch = seeding area
Crimson = total project area

»» Red = title boundaries

Figure19 & Drone survey areas covering varying direseed treatment rates
(Source: Heytesbury Landcare Network 2021).

Figures 20-21 & Droneseeding,and seed spreader being filled (Source: XA Australia 2020)

16 XAG Australia 2020https://www.xagaustralia.com.au/post/lake-cobrico
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3. METHODS

The following methodology &s usedto complete thisproject

Tablel 6 Study methodology Stage 1.

Survey methods \as guided byprevioussite survey and site scoping works to determine:

1 st u dtybe smappedcompared withprevious droneseeded coverage
1 site access and staging

1 e qui, pond@tionsrequired

I mappings workfl ow

Scoping 1

" det eprojedt qowerage
" preview potential | aunch sites, site acc
" review equipment applicable to task

Scoping 2

1 Equipment selectiondetermined d project drone, camera/sensor, SD card size/speed, mission
planning and flight apps used, site internet coveragbatteries required/charging,post-process
software types

Scope site

wo .

¢« Wo MAVIC2PRO ¥ COIN/A,
A e :

Scoping 3

T setup Pi x4bBsedoh prayibus mappettdvesage and direcseeded areas.

r det er mi ne dfligkt heght®Gm), flightrsgeed(3m/s), image overlap (70%)

" planning includedutilising optimum day/time, light/luminance level, shadowing, windspeed,
wind direction, lowcloud/fog/mist/smoke, aircraft drag, nesting WedgeTailed Eagles

Wind scheduling was problematic due to overarching recent weather patterns across the south
Australia Wind speeds of up to 35km/hr were experienced during the twdays of data collectio.
Data was captured on the 12t and 13t of January (2022)in less thanoptimum wind and
weather conditions.Landtechused the followingdrone to gather 2.5cm resolution true colour
imageryutilising a DJI Mavic Pr@ (Hasselblad) with 20megapixel system cameras

" A | au n cascreatedaithindhe western lakebed edge(Erreys Roadjrom the back of a
dual-cab utility vehicle.

(O l[-Ne[(o)EAN © D r o erehanddaunched due to ground cover obstructions with automated missie of 15-
image data 20 mins.

" Over 12 missions where required at 80m altitude to cover the study argRix4D mission
planner appwas used to fly automated missions with particular settings to optimize data
collectionto include consideration of:

" Li ne asimairgaingdratall timesusingbinocularsto coverage aggressive birds, mission
completion, and drone battery levels.
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Table 2 (cont.) 8 Study methodologyd Stage 2.

analysed for coverage and quality issues from tHe2 missions.

1. Imagery drone data was then uploaded to Drone Deploy fmline imagestitching and
mosaicking resulting inGeoTIFkmagesrequiring final georeferencing checks and
stitching together.

= COBRICO FINAL > Untitled Project UPLOAD EXPLORE REPORT
Layers o Jan 13, 2022
Plant Health >
Elevation >
Media o Upload
Map Photos (89) >
Annotations (0) >
Map Details >
How is the map quality? .9
Process Export Share < Help @
imagery

2. Combining of thegeoreferenced image outputsvas completed using Global Mapper
software with final mapping outputs created of the study area in various data formats
(-ecw, .jp2000, .tif).

. Methd _____________________________ Deal |

Drone imagery was collected on SD cards allowing efficient transfer to computer. Data was initig

Entee Image Zoomed View (Cick for Posel Coordinates) Reference Images (Load into Main View Fist)
v i TS -

analysis, multivariate classification, and image analysis to determimatural
regeneration cover changeimpact of direct seedingand varied fire intensiy analysis.

4. Datawasvalidated at the desktoplevel via ArcMap 108 data validation toolst?

3. Analysis of image data (in ArcMap 10.8.2 & Global Mapper) included land cover chang

1 Georeferencel image tiles

1 Mosaic georeferenced image
1 Mapping and analysigproducts
1 Report

Project outputs

17 ESRI 2019. ArcMap 10.7 Image Classification, Accessed fr
classificationr.htm
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4, RESULTS

]
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Figures 2-23 & Images from 2020 and 2022 clearly depicting enhanced land cover with this area.

The response of droneseeding between zones is qualitative in nature with quantitative comparison beyond the
scope of this report.Site context and burn histoy/intensity influences responses of dronseeded areas, which must
be factored into any interpretation of the resultg¢see Figures 2223).

A number of useful GIS analysis method®owevercan be used to provide informatiomegardingland cover change
and the potential of improvedregeneration usingassisted revegetation methods.

Suffice to suggest also is the natural ability of each zone seeded to naturally trigger gostin mosaicdistributions,
providing further complexity to gleaning lasting vegetationterpretation.

Overall land cover and complexity within all areas mapped and all three zones treated depicted significantly
increased native vegetation land cover. This was to bepected due to a preceding favourable La Nina higher than
average rainfall period between the 2020 and 2022 drone mapping periods.

In addition, the increased seed concentration treatment (1kg/ha) reflectedraincrease in land cover of native
vegetation (ndwithstanding the influence ofadditional natural regeneration posffire and altered vegetation
distribution when fire intensity is factored ij The following series of images sets from the same area within the site
depict such change.

Figures24925

Land cover change
between 2020
2022 in areas partly
unburnt.

A significant patch
of sedges/tussocks
is shown and
increased cover
within this period.
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Figures26027

Land cover change
between 2020
2022 in areas partly
unburnt (within 50m
x 50m area)

Area within partly
burnt native zones
showing increased
shrub and
sedge/rush cover
response.

Figures28329

Land cover change
between 2020-
2022 in areas of
fire coverage

Significant
responses can be
seen from Tealrees
patch increases
within this lakebed
area.

Figures30831

Land cover change
between 2020
2022 in areas more
intensely burnt

Regeneration of
shrubs, grasses
and lichen crust has
increased in area
between data
collection periods.

GENERAL FINDINGS

The following broad findings were also observed through image analysis processes such as:

Expectedincreased biomass noticeable from viewing imagewithin all parts of the study site

Keyaged and hollowbearing Eucalypts reshooting and establishing regenerating chiers across the site

Ground cover species such as Lomandra, Sedgd3ianella specieswith increasedcover,

La Nina weather pattern hagontributed to higher than typical soil water levels rendering the site less accessible
Drone imagery collection impacted b§0-40km/hour wind speeds contributing to image resolution issues

Image qualityresolution is high consideringthe utilization ofan 80m flight altitude; and

Infra-red cameras were not able to be used due to high winds.

=a =4 =4 a8 -a N
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Figure32 4 True colour imagery deicting Pinus p. tree death and enhanced microclimates created for natural regeneration
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4.1 DRONESEEDING LAND COVERANGE SEEDCONCENTRATION

Random 10m x 10m sites within seeded zones only were analysed to determine effectiveness of vargaegling
rates across various micrénabitats within the study site. The aim was to identify optimum seeding rates for this
ecosystem typewhich could be extrapolated to other habitat contexts.

Quantifying change is beyond the resourcing of this study howethe data produced below provides a guide to the
trajectory of land cover change and the influences via varying seeding rates. Seeded and unseeded site comparison
will be detailed further in this report.

ZONE 1- 1kg/hectare (11.3 ha

Zone 1 wasseeded with 1kgper hectare (see Appendix J) as per detail provided in section 1.3 of this reportWithin
each zone both burnt and unburnt sites were compared. Significant increases in vegetation cover were observed
within this zone potentially due to higer seeding rates.
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Figures 3-39 0 Areas more significantly burnt included grassy regrowtbupled with sparse indigenous shrub regeneration.

Figures40-43 & Increasedshrub death provides indication of fire intensity and where cover increases coupled with fire was significant.
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