ological Monitoring
raining 2026

Session 1. 9:00 — 10:30 am
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Housekeeping

* Welcome

* This session 9:00 am to 10:30 am
* Fire exits/bathrooms

e Refreshments

* Big picture aim of the training

* Team values

* Please let one of the TERN staff
members know if you need anything
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Today's Agenda

Session 01 9am —10:30am

Morning tea 10:30am — 11:00am

Session 02 11am -12:30pm

Lunch 12:00pm — 1:30pm

Session 03 1:30pm — 3:00pm

Afternoon tea 3:00pm — 3:30pm

Session 04 3:30pm — 5:00pm

Free Time 5:00pm — 6:00pm

Dinner 6:00pm — here at the Renmark Hotel, Nanya Bistro

2, tern
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Agenda Session 1

01

02

03

04

Intro to TERN Ecoysytem
Surveillance (ES)

TERN ES History

TERN ES Current

TERN Field program

Wy, tern
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The TERN Ecosystem Surveillance team have agreed to operate with a
fundamental set of values, also in place for this training week:

People: Our core strength — our Staff, our students, our volunteers, our collaborators and our
organisation

Excellence: Is our goal in all endeavours
Integrity: Underpins all work practices, based on high moral and ethical standards

Respect: Is encouraged within our organisation to support a diversity of opinions and intellectual
perspective

Collaboration: A collegial, collaborative and supportive environment is vital to our success
Engagement: Our strong support for interdisciplinary work teams and collaborative engagement
Innovation: Continuous improvement and innovation are essential to accomplish our goals

Community: Involvement with external industry, government and professional organisations, and
public outreach activities provide important links to the broader community

Publication: We are committed to research and publication integrity (more information available at
Committee of Publication Ethics COPE).

Empathy: We attempt to understand and appreciate the feelings of others.

Ass#me Positive Intent: We choose to assume that people have positive intent in their interactions
with us. -

National Research
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Intro to the team

Ben Sparrow — Associate Professor of Environmental Monitoring
TERN ES Director — TERN Cal/Val Lead
Sally O’Neill — ES Associate Director *
Ellen Neville — Project Officer (EMSA Training)
Megan Jenssen - Project Officer (EMSA Training)

Huy Vo — Software Developer *

sssssssssssssssssssssssssssssss
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e Toilets/Showers

* Fires

* Charging things

* If You need help — Where we

The Campsite

* You'll have some familiarity

* Keep doors closed (no are?
unwelcome friends) e If you’re unsure, or if you need
* Shoes on outside help please ask.
* Dining room * First aiders (= Where to find
e Don’t leave the immediate supplies)

vicinity of the buildings without * The river — CAUTION!
notifying one of the TERN team.

* Check in / check out

sssssssssssssssssssssssssssssss
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Theory Venue — The Hotel Renmark

* Bathrooms

* In case of evacuation
» Tea/ Coffee / Catering
* Dinner

* Lecture Notes

* Transport

7 .
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Risks associated with todays activities
Doing Take 5’s
Care with Equipment

In the Field

o o * Personal
. Chec.klrzig in and out when going into . Water (more in vehicles)
the fiel * Snacks and lunch
* Groups — Which and Where * Sunscreen and bug spray
* HiVis Vests

When arriving at a site
 Stay with the vehicles until after the

Toolbox Talk. * You should bring
* Will identify risks, and what you should * Long sleeve shirts
do  Broad brim hats

* Where are first aid kits
 Who s first aid qualified
* Communications sunnies

Follow directions in regards to vehicle Sturdy Boots & either long trousers or
use Gaiters

Bathroom facilities (or lack thereof)

Warm clothes
Rain Gear

Wiy tern NCRs %
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In the Field - Drones

* While the drone is in the air please
direct all questions to one of our
team members (not the pilot)

* Risks

* Rotors

* Batteries

e Getting lost (RTH)
 Collision avoidance

* The team will clearly identify when
a mission is starting / stopping.

Legally Drones are considered
Aircraft and the Operator a Pilot with
the associated obligations

There will be plenty of opportunities
to investigate the equipment (but
please clear with the pilot first)

When in use there are requirements
about how close you’re allowed to
be.

National Research
Infrastructure for Australia



Any Safety Questions or concerns?

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
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Strategic Vision

* Went through a process looking at the big picture of ecological monitoring

* What was needed? —
. . —— =
e Settled on three scales of monitoring A 2

* Ecosystem Landscapes (incorporated Soils and Auscover) — Looked at the where
and when on env. Change

e Ecosystem Surveillance (Inc. Ausplots and ATN) — Looked at what was changing,
magnitude and direction

e Ecosystem Processes — (Inc OzFlux and SuperSites) Looked at why change was
occurring, and how we can manipulate that change

e Data Services and Analytics — (previously each facility had its own data team +
Ecoinformatics) — Coordinate and deliver data TERN-wide

Some previous facilities were not supported moving forward

W g
Wiy tern NCRs %
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The Funnel Diagram

Continental-scale Monitoring WHERE & WHEN

Where & when is change occuring?

Regional-scale Monitoring WHAT & HOW

What is changing? What direction is the change?
What is the magnitude of change?

'-Ocal-scale Monitoring

Why is change occuring?
How do we mitigate unwanted change?

o’
NCRIS s




TERN Ecosystem Surveillance

v
e Was created from Ausplots and the ausplots
Australian Transect Network

 ATN was already collecting data using the
Ausplots method, so integration was easier

e Continued to strategically collect data across
the continent, whilst ensuring more frequent
collection (aiming for 5 year intervals) along
transects as they had been chosen as areas
where environmental change was likely to be
more rapid/significant

e Continued support for DERG (LTER capability
already collecting Ausplots)

7
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to ‘Current Phase’

osystem Surveillance JOURNEY
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Three Themes

Organisational Scope
Infrastructure
The Team
"7 Neris®
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To understand where we are now — a truly
operational focus

e Dedicated specialised teams
(more on that later)

e Data collection, sample
collection, data management
all needed to be upscaled

* Significant external interest in
the program

* External funding to support
complementary work (EMSA)

Wy, tern CRIS >
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With a fabulous Collection!

* A very big Shed for our growing
Collection

e Capex investment in the future

ADE

allalis
siilin
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A brief history of our organisational Scope

Start Up: 2011 |

] e \ hkmm
* Development of infrastructure § —1 . AN
. ™ = »i-.x\,,f“’"‘“"N
* Established the plot network and o PSSR /
scope - Rangelands Sl Ve PR o™ ~
* Developed ecological monitoring 'y
met h 0] d S | |Rangelands i AN QL;\S/EJ{OJ{SOT;SEGKEZSE l
Version 1.2.9, 2012
* Program viability questioned iy s et
* Proof of concept ~ A €
ALY TERN?® tHE uNiversiTy
* Nothing similar existed previously ¥ === JADELAIDE

* No track record to leverage off




Organisational Scope
Start Up: 2011

 Start-up mentality
* Small multidisciplinary team
e Resource constrained

* Ingenuity — creative solutions
to practical problems

e Core values
* Flexibility
* Innovation

* 2017 transition point

e Consolidation of existing
foundational facilities

/ ’
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aaaaaaaaaaaaaaaa
4 Research Infr ire 'nrA:mralvj

in Ausirabian Gaveremar




Organisational Scope
Current Phase: 2025

* Delivery of infrastructure

e Operational ecological monitoring program - core
business

1,000t plot in WA during GEO-TREES field campaign

D & TERN
8 Ecosystem
4 ﬁI Surveillance
A

’ N
L]
A
A
A
A @
2
w® & v
® ’
N
A () »
A4 A u ]
o !
o e
TERN Infrastructure ®
: i i N
Landscapes Ecosystem Processes Ecosystem Surveillance
B CalValSite A TERN SuperSite Ausplot

tern

? TERNOzFlux Tower @  Forest plot




Canopy height _

Organisational Scope

Current Phase: 2025

* Foundation for other programs
* UAV program

* Environmental Monitoring System
Australia (EMSA)

* Tech projects (app development e.g.
MONITOR, Grassy Weeds)
* Internal expertise and experience
* Leverage external partnerships

* Inform national and international
programs

TV . Australian e’
F\'/ 0) Food and Agriculture Organization Cltlzer_l S_clence e,’"':mn..,".““““@
¥ </ of the United Nations Association | SA

7
WA, Viegetation Extent t
1 ern NCRIS
rrrrrrrrrr
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Rangelands => EMSA
EMSA => Rangelands
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Organisational Scope §&
Current Phase: 2025
 Established program

i AUSTRALIAN SOIL
* Proven capability AND LAND SURVEY

* Leading best practise FIELD HANDBOOK

FOURTH EDITION

 National standards

 Towards a mature organisation

* Increased rigor, structure,
documentation, communication

Developing specialised work units
Data-driven decision making .2
Continuous improvement

Retains foundational values
* Flexibility
* |[nnovation
* Ingenuity

The National Committee on Soil and Terrain
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Infrastructure
Start Up: 2011

* From zero |
_ _ . GROUND ZERO
* No nationally consistent ecological First plot establishe
. . Owen Springs'R
monitoring program Finke Bioregio
° Training September 20.

e Collaboration

Ecosystem Research Infrastructure



Start Up: 2011

* From zero e
* Fleet was small and hired

* Equipment was often ‘not off the
shelf” — BLUEPRINTS

* Selected attributes that can be
collected consistently and rapidly
to detect change



Infrastructure

Start Up: 2011

* Innovation

* Used best practices where available in NEW
applications

* Implemented existing standards (i.e. Yellow
Book)

* Initial investment in sound concepts

<A¢  AuScribe

husplots
Current Plot: SAA CHC 0008

Primary Observer: Lily Mackintosh
(TERN)

mox e oo

Survey Vegetation Modules

e Collection of physical samples
* Unique identifiers (barcodes)

e Controlled vocabularies

* Customised electronic data collection systems

* Relational data systems

* Linking field data to remotely sensed data

 VegetatonVovetering
| Cenetovoucherng
* Multidisciplinary approach  pontnercept

* Vegetation and soils

* Ecological concepts integrated with relational
data systems

* Workflows with a focus on efficiency

2, tern

Ecosystem Research Infrastructure




+ Follows Yellow Book

Infrastructure

+ AusPlots 8 standard

Current Phase: 2025 modules

. + Plot selection and layout
* Current infrastructure * blot descrintion .-
e Australia-wide operational + Photopoints o 3
. ! o B
ecological and UAV + Soils )
monitoring programs + Basal area N e
. . ﬁ TERN Ecosystem Surveillance
* Nationally recognised o Cover S
methods (8 AusPlots . F'I"”S“CS h D e o -
. | |
prOtOCO|S) Plant tissue vouchering
* Foundational platform that
other programs can build on et i
£
Or QuersLany (G PADELAIDE = S S :
Project partner] i = O%&
T UAV Programs
pe atureScan >




Infrastructure

Current Phase: 2025

* Maintenance and continued development
* Investment in the fleet

* Growing the infrastructure network
(temporal, geographic)

* Plots ~1,000 — revisits ~400

e Samples ~200,000

Data — value adding, controlled vocabularies

* Increased access — FAIR principles

The Australian Na

E ‘ o P l o l S The Australian National Species List (auNSL) is a taxonomic resource that g
The auNSL is available for the following nationally accepted taxonomies wl

information, data and services.

Search, integrate and access Australia’s ecology-based systematic survey data.

Vascular plants

Angiosperms, ferns and gymnosperms -
B Australian Plant Mame | (AFNI) - published usages of name:
Australian Plant Census ) - nationally-accepted taxonomy fd >

B Search Observations Data A Search Samples




Infrastructure

Current Phase: 2026

* Process improvement focuse
consistency

 Documentation (guidelines,

protocols, policies, registers, MoUs)

 Refinement of workflows
 QA/QC processes

d on

At camp: Process

On the plot: Collect
and preserve

End of trip/In the office:

Send, process, store

e Curation

T

Tea Bags in Sistemas

Samples (" Endoftrip
Day Press Plant Press rsmp to Herbarium
o= ] o= ] =
)

(" Carry to Waite )

Carry to Waite

On the plot: Collect At camp: Process In the office: Enter ¥—‘
) and back up and store B mw
=
Data Plastic Vials Fridge/Cooler Bag 1
P F— p F— . Paratoo \ = | T = | =
- —y
- = Soil et bog | (), o vare
e L
‘ e
Sail - Site bog ot ons R E—
— T -~ T ‘ol pit zamples Soil samples
| " sync collections Syne collections ) ‘ | ‘ | i/ inthe offica
\ / - .

- with cloud
TabletPhone Camera | e T
Flonstics. r T ‘

Back up

¥

) to Box Transfer to NAS.
Datasheets \

|

Paratoo
=4 Back up to Lab companent
Audio recorder ] | s external storage
|
DSLR Camera ) ‘ L ot i g Ji
\

Ship to Darwin

TERN Austi

Vascular Plant

TERN Austral

Plant Specimen Di

Version 2.0

TERN Australia Soil a

Collection Management Guid

tern

N

-
o
=S
2

TERN Australia Soil and Herbarij

Plant Specimen Mounting Guidelines - July 2

TERN Australia Soil and Herbarium Collection

Version 1

'
NCRIS s

ERN Herbarium Sp

ASSESS Specimen —— CAPTURE DATA: phenology, heet:
Mounting Criteria : ! Mot o i Store n TEAN Coflection by
st B vovio ) SRl Wiy byt

See mouning s2eps beiow
ks

s, 530, vor
sEagact

ertte ma fawers

R vounreo DINESTE DY
0 - (IR ) s

¥ Exclute cry, it materis
Good quaiy vegerative maceria fonly for
some groups e rinforest speces|

Storein
Year, State, 1BRA, Locstion 10

TERM Herarkum Specimen
Dygiing Workfow

- CLEAN UP

MOUNTING STEPS

1. Evaluate specimen 2. Arrange specimen

barcace e g upwaras nd
/porta potoon svars
Labes s wn g sorom e corne
P ———

15 the specmen cryptogam (moss, ichen, Werwort o fungus —
Y DON'T maunt.
1¢bulky (2. orge zeed g, frum) ~ DON'T maust ~ spproprate
for carpological coliection
Ensure iabelsare pre-seinted for eng assesse
Emsure tabts aee e g The Sk beva Sipemed Focts at Bortom, Nowers wt 1op
Ace there enough abelsfor he # of sheets ] exchanges?
Top 518 of specimen vaible 1, 7 evdent
 Saparate chamos and remove loose 103
< Mianipuiste s and fe e cascered
Losse pleces s oy specimens n packets
(with few moumed)
Trim snarp ends, ssmes, Branches snd turn

 Arrangement options - vertcal, dagons, fokdes (e 5. grazses)

r o\ | |92

(
!
i
\ﬁ
|
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 Preferred metnod s pov tape
/D0 not e excessive tape, caly it aachor pOLS - Dee per sem

v s are mentotie L. st Bulky,
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 Remaue excess e wah pager towel

¥
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H o r re n d 0 g ra m Data and Curation Capabilities Key relationships: Further development:

» Develop a range of standard stats / queries
¢ Derived data
» Develop a dashboard/front end

Data & Curation Team; Field Team;
Donna Carly Tech Team; RID Team; Data and
/" Field Capabilities Curation Lead Data management Analytics, TERN Central

/" TechCapabiliies
+ Data collection
» Sample processing

& management . Soil and Veg * New Protocols
Ecosystem Surveillance scannin e New App
4 Network - spatial 9 « DB maintenance
representation (KML) « Tech Systems
Specify Database « Old App

(ers)

Sample curated mgt
External Data

Point Intercept Access e RID Capabilities
Voice Recording
Curation Tools . SUSP:OtS_H eis o0l
LOCUS Ul (web-based) « Developing analysis tools
REST / JSON « Designing data
GIS Layers infrastructure
Soil subsites - AusPlotsR A\ /
Photos
~—————— oDBC
|—"Read only /___,__L_,___\
[~ |
Soils Datasheet Sites Register —_— ua
xlsx SWARM SWARM EcoPlots
Ready fo Ready to publish Data & Ecolmages
publish . PostGres CoPY API Analytics
— Photos Points Ingest script _ .

Curated Field name, location, Soil Pit samples

h
DGPS Curation
Veg samples
Cl:;léal:‘,gd T-bag samples
Soil Meta
) Soil Subsites
Ingest script

. description > Mail
Soils Sheet
AUSPLOTS of's shee Merge > Labels /\
NAS /
: THE

prmmmemmeseseeeees ' . Veg samo.fes senr SHED

! Legacy Data | Flora Field Herba'rlum back to herbariums

; LAI Sample HERBARIUM {:(?si) where requested

"""""""""" TERN Australia Soil &
Herbarium Collection

Curated

Photos Points

%
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The Team

S

Sta rt U p : 20 1 1 TERN AusPlots TERN AusPlots TERN AusPlots TERN AusPlots
. Field Botanist Sn{i]l_{?ul—.—?ll-lfﬁﬂ TEChD_[:;EI:?'IEper [}atﬂa-{:ﬂgéger
e Small, versatile team (3.5 FTE)

e Single team focused on:
* rapid data collection
* network expansion

 Staff performing multiple roles
* Higher workloads = risk of burnout

'S

Agility and flexibility
e Coordination is easy amongst a
small team
e Less documentation required

* Increased consistency of data
collection

National Research




The Team
Current Phase: 2025

National Research
Research Infr ire for Australia
( A Audrai Gorermemant Wity
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The Team

Current Phase: 2025

* Specialised roles and expertise
* Specialised teams

e Development of a skilled and experienced
team

 National standards

Data

g Curation

* Consistency and rigor

* Larger teams require improved:
e Communication and coordination
e Documentation and workflows

TERN-ES SOP’s

Business
Finance

« Working Safely at TERN

* Clear definitions of roles and responsibilities

« Safe Use of Vehicles

e Safety
* Robust procedures (SOPs)
 Communication plan
* Up-to-date training

« Working Safely in the Shed and Lab
« Working Safely in the Office

« Working Safely in the Field

7
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Ecosystem Research Infrastructure
”




TERN ECOSYSTEM
URVEILLANCE

Field-Based Moniforing Program Ben

tern 4 NCRIS%
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TERN ES Monitoring Platform S

* Plot-based field monitoring | e
program across a national m— P e

network of plots and transects " &
* 1,000 x 1-Ha plots -
* Standardised methodology

* Ecological data and samples
collected at each plot

Wy, tern CRIS >
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Monitoring Approach

* Detecting ecosystem change

 What, how much, in which
direction

* Broad spatial and temporal
scope

 Focused on trends

tern NCRIS.“U
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Methodology

* Standardised survey methods | #
* Quantitative data |
* Repeatable |

 Comparable data across spatial
scales

* Field data collection app
e Standardised terminology
* Efficiency

AUSTRALIAN SOIL
AND LAND SURVEY

e Quality assurance and data FIELD HANDBOOK

mmmmmmmmmm

completeness

The National Committee on Soil and Terrain

/ ’
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TERN ES Ecology Team

e Conduct field surveys to collect data and
samples following established protocols

e Data and sample management
* Health and safety

ILE TRAIGHT
{;\USIRAI IA'S,LONGEbToSTRAIGI:IT ROAD
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“ O
PLOT SELECTION PLOT PLANT TISSUE
PHOTOPOINTS FLORISTICS
AND LAYOUT DESCRIPTION VOUCHERING
S O} =
-."'/’:..{ \ m * e e 8 e e @
COVER FIRE SEVERITY BASAL AREA INVERTEBRATE SOILS

FAUNA
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Data and Sample Collection

- Ecological data @ Physical samples (& associated
data)

* Floristics vouchers

* Plot location

e Plot description

e Cover * Plant tissue vouchers

e Basal area * Soil pit samples

* Soil site characterisation * Soil sub-pit samples

+ Soil pit observations * Soil metagenomics samples

Images * Soil bulk density samples
* Ants

* Photopoints
* Floristics in-situ

* Soil pit faces



Data considerations

FAIR Data Principles: Findable, Accessible, Interoperable, and Reusable

+ Recording data consistently + How is data being collected + Metadata
+ Standardised fields + What will the final data output look like + What are you collecting
+ Controlled vocabularies + Storage of data + Who collected it
t Completeness + Relational Database / Spreadsheet / * How was it collected
+ Accurately Shapefile + When was it collected
+ Repeatable + Recognised data repository + How can it be accessed and
+ Comparable + Findable and accessible who can access it

)

P 4




Define project area and determine
land access and ownership

Plot Selection

Stratify project area by the two land
systems present

* Scientific and environmental T S
information

Stratify by land use. Reserves
adjacent to but not on project area.

e Historical information

Area stratified based on the 5

* Logistical considerations

Watercourses and elevation used to
tailor plot locations within 5 major
sampling units

* Political or legislative
considerations

Roads and accessibility used to tailor
plot locations within 5 major
sampling units

Aerial imagery reviewed to assess fine
scale variability across 5 major
sampling units

from McCallum et al. 2024, EMSA Plot Selection and Layout

4
tern NCRIS s
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How we prepare for Field Work

* Health and safety

* Planning and logistics

e Scheduling
e Land access and permits

* Equipment and vehicle
management

* Sample management
* Biosecurity




Where to Monitor? Gaps Analysis

* A significant amount of work on the strategy behind gap-filling

* |dentified that previous stratification was good — but future better
with Generalised Dissimilarity Modelling to focus on areas to visit

Ecological distance to most similar plots

2017 A 2018-2020 S @
§ s iy <9 ."..
.}‘. = .5 ’..! ‘.' : .
: s . .o. . :‘:. - -

= 15 &
fv" R F o~ e
Eoe » ,‘- 3 o .
v ;‘ _: Ve _f"'- "7
\ e = .!_r : .‘.:\
t -"\"I" *. . “ \ { - 5 A s
& - '}}'_" w3 . o . 0 s ; ', .‘
. - > . 3 ..
e . g
- s S
gt L
s -
General Dissimilarity Model based ; . B
Ecological distance Gap-filling

on Ausplots plants composition
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Modelling ... 45 + iterations later
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S u rVey G a p An a IySiS TOOI — Glenn Manion, Simon Ferrier, Dan Faith, Kristen Williams

By Survey Gap Analysis Tool - Yersion 6.0 - <V\ces-10-cdc\O5M_CDC_R38141_BushBlitz_workiAusPlots\GuerinAnalysis\VAS 100k\SGAT _VAS_DP100k_AusPlots_para... - -

File Tools Help

Facilitates optimal selection of candidate
survey sites to fill gaps in environmental :

“hces-10-cdc\OSM_CDC_R38141_BushBlitz_work\AusPlots\Guerindnalysis\WAS 100k \AusPlo

space (eg GDM)

Predictor Grid Paths (ESRI Binary Export Format fit. .hdr)
lices-10-cdc\OSM_CDC_R38141_BushBlitz_work\EurekalgdmIVASIEAA. .
Wees-10-cdc\OSM_CDC_R38141_BushBlitz_workiEurekalgdmIVASIEAA... 1. VA5 100k_AusP_201708
ices-10-cde\OSM_CDC_R38141_BushBlitz_workiEurekalgdmIVASIEPIT...
o . o o o . ces-10-cdclOSM_CDC_R38141_BushBlitz_work\EurekalgdmiVASIFTIT...
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We at TERN acknowledge the Traditional Custodians throughout Australia, New Zealand
and all nations. We honour their profound connections to land, water, biodiversity and culture
and pay our respects to their Elders past, present and emerging.

TERN is enabled by NCRIS.
Our work is a result of collaborative partnerships with many universities and research institutions.
To find out more please go to tern.org.au.
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