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s ber 2007 Fl C C T' .bl 
Sun 16 Mon 17 Tue 18 Wed 19 Thur20 Fri 21 

Karribank and field - Karribank and Field Field Stirling Range NP Karribank and Field Karribank 
Tomdirrup Lookout area and Porongorup NP 

Karribank 
0800 Welcome to South Coast Travel 

Region (AD) (15 min) Assessments ( 1hr) Plant ID, Florabase and 
Course Intro: Flora Assessments use of electronic keys 

0900 Conservation in WA (DC) ( 1.5hr) (NL/RD) (2hr) 
(1.5hr) PC field (CD/CC) (2 Travel to 
Morning Tea ( 15 min) 

Porongorups Ex-situ conservation hr) Travel 
1000 / seed colln talk (ACo) Field quadrat (KW+JP, Morning Tea (30 min) 

(1.5hr) +SB, SC, ACo, VE) (all 
day - groups moving) 

Flora Legislation talk Morning tea (30 min) Morning Tea (30 min) Specimen collection 
(KA) (1.5hr) with the various groups Plant ID and 

(RD) All day assessment for plant 
1100 Morning Tea (30 min) ID and monitoring 

Translocation talk and Seed collection - field Quadrats and (NL/RD) (2.25hr) 

1200 scenarios (AC) (1.5hr) (ACo/ AC) (1.5hr) specimen collection Summing up (VE) (10 

Ecophysiology (PP) ( 1 continues Mins) 
Farewell from Region 

hr) (AD) (15 Mins) 
Lunch Lunch Lunch Lunch --

1300 Travel Course summary to date Depart 1.30pm 
(DC) (15 mins) Field TEC (SB /VE) 

(1.5hr) Lunch 
1400 

Intro to South Coast TEC talk (VE) (1 hr) Field monitoring, 

Flora (AD) Field walk survey (KW, JP, SB, SC, 
1500 Visit rare flora pops Plant disease/diagnosis ACo, VE) (all day -

(AD/SB) (3.5hr) 
talk (CC) (1.5hr) Travel groups moving) 

1600 Travel 
Seed orchard/translocation Recovery Catchment Travel 
site (SB) (1hr) talk (GM) (1hr) 

1700 
Travel Travel Monitoring techniques Free time 

talk (KW) ( 1 hr) 

1800 Free Time Free time Free time 

1900 Dinner Dinner Dinner Dinner Dinner 

2000 



Key 
AC= Andrew Crawford 
ACo = Anne Cochrane 
AD = Alan Danks 
CD = Chris Dunne 
CC = Colin Crane 
DC = Dave Coates 
GM = Gavan Mullan 
KA = Ken Atkins 
KW = Kim Williams 
JP = Jill Pryde 
NL = Nicholas Lander 
RD = Rob Davis 
SB = Sarah Barrett 
SC = Sarah Comer 
VE = Val English 
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Delivery and Assessment Strategy ~fi, 

0
• Department of ;,~Q; Environment and Conservation 

>r,.--;;-, ~"" 

Name of RTO Department of Environment and Conservation 

Course TiUe Flora Management Course 

Target Groups DEC staff who require knowledge of flora conservation both in the field and theory or 
those who view it as an area for career and knowledge development. 

Duration of Course Four and a half days. 
BeoinninQ 8am on the Monday and finishinq 1pm on the Friday 

Location Albany 
Combination of approximc:1lely 50% classroom time and 50% field component 

Purpose of Course To provide departmental staff with field based knowledge and skills to implement flora 
conservation throuqh an undersiandinu of management issues and techniques 

Alignment of course 
with competency RTD4504A Monitor Biodiversity 
standards and their 
codes 
Towards which · Attainment of the Unit RTD4504A will contribute towards a Certificate IV in Conservation 
oualification and Land Manaoement 
Texts/references -

' INTRODUCTION INCLUDING FLORA CONSERVATION . Hopper, S.H. , Chappell , J., Harvey, M., George, A. Eds 1996. Gondwanan .. 
Heritage: Past, Present and Future of the Western Australian Biota. Sydney. 
Surrey Beatty. 

• Lindemeyer, D. and Burgman, M. 2005. Practical Conservation Biology . 
CSIRO Publishing. Melbourne. 

• Coates, D. J. and Atkins, K. (2001) Priority setting and the conservation of 
Western Australia's diverse and highly endemic flora. Biological Conservation. 
97, 251 -263 

• Coates , D.J. and Dixon K. (2007) Current Perspectives in Plant Conservation 
Biology. Australian Journal of Botany 55 (in press) 

• Yates , C. J ., Coates, D. J., Elliott, C. and Byrne, M. Composition of the 
pollinator community, pollination and the mating system for a shrub in 
fragments of species rich kwongan in south-west WesternAustralia . 
Biodiversity and Conservation, 1-18. 

• Byrne M., Elliott, C. P., Yates C. J. and Coates, D. J. Extensive pollen 
dispersal in a bird-pollinated shrub, Calothamnus quadrifidus , in a fragmented 
landscape. Molecular Ecology 16, 1303-1314 

LEGISLATION (SPECIES AND COMMUNITIES BRANCH AND THREATENED FLORA 
LEGISLATION) . Brown, A., Thomson-Dans, C., Marchant N. eds. 1998. Western Australia's 

Threatened Flora. Perth: Department of Conservation and Land Management 

• Cropper, S.C. 1993. Management of Endangered Plants. Melbourne. CSIRO . 

• Australian Department of Premier and Cabinet. 1997. Wildlife Conservation Act 
1950. htt12://www.sl12.wa.g0v.au/index.html [Section 23] . United Kingdom. International Union for Conservation of Nature and Natural 
Resources. 2001 . IUCN Red List of Threatened Species: Categories and 
Criteria._ htt12://www.iucnredlist.org/info/categories criteria 

Flora Mgt Course Delil'ery & Assessmelll Strategy 2007 



PHYTOPHTHORA 
Hardy, G.E. St. J. 2001. The Future of Phosphite as a Fungicide to Control the 
Soil Borne Plant Pathogen Phytophlhora cinnamomi in Natural Ecosystems. 
Reprint. Australasian Plant Pathology 30: 133-139 

• Shearer et al 2007. Phytophlhora cinnamomi invasion, a major threatening 
process to conservation of flora diversity in the south-west botanical province 
of Western Au~tralia. Australian Journal of Botany 55, 225-238 

Pathogen of the month 
http://www. australasianplantpathologysociety. org . au/ 
Dieback http://www.dwg.orq.au/ 
Dieback http://www. d ieback. org . au/ 

SURVEYING 
Brown et al. 1996. An Area Based Multiple Species Approach to Threatened 
Flora Conservation and Management in the Merredin Area of Western 
Australia. N.p. Stephens and Maxwell. 

• Keighery, B. 1994. Bushland Plant Survey: A Guide to Plant Community 
Survey for the Community. Nedlands: Wildflower Society of Western Australia. 

• Muir, B.G. 1977. Vegetation and Habitat of Bending Reserve in Biological 
Survey of the Western Australian Whealbell. Part 2. Perth: Western Australian 
Museum. · 

• Rare Flora Report Form. n.d.n.p. WA Herbarium Field Data Sheet. N.p. 
Department of Conservaiion and Land Management 

MONITORING 
• Brown, AC., Tomson- Dans, Marchant, N. eds. 1998. Western Australia's 

Threatened Flora. Perth: Department of Conservation and Land Management. 
• Hopkins, A. 1995. Monitoring: An essential Component of Living Natural 

Resources Management. n.p. Wellington Mills 
• Hopper, S.D., Van Leeuwen, S., Brown, AP., Patrick, S.J.1990. Western 

Australia's Endangered Flora and other Plants under Consideration for 
Declaration. Como: Department of Conservation and Land Management. 

• Saunders, D.A., Burbidge, A.A, Hopkins, AJ.M. 1987. Nature Conservation: 
The Role of Remnants of Native Vegetation. Chipping Norton: Surrey Beatty. 

• Coote, M., Moller, S., Claymore, K .. Monitoring and evaluating biodiversity 
conservation projects. Bushcare and CALM. 

EX SITU SEED CONSERVATION 
• Bradby, K. and Morris, V. 1997. Seed Collection from Native Plants. Como: 

Department of Conservation and Land Management. 
• Cochrane, A n.d. Seed Collection and Storage- a Strategy for Ex situ 

conservation of flora in Western Australia. n.p. 
• Cochrane, A. n.d. Some Seed Collection Guidelines. n.p 
• Cochrane, A n.d. Guidelines for Timing Seed Collection. n.p 
• Cochrane, A Seed Accreditation: the effects of seed quality and germinability 

on field establishment. n.p 
• Australia Florabank. 2004 Florabank http://www.florabank.orq.au 
• Ralph, M. 1994. Seed Collection of Australian Native Plants for Revegetation, 

Tree Planting and Direct Seeding. 2nd ed. Fitzroy: Ralph , M. 
• Native Seed Collection and Storage. Department of Conservation and Land 

Management. 1987. Department of Conservation and Land Management: 
Perth 

• Wildflower Society of Western Australia, 2002. Seed Noles for Western 
Australia. Nedlands: Wildflower Society of Western Australia 

Flora Mgt Course Delil'e1y & Assessment Strategy 2007 
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THREATENED ECQLOGICAL COMMUNITIES (TEC) 

• English, V., Keighery, G.J., Blyth, J. 1996. Threatened Plant Communities on 
the Swan Coastal Plain. Landscape. Vol 12: No1 . 

• English, V. , Blyth, J. 1999. Development and Application of Procedures to 
Identify and Conserve Threatened Ecological Communities in the South West 
Botanical Province of Western Australia. Pacific Conservation Biology. Vol 5: 
124-138 

• Western Australia. Department of Conservation and Land Management. 2003 . 
NatureBase: Plants and Animals- Identifying WA's Threatened Ecological 
Communities. htt12://www.naturebase.neUscienceslscience.html 

• Gibson, N., Keighery, G.J., Lyons, M.N. and Keighery, B.J. Threatened plant 
communities of Western Australia. 2 The seasonal clay-based wetland 
communities of the South West . Pacific Conservation Biology, 2006, Vol 11, 
Number 4 

TRANSLOCATIONS 

• Australi~n Network for Plant Conservation- Translocation Working Group . 
1997. Guidelines for the Translocation of Threatened Plants in Australia. 
Canberra: The Network 

PLANT IDENTIFICATION 

• Western .A.us!ralian Herbarium. 2004 FloraBase- The 1,,1/estern Australian Flora . 
hllQ ://flora base. ca lrn . '-"!i:! .gov. au 

Wheeler, J., Marchant, N, and Lewington, M. Flora of the South West: Bunbury-
I' Augusta- Denmark. University of Western Australia Press, 2002. 

Participant resources Participants will be supplied with a file which inc!udes session notes, PowerPcin!'s, 
handouts, schedule etc 

Participants should bring pen, paper, hand lens and secateurs. Appropriate field apparel 
will be required for the field based component and may include but not be limited to 
helmet, gloves, insect repellent, sunscreen, warm clothing and wet weather gear etc. 

Pre-requisites · There are no pre-requisites for this course 

Workplace Safety Departmental personnel will operate in accordance with occupational safety and health 
and Health guidelines and organisational procedures. They will be required to demonstrate safe-

working practices at all times and to operate in accordance with any relevant legislative 
requirements and applicable Australian Standards. 

Floro Mgt Course Delive,y & Assessment S trategJ• 2007 
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Key Principles The organisation~s committed to developing training that takes into account the 
language, gender, culture, access and support strategies that allow for equitable 
learninq for all participants . 

Recognition Participants who have completed current and appropriate training or through prior 
learning and experience believe that they have gained the pre-requisites and course 
content stipulated for this course, may be granted Recognition of Prior Learning based 
on that claim. 

Evidence of prior learning may include a combination of the following , which assess all 
aspects of the .relevant Units of Competency and course content: . Evidence of current competency . Projects or assignments . Written presentations 

• Oral and written tests . Demonstrations -
Mutual Recognition Department of Environment and Conservation endorses the requirement to recognise 

relevant student achievements to ensure that "Statements of Attainment" and 
Qualifications issued by other Registered Training Organisation's and Australian 
Quality Framework Qualifications issued by other Registered Training Organisations 
are portable between Registered Training Organisations and across the state. 

Appeals Process ' Department of Environment and Conservation is committed to providing all participants 
with the opportunity to lodg!;! ~n appeal against an assessment outcome or process if 

,' the person undergoing assessment feels they have been disadvantaged or 
discriminated against. The participant has 12 months to appeal afier ihe results have 
been given. 

The appeals procedure applies to: 

• Assessment conducted within a course . Assessment or decisions within a skills recognition process 

Course Delivery The delivery of this course should incorporate a range of effective teaching strategies; 
Modes using on-the-job examples and group learning activities. 

Strategies may include: 

• Syndicate exercises and group work 

• Individual exercises 

• Training room presentations and activates 

• Demonstrations . Activities 

• Audio/ visual presentations 

• On the job training . To ensure access and equity it is important that teaching strategies are 
modified when required . 

Floro Mgl Course Delil'ery & Assessment S1ro1egy 2007 
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Course Content The following topie's should be addressed: 

• Introduction to Western Australia Flora (1 hr 30mins)) . Leg islation and the role of Threatened Species and Communities Branch (1 hr 
30mins) . Introduction to flora of the area- Field (3hrs) . Weed management (1hr 20mins) . Survey techniques (1 hr) 

• Monitoring techniques (1 hr) 

• Plant ID and the WA Herbarium (1 hr lecture, 2hrs practical) . Field component including: quadrats, transects, priority flora, ORF survey and 
monitoring (all day- 9hrs) 

• Ex situ conservation (1hr 30mins) . Translocations (1 hr) . Plant diseases (1 hr 15mins) . Phytophthora- Field (1 hr 30mins) 
• Seed collection- Field (1 hr 30mins) 
• Recovery catchments (45mins) 
• Threatened Ecological Communities (1hr 15mins) 

• TEC- Field (1 hr) 
Session titles and 
approximate sessioil See above 
timings 
Learning Outcom"s _ Upon completion of th is course, the participant will be able to: 

,-· 

Learning Outcome 1. Demonstrate an understanding of the patterns of Western Australian Flora 

Learning Outcome 2. Understand and outline the key roles of Species and Communities Branch and 
Threatened Flora legislation 

Learning Outcome 3. Understand and explain the reasons for surveying and the techniques utilised in the 
field 

Learning Outcome 4. Demonstrate an understanding of long term management, monitoring and recovery of 
threatened flora 

Learning Outcome 5. Demonstrate an understanding of the understanding of the WA Herbarium, Regional 
Herbarium, FloraBase and other electronic keys 

Learning Outcome 6. Outline the reason , strategies and processes of ex-situ seed conservation 

Learning Outcome 7. Demonstrate and understanding of plant translocations including procedures and 
management plans 

Learning Outcome 8. Demonstrate knowledge of the three major disease groups in WA- Phytophthora, 
Armillaria and Canker 

Learning Outcome 9. Demonstrate an understanding of Threatened Ecological Communities including 
databases, recovery processes and examples. 

Purpose of The assessment is used as both a knowledge summary for the participants and a way 
Assessment to assess whether the participant is competent in the Unit RTD4504A 

Assessment Task(s) Theory Assessment Day 2- Summarises and assesses the knowledge gained from the 
(in summary) first two days of the course. 

Theory Assessment Day 5- Summarises and assesses the knowledge gained from the 
course, predominantly days three to five. 

Practical Assessment Checklist- Assesses the actions of the participants in the field . 

Flora Mgt Course Delil'e1y & Assessment Strategy 2007 
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Assessment Methods: ·• 

Units of Competency A B C D E F G H I 

RTD4504A Monitor Biodiversitv ✓ X ✓ X X X ✓ X X 

KEY A Demonstration C Interview E Role play G Written test 

B Questioning D Scenario- F Case study-fault H Critical incident 
problem solving finding report 

I Poat Course 
assessment 

Assessment Validation The processes used to validate assessment activity in this program are: 
Process • Workshops or. assessment policy and processes to be held after each 

course, for the first year, for RTO staff. . Client satisfaction surveys request information on satisfaction with 
assessment tools and processes. 

• At internal audit samples of assessment process used in each course are 
reviewed . . ·Cour5,:; custodian convenes annual meeiing of assessment panel comprising 

- subject specialists- to r,:;view evidence-gathering tools. 

• Moderation meetings attended by all assessors to ensure validation of 
; judgements made on assessments and assessment tools after each course 

for the first 12 months 
Physical Resource Facilitation of this program will require: 
requirements for • An environment conducive to learning including comfortable seating, 
Delivery and adequate lighting, temperature control and noise control, etc. 
Assessment • Access the appropriate field sites 

• Access to field specialists 

• Field equipment as required- field notes, flora/ survey forms, hessian bags, 
GPS, maps, plant presses, syringes/ spray packs/ phosphorous for dieback 
session 

• Computers and internet access/ electronic keys for plant ID session 
• Appropriate reading material 

• Other teaching aids as required 

Delivery and Program Staff Dellvery/Aasessment Workplace Workplace Vocational 

Assessment staff area A118easor Trainer Trainln11 

requirements Course 
Custodian Val ✓ 

English 

Other human resource requirements: 
Due to the diverse topics covered in the Flora Management Course, the Course 
Custodian will utilise CALM staff specialists in the delivery of each session. These 
specialists will present course material and assist in the field component of the course, 
and where necessary assist in the assessment of participants, under the supervision of 
the Course Custodian. 

Schedule 
Refer to Flora Management Course Schedule 

Course Custodians 
Endorsement 

Date 

Flora Mgt Co11rse Delivery & Assessment Strategy 2007 
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Outline of talk 

\!\ '. l\ i :_ i!I l . i1. :_ 
,. 

- Patterns of plant diversity in south-west Western 
Australia 

- Ancient flora and evolutionary history 

- Taxonomy of the banded ironstone ranges 

- Large scale habitat destruction and 
fragmentation effects 

• Inbreeding, reproductive output 

• Gene flow 

- Rarity and threat in the flora 

- Threatened flora 

- Ecological studies and implications for recovery 

- Recovery of threatened flora 

- FloraBase 

Patterns of plant diversity in the south-west 

-:- Ancient flora with many relict species 

.;, Large number of species have geographically 
restricted ranges 

-:- Many species have naturally fragmented disjunct 
distributions 

.;, Unusually high proportion of naturally rare plants in the 
south-west 

Flora Introduction Coates and Yates 
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Fossil record and molecular ONA studies 
indicate an ancient flora 

Major Factors In the Evolution of the South , 
West Flora I 

I 
,,..., .• ...-..x,,-- -...,.,,,i,.:.,-,: •.,.--..,,... .... ,,,.., . "-e-.,..,. ....-·r•i,, "~,. .. ,.,- . ,.- ,._., ,. ,.. .,,_., __ ,.,,,,.~• ·>" ~-.,\ 

■ Ancient landscape remaining unglaciated and 
above sea 

level for 200 million yrs 

■ No significant mountain uplifting / volcanic activity 

■ Complex soil mosaics 

■ Dynamic climatic changes during the late 
Tertiary - Quaternary (1 .6 mill yrs bp to present) 

Evolutionary history - climatic dynamism 
and fire ,,,. Joo mm 

··-,~,~ji\f,--
,J .··. . , •~-. ·· .. '•.----:7:: 'r' 

' ' ' f 
I • ~ (. ...,, 

,',~' ,...Jsooamml 

- - -.. - - . . u·c.. .. £:_~:._ ♦ -.:-.·: . ~-
... , (;---- · .. ·· - ·· 
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Taxonomy Banded Ironstone 
Ranges 

'~ Jr:' ~vi'~'~ 

~~ /.f:;'~· 
'.vfl~ 

Taxonomic studies on 
the flora of the Banded 
Ironstone Formations 

Juliet Wege, Kelly Shepherd 
Ryonen Butcher and Teny 

MacFarlane 
S11vlng Our &pe,clu lnltLIUv1 

WA Herb.rl-..n, Sd1nca Dtvl1k:in 
D1pa11m1nc ol EM'lronrnud •nd Cons.1rveUon 

WA Flora - State of Play 

,:. > 13,000 taxa (species, subspecies, varieties) 

-:- 1,800 unpublished 

- phrase names 

• e.g. Mir/Jelia sp. Helena & Aurora (8.J. Lepschi 2003) 

- manuscript names 

• e.g . Acacia karina Maslin & Buscumb ms 

- many lack suitable guides to their identification 

- many are poorly known, under-collected or rare 

• 538 have conservation !isling (50 ORF; 232 Priorily 1) 

❖ Estimate 10-15% remain unknown to science 

Flora Introduction Coates and Yates 
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Saving Our Species Taxonomy Project objectives 

Resolve the taxonomy and expedite the description of new 
laxa 

- occurring in areas where lhey may be vulnerable lo future 
mining aclivities 

BIF al lhe Yilgarn 

Ravensthorpe Range and Bandalup Hill 

- listed as being of conservation priority 

• across Western Australia 

publish a special issue of 'Nuytsia 

Significant Achievements to Date: 
Resolution of New Plant Species 

❖ 50 Bolanisls conlacled [WA 35, Eastern 
Slates 15) 

Conlribulions from al least 35 local and 
interstate botanists 

-:- 83 new taxa currently being described 

- 20 families, 34 genera 

- 30 /rem BIF 

❖ Special issue of the Herbarium peer­
reviewed journal ·Nuytsia" is in preparation 

-:. This edition will contain approximately 40 
manuscripts 

Large scale habitat destruction 
and fragmentation effects 

· Inbreeding } 
Ca/othamnus quadrifidus 

• Reproductive output 

Flora Introduction Coates and Yates 
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The fragmentation 
of habitat is a 

major and 
pervasive threat to 

species and 
ecosystems in 

south-west 
Australia 

Key questions associated with land clearing l 
and habitat fragmentation ; 

- -·-···- __ ., ______ ,., - - -----·-··-····-·--·- ·--.. - ·,··-- .! 
-:- What impact does the loss of species from remnants have ! 

on species persistence? 
❖ Of particular concern is the loss of mulualisms between some plant 

species and their animal pollinators 

❖ Or the loss of predalors which regulate herbivore populations 

-:- What impact do changes in abiotic environment (e.g. 
hydrology) have on species persistence? , 

' ~ -:- What impact do introduced pathogens, feral predators, 
environmental weeds have on species persistence? 

-:- What impact do changes in the fire regime have on a i 
species persistence? ! 

-:- What Impact does population size and landscape I 
context have on species persistence l 

, . ., ., ,.,.,.,,..,._.,.---,.-~.- .... , .. .... "_, __ .. ,..., . ,,..,.., ....... _ .... ~--i,,...,, ..... " ........... ~ .................... ,.,,,. - ~ 

Gene flow in 
fragmented 
landscapes 

may be 
affected by 
remnant: 

size 
shape 
quality 

connectivity 

~ 
\ 
\ 

'-----------@' 
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Areas of natural vegetation 
(green) and location of 
sampled populations in the 
Dongolocking area of 
south-west Western 
Australia. 
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Calothamnus quadrifidus sites 

Calothmnus 
quadrifidus 

• Long-lived woody 
shrub 

• Bird - mammal 
pollinated 

• Common but 
patchy distribution 
in scrub/heath 

,_,.,_..,i 

19JB 

20li 
.lll2ll 

Calothamnus quadrifidus 
Number of birds foraging decreases with decrease in 

population size 

r1 ,. 0,52. p,.0 ,01 

Conaequences as 
populations get 
smaller 

Fewer fathers 
contribute to progeny 
(seed production) per 
plant 

-~ 00 

" 

❖ Increased selfing per 
plan! 

lQ1(Pop ..... l,on1.Ztl Increased inbreeding 

. ':\- .. . 1
t! f,. -.;;- ~1 ;~ . t?~ 

I 

l 

. ' '/· -~ "/ ... (-I: ;;!'!! ,-,::, .. Y.:JZ .. ,ii /1:u';--\. .. t ~~Ii • ,/[_/,- J:.. ¥, 

t:.,t'.-0!; .-~~#..ilbi :rgt.f-&. 
~~ ~~~ ~ . )( ./.'J"fl 

Therefore might expect 
lncre;ased Inbreeding 
depression 
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Calothamnus quadrifidus 
Relationship between population size / isolation and 

correlated paternity 

rJ,. O.•S. p c0.05 

•• 1• II J O JJ J• ...,. ___ , 

;. As populations 
become smaller 
and more 
isolated fewer 
fathers 
contribute pollen 
to seed 
production on 
individual plants. 

:;: rl • Q.54 . p C 0.05 
► Over time this 
will lead to 
increased 
inbreeding in 
small isolated 
populations 

" 

I I IIJ U •• II 

Catothamnus quadrifidus 
Relationship between population size 

and number of seeds per fruit 

1/ 
1J • 0.6S, p . 

. . 

Connquences as 
populatlons get smaller 

Fewer seeds produced 
per fruit {increased seed 
abortion) 

Direct evidence for 
Increased Inbreeding 
depression ,.__ ___________ _ 

0.0 

Summary 

Effects observed in small populations(< 100 -200 
mature plants) of both species 

► Reduced pollinator service (C. quadrifidus) 

► Reduced seed set - increased seed abortion 

► Reduced effective size of pollen pools (also in relation to 
isolation) 

► Loss of genetic variation 

► Increased inbreeding (also in relation to isolation in E. 
wandoo) 

► No relationship with seedling fitness 

Flora Introduction Coates and Yates 
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Large scale habitat destruction 
and fragmentation effects 

• Geneflow (Eucalypt::s v-:andoo) 

Eucalyptus wandoo 

• Long.lived tree 

• Insect/ bird pollinated 

• Common but patchy 
distribution. Key component 
of woodland remnants. 

~,.}~. :~~· 

Eucalyptus wandoo sites 
........ ·----·•····---·-·---···---·---------J 

' Popula,liOll loc111ion I Landscape c~_lnt I Pop. g,jze (rio~anls 
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:s WillrdRd !0151.urbed101d11ero, 
:1< Ban Ord Rd !Disturbed roadnrga 9 

iR Fo• Rd 0 1$.lurt:,ed r01d \lerga 40 

IQ Painltf'li Rd Disl.nilbed road Yl!I ' ~ 

f F Rowalb Rd j Oislnubed road ve1g1 
IN Wic.kep;n Rd. Shi' e re~Nt l uncklu1bl!d 1m1I remnant 

:c 114 Rd. Shire ,,s.erv, [undisturbed smal remnant I 
1G Mu,ray Rd/Wrs.hbone Rd ' Und1slu1btd llffll l remnanl 

j: __ i_ W~IIH)in Rd . Shire ruern Undrslurbed amd remnant 

•a Oonqolocking Na!ur, Reserve 19083 Undislu1t>ed l.uge rerr,nanl i 

1M NipDt;ring Rd • Shire renrva Oislurbt!d sm■ I remnanl l 
18 Oongolock~g Rd - Shire reserve Undislu1bed 1mlN r11mn■nt I 

Disturbed 1m1tlr1mn1nl I _D_~.!:t_~~ Rd. rd ,nerve 
!H _w~n Re5erve 

:O I _ Oongolockin g N11ure Reserve 19083 

~ - :- ~~~~~~h~r~'~,':~, -

Undisturbed l11ge remnant I 
Und/$1Urbed Luge remnant I 
Un<mturbed large remn;anl ! 
Undisturb,d sm1n remn ■ ntl 
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Paternity analysis - SSR locus EMBRA 6 

Population S plants Seed progeny from S4 
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,, S1 's, S4 61 : . .. . . .... 

Paternity analysis - SSR locus EMBRA 6 I 
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Gene flow in Eucalyptus wandoo 
population K 

Gene flow > 1KM 

Pollen movement to 
each tree with seed 

I TrttK2 I 

E ~\Ii 
g ' I I , ~ 

I LI No
1 

No 

~ -- ~-I ~ -1 - ~~ -~~ 1 
g --1~--J ____ J@ • ' 
0 

"' 
o ·- --~ -~----' - -- OonO<d ~ 0 I 71 - -, T _, __ _ 

-..(j) ! I I 
0 ~ -1\t---'--Q-----'--· . 

80 120 160 

0 Paternity ol ~,d unresotvrd 

Summary 
~ • . ,. .......... . ,._, ... .. -...ft_ ... _ ..... , ..... 

Gene Flow: 

► E. wandoo - very high levels of gene flow within 
and into(> 1km) small remnant populations with 
paddock trees likely to be important 

► C quadrifidus - lower levels of gene flow into small 
isolated populations but still significant. 

Key issues i 
.• ,:·•,·J• .. •·., ... ..,. .......... ........, •. .,_.,. .. , .... , . --•.• ..,., , ; 

► Thresholds of size (100 - 200 plants?) and possibly 
isolation below which population persistence is unlikely 

► Small and or isolated populations/ remnants are 
less suitable as sources of seed for re- vegetation 

► High levels of gene flow in E. wandoo but much 
lower levels in the bird pollinated C. quadrifidus why ? 

► Paddock trees and small vegetation remnants are 
likely to be critical for gene flow in the landscape but 
may not themselves be viable 
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Biological rarity 

Rarity Is an Intuitive, relaUve, scale dependent concept 

In biology It generally relates lo: 

geographic range 

habitat specificity 

abundance of a taxon 

Rare plants are often characterised by: 

small populations 

rragmenled / Isolated populations 

small geographic range 

Over 2000 plant Ina are currently considered rare In south­
west Weslem Auslralla, approx. 25% of lhe flora 

Four categories of rarity in vascular plants 

TEMPORAL PERSISTENCE 

z UJ 
0 □ 

~ ~ 
al 
ii:: 
I­
en 
ci 

;i 3: 
i= 0 
<( a: 
c.. a: 
en <C 

z 

SHORT 

SHORT/WIDE 

SHORT I NARROW 

LONG 

LONG /WIDE 

LONG I NARROW 

Fiedler & Ahouse 1992 

Many causes of rarity ! 
_, __ ,.. ,_._. __ ... __.....~ .. ............... ,. _...,,....,,.-- ,_,_._..,_ _ .,~..,-= l 

Geologic and evolutionary history 

• Myriad of ecological Interactions (e.g. edaphic 
factors, predation, competition, pollination, fire 
sensitivity, climate) 

Reproductive biology 

• Habitat specificity 

• Population dynamics and Influence of 
environmental and demographic stochasticity 

• Human activities - habitat conversion, land 
management, harvesting 
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Rarity and Threat in SW Australia 

Significant component of the south west flora: 

-:- Occurs in the agricultural region where 7 5% of native 
vegetation is cleared 

-:- Exists in remnants of native vegetation of varying size, 
shape and connectivity 

-:- Occurs In a landscape where disturbance and 
hydrological regimes have changed 

-:- Occurs In a landscape where exotic weeds and 
diseases have been introduced and are prevalent 

Case studies: rarity and threat l 
~-- . ..-, ,... ,,,,~, ... "'"·"'.,.,...•.,,..,"-~.r:- ....... = ••,......._..., .• x:,,,·>1u.,._ ·--··~.c,·,,J 

Lambert/a echlnata complex j 
t 

Vert/card/a fimbrilepis complex [ 

Tetratheca aphylla complex ! 
Banded Ironstone communities i 
,,.,.~, .... --. ., .. ~--- ~---• ..... ..--- __ .. , __ ,J 

Lambertia echinata sub 
sp.echinata: 
geographically 
restricted, locally rare 

Lambertia echinata sub 
sp.occidentalis; 
geographically 
restricted, locally rare 

Lambertia echinata sub 
sp.citn·na: regionally 
dislribuled. patchy 
dislribulion, locally 
abundant 

Lamberlia fairallii: 
geographically 
restricted , locally 
abundant. 
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Phylogenetic 
relationships 

among 
populations and 

taxa in the 
Lambertia 
echinata 
complex i 

-~J 

Verticordia 
tlmbrltepfs oubap. 
tlmbrl/ap/s: 

❖ Long lived woody 
shrub 

❖Insect pollinated 

❖ Mass flowering 

❖ Geographically 
regional 

❖ Patchy distribution 

❖ Sometimes locally 
abundant, 

❖Rare due to habitat 
loss 

Coates, Sampson and 
Broadhurst in prep 

UPGMA bHed 00 lllozymt dll l ll 
L..,,.,,,...•11b•p.dlrln• 

L ldl.l,,-i. .ub •P. ocdd-wrw/11" 

'------ L~.wb1p.tch.lrwu 

or.o oo 0 4 02 
....... , • ..,llfkdlltlncejO) 

~ ·,: \ 

L..-... 
'"'•P. ..,, ..... 

Lambert/a ech/nata j 
sub sp. ech/nata: j 

conservation status 1. 
.,,. ....,,..,,.,_,~, ... -......... ..., _ __ ... -...t 

❖ Highly susceptible to 
Phytophthora 

❖ 3 populations (all 
inlected; all in decline} 

❖ Total 76 plants 

❖ T ranslocation of 190 
plants failed 

❖ Phosphile appears 
ineffective 
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Phylogenetic 
relationships 

::~ 
i: 
;-.,;, 

•.' 
·,.--< 

r:-: 
;,•J 

among ;_'( 
t~ 

populations and fi 
taxa in the 
Lambertia 
echinata 
complex 

··: 

~1 
.£ 
(-} 
!11 
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!.•' 
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UPGMA based on allozyme data 

I ,--, 

0.80 0.6 0.4 . 0.2 0 
Nei's genetic distance (D) 

L. echinata sub sp. citrina 

ti~ 
Pi 

~ 
"' I!: ,,. 
tr. 
1~ 

L. echinata sub sp. occidentalisf 
r., 

L. echinata sub sp. echinata i: 
t 
~/ 

L. fairallii 

b· 
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L. echinata sub sp. occidenta/i~; 

L. echinata 
sub sp. 
echinata 

L. echinata sub sp. citrina 
km 

0 50 100 



Distribution of Verticordia fimbrilepls subsp. 
fimbrilepis populations analysed for mating 
--·- ... ___ . __ ... systems - -~· _ _ . .. , __ _ 

~;, 

...... , ... 1•::.":';>' 
tl111b'>ll!p<J 

t ---Jarra/1/cta, f 

Phylogenetic 
relationships 

among 
populations in 
the Verticorciia 

fimbrilepis 

\ -~-~-~--~ 0~ 020 o,s o,o 005 

PERTH 

complex 

Vertlcordla 
flmbrllepls subsp 

flmbrl/epls . 
conservation atatu~:j 

Whaatbelt 

M-ltf'"'odicdlrtw>ca(O) 

1,-;oo~v.~, 
0 

rt ✓~-
;\·~:~ 
: • ~ ! 

v. ~1, ,1111 
tp.Mltcr.#1 

❖ 7 populations (1 ,631 plants) 

❖ 5 road reserve (914 plants) 

❖ Significant weed infestation 
on road reserves 

Jarrah Forest 

❖ 2 populations (69,071) 

V l\m0,o1-JH5ubtp ._..lrabJ 
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Phylogenetic 
relationships 

among 
populations in 
the Verticordia 

fimbrilepis 
complex 

. ·~~ .,.,. ,~ 
t1 
"" ~s 
Vl 
;Jij 

~ 
;1 
~ 
i 
ffii 
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~ t·~ 
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p 
~f'. 

. ·:: ~ ~ -:--~'.~~ 

UPGMA based on allozyme data 

Wheat belt 

I [ __ Jarrah forest 

:;: .. , 
IT}. 
,:.·,, 
rt 

V. fimbrilepis t1 
b ~~~ 

SU Sp. ~-;_: 

fimbrilepis ~ 
~ 
~ ~:l 
ti$ 
NJ 

'----------·------- V. fimbrilepis sub sp. australis 
ij 

ft 
t~l 

0.25 0.20 0.15 0.10 0.05 0 ~ 
~~ 

Nei's genetic dist.ance (D) ~j 
t~~ 

w~~~~'iig~':i,,"'\ii,\~~!.i~'".ii~i.ll-~q'lf,U!~!i~~:i?}li'].i~:,WK~~i[til:f+.~1W.H3i1lf.a{.,;;,:t:;lf;'.li@l!Jrt.{t~.i;;;§J,\ i ;,"k;{,f1;:::t::i\..L,;;cJili 

BROCKTON 
N"' ~ .....___ , • • • 8 l!;'i(\lli11 V. f1mbr,fep1s 

· -.t,,i~llS't;1'!<,~,.~-"''.f.f}t~i ·, 

sub sp. 
✓ fimbrilepis 

■ KATANNING 

\I. fimbrilepis sub 
sp. australis rJ 

km 

50 100 



Terratheca aphy/la 
(Newdegale): 
geographically re stricled, 
locally rare 7 

Tetratheca nephel/oides 
ms.: geographically 
restricted, locally rare ? 

Tetratheca aphylla 
(Bung alb in): 
geographically restricted, 
locally abundant 

Tetratheca t1rubescens 
ms.: geographically 
restricted, locally rare ? 

'------­
tratheca harperi : 

eographical1y restricted , 
ocally abundant 

Tetratheca paynterae 
subsp. paynterae : 

eographically very restricted 
ly abundanl 

Tetratheca paynterae 
subsp. cremnobata ms.: 
geographically 
restricted. locally 
abundant 
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Phylogenetic relationships between 
Tetratheca aphylla and related taxa rnopn,,rodo1 

T. n•ph•lloldu 

T •;it,ya. 

~---r----10t.,n;ollt■ :>) 

' T P•rnr.r.. 1ub 1p. g,.,,,nohU • 
7•phya, 
INe"O'O.IP l~J Tp,oynl.r..1ub1p. ,..,.,1.,_ • 

t . lla-puf• • 
T•phyffallungaltiln) 

r . .,.,,.."'.,,,• 

IO UTll( RNCIOU ■ 

,.,.,,., 
r,..,,..,.. 
1utl1p 

L-.......t-- ~yd.,. 
Tp,ayf'ltf!nHJ 
1ub1p 

Cons ensus tree based on pa1"5lmonr 
ana1r,1t al rlbosoiM-1 DNA and c.hloroplesl 
ONA 

Tetratheca species conservation status: I 
• ·~.,,., ... ~ .... . . .,., ...... ,..~ ... .x ~ • -· • l 

❖ Each or the 7 taxa exist as 1 or a few 
geographically restricted populations 

❖ 6 taxa in areas targeted for mining or 
already on mine sites 

❖ T. paynrerae subsp. paynlerae - 30% 
of population removed for mining 

Distribution of Rare and Priority Flora In the ! 
~ H31rdy Range - Bungalbln HIii Area ~~ .... .I 

•·- · rt" 

~-
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Phylogenetic relationships between 
Tetratheca aphylla and r~lated taxa 

T. nephelioides 
, T paynterae sub sp. cremnobata • 

T paynterae sub sp. paynterae • 

km 

0 50 100 

T. harperi • • 
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• T. erubescens 

SOUTHERN CROSS ■ 

T aphyl/a (Newdegate) 

\ 

I 
I 

; 

I 
I 

I 
I 

I s= ; 

T. nephelioides 

T aphyl/a 
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cremnobata 
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Implications - Mt Gibson example 

,, 

~~-Gti\·\~~f~.1?~ l -. 
-· ~ /· ~-- -

'i- ·v\J\ 

Threatened plant species in the south-west 
, . .... . .... _.! 

❖ 357 plant taxa are listed as threatened under IUCN 

guidelines 

❖ Although many were probably naturally rare habitat 

destruction and degradation are the most likely 

reasons for their threatened status 

❖ Ongoing threats associated with the contemporary 

landscape are contributing to the continued decline of 

remaining populations 

Proportion of threatened (critically endangered, 
endangered and vulnerable) rare and poorly known 

flora in Western Australia 

Total tu:■ 
approx. 12 000 -!mlllll!liBIRlllllll!!lll!!C~-----':11■ 

ilrft· fr 
/ 

Th,,.atened 
and Presumed 

Rare ■nd Poorly Extinct 
Known Flora (21011 --,----- Flora (357) bi - ~Vulnerable 

Endangered 

Presumed Extinct ) Critically endangered 
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Distribution of Rare and 
Threatened 

Flora in Western Australia 

Threats to Declared Rare (Threatened) Flora in 
Western Australia 

Accidental destruction 
le roadworks, recreation 

Small/decllnlng 
populations . 

Demographic--------~ 
/genetic effects 

Phytophlhora _/ 
dleback rootrot 

disease 

r Invasive weeds 

Grazing by feraU 
t-v , rlntroduced animals 

Alteration of 
~ Hydroecology 

salinity, water table 

""'- Mining actlvlUes 

\

~rough! /climate 
change 

Currant land 
clearing activities 

, ~usce£'tibility_ of nora to Phytophtho': i 
Jarrah forest 

(Nth of Preston River) 

"-. 
~ 33% 1 

-~ _,,, 

Banksla woodland 
(Swan Coastal Plain) 

~~ 
~ ~ . , ,..., 

784 laxa 1313 laxa Susceptible 

Stirling Range N.P, 

'-- ~ 1517 laxa 

Highly susceptible 

Priority (rare and poorly known) 
And Declared Rare (threatened) Flora 

'----2452 laxa 

~ -

\_.,,I 
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Susceptibility of flora in the South West 
Botanical Province 

~ 

'-- _,,; Susceptible 

Toial in south west Botanical Province 
571 0 species and > 8,000 taxa 

Dryandra mont~!'! j 
Eastern Stirling Range 
montane thicket and 
heath community 

/ 
·"'­
~ 

Banksia . brown ii j 

Heathland from Stirling Ranges 
to Cheyne Beach and Albany 

• Highly susceptible 

• 1 o populations exti.nct 

• 3 populations near extinction 

• 12 populations extant 

• 7 populations 4 to 200 

• 5 populations 1000 -2000 

• All populations infected 

• All populations in decline 

• Phosphite effective 

~~; 
'1~.k ~t.~ 

• Highly susceptible 

• Total plants 2003: 

• 46 mature plants 

• 5 juveniles 

• 15 seedlings 

• Biologically extinct? 
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Lambertia fairallii 

•2 populations (SE Ellen 
recently extinct) 

•Success 300+/- mature, 
300 juveniles. 

•SW of Gog: 300+ mature 
1000+/- juveniles, 

•P. cinnamomi sprayed 
with phosphite 2003, 
however most of population 
removed from infection at 
present. 

Stages and transitions in -the plant life cycle 

U. Seed preda1ion 
and dispersal 

Seeds on adults,i ---- Seeds in the soi1i 
-.........--~- . ..-.: ..::-·,·~"·' ·--- ... _,., '<'¥'¥~~._.,if 

Vegetative 

propagule-~.J "-

pollination 111. G~rm1na11on and l I. Flower;ng. \ . . 

fertilisation seedhng emergence 

...._ ____ ,... ,.._.., 

VI. Vegetative 
reprodu_ction 

Adults 

v. "-~·--·· 
Reproductive 

maturily 

l 
Seedlings i 

··· --······· -·-.t 

/
V. Seedling growth 

and survival 
Juveniles 

. ., ... .._ ...... ,~ ·• .. ~-

Spatial distribution 

___ ::l5' ,r,..._,\ "" 
~ - \ 

·-· \ --v. staminosa ssp. staminosa ·=-~ "~" 

~ --~.,. / 
--=;:; 

\ 

* 
Granite outcrop endemic with 
disjunct distribution c. 400km 

• •• .... .__ '-'.......,_ 
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Temporal persistence 
Phylogenetic relationships among populations of 

Verticordia staminosa 

~---------------- Wongan 

Mcglin Rd 

Stewarts 

Pingaring 
Vernons 

~~~~~~~~~----~~~-+-I< 0.80 0.64 

Taxon ecology 

0.48 0 .32 0.16 QOO 

Neis genetic distance 

Taxon ecology - habitat specificity 
within outcrops 

1
'°"1r=•=0=.,0~1=,.=.=,o=.<llJ==1~! ---:---:~ 

120 

"' c, 100 

! 60 

~ 60 
C 

= '° ,. 
20 

0 
0 ~ ~ 60 60 1001~1~160160 

Population size 

V. staminosa is very habitat 
specific, being restricted to growing 
within cracks in the granite 
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Taxon ecology- habitat specificity, location of granite 
outcrops across the landscape 

''-· 
ti, 

-- ·1 • 

\:.i:: ;_ .,_ 
- ~ h . .-:·_;.:.-:. ~-:.:..-1··.:, :>t ~::~---~ ·, ... , Q):<: .. : __ •. '- :•·-: · F 

~~ ... 5~~::=~~----

\, ' \ . ' · , 
· .. ~, . . •• _.,,. I ,:, . . 

j,"'0.7213. p •O.ooaaj 

... , ~~--... ~-· 

Reproductive biology 

• Bird pollinated, but introduced 
honeybee now the most 
frequent flower visitor 

• Flowers abundantly 
• Self-compatible 

l"ruilll :i u 

] 1Q _·· l .. . ;: s : .... . 
l ~ . 
0 0 ~-, ' 

NHf Op.'> 

PolllMlk:intrH b nffll 

Environmental stochasticity and population 
dynamics 

Rainfall variation (161-675 mm, mean 392 
mm) 

Fire (two fires in 20 years on a granite 
complex to the north-east, receiving 90 mm 
less rainfall) 

We investigated the influence of both sources 
of environmental stochasticity on population 
dynamics and viability with a stage structured 
transition matrix model built using the 
software RAMAS metapop v.5 
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Taxon ecology- habitat specificity, -locath>n of granite 
outcrops across the landscape 

:uo' 

34° s 

.. 

Ocean 

L ~!!...~~ ;!....~:Xf' 

;,_ . 
• 1• • . '. . 

. /'., ·. 
•'\'f 

I, <,• . :· 

•: 

• I . . 

.. 

.. , ~ Hyden.•~. 

. . . ,_ ·.. ,:( 

!20°E 

32° s 

.' . ._:.--..L~ 
.. ' 

:• . . ... 

·.__.......?.· :.. .. .. ~. 

Lak . ~:. * •King G"ee•-zr,,, 
34D S 

KEY 

• Outcrops 
5CJ.lc:BlbJ ('WC:UU I qreat Squthern\ oc1 ~ Vertirordia staminosa ssp. staminosa 

0 
116° E I 18 E I * 'lerricordia staminosa ssp. cylindracea 

,- 300J isohyet 



Conceptual stage structured model of life cycle 
pathways for V. staminosa ssp. staminosa 

~~~~~"' ru, ·,. 
a, 11 a~ , 1 aa.312 a~ ~ a,,, 1 "'- a,112 

,......--...._ ~- ,,,,---.... ,,.--...,. ......----.. ✓-- .. .....--.... 

0@@000~0 
G O ~ CJ 
a, a,,,, \'- a,,,, j a,., / 

\ ~ -- a,,,J 
Fecundities calculated as a,,,\ ~ 1a,,, 
number of seedlings per adult in ~ M 
each reproductive size class 0_} .:J 

Conclusions ! 
•• .... -, <t .... ,,,.,. - ' -' ' '""' .• • ~,~~-,. .. , .., 

The results concur with the hypothesis that 

the interaction of environmenta l history and 

population biology are more important than 

ecological factors such as habitat 

specificity and intrinsic characters like 

reproductive biology for understanding 

rarity in V. staminosa ssp. staminosa 

Conservation implications 1 
-.,. " ,,_,,r_ ..,_,~.-.. ,.A,..,•,,...,., > W, ,.,.....,,~..,,., · .... ., ... ~, .,, ~ ~• •-· 0 1 

•n 

❖ Land-tenure and need to protect granite rock habitats 

❖ Enhanced greenhouse effect and climate change 

❖ Climate models predict for a range of emission scenarios 
that winter wet season rainfall will decline across most of 
southwestern Australia 

❖ Population Viability modelling indicates that under 
increased aridity the population will decline 

❖ If continued monitoring shows an increase in adult 
mortality we should be concerned - increased incidence 
of fire maybe particularly important in this respect 
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DETERMINATION OF CONSERVATION 
STATU S BY SURVEY ANO RIS K r-

. ~~~~~.~~~-~,-~ .. ~ . , ~ / 
THREATENED FLORA r ... ... 

SETTING PRIORITIES FOR 
THREATENED FLORA 
crit ically endangered, 

endangered, 
vulnerable . ·····• .... r .. - "·· 

RECOVERY PROGRAMS 

·---~-- ~--- . .. - ,.,.., ...... 

RARE ANO POORLY KNOWN FLOR A 
• Prio, iry 1 • 3 based on perceived lhreat 

and rarity 

··· 7 ··········-· "- ... "· 
Taaonrareb\11 

· -- .~• lhre.alened .,. .;}• 

PRIORITY 1, 

Tuonn.llhcr 

. .:~~~ ~ lhrH1•7+:"•• 

REMOVAL 
FROM LISTS 

. ... __ succREEScsi~~RT~O~,,.,oi..,si· ~ ............ ~ ........... ,,,_,.,...., ... 
POPULATION PRIORITlE~ 

\tend analy~~s~ef:c~~~ resolution _.,/ ---

RECOVERY ACTIONS 
lmplomentation of actions bosod on \ 

results of factor rnsolution . :•\ _..,._.,. 
-~ -~. - ... ,..., ......... . . 

_,.#-;_·~~ 

........ 4 ............... . ~ _,,____---== ... ,:"'"~'"''' .~;.· 

MILLENNIUM SEED BANK PROJECT 
2001·2111 

Anne Cochrane, Andrew Crawford 

1. Benefit Sharing Agreement signed April 
2001 with Royal Botanic Gardens Kew 

2. CALM Threalened Flora Seed Centre to 
collect 1,000 Priority Flora including SAP 
species over 10 years 

3. Seed to be processed I stored in TFSC 
duplicate collections to be housed al 
Millennium Seed Bank, UK. 

4. Threatened Flora Seed Centre lo 
collect =t 100 species/1.axa per year 

Total funding over 10 years £439,300 = 
S 1,1800,000. TFSC to receive== 
SBS0,000 

~GP 
,i,~!".,;)!i ·~:~ 

.~ •G 
~';Q 

Western Australian flora and major 
conservation Issues 

. ----..---- .. ·-------··-· ..... -·---
❖ Manage and ameliorate major threatening processes 

Habitat fragmentation - small population effects 
Allered hydrological regimes 
Phytophthora dieback 
Inappropriate fire regimes 

~ Invasive weeds 

❖ Understand the interactions between small population effects, 
fire regimes and weed invasion/competition 

, Small remnanl management 
:.. Rangelands management 

-, Taxonomic knowledge of the flora 
;. 1717 taxa (13.7%) not formally named 

458 laxa (18.6%) ORF and Priorily Flora not formally named 
1780 taxa are rare but conservation status not known 
Very poor knowledge or non vascular flora (2033 oul or 100,000+) 

Flora Introduction Coates and Yates 
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El Asteraceae 

El A canthospermum 

[Q] "'- Acanthospermum hispidum DC_ 
Starburr 
C·,,:,1] 5 ·)) ~ i '1 f;~;i~: ) 

E] Achil/ea 

[Q) "'- Achi/lea millefo/ium L_ 
Yarrow 
:-,1> r·1 :: ;:: ~/: ,-i ;:: :;.:: 

E] Acme/la 

[Q) "'- Acme/la grandiflora (Turcz .) R.K.Jansen 
~:1,·1t r, -;,:.:-,1..1,:_i . ;-;--, -

E] A croptilon 

[Q] "'- Acroptilon repens (L.) DC. 
Creeping Knapweed 
~' : :)(i r,:; 1:,c~ ~; c1 :}:~::;_1 

EJ Actinobo/e 

[Q] Actinobo/e condensatum (A.Gray) P.S.Short 
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Western Australian Flora Statistics 

This page provides the user with a set of standard statistics on the size, diversity and endemism of the Western Australian vascular flora . 

For the first time we also present a preliminary table for the cryptogams as tracked in the Census of Western Australian Plants and related databases. The total 

number of vascular and cryptogarnic organisms now tracked by our information systems totals 14568 ta xa. 

Current Statistics - Vascular Flora 

Analysis of the size of vascular plant divisions for various categories of name 

Category Pte rid op hytes Gymnosperms Monocots :Dicots 

Total names A 137 33 3422 1456ti 

Non-current names 8 33 9 goo· 3122 

Current names C 104 24 2522 11443 

Current taxa D 97 24 , 2381 10476 

Current species E 95 24 2224 9442 

Manuscript names F D D 56 437 

Phrase names G 0 0 194 826 

Published species H 95 24 1974 8179 
~ 

Published alien species 1 8 6 338 783 

Published native species J 87 18 · 1636 7396 

Notes . Data sourced on 1•1 June 2006. Compare w~h the 20(1~ figures or Table 3 from Paczkowska and Chapman (2000), presentP.d below. 
A· total number of records in the database · 
B • number of synonymous, excluded or misapplied names 
C. number of currently accepted plant names including species names for which subspecies are also recorded 
D • number of currently accepted taxa Oe . tenninal taxa only) 
E • number of currently accepted species 
F . number of proposed but unpublished species 
G • number of assigned but unpublished species 
a.. • n11rnhor- n-f 4n rTn~lh, n11hlicha A e nc,,,..; 

Total 

18157 

4064 

14093 

12978 

11785 

493 

1020 

10272 

1135 

9137 
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SPECIES AND 
COMMUNITIES BRANCH 

AND 
THREATENED FLORA 

CONSERVATION 
v.,-~10" l : 17 Sept•mb•r 20D7 

:·(~;- ~~e:-:i~~~;.7'.,,,,, u ,,,..,y .. , .. ,, 

AIM OF THE COURSE 

To provide Departmental staff with 
knowledge of the Department's Species 

and Communities Branch, threatened 
flora legislation and conservation, and the 
application process necessary to acquire 

permits to take 

CONTENT 

- Role of Species and Communities Branch 
- Key Definitions 
- Flora conservation legislation 
- Declared Rare Flora 
- Threatened Species Scientific Committee 
- Applications to 'take' 
- Ranking of threatened flora 
- Priority Flora 
- Flora Conservation and Recovery 

Legislation Ken Atkins Flora Mgmt Course 
2007 



LEARNING OUTCOMES 

1. Outline the key roles and responsibilities 
of Species and Communities Branch 

2. Demonstrate an understanding of 
Declared Rare Flora, its legal protection, 
and the administrative process associated 
with applications to take Declared Rare 
Flora 

LEARNING OUTCOMES (2) 

3. Explain the IUCN ranking system 

4. Demonstrate an understanding of Priority 
Flora 

5. Outline the key processes involved in 
conservation and management of 
threatened flora 

SPECIES AND COMMUNITIES 
BRANCH ROLES: 
• Legislation development & advice 

Policy development & advice 

• Management and licensing advice 

Species & community recovery planning 

• Operation of biodiversity conservation 
programs 

• Maintenance of data and information 

• Processing ORF permits 

Legislation Ken Atkins Flora Mgmt Course 
2007 2 



SPECIES AND COMMUNITIES BRANCH 
ROLES (2): 

• Flora Management 

Threatened flora - listing process 
- ranking process 
- interim recovery plans 
- management support 
- permits to take 

w•,-~-- -databases 

Other flora - general flora management advice 
- industry management plans 
- licensing advice 

SPECIES AND COMMUNITIES BRANCH l 
ROLES (3): ~ .. :I-
• Fauna Management · ,..,~ 

Threatened fauna - listing process • 
- ranking process 

~(: 
.;, .. ., VJ ·1 

~~ 
- interim recovery plans 
- management support 
- licences to take 

~ - Western Shield 
_ wesf'ireld - databases 
l!e' 

Other Fauna - general flora management advice 
- industry management plans 
- licensing advice 

SPECIES AND COMMUNITIES BRANCH 
ROLES (4): 

Threatened ecological communities 
- listing process 

- ...,. . • -•r•,-;....:.::.,~_;•.,j-_·. 

~ ~\:·:·•,L--
; 

- ranking process 
- interim recovery plans 
- management support 
- database ~I )':Iii 

Legislation Ken Atkins Flora Mgmt Course 
2007 3 



SPECIES AND COMMUNITIES BRANCH 
ROLES (5): 

Wetlands Conservation 
- Ramsar 
- classification 
- assessment 
- EIA advice :;:~ 

..;:9~~~.:. -J:...:.·-t 1j ~,-, =·~-- ·•···· '' Ii - management support 
- database 

I ~ ·,1 

;~ 

SPECIES AND COMMUNITIES 
BRANCH ROLES (6): 

• Off-reserve Conservation 

Land for Wildlife 

Nature Conservation Covenants 

Roadside Conservation Committee 

Incentive Programs 

THREATENED FLORA 

Three levels of formal protection: 

!ri 

International - CITES (Convention on 
International Trade in Endangered 
Species of Wild Fauna and Flora) 

Commonwealth - EPBC Act 1999 

State - Wildlife Conservation Act 1950 

Legislation Ken Atkins Flora Mgmt Course 
2007 4 



Wildlife Conservation Act 1950 - 1979 

'Protected Flora' is all W.A. native flora in: 
Spermatophyta (flowering, conifers, cycads) 
Pteridophyta (ferns, fern allies) 
Bryophyta (mosses, liverworts) 
Thallophyta (algae, fungi, lichens) 

'To take' flora includes both direct (gather, 
pluck, cut, destroy, dig up or remove) and 
indirect (to cause taking) means. 

Wildlife Conservation Act 

Section (S23F): 'Rare Flora' 
is flora declared by the Minister to be 

- likely to become extinct; 
- is rare; or 
- otherwise needs special protection 

'Declared Rare Flora' = 'Threatened Flora' 

Only applies to natural or recovery popns. 

Listed as 'Extant' and 'Presumed Extinct' 

THREATENED SPECIES SCIENTIFIC 
COMMITTEE (TSSC) 

• Ministerially appointed 

• appointment by expertise (incl. DEC, BGPA, 
Museum and university) 

• meets at least annually 

• recommends additions, deletions and rank 

• recommends specific management actions 

Recommendations endorsed by DEC Corp Exec 
& Cons Commission of WA, and referred to 

r for approval 

Legislation Ken Atkins Flora Mgmt Course 
2007 5 



DEPARTMENTAL POLICY STATEMENTS 

No 9 - Conservation of Threatened Flora in the Wild 

No 29 - Translocation of Threatened Flora and 
Fauna 

No 44 - Wildlife Management Programs 

No 50 - Setting Priorities for the Conservation of 
Western Australia's Threatened Flora and 

Fauna 

CALM Policy 9 - Conservation of 
Threatened Flora in the Wild 

To be replaced with the draft Policy 9 -
Conserving Threatened Species and 
Ecological Communities, that incorporates 
other existing Policies 

A species [of flora] may be recommended for 
declaration as threatened flora by the Western 
Australian Threatened Species Scientific 
Committee if it satisfies the following criteria: 

(i) The species occurs naturally in Western 

Australia, is well defined and represented by 

a voucher specimen in a State or National 

Herbarium. While it need not necessarily be 

formally described under conventions in the 

International Code of Botanical 

Nomenclature, such a description is preferred 

and should be undertaken as soon as 

possible after listing on the schedule. 

Legislation Ken Atkins Flora Mgmt Course 
2007 6 



(ii) It has been established that the species in the 

wild: 

a) is extinct, ie, there is no reasonable doubt that 

the last individual has died, or 

b) meets criteria for listing as threatened in the 

current version of /UCN Red List Categories 

Prepared by the /UCN Species Survival 

Commission. 

(iii) In the case of hybrids, or suspected hybrids, the 

following criteria must also be satisfied : 

(a) they must be a distinct entity, that is, the progeny 

are consistent within the agreed taxonomic limits 

for that !axon group; 

(b) they must be capable of self perpetuation , that is, 

not reliant on the parent stock for replacement; 

and 

(c) they must be the product of a natural event, that 

is, both parents are naturally occurring and cross 

fertilisation was by natural means. 

Wildlife ConservDlion Act 1950 

Wildlife Coruervatioa (Rare Flora) Notice 2006 

Made by the Minister for the Environment under sec1ion 23F(2) of the Ac1 . 

1. Citation 

This notice may be cited il.S 1he Wildlife Const!n-ation (Rare Flora) 
Norice 2006. 

2. Interprellltion 

In this notice -

.. ullot" means known to be living in a wild stale; 

.. protected non" means any flora belonging 10 the classes of flora 
declared by the Minister under section 6 of the Act to be proter:ied flora 
by notice published in the Gazette 9 October 1987, at p. 3855; 

"ta:1on" includes any taxon that is described by a genus name and any 
other name or description. 

Nole: The plural form of iaxon· is iaxa·. 

Legislation Ken Atkins Flora Mgmt Course 
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3. Rare nora 

Subject to clause 4, protec1cd nora -

{a) specified in Schedule I, being taxa tha1 are cxlam and considered 
likely to become exlinct or rare and therefore in need of special 
pro1cc1ion; and 

(b) specified in Schedule 2, being Laxa tha1 are presumed 10 be extinct in 
the wild and therefore in need of special pro1ec1ion, 

are declared to be rare nora for the purposes of section 23F of1he Ac\ 
throughout the State. 

4. Application 

Clause 3 does not apply to those plants ofa won of protected flora specified in 
Schedule I or 2 that have been plamcd for any purpose 01her 1han such plants 
that have been planted for the purpose of conscrva1ion of 1ha1 taxon and in 
accordance with approval given by the Director General . 

5. Revoario::1 

The Wi/dl,f~ Consen1a1ion (Rare Floro) Nolice ]005 is revoked . 

(i) The species occurs naturally in Western 

Australia, is well defined and represented by 

a voucher specimen in a State or National 

Herbarium. While it need not necessarily be 

formally described under conventions in the 

International Code of Botanical 

Nomenclature, such a description is preferred 

and shol!!d be undertaken as soon as 

possible after listing on the schedule. 

Wildlife Conservation Act 1950 -1979 

'Protected Flora' is all W.A. native flora in: 

Spermatophyta (flowering, conifers, cycads) 

Pteridophyta 

Bryophyta 

Thallophyta 

(ferns, fern allies) 

(mosses, liverworts) 

(algae, fungi, lichens) 

Legislation Ken Atkins Flora Mgmt Course 
2007 8 



Wildlife Conservation (Rare Flora) Notice 2006 

Division 2 - Pteridopbyta (fems and fem allies) 

371 . Asplenium oh111sa111111 subsp . nor11,/andie11111 

Division 3 - Bryopbyta (mosses and liverworts) 

372 . Rhacocarpus n!/1111a1111ian11.,· var. wehbiam,.'i 

DECLARED RARE FLORA 

Ministerial Permission to 'Take' (s 23F(4)) 

Binding on the Crown 

Application Process for Permit to Take: 

1. Species and Communities Branch 

2. Director Nature Conservation 

3. Minister for the Environment 

ISSUES REGARDING APPLICATIONS TO TAKE: 
eg with fire 

Timing 

Frequency 

Intensity 

- flowering period 
- seeders/reshooters 

annuals/orchids 

seeders 

- patchiness 
- % of population 
- local/regional representation 

Conservation Status - ranking 
recovery plans 

Legislation Ken Atkins Flora Mgmt Course 
2007 9 



DECLARED RARE FLORA IN W. AUST 

• 378 extant taxa (1/12/06) 

• 30% of Aust Threatened Flora 

• 6.8% of World Threatened Flora 

Distribution of 
Declared Rare 
Flora in WA 

Lands managed by 
DEC 
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Declared Rare Flora 
DEC Regional Boundaries 

Declared Rare Flora, 2001 by Tenure 

TENURE % % 
POPS PLANTS 

Conservation Reserves 

State Forest 

Local Government 

Main Roads 

Railway Reserves 

Other Vested Crown Land 

Unvested Crown Land 

Private 

IUCN RANKING: 

Presumed Extinct 

Threatened 

27.5 44.9 

4. 3 1. 5 

24.3 12.0 

4.8 1.1 

3.0 0.4 

3.3 2.5 

11 .9 28.2 

20.0 9.5 

Critically Endangered 

Endangered 

Vulnerable 

Conservation Dependent 

Data Deficient 

Av. POPN. 
SIZE (467) 

763 

159 

230 

111 

61 

354 

1106 

222 

Legislation Ken Atkins Flora Mgmt Course 
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Ken Atkins Legislation for Rare Flora Presentation Flora Mgmt Course 2007 

i.,:,: ;,;::,1-,/; 

;; /.". Schedule 1- Extant taxa 
f-' h 
U [,; [cl. 3(a)] 

j_ Division 1 - Spermatophyta (flowering plants, conifers and cycads) 

, .. 
~-
r 

~: 1. 
r~ 2 
f.; 3. 
f • 
;':. 4. 
1~ 
I 5 
lt: · 

~ ~ ~ 
1,) ti 8 u ti . 
tt i ),~ ,.: ~, 9 b. ·,, • 

~~- ) 
!.~: r 
t'. i~ 10 f i . 
h t~ 11. 

~ ~ t rt 12. 

~~ :e tl~ 

Acacia anomala 
Acacia aphylla 
Acacia aprica 
Acacia aristulata ms 
Acacia ataxiphylla 
subsp. magna 
Acacia auratifl.ora 
Acacia awestoniana 
Acacia brachypoda 
Acacia chapmanii 
subsp. australis 
Acacia cochlocarpa 
subsp. cochlocarpa 
Acacia cochloca,pa 
subsp. velutinosa 
Acacia denticulosa 

13. Acacia depressa 
14. Acacia forrestiana 
15. Acacia imitans 
16. Acacia insolita 

subsp. recurva 
17. Acacia lanuginophylla 
18. Acacia lepta/ea 
19. Acacia lobulata 
20. Acacia pharangites 
21. Acaciapygmaea 
22. Acacia recurvata 
23. Acacia rhamphophylla 
90. Chamelaucium sp. 

Hamersley (N .McQuoid 
379) 

3 16. Rulingia sp. Trigwell Bridge 
(R.Smith s.n. 20.6.89) 

G~,;:;:.-;,-:11 
t; f Schedule 1 - Extant taxa 
t @ [cl. 3(a)] 
~ f! Division 1 - Spermatophyta (flowering plants, conifers and cycads) 
!~ t,f 
h 

~ k 
i i 
F~ 
\!i 
t~ 

r 
t 
¥f 
' 

~ 1. 
l~ 2. 
~ 3. 
~ 4. 
f -ti ). 
l1 

~ ~ 6. 
H ~; 7. 
f'.'. [ 8. 

I ro 
[i t~ ll. 
I , : . 

~ [l 
~ Vi 12. 

tL,-;J 

Acacia anomala 
Acacia aphylla 
Acacia aprica 
Acacia aristulata ms 
Acacia ataxiphylla 
subsp. magna 
Acacia auratifl.ora 
Acacia awestoniana 
Acacia brachypoda 
Acacia chapmanii 
subsp. australis 
Acacia cochlocarpa 
subsp. cochlocarpa 
Acacia cochlocarpa 
subsp. velutinosa 
Acacia denticulosa 

13. 
14. 
15. 
16. 

17. 
18. 
19. 
20. 
21. 
22. 
23. 
90. 

316. 

Acacia depressa 
Acacia forrestiana 
Acacia imitans 
Acacia insolita 
subsp. recurva 
Acacia lanuginophylla 
Acacia lepta/ea 
Acacia lobulata 
Acacia pharangites 
Acacia pygmaea 
Acacia recurvata 
Acacia rhamphophylla 
Chamelaucium sp. 
Hamersley (N .McQuoid 
379) 
Rulingia sp. Trigwell 
Bridge (R.Smith s.n. 
20.6.89) 



IRIRl 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10 
11 
12 
13 
14 

--

Schedule 2 - Taxa presumed to be extinct 

Spermatophyta (flowering plants, conifers and cycads) 

Acacia kingiana 
Acacia prismifolia 
Coleanthera virgata 
Frankenia decurrens 
Lepidium drummondii 
Leptomeria dielsiana 
Leucopogon cryptanthus 
Opercularia acolytantha 
Philotheca falcata 
Ptilotus caespitulosus 
Ptilotus pyramidatus 
Taraxacum cygnorum 
Tetratheca fasciculata 
Thomasia gardneri 

IUCN RED LIST CATEGORIES AND CRITERIA 

(A) REDUCTION IN POPULATION SIZE BASED ON ANY OF 
I) An observed, estimated, Ulfc:rred or suspected population reduction of __ , 

CRITICALLY I ENDANGERED 
J;l'IDANGEfil'._D 

VULNER 
ABLE 

over the last 10 ycus or 3 gcncra.tioru, whichever is the longer, where the causes I 2:90% I i:!:.70% I 2:50-/4 
arc clearly revcmbJc AND understood AND ceased, b~ on a. b, c, d or c 
2) An observed. estimated, infc:md or suspeclcd population uduction of at least 
___ over the last 10 yc:.m: or 3 generations, whichever is the longer, where the 
reduction or its causes may not pave ceased OR may not be understood OR may [ i::80% I i::50% I i::300/4 
not be reversible based on a, b, c. d or c 
3) A population size reduction of_, projected or susp«tcd to be met within 
the not 10 y~ or 3 generations, whichever is the longer (up to a maximum of I 2:80% I ~50%. I i::30-/, 
IOOyears) based on (and spccifyiog) any of(b) ro (e) under Al 
4) An observed, estimated, inferred or suspected population reduction of __ 
over any 10 year or 3 generation period. whichever is the longer (up to a maximum 
of lOOycars in the future) where the rime period must include both the past and the I ~80% I ;?:SO% ~30% 
futun:, and where the reduction or its causes may not have ceased OR be 
understood OR may nol be revcrsi"blc, based on a. b, c, d or e 
a) dircct observation, b) an index of abundance appropriate for the tuon, c) a decline in area of occupancy, extent of occurrence and/or 
quality ofhabita1, d) ac:tual or p:>tcntiaJ levels of exploitation, e) the effects of introduced taxa, hybridisation, pathogens, pollutants, 
compcrit~ or parasites. 
(B) GEOGRAPHIC RANGE IN THE FORM OF EITHER BI OR B2 OR BOTil 
1) Extent of occurrence ___ and estimates indicating al least 2 of a-<: I <100 km

2 I <S 000 km
1 I c::20 000 km

2 

2) Arca of occupancy ___ and c:srimatc:s indicating at least 2 ofa-c <10 km2 500 lcm2 <2 000 km2 

(a) Severely fragmented or known to c.'Ust at no more than __ locations 
(b) Continuing decline, observed, inferred Of projected, in ANY of the following: one five ten 
(i) extent of occunence, (ii) an:a of occupancy, (iii) area, extent and/or quality of 
habitat, (iv) number oflocations or subpopulations, (v) number of mature 
individuals, 
(c) Extrane fluctuations in any of the fol1owing: 
(i) extent of oc:.cmrcncc, (ii) area ofoccupanc:y, (iii) art.a_ extent and/or quality of 
habitat, (iii) number of locations or sutrpopularions, (iv) number of mature 
individuals. 

[cl. 3(b)] 



IUCN RED UST CATEOORIES NID CRITERIA 

, .. ,11(Dlln1CJ:; 1:; ""~"il.Ollc\S ,iu BAUDONAl'l"l'(>f 
l)/111ot,,..,...t,. ... ,,...rc1,,.1 .... ,6.,,_r--<•alpor,o!Mot1lod"'11 ... ot _ _ _ . 
• , .. ~1 .... 1ui,...,, ... ,,--. .. ~·.,,.,,.,......, ........... .,. ... _ 
.,, .t-,r•..-.,,•~h Jo:."D ....i.s.......i1o t- D .. ..,.'-~•...l-o.b.<.d 0<, 

l)ll11 •t....,.."'-...,...,.t4..,,./.,..io,-1"K'..:l~...,•od11<11-ol01k .. , 
_o~r,t,cl ... lt>)"'"'"'J1.....,..•-. .... d'r>.,,,t,cln,f"•"'""'''~' 
fo,1"'11(11,"'" ' ..-,-•-"°'•-..-,,-JIIM•~-M-..,-011~ 
_ .......... ,.~- .. ~-C. ..... ''""'""'·-··•--01 __ .p<, ...... Of •_,.... ... ............ i.. 
llv•uo lltJ._. 01 ,,.., ... _,...,..,.., ., ,,.,,-,1,.1op .. . ..... ....,.., 01 
llt(l~•-d_,,.,,,,_afJU'f ' "'•~•/1t,1 ,., u l -•AI 
f)All_«l_.,...o4. .. 1...,..se,_,......_.j'OPOlt•""•odo<•-•I_ 
., .. -:-10~.,,,, .......... ,... .... ........................................ -
.. , ,1-<1r-"'""1 ........ t1 .. ,0w._,....... __ ..,<l..t.~•11>1r .......... . 
, ....... - ...... ......... - ..... ._ ........ )._~ .. , -..io,.t,, 
-011,..,)...,,i,.,..-.... blo.b.>od,-o.b.c.• ••• 

CIJlK'.AU..l 
•~""~eu.~ 

¥l·L.~l• 

~ 

ol dw ... ot,..-.·••""-'• """'6"ofo1NM.&/l<,orp,,,pno1<f"'lf><lu""-<IO dtdoM'"., .. , 1_,,..~,. 1.•! ... of.,.-,111a,-,d•.., 
~ .... "l'"'"°"""'-'' ........ °'P""'""'l...-,h ol np1 ........... , ...... 11, .... , ........ 61Mo.l1t,r,do-:-"'~ .... . ,-.,u .... u. . "'""' -~ .. 
(a)i;;ECX.lJol•HI(" IIAS.;E It- Tit[ Fl'.IO,COf lff ■lllD1 011 o: 01, OVTII 
or... .... ,.-~ ___ ................... ..,.1_,:..r • ..: •100~' , , oroi..:,,· ":tll(A)bio' 
l)A1 .. oleau1~• ____ ............... ..-......... :"'•..- •IG bio ' ,oob,,• C-:000\Jn1 
,.,~ ... ~·r,.. ............. uw-o .. .. ...... _,.,,.., __ ,_....,, 
•·•("_,,._,_.,., ......................... .,..,..,.._,.AXTo(tll<lollo•"'f 
11).,,....,•J,..,...,...nou.11,)•u•f_,,,.,,"."•h•J-n,.-.o,,4·,."""'•~·• I 
~:~•

0
)H"'-•fl_,_ .,., ,q,,,p,ol•--••l•-Mof......-. 

,, 1[.urn,,.1---••""J<>l•lwfollo• \l\f 
01•-• el _.,n-,a. rn• .,., ~f°"""l""'O)•.C••••-. ...... - ·~ '!" .. " .' ol :::::~:· .. --111 ..... ,_, ........ p,,p,o1 ...... , •• ,-., ........... 

I ~•'l.•T"""UTl ... !WlC'""MIIL• _•u n •o.1•-•10N,U•"" 

u-.-.. ,---.••--'•- - - •-•--•-•••••"" - .. -.--.. •---'• .. --···-••09 
:=-~:'°"'·---··-··-.. - .. .-.... -0 

... ------···-"••-' 
,:.~='="-=:·=..-:t.:= .. =- ... ~-OIi 
™"°' _u,, ,o .. .-urw~,.u unr.,oTfiiTCltr lUI THU 
w,n-..:,oo,"Ull· ...u -

CC11ni•O"'-Y,tor1i.,no-<nnsu.o.u.011u:in11.-im~TKtfOt.WCf 
,m~ 1,~ ... .., .. ,,..,.. __ .,., _ __ , __ ca 

1, ........ _ ... ,_, .............. _ .. _ ..,1o.- 10 u-•,01--...... _,~·-·-·----• .. ,.- .......... -... .......... -·--·~-..-......... _., ... _____ .. ___ , ... ~,-........... ,,._,., _ _,_,._ 

~~•;:~~-r;:.,\' ,~l'"''"'""' •...c. •iocoi,&1111.Jl'I'<' hn.-..;-no.;-n-11• 

........... __ .. , .. ~-~ 

-::,=~~. 

,C,.-:!:!:_.l~VD IINDA.MCIU, \'~a 

C,)GE.OGJI.APIII(" ~~•;C:f. IS TIIE. fOIIMOf lJfllU. DI ORB! 
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C•)Plffll<1toc • .., ..... . ..,, ...... tocn,p ... ..,.., .. ,) .. u . r.t\Cfll&nJ ·o•qMohl) 
11fh1)1l.11,l"·)"u"'t,"'"fl0<01..,.,,.,,.w)p,pul,11...,,.iY)n111nbnol"'"'''" 
111Jl\·.J ... 1, 
1r\f..\vrmrn..<1uo1,on,.,,.., . .,f lt1tfolkow1111 
111~1.,.1 doc•"".., .. • •ol .. ,. ofnnup&n<'!. ("') "'<1 . .,...,.,, anJ •pr ~w •I•) 
c,ft,,1,.,..1,1,.,)n..,,,b,1aflncoh_ , .,.,ul,..,.op,,l,110N ,l1>· i11...,.,t,ngf,r,11101, 

~w.Ju,lo 

A species found o,·cr an area of 50l.m by 40km, under BJ ii has on area of occWTcnce of 
2001.:ml which complies with Enda.ngered and Vulnerable, bu1 nol Cri1ically Endangered. 
You need 10 know the acluol area co,·crcd by plonu 10 de1erminc Bl, which can oflen 
comply "ilh Cri1icall~· Endangered iflhe popu]:uions rue nol spread out. 
(1) can usually be wed as we should )mow the number of populo1ions if lhe species hos 
been odequa1c\~· sun·eycd 
(b) is more commonly used lhon (c) and requires some moniloring dala lo show lhc 
changes (decline) obscn·cd or prcdicled in 1hc conscn•;uion s11uus of1he species, eilher 
due lo rcduc1ion in 1hc species or ilS habi1:1.1 . 

Usi ng Ifie ex.!mplc .abo,·e. wi1h fow OCcWTcnccs .and a reduction in the number of pl.ants 
noted, 1he species would be ranl:cd .as Endllngcred Bl or Bl (1) (b) (v) 

Legislation Ken Atkins Flora Mgmt Course 
2007 12 



CRJTIC.U.1.V I ll'IDAf'<;lJIO 
UQ)AJf(;CJl.lll 

\'l'U'fDt .... 
(C) POPlll.ATIO:\' ESTl~1 ,\TE D TO 1\l l~IOER c2,o <2,00 < 10000 
MAnlRE 1:-.:Dl\' IDUALS ,\SO UTDVI --
1) An rs1im11td con1in11ing decline ur 11 Juli _ _ wi1hln 
lhnt y,an IIIIOM 1cnrn1ion "hi,hcHr i11hr lnngu [up lo a 
muimurn nf 100 ~nn in 1hr (uruu) OR 

J) ,\ cm1in1.1in1 drdinc. ob,r,..·,d. projre1cJ . N' infur.-d. in 
numhcn ofm .11uu inJi1·idt11l1 ASD 11 k:ul one or a-b 
{1)popub1ion 1Jn,,,;1...,.. in 1hr form rofoncor 
Ii) no ,ubp<,puh1ion r11im11cd 10 cnn11in mort 1hu, _ 
maHirc indi ,idu1l1) OR 
Iii) 'Ill J.u.u 90". of m,11111 inJi•·Mlu.tU in one ,ubpopuluicn 
b ) [x,rcmr nun,.., io.!!,I in nwnbn c,f m.tlUH illdi,·idu~I_J 

n•o 20•, 10•• 

"' 

C c:in be used where wc know lhc number or plantJ (usually) and (1) wc ha\'C: sufficient 
monitoring d:ua 10 gi,•e ;i; quan1i1,uivc cs1im.:ite 10 .:i decline in the number, or where 1his 
is not possible, (l) the population structure or dyn::,mics indic.ites ::a deg.rec or risk 

For example, a species ,,it h 200 planls, lhat arc declining (,,i1 h not adcqualc 
quan1i101i,·c data on 1hc rate or decline), but one occurrence has I ~O plants would be 
ranked as Endangered even 1hough ii has less thon 250 planlS bec.:rnsc not 1111 
popul::ations :11e icss thnn 5(1 pl:inlS ::and 1hc single lnrg:st po~uhuio~ is 7~¾ or 1he 101::il : 

i.e. Endangered C (2) (a) (i) 

~!!:c.~ 
(D)lC-R andEN)POPUl.ATION SIZE ESTIMATED I ,0 I 2,0 I no, 
TO BE LESS THAN __ MATURE tpplicable 
JNDI VTDUALS 

(D) (VU ONLY) POPULATION VERY SMALL OR 
RESTRICTID IN TII E FORM OF EITJD.R I =• I nol I 1000 
I ) J>(lpulaiion ntima1N lo nwnbcT ku than _ _ 11pplic11bk applicabk 
mtlurc jn,:lj..•jJuab OR 

2) popul .. ion ..,,;lh a \'C"fY !estricai,d ■ rca of ()CCupancy I no, I no1 I ■ppl ies 
(1ypic11 lly len than 20 km"} OR numba of loc.atiom app]ic ■ble applicable 
ltypicail)' (l\·e or fcwCT) such lh111 ii is prone 10 1hr 
rlTccts of human ac1ivities or s10ehanic c,: rnts ,,i\hin a 
•·Cf)· shol'I pcrioJ of1ime in an WJCnuin fo1tll'e. and is 
thus capable ofb«-ominp Cri1ica\ly Endant1,rr-d or ,c, •en 
Extincl in a n1~· 1hor1 lime pcrie>d. 

Dis !he most straighl forward crilerion as ii rc,·ol\'es .iround the number or p] .:mLS - bul 
it is relinnl on o recenl .and reliable p\an1 count 

Species can be ranked os Vainer able under D(2) ir they hne lvgcr numbers or pl::anlS 
(o\'cr )000), bul these arc either in a rc l111h·cly small area or number orlocati0ns, which 
m:ikcs 1he species \'Ulner::ablc to 1hrca1cning processes 1ha1 could resull in the species 
becoming Critic.ally Endu&ercd. 

IUCN RANKING: 

Presumed Extinct 14 

Threatened 

Critically Endangered 131 

Endangered 115 

Vulnerable 132 

Conservation Dependent 

Data Deficient 
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Ken Atkins Legislation for Rare Flora Presentation Flora Mgmt Course 2007 

1 ... r:1,.-.,, ::.. ~; 

' YEAR PRESUMED NUMBER NUMBER ,. 
ti EXTINCT DELETED ADDED 

1991 53 
1992 43 10 

, .. 1993 40 4 1 
1994 39 3 2 
1995 39 0 

1996 27 12 
1997 25 2 

,. 
1998 23 2 './ 

~ ! 
1999 22 2 1 

:l 2001 17 6 1 
;• 

2002 16 1 t 
t~ 2003 15 1 }~ 
(:-- 2004 15 0 =• : 

.. ~: 2005 14 1 t: 
,, ,. 
r:; 
f 2006 14 0 

, 
~-~ 2007 14 0 t" 

" 44 5 ; ; ~: 
~: DELETIONS: 

·p 
", 25 Rediscovered in the field :. .. 

8 Recent collections discovered in Herbarium collection (curatorial discoveries) :<,;cvf 11 Deleted due to taxonomic revision 



POORLY KNOWN FLORA IN W. AUST 

• 1903 taxa (21/12/06) 

• 76% of Aust in 1995 

• cf. British flora of ~ 1200 

• Rich and endemic flora I habitat loss 

• Good Herbarium processes 

• Need to prioritise => Priority Flora List 

• Also 331 rare bui not threatened 

PRIORITY FLORA 

The need for further survey of poorly known taxa 
is prioritised into three categories depending on 
the perceived urgency for determining the 
conservation status of those taxa, as indicated 
by the apparent degree of threat to the taxa 
based on the current information. 

1 - 3: Poorly known taxa 

4: Rare but not threatened 

Priority One - Poorly known Taxa 

Taxa which are known from one or a few (generally <5) 
populaUons which are under threat, either due to small 
population size, or being on lands under immediate threat, e.g. 
road verges, urban areas, farmland, active mineral leases, 
etc., or the plants are under threat, e.g. from disease, grazing 
by feral animals, etc. May include taxa with threatened 
populations on protected lands. Such taxa are under 
consideration for declaration as 'rare flora', but are in urgent 
need of further survey. 

Priority Two - Poorly Known Taxa 

Taxa which are known from one or a few (generally <5) 
populaUons, at least some of which are not believed to be 
under Immediate threat (i.e. not currently endangered). Such 
taxa are under consideration for declaration as 'rare flora', but 
are in urgent need of further survey. 

Legislation Ken Atkins Flora Mgmt Course 
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Priority Three - Poorly Known Taxa 

Taxa which are known from several populations, and the 
taxa are not believed to be under Immediate threat (i.e . not 
currently endangered), either due to the number or known 
populations (generally >5), or known populations being large, and 
either widespread or protected. Such laxa are under 
consideration for declaration as 'rare flora' but are in need of 
further survey. 

Priority Four - Rare Taxa 

Taxa which are considered to have been adequately 
surveyed and which, whilst being rare (In Australia), are not 
cum,ntly threatened by any identifiable factors . These laxa 
require monitoring everv 5-10 years . 

SUMMARY OF PLANT TAXA WITH PRIORITY FOR CONSERVATION 
BY DEC ADMINISTRATIVE REGIONS 

21/12/2006 

DECLARED PRIORITY CODES TOTAL NO. 
RARE FLORA OF TAXA 

REGION R X 1 2 J 4 

Kimberley 4 0 51 43 JS s 
Pilbara 2 0 ., 34 55 7 
Goldfields 15 0 90 ., 65 20 
Midwest 114 1 19' 171 239 74 
Swan 58 0 42 54 84 77 
SoulhWesl 46 1 23 33 66 49 
Warren 21 0 15 47 51 37 
Whealbell 116 4 120 140 178 ,s 
South Coast 93 s 112 196 188 141 
Unknown J 2 

STATE" 378 14 615 634 654 331 

NUMBER OF DECLARED RARE (ORF) AND PRIORITY FLORA TAXA 

■ R10rlty• 

3000TI CRl>1lyJ 
■ Ai>lty2 

« 2500 

E 2000 
"-
ffi ,soo 
~ 1000 
:, 
z 500 

,# ~ ,#,,iP,f>~ ,#,<tl' ,~ .f'i>~#' 
YEAR 
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TAKING PRIORITY FLORA 

cf. ORF - Minister/Director Nature 
Conservation 

Priority 1 & 2 - Species & Communities 
Branch 

Priority 3 & 4 - Regional/District Manager 

2110J02 DEPARTMENT OF CONSERVATION AND LANO MANAGEMENT 
DECLARED RARE AND PRIORITY FLORA LIST 

23Aug1.1&12001 

CONS CALM 
SPECI ES I TAXON CODE REGION DISTRIBUTION 

Page I 

FLOWER 
PERIOD 

BaeCA•• Ip, W11k1way 
(ASGewgell249) 
81nhi1sc1br1lll 

MW Nansoo. Aml>ania . W111t1w1y. Burma Jin.Apt 
Road Reserte. Ml Fanny. Ml Home, 

Erem1ea1cutiloll1 
GreYilJuerrltcea 

Gte11 ~Ju/'lirt11!1 
Hemigeniauligna 
lechenaulliJ bngilo~ 

Styl10iumps.cudoclHpC0$1Jffl 1 

MW Burma Rd Rntf'Ve, Wallo.away . 
C■&U1rin1.Slr1wbf!rry 

MW Burma Road, EHi ol Walll ■way S1~0c1 
MW.SW W1Du1w1y, Eneabbl. Sll'awt>erry , Aug-OK. 

ThrH SpMgs, To00)'1y 
MW Walk,1way, Burma Rciad. Ger1ldlon 
MW Walkaway Jun-Ocl 
MW W111t,_y_S111wbeuy, MIHomt1 , Ju~DK 

C1s.u1rina 
MW Boohra , Walhway Sep 

FLORA CONSERVATION 

Species level: 
- survey/inspection 
- site management, eg . markers 
- recovery plans 

Habitat: 
- impact on associated species 
- regional processes, eg salinity 

Threatening processes 

Legislation Ken Atkins Flora Mgmt Course 
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FLORA RECOVERY 

• Flora recovery teams 

• Interim Recovery Plans 

• Research, experimental management 

• Full Recovery Plans 

• Regional Management Programs 

Species & Communities Branch 

• Threatened Flora Seed Centre 

• Other agencies - BGPA 

REGIONAL FLORA MANAGEMENT PROGRAMS 

• Geographic area basis - focus on south west 

• Preceded by survey program 

• One/two page summary of each !axon 

• Highlight threatening processes 

• Set priorities for management and research 

• 12 plans in place (two plans in Swan and 
'Merredin') 

INTERIM RECOVERY PLANS 

• Policy to prepare within 12 months for 
Critically Endangered. As resources 
available for other. 

• 5 year time frame, then review 

• Detailed costed actions & responsibility 

• Research, experimental management 

• Aim to maintain or improve status 

Legislation Ken Atkins Flora Mgmt Course 
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RECOVERY TEAMS 

Responsible for coordinating and driving 
program implementation 

• Recovery teams - broad membership of 
land managers/owners, government, local 
government, community 

• Departmental role in impiementation 

Recovery Team may include specialist 
agencies - BGPA I Zoo 

• Threatened Flora Seed Centre 

RECOVERY TEAMS (2) 

1 O regional/district teams in place 

• Threatened Flora Conservation Officers in 
place for each regional program (10) 

Regional Recovery T earn will usually also 
incorporate species-based flora recovery 
plans 

Fauna recovery teams 

Legislation Ken Atkins Flora Mgmt Course 
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o .. '\.~~"''c:: 
·(.~- Department of 
;~\,..(.i Environment and Conservation RARE FLORA "REPORT FORM 
... ·"' 

TAXON: ______________________ DEFLPOPULATION No.: ____ _ 
DRF □ Priority Species: P__ Partial Survey D 

FROM: TITLE: ----------- ------
REGION: _______ _ DISTRICT: 

LOCATION: 

Full Survey D 

SURVEY DATE: 

New Population □ 

/ ___ / __ 
SHIRE: __________ _ 

-----------------------------------'---

___________________________________________ Reserve No: 

LATITUDE: __ 0 
____ "S LONGITUDE: __ 0 

____ "E MapUsed: _________ _ 

GPS DATUM: AGD84 □ GDA94 □ GDA94-Compatible (e.g. WGS84) D Unknown D None D 

LAND STATUS: Nature Reserve D Private D Gravel Res. MRD D 

LANDFORM: 

ROCK TYPE: 

National Park □ Pastoral Lease □ Gravel Res. Shire D 
UCL D Other Shire Res. D State Forest D 

Water Reserve D Other D Specify: _______ _ 

Landowner/manager present during inspection: □ 

Hilltop D Cliff D Slope D Valley D 
Outcrop D Breakaway D Low Plain D Gully D 

Ridge □ Sand Dune □ Flat □ Drainageline D 
Firebreak □ Other □ Specify: 

Laterite □ Granite □ Dolerite □ Limestone □ Other: 

Rail Reserve D 
Rd. Verge Shire D 
Rd. Verge MRD D 

SLK ___ to __ _ 

Swamp D 
Riverbank D 
Lake Edge □ 

ROCK FORM: Sheet □ Boulder □ Fluviatile Gravel □ Concretionary Gravel □ 

SOIL TYPE: Sand □ Loam □ Ciay □ Peat □ Gravel □ 

SOIL COLOUR: Red □ Brown □ Yellow □ White □ Grey 0 
SOIL CONDITION: Moist □ Inundated □ Dry □ Saline □ Other: 

VEGETATION CLASSIFICATION (Muir's): _________________________ _ 

ASSOCIATED SPECIES :. ________________________________ _ 

No. of PLANTS: Mature: ___ Seedlings: ____ Dead: ___ Actual □ Estimate □ Area Occupied: ____ _ 
(Leave blank if unable to observe, or no attempt made to count plants) 

REPRODUCTIVE STATE: Clonal □ Flower bud □ Flower □ lmmat. fruit □ Fruit □ Old Fruit □ Vegetative □ 

POLLINATORS: Native bees □ Honey bees □ Other insects □ Birds □ Mammals □ 
Other observations: 

CONDITION OF POPULATION: Healthy □ Moderate □ Poor □ Disturbed □ Comment: 

POTENTIAL THREATS: Firebreaks □ Mining □ Recreation □ Roadworks □ Grazing D Weeds □ 
Salinity □ Disease □ Prescribed Burning □ Other □ Comment: _______________ _ 

FIRE IDSTORY: Not known □ Burnt in 19 Summer □ Autumn □ Winter □ Spring □ 
FENCING: Not Required □ Fenced □ Required □ Replace/Repair □ 
ROADSIDE MARKERS: Not Required □ Present □ Required □ Replace □ Reposition □ 

OTHER COMMENTS (include action taken/required):. _________________________ _ 

VOUCHER SPECIMEN: Regional Herb. □ District Herb. □ 

ATTACHED: Map □ Mudmap □ Illustration □ 
COPY SENT TO: Regional Office □ District Office □ 

Signed: _________________ _ Date: 

WA Herb. □ 

Photo □ 
Other □ 

Other □ 

Field Notes □ 
Specify: __________ _ 

___ / ___ /200 

NOTE: Map or further information may be al/ached or given on the back of this form. 

Please return completed form to Director General, DEC, Locked Bag I 04, BENTLEY DELIVERY CENTRE WA 6983 

RECORDS: PLEASE FORWARD TO ADMINISTRATIVE OFFICER, FLORA, SPECIES AND COMMUNITIES BRANCH 
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,~ UWA - :r,· .. :.-, ., .. -, :,:::- / · ~ . ,---.•t:'·•·· 

.. ·.:;. .'.;. _.-('!',~),~ft? 
School of Plant Biol~,:~-~ - ···•~•--

B OTA NI C GA RD EN 

Outline of presentation 

['; 1.;,, :! ,,..-•. .. ,... . 

Er.,·ironm,:m;: ;:ir,G 

(Cn!',E-l'""ti::- i, 

<fl Adaptations of species confined to a Threatened 
Ecological Community ~------~ 

Ironstone communities: 

to Consequences of a Threatening process to a 
widespread community 

Wandoo woodland decline: 
is climate change responsible? 

Ironstone communities: what are they ? 

,t Winter-wet shrublands 

ot Skeletal red soils (0-15 cm 

(sandy loams) 

ot Over massive ironstone rock 

(up to 4m deep) 

=cophysiology Pieter Poot Flora Mgmt 
~ourse 2007 1 



Where are they? ~ Geography 

Margaret 
River 

Where are th~y? ~ Topography 

I North I I South I 
Swan Scott 
Coastal Blackwood Plateau Coastal 
Plain Plain 

Whicher 
Whicher range 8/ackwaad Black Point 

T50m · scG / River [1] 
""· ··/.:. . -

IODm _;° ~ ; ',,-,: ·"··.,_,_,-, ,I ., ., .... 
~~ -----~--* - -- ,.,'':"• '':xJ •c=:::__J 

! 

' 
50 kmJ 

~ .. ::.:---- .-. Court esy of Ph il ip Commander 

How were they formed? 

• could have been forming since± 1.5 million years ago 

~ run-off of Fe rich water from scarp laterites 

~ precipitation of Fe oxides/Fe hydroxides in 
zone of water table fluctuation (winter) 

{, 
coffee re.ck formation 

iron rich impeding layers ore common on coastal plain 
but at much greater depth ! 

~ ironstone communities: "islands" in a · sea" of 
much deeper Quaternary sand deposits 

Ecophysiology Pieter Poot Flora Mgmt 
Course 2007 2 



Ironstone communities of Swan Coastal Plain 

Ironston~ c!lmmunities of Scott Coastal Plain 

What is so special about them? 

• They are almost gone (438 of 3,910 ha left: TEC) 
(Gibson, Keighery, Keighery 2000) r., .. ,,. 

• Discovered only in the 1990's 

i+ High number (23) of endemic taxa 

m ~ ~~h:-F~ ,. __ "'. \~ no ·V'•" 
l!rA~ ~, ,,-; . , -~ . c~ 

-

~~~tr.? ,-~tj,~-~ .. llliil :~~,~-~:: • - m --~l(,1-~~ 

-

iii.-: .. -;, !~_:~l:f, ~ -~ ~ • , 1· "'-~ "" 

• ;xtremely stressful environm'e~-t •.. '·. !I: 

Ecophysiology Pieter Poot Flora Mgmt 
Course 2007 3 



o Oxygen deprivation 

• 
Highly 

stressful 
environment 

e Drought/dessication 

Main question 

@ Why are ironstone endemics so restricted in 
their distribution ? 

~ Maybe: they are too specialised ! 

-1, 
Adaptations needed to be successful in their own 

highly stressful habitat 

~ 

are not very useful (or too extreme) 
in other environments ... 

'kind of handy' to know also in terms of TEC management ... 

A congeneric comparison: Hakea (Proteaceae) 

both 
produce 
plenty 

of 
viable 
seeds 

Ecophysiology Pieter Poot Flora Mgmt 
Course 2007 4 



First 'growth analysis' experiments 

Are ironstone species in ony way different 
from their common congeners ? 

t 
It's all in the roots ... 

I Ironstone endemics: I 
- initially invest more in roots 

- initially have thinner roots 

- main root axis does not respond to 

bottom of pots 

- much more roots in bottom of pot 

Model: a sha!low ironstone habitat 

Ironstone Endemic Widespread Species 

· · Ironstone Rock 

· Poot a~d Lmni,;,.i ;;;3 
. J oilrnal of Eco/DllV . ;~ 

Model: a deeper soil 

Ironstone Endemic 

Widespread Species 

Ecophysiology Pieter Poot Flora Mgmt 
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A more realistic pot design 

washed river sand 

200 110 

;_., "VI .,r 
" 

~L~_.,~:--:~~~,-~~~ ,;~~JtJLt?l2 ~::J )t; 
• • • • • 

1800 mm 

Overall plant growth 

''.lillm Ii 
40'. _: 

Total Plant 
bry Mass (g): % Roots: 

20 

0 
la t Ce V I t I 

■ ironstone 

D winter-wet 

'lli CJ non-wetland 

: o ce v c 

no spectacular 
Total root differences ... 
length (m) 
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Detailed look at root systems: 

I. Spatially: where did they put their roots? 

2. Temporally: when did they put them there? 

3. Functional: what type of roots did they put where? 
(cluster versus non-cluster) 

ITt clusters: dense outgrowth of 
lateral rootlets 

involved in nutrient acquisition: 
mainly P and micronutrients) 

14 root compartments 

15cm 30cm 30cm 30cm 30cm 30cm 15cm ·E··~~ l•i~ltOcc: 

Spatially: where did they put there roots (superficial)? 

Relative ollocotion of root fresh moss: 0-10 cm depth ('X. of total) 

Winter-wet 

60 tc~to-
,ol phyl/a 

20 

o, . 

EO 1/issocarpha 

,o 
Non-wetland ,

20 

Ironstones 

60 
!oldfieldii 

" 

60,"1'.lf"iO 

40 

40 

20 
Onan-cluster 

I cluster 
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Spatially: where did they put there roots (deep)? 

Relative allocation of root fresh mass : 10-11 cm depth (ll, of total) 

Winter-wet 

16 

12 

16 
'lissocorphtJ 

12 

Non-wetland I• 

Iror.stones 

16 I • 
...aria 

12 

16 , ,:yc/oa,rpa 
12 

16 
'tubuculota 

Onon-cluster 
lc!uster 

Similarities in root distribution pattern: 
Multivariate analysis ( CAP) 

., 0.8 
"' 0 

Species " o., 
5 E:. e HO 

N 0 4 A HT 
~ 

~ 0 HCE 

~ 
-0 .◄ l:. HV 

·;; 0 HLS 

~ -0.8 t>. HC 

() _, 
-0.S 0 0 .5 

Canonical Axis 1 (62 = 0.67) 

l 9 

-1, 

13 1:;~-1 

Temporally: when did they put them there (deep)? 

Temporal spread of roots (mm) over the bottom of the pots: 

t ,soo 
i 
! e ,ooo 
• E r 
• 500 .., 
i 
V, 

, _-

so ,oo 
Time (d•y•) 

150 200 

ironstone 
. - ---- ··----'-------,,---=•---- --~: 

-~~-~e~l_a.!'lJ.. 4 ii _ j __ _ -~ __ ~ _ wetl~~?, _ -~ 

·- .·. ~- : -.. . -
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□ vv,.,·1 I '·?-:':i~i 

r2~=:ltrilK,t'.~g~.•-~ ... 
~~y~~~l!t:;fi_l;:[2{ 
WiS~3tJ~tG:L. __ _ 

~iJ~~ 

]ll~ 
Ironstone 

species 
Winter-wet 

species 
Non-wetlond 

species 

Functionally: different types of roots 60m 40 · ' 

% Cluster: I . ·· ,: 
20 ,. i 

O HO HT HCE HV HLS HC 

Cluster versus non-cluster 
roots 

The most 'cluster-y' species 

.-:-~~ . ... 
. ,.. -··: .. -~:-.-,,._. "'.:"'~ 

Can these differences really explain: 

a) their success in their own habitat 

b) their failure in most others 

Back to the field: a reciprocal transplant experiment 

© collect seeds of the 6 Hakea species 

@ germinate species in glasshouse 

transplant young seedlings to kangaroo-proof 

plots in field 

Each site has 1 'homeplaying' species 
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H. oldfieldi i H. tuberculota 

'f£~ ·~ ft~ @ planted in artificially 
disturbed plots 

H 

~ 4 plots per site 

,£{iii 

Ironstone 
sites 

@ 

Winter-wet 
sites 

Non-wetland 
sites 

Ironstone 
sites 

Winter-wet 
sites 

Non-wet land 
sites 

in locat ions where 
the homeplayer 

was common 
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% Survival: 

Ironstone 
habitats 

Winter-wet 
habitats 

Non wetland 
I habitats 

Conclusions ironstone communities 

e ironstone Hakea's have a specialised 
root system morphology 

:-,;~,\ 
cc,i..l"\,\.s 

s'?'-

i 
increased chance of finding a crock 

i 
increased chance of surviving summer drought 

in their own habitat 

decreased competitive ability in habitats 
on deeper soils??? 

NOT SHOWN YET ... 

WHY? 

Apparently no disadvantage in other habitats ... why? 

0 time ... ? 

climate change ? 

0 setup of transplant experiment ? 

o real regeneration: fire (nutrients)? 

It start with seeds ? 

o cages/kangaroos ? 

o initial weeding ? 

© local herbivores not 'trained' for rare species? 

O there is no disadvantage ? 
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Are findings relevant for other shallow-soiled habitats ? 

4 outcrop/non-outcrop species-pairs: preliminary experiments 

"' I% of biomass in roots I 
[]Outcrop 
■Non-Outcrop 

~ .. l fCoio f,~J::-~ 1 '· 

~~f;~ ,;;•.-, ;_o:&JJ.._Vfl::..toY,r.:.\ ~-.. 

(courtesy of Jose 
van Diggelen) 

i 
'.' ' ' I ' ' ' ' 

I Temporal spread of roots (mm) over the bottom of the pots: j 

i1~ j* 
··LL_ 

I Calotham nus I 

+ Outcrop 

+ Non-Outcrop 

Also outcrop 
species differ 

in a 'predictable' 
way from common 
congeners in one 

or more root 
characteristics ! 
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Conclusions shallow-soiled communities (1) 

shallow-soil habitats: very drought-prone environments 

t 
strong selection for drought avoidance (tolerance) 

t 
root specialization 

t 
root system characteristics are more rigid 

t 
loss in phenotypically plasticity 

local specialisation traded off against flexibility to 
adapt to other environments (commonness versus rareness) 

- adapt locally (specialisation: ecotypes) 
~ What works best? 

- just be flexible! (increased 
phenotypic plasticity)! • limit/costs? 

Models evaluating costs ond benefits of plasticity: 

- variable/unpredictable high resource environment 
~ 

costs? 

phenotypic plasticity 
- predictable stressful! environment ~ 

/ specialisation 

1
J shallow-soil environments I 

~ I many rare species worldwide ! I 

Management implications? 

• revegetation/replanting or perennial vegetation can only 
be successful when there are 'available cracks' 

• after fire 
• after death of adults 
• open, less dense areas are like 

that for a reason ! 

• since it's all in the roots: using pot plants or cuttings 
with altered shoot-root ratio's may be problematic 

8 young seedlings need enough time to grow their roots 
(plant early winter , irrigate with unseasonal drought) 

C prevent competition with weeds or non-target species 

© climate change {drought) may decrease recruitment 
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Outline of presentation 

0 Adaptations of species confined to a Threatened 
Ecological Community .--------, 

Ironstone communities: }!Iil::~{.i. : . ,i\:1\l} 

® Consequences of a Threatening process to a 
widespread community 

Wandoo wccdland decline: 
is climate change responsible? 

What many wandoos 
currently look like ... 

reports of crown decline, 
from 1970's onward, 

becoming widespread in 
1990's 

What is causing the decline ? ~ Drought ? 

SW Australia has experienced a 'sudden' drop in rainfall 
since the mid 1970's (2002 , Indian Ocean Climate Initiative) 

Las1 quAr\lH century wintF.H min as % of previous 75 yeug 

·:,,;,: ,. i~ 

!JS . :, 1·oc(~ 1;a..o 
.· (.**~ •:' •,g~­\ i\) ·~), 
\

100·: 1 10 , 100 ·. 

- \ ~ 105 ,., 
I 
; : 
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Other co-occurring eucalypt species seem less affected 

i 
is Wandoo more vulnerable to drought ? 

compare wandoo's daily and seasonal water relations with 
➔ that of co-occurring eucalypts 

.'.,.~,.... ,\~ 
' '- u 

~ ' ~ 
,.~\ ··c. . ' - -:::.· 

.. i,"t 

Marri Jarrah 
variety of variety of 

soiis soils 

~\~~-- ,\~~ •. .......__ ~i u 
''"):\ \ _ ·-~- --~-

, ' ~ · ....... _::;-::;: A!:: 
Powder bark Wandoo 

lateritfc. often clay 
breakaways flats 

Measuring sap 
flow speed: 

related to 
temperature 
difference 

between upper 
and lower 

probe 

Relative sapflow velocity over the seasons: 

E 1.0~--------ei.,,..,=----~ 
:, 
E 
x 

3: 0 
o E 

;;: ..... 
Q. 0 
Cl c 

08 

06 

04 
~ 

•· &· Jarrah 

--<>-Powder 
V) 0 

:;:: 
u 

02 110 am - I ~W,ndoo h1 
~ 0 

..... 

Powderbork + Wandoo : 
tight coupling between 

'dryness' of air and 
water loss (sapflow) 

2 

Drier air (VPD, kPa) ~ 

Marri + J arrah: 
coupling lost after Nov. 
greatly reduced sapflow 

rates in autumn 

Ecophysiology Pieter Poot Flora Mgmt 
Course 2007 15 



Leaf water status during course of the year 

t: w I A'~"''~,::::::'"'" 
-- wandoo 

2 .3 / --0-- powder , - - j 
1: Feb Feb bark · •c 
~ 

0 
2005 2006 -A- jarrah ·,-:~"-

a. midday I • (:, , · 
L _, -o- marr1 fl ,">;;,. / 

~-2 ~ t ~~ '"'::oi'"';'1t 

~-3~ 

~-4 ~ 
·
5 

Feb Feh wandoa leaves 'dry out' 
2005 2006 . II d . 

Month ) most, espec1a y uring 
summer! 

Leaf stomata! conductance during course of the year 

500 

PM , oo 

April 

a 

J arrah and Marri show 
much more stomata\ 

closure during drier part 
of the year 

Time of ye.or 

Conclusions of ecophysiology work: 
Wandoo + Powderbark differ from Jarrah and Merri 

{

___,. Stay more 'active' during the day 

___,. Stay more 'active' during dry season • Loose more water 

• Have more negative leaf water potential • Larger water potential gradient (leaf-soil) 

• Better able to extract water from dry soil 

• have a more inland (drier regions) distribution 
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Period of biggest drought stress (Feb/March) 

• wandoo has most negative pre-dawn 
midday water potentials of all species 

/~ 
best in obtaining water 
from driest soi I + most 
superficial root system 

in trouble? 

/ 
least conservative water user ? 

• water spender relying on its ability to still 
obtcin water from a very dry soil (but with least control)? 

most stressed ➔ most susceptible to pests??? 

Involvement of pests 
(Ryan Hooper - Phytopathology- UWA) 

11 
I 

---_ --~ §,-z .. , ~~ J 
Type-1 J ewe I Beetle larvae Type-2 

General conclusions 

• no clear indications about cause of the decline yet 

I 
beetle larvae ond fungi seem involved indirectly 

~ Why now? 

Increased stress: • climate change 

• salinity (clearing) 
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Future work (funds allowing ... ) 

• Leof physiology: what mechonism enables wondoo ond 
powderbork to 'sustain such dry leaves' 

• Start digging: get more insight in location 
and functioning of root systems 

• Link between drought stress and pest/disease 
susceptibility 
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occurring on 
northern and 

southern 
ironstones 
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9;~~~ 'ffir" 
:::,:,_ , 
-~ Ex Situ Seed Conservation . 

~~ 
Flora Management Course 2007 

-~ ~:· u.~, 
~ 

~ 
@-

Anne Cochrane & Andrew Crawford 
Threatened Flora Seed Centre 

Science Division 

\,> g~!;i~,~~~;~~~'.. ,,rj Con,e, ,. ,,, ;"'' 

~ 

~ . Course Content 

Ex situ conservation 
• DEC's Threatened Flora Seed Centre 

• Millennium Seed Bank Project 

Seedbanking strategies 
• Provenance, liming of seed collection, fruit 

ripeness & seed predation 

• Documentation 

• Seed handling & storage 

Assessment (multi-choice) 

Aim of Course 
To provide an 
understanding of the 
importance of seed 
collection for 
conservation 
purposes and to 
provide knowledge of 
basic seed 
identification, 
collection and 
processing 
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~ 
~' '"'e Ex situ conservation 

Defined as the maintenance of samples of 
organisms away from their natural habitat 

• seed 
• pollen 
• vegetative propagules = "germplasm" 
• tissue or cell culture 
• living plants 
• DNA 

Opposite of in situ (on site) conservation 

Can be readily incorporated into an 
integrated conservation strategy 

J~­w~ Ex situ conservation 

Ex situ conservation is used as an interim solution 
to prevent loss of genetic diversity due to 
threatening processes such as salinity, disease, 
weed invasion and habitat loss. 

It is a strategy that can be used as a last resort in 
preventing the extinction of a species 

BUT not a substitute for in situ conservation and is 
not a mandate for destruction of habitat 

-· -;,...... r ~--

((·:' 
• . _-_ ,r.-, 

~~ ~ ::-- ::·.- ..: ::""-~~-

Many species threatened 
with extinction are found 
only in fresh or naturally 
saline lowlands, which are 
directly threatened by 
rising ground water and 
salinity 

~ 

Habitat fragmentation 
threatens the survival 
of many species in 
the agricultural zone 
of Western Australia 

:;.-,Id~- ,: . J,:;: :ttJi;:;jJ[h;\i 
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Phytophthora cinnamomi - dieback 

"Unparalleled example of an introduced pathogen with a 
wide host range causing immense irreversible damage to 

niaue and diverse plant communiti-- " 

11;?(\ ,,~ ,.,.,.: 
::~~{{ 

A Seed conservation 

• Plants can produce seed in quantity 

• Seeds are small & naturally dispersed 

• Seeds are mostly desiccant tolerant 

• Potentially long storage life 

• Useful for propagation in the future 

• Wide species applicability 

• Technology is easy & cost effective 

Seedbanking is a cheap insurance policy 

:::\ . 6l-=, ,,.. JI." ...• ,.,_..-: 
' , j ~):,f:~-

,:~. ~ .. . 
Seed Longevity 

;::;;o:j' 
. ;,~s ¢£l~~ 

-)l 
., .. ;. 
,; 

4- ·/ 

~~ ~·-~~-~.f· -~ 
·---..::-,_>j .•. : I 
~--~~· .. 

Seeds of many flowering 
plants can be stored 
under low temperature 
and low moisture 
conditions for long 
periods of time without 
significantly reducing 
viability 
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t ·t Seed conservation 

It allows access to biodiversity material for 
research both in- and out of-season thus 
removes pressure off in-situ populations. 

It may represent the only option available if 
the remaining natural populations are to be 
conserved in the face of destruction of their 
habitat 

Banking of seed is a means to an end 

Seed conservation 

In some cases material may be held in storage 
from populations that no longer exist in wild ..... 

Banksia brownii (al least 3 pops) 

~~if'.<,:Ri.f l~I 
J.';;; 

I] 
Dryandra anatona (1 pop) 

But hopefully this will not be the last option for 
conservation of threatened species ... ... . 

•i~:~ z,';i;?i@J\:,; '$1\~1•1«1~ s <'){t'f-J; ... ®(¥~: . ...... i<­

,Q):~~~l ~~4tr~,./i.i!·~'4\lfilc'~'~ ~~~;;A~"....~.~,_ 
~@' • \~? (Jti»1~tri@li1e1t~~1•1 >.::?~)~ 0;411:i,!f 
·-~--· -·--·· ,.,_ ~\ \." ., · ' I'.. ·.l J,, ll ... 4 : ~ A 1 

•
1 

, , - ' --:1~,.:.,,1 

/ Jcrc~~t$.}l-£~~,;~l(£~j;~) ®li®J0t ~;~-(~J!)1 
~;-rit\0.it~f;;{:;tt, trlii ~\§\~F:t~:~@.Jf- - . 
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~ ..... ~ .... ,. '@"'e· ·1···--• t'· · /,•,•~~~,..,,.~~ 
i
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Alternative methods 
If plants do not produce viable seed 

Vegetative propagation 
1. Cuttings 

2. Tissue culture 

- More expensive, technology 

Drawback - use of clonal material 
requires many individuals to conserve 
diversity 

Natural Resource Management in 
Western Australia - The Salinity 

Strategy (2000) 

Section 4.4.1 Seed collection, storage 
and databasing 

.. . CALM (DEC) will establish and maintain a long term 
storage facility for seed of rare and thieatened plant 
species located in saline environments .. . 

National Strategy for the 
Conservation of Australia's 
Biological Diversity (1996) 

Objective 1.9: Ex-Situ Conservation 

.. . to complement in situ measures, establish and 
maintain facilities for ex situ research into and 
conservation of plants , animals and micro­
organisms .. . 
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Global Strategy for Plant 
Conservation (2002) 

Target: Conserving Plant Diversity 

... 60 per cent of threatened plant species in 
accessible ex situ collections, preferably in 
the country of origin, and 10 % of them 
included in recovery and restoration 
programmes .. . 

~~~C.J ~ • • ·1\' 
a ;;_\ ~ 

Threatened Flora Seed 
Centre (TFSC) 

• Established at CALM in 1992 

Initial commonwealth funding (ANCA) 

• Phytophthora susceptible rare and threatened 
species 

• Principle long term seed storage facility in 
Western Australia 

• Additional funding - state, commonwealth & 
international 

-~~ Objective of the TFSC 

... to ensure the maintenance of 
genetically representative seed 
collections of Western Australian 
threatened flora under long term storage 
conditions as an interim solution to the 
prevention of genetic degradation or 
local extinction of threatened flora 
populations .. ... 
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A recent partnership 
with the Millennium 
Seed Bank of the 
Royal Botanic 
Gardens Kew, UK 

:~_(~~~• : .. ,_,_ .-

~ ~ : , v~_.:;:,,.; 

I - -···,.:C ._.........--~ 
"""'1- ·---~ - ~--:..._ ,. -- ~ --~-,:-~~ ~ has facilitated 

Western Australian 
seedbar.Kir:g efforts 
through generous 
financial and 
technological inputs 

A Seed Collection Strategy 

• What species will be collected? 

• How many populations sampled? 

• How many plants sampled? 

• How much seed to collect per plant? 

• Multi-year sampiing may be required 

iA Seed Collection Strategy 

• What species will be collected? 

• How many populations sampled? 

• How many plants sampled? 

• How much seed to collect per plant? 

• Multi-year sampling may be required 
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What Species? 

Degree of threat 

Range of the species 

~ .. Che, 
::dYTt ~. , __ . 

• Number of individuals and populations 

Conservation status of the species 

Intended purpose of the collection 

Intended Purpose of Collection 

• Recovery and restoration 
• Long term storage (insurance policy) 

• Research - Disease susceptibility 
- Salinity tolerance 

- Seed biology 
- Genetic 

• Display and Education ,!:\ 
- Botanic Gardens 

- Schools 

TFSC Collecting Priorities 

Declared Rare & 
Priority Flora 

Species associated with 
Threatened Ecological 
Communities & 
Recovery Catchments 

Biodiversity Hotspots 
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Biodiversity Hotspots 
Aultrahn Oep, r1mrn1 ol the Env ifonmm , nc1 Heriuge 2003 

.. •i1 

93-::; 
~ ... :,,_.;· 

·~ ... •· 
... 

·s 

~~ . :~: .. 
• · ~ ;d 

•" .. Q• 

A Seed Collection Strategy 

• What species will be collected? 

• How many populations sampled? 

• How many plants sampled? 

• How much seed to collect per plant? 

• Multi-year sampling may be required 

Sampling Populations 

• Pops evolved & adapted to local conditions 

• Local pops most suitable for site rehabilitation 
(long term survival & ecological processes) 

• Variation between pops may reflect critical 
reproductive and physiological differences 

• Sample from all populations if possible to 
maximise diversity of collection 

Keep seed from different populations sepa1· -A. 
~j~ 
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·~~~ Seed Collection Strategy 

• What species will be collected? 

• How many populations sampled? 

• How many plants sampled? 

• How much seed to collect per plant? 

• Multi-year sampling may be required 

~

.,-
._ ;~~ ~ -. 

'" ¢} ~~ Sampling Plants 

• Sample at least 50 plants in a population to 
increase variation 

• Random stratified sampling throughout pop & 
equal proportions of seed from each individual 
plant sampled 

• Sample from a range of sizes, shapes etc and 
include those from a range of ecotypes 

• Ideally, keep seed from separate plants in 
separate bags (particularly if ORF) 

A Seed Collection Strategy 

• What species will be collected? 

• How many populations sampled? 

• How many plants sampled? 

• How much seed to collect per plant? 

• Multi-year sampling may be required 
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Take no more than 10-20 % of the seed crop of 
a particular plant unless that plant and the 
immediate habitat will be destructed eg clearing, 
road maintenance etc. 

Remaining seed will allow natural regeneration 
to occur & provide material for the soil seed 
bank 

Objective: collect genetically representative 
sample of the population without damaging any 
plants prospects for survival in ihe wild. 

A Seed Collection Strategy 

• What species will be collected? 

• How many populations sampled? 

• How many plants sampled? 

• How much seed to collect per plant? 

• Multi-year sampling may be required 

,-e·--o , ,. _.~ 

~1o~_<\-:> · Repeat Sampling 

It is not always possible to collect sufficient seed 
for the desired purpose all in one go without 
affecting the demography and/or reproductive 
capacity of the population. 

Multi-season or multi-year sampling may be 
required. 

to'''i:.o ,_ .- 'f., 
·o ·~,. ·· v · 

C;e,-? .. , ~ 
o <· :'.) 
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Planning a Collecting Trip 

Florabase records 
• DEFL Records 
• RFRF 

Mud maps 
Species information 
Herbarium specimens 

• Topographic maps 
ARCVIEW tool to collate 

U!!.t~iJl'<"_•,-·~-1.· ~-. -··· f' . ta .... _.,_~_ .... 

. OJ 0 q U .!"..---:--·---~ 11~ ~- -~:;. ll) 
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·--·, -~ ... -- ..- .. , .. , ...... , ...... ,._ ... ,.-~ •. -- .. , .. :-1., ... ... 

~~--,_.,...l.!!.-..!~!!'!:'1 

~.,.,,, lu,n !.:{) Com~~,,! 

--·--·-·--·-·· .. ···~~-- --
~~ - ------ --- --- -··-- . -- .... --~ 

DEFL Threatened flora database 
"-=·-"'-=-=-=----------... •~J;'::;:.~ri,;;;.!'" 'I' , '' 
"""'. "2•! •• ff ... ... ·, 

,-:-,-... H-, ,,, ,7-~-::;~•,;.n,.---z&•'\(' <': ••· , ,,., ,-:e.a;i 
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Species 
Information 

Paper Files 
(RFRF & mud 

maps) 
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- .: ., . . 
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;-:.:...: 

:·· :2-:-··;".-:.:.. .. ~,\ 

:1-)µ · . • f 
• .• ;_·_.j 

·, ,• Y ·i:: • 

-~ 'f;;~,~ 

Data Gathering 

• Good location information 

• Recent record 

• Good site/habitat description 

• Information on plant numbers 

·-~ · .. . ,.,_ . 
...... UUM 

.::::::-_ t~•--,, .. _,.,,- , ~•~ • ,--'0, •M • ►O· -::.. ~•· •• n • ,.,_ ·••·•--- •• .. _ ,. .. ... • .. • --·· · - - , 
, ,_.,.,,,;r, ....... , ...... ... ... ;., , :-.. . 

G:.i;~?,.~ .. ;::;~:~~~?tr.i;.'!i'"~ .... ....... ~:.-.,. ,';~.,.";\'•~- ,- •~ .. --... ~ ...... cJ, .. , .. ,'90 _____ ~ 
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Collating Information 
(TFSC collecting database) 

A I ::m;on-~~~.".;; ,.:<~· ~ ;:1._..,,__._ __ l __ _ -1~ .-!! ._ .. ; 
:.:.· . .1-.,,. --~-:- ,>1..· · . -.• ~. i;·-:,·r. ...... ~c:;;~-•-::: . ___________ I -- ~--·- 3 

p--; r►=---;::... ;.:. c=:~---;=-r=----.- ..------r-, ,, ___ -----.. --·- . ·- ·---L:L,,;:::;::::~:=~: . ., "" ·~=:=::,:: 
--------=-----= ~ •-~---••- I ·-·-·•·-- I 

._ .!:l!..J ,--, .!.l:!.1.:..:J• ·-

-~};itl{_,:~apping 
·.._:~, -~ . ··"' 

-\ _:r~.:t? .. 
__ .,,., 

. f: 
_ _ j 

·•'.-~ .. 
--\.:.:-■ : \. ~~~,_2 

:X;~'°?jjJ:~:-
• f::· --~. • /(_; ;: ; 

'c::~:t~:::f i~~~:~" : ;::;:-~ A 
-~---1-. 

C .._,._r.-J-•• 

t ,;,..,.::.-.. ... .:.1..~. _-,I--

-~ ......... 
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Calleding gear: secateurs, bags (calico & paper), notebook, 
plant press, maps, GPS ... ... .. . 

·- 'l. -.. 
../'~"'ti') ~,--- -.,,_~ _,_ .. 

-~---~- {?};:~\{t, ~ iJ . . ~ : -jj'ffe,sJ 
~ ;;•_. /-- J~"' 

Fruits comes in all shapes and sizes 

~ \~:,,,·- .~ , 
'k~/' ,:·-··.,-~~-- .: ' 

. · r ·-..:•;- ... ,.,_~ -

I. 

1 ~. 11 
.~Cl!)!'.'l :, J _.ie, 
~ c~ , .. -: . ,,, ~ f 

·o n.ti . ,. ' -~; \ --...... , 
;~ 

Seed comes in all shapes and sizes 

~,:cf,'::.-• 
:,,_ :",,._.;,fil - ~ 

·--~ -:~~ 
;·- ~• ,,,.. 

Seed Conservation Cochrane and Crawford 
Flora Mgmt Course 2007 15 



,, Seed Collection Techniques 

Hand picking (individual seed/ fruits) 

• Pruning with secateurs 

Bags (eg stockings/ muslin) 

• Extended pole pruners 

Stripping 

• Shaking branches 

Collecting from ground 

Seed traps 

Hand picking Goodenia 
· · :~-:~};· .f~i:"~-·,~.~stf~ .:, ., 

Stocking bags over Grevil/ea fruits 

Seed Conservation Cochrane and Crawford 
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Seed trap for Adenanthos 

Pole sling shot for 
collecting seed 
from tall trees 

~
0

~~'"..). - -~ Timing of Collections 
ID ~). . ~ 

• Take into account natural seed storage and 
dispersal mechanisms 

Sample at point of natural dispersal when 
fruits/seed are mature 

• Time to maturity varies from species to 
species, from site to site and is dependant on 
environmental factors 

Recollect over several weeks if necessary 

Info on reproductive biology helps to 
decide on time of collection 

Seed Conservation Cochrane and Crawford 
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There is 
very little 

known 
about the 
interval 
between 
flowering 

,. and fruiting 

A Fruit Ripeness 

• changes in fruit colour 

• changes in seed coat colour 

• fruit splitting or breaking open 

• fruit that are hard and dry 

• seed rattling 

• some seed already dispersed 

• fleshy fruits going soft 

There are always exceptions! 

Seed Quality is partly determined by: 

• the stage at which the seeds were collected 
• how seeds were handled after collection 

Seed quality affects seed longevity & 
germination 

_ ,,;,~ 

~\.l!Pz~-~: 
'~i~ 

.,,_;.- it 

,;;,. ,...,.~·,,. 
i~ ~~.-:'!•' 

1·· ~ 

' ;Ji• ,:1:1'> 

Darwinia acerosa 
Fruit on left empty; fruit 

on right full 

Seed Conservation Cochrane and Crawford 
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Insect Predation 

Signs of insect activity include -

• frass (looks like sawdust) _ &.-,,., _ ~,,-7, 
• holes - ;·: : ~ )' 

• webbing a-¼I; 
Collect good fruit and seed only 
Predated fruiV seed may be damaged 

• '·~-J 

insect predation of Grevi/lea fruits 

~ 
j,per .I . :sj.' 
-~~. 1";, ,;",:,j 
t_~_•· · - • •_ __ _· ·_-·. r 
:. I~: .-.- -.C ✓:_ 

1/~ \.. 
.; ''~- ·- . 

• • ,, sf:;--"5 :. . • .. t.i4:i ,.,,,,,.,, '-&j,'_,:_;,. l 

Insect 
predation of 
Acacia fruits 

Collection Information 

• Genus, species, subspecies 

• Exact location (GPS if possible) 

•-i 
• Collector, collection date & collecting number 

• Number of plants sampled 

Additional information (eg pollinators, health, 
ecology, associated species, soils, phenology) 

Information is almost as important as the seed itself 

Seed Conservation Cochrane and Crawford 
Flora Mgmt Course 2007 19 



~ . . 
' 

t-{ -~:'. 
~ i:,'r 

;~ ,(~ 
-~ ,1 

~/~ ;;1/· 
( '. [ . 

Herbarium specimens 

Ga!ilrofobi11m c.·011,.:c!Jfum 

Eremophi/a flower, 
fruit, seed and 
germinant 

~ . 
Eremophila nivea 

I :~ I l;0~E:I 

Adenanthos flower, 
fruit and seed .,,-~ 

~ ,.l 

~ 
[H] 

Good seed 

Aborted seed 

''" Seed Conservation Cochrane and Crawford 
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Verticordia flower, 

~ 
LMJ. 

Vert/cordia albida 

~ ,, 
,· ~<, l~ 

fruit with seed and germinant ·, 

AtJ; -, 
,,;; ,. 
/;..:~;~,,•.,~ ,:-• It;"-~ 

Darwinia chapmanniana 

Acacia 
fruits, seed 

and 

Darwinia flower 
and 

fruit with seed 

Darwinia lejostyla 

e .Pf!tj 
_,_e:,~~ 

~ -
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Hints for Seed Collection 
• Know your species 

• Examine bounds of pop. Is there a mixture of species? 

• Examine seed carefully - collect ripe /mature seed only 

• Random & equal sampling 

• Ensure equipment is clean - don't introduce disease 

• Collect sufficient seed but don't over collect 

• Collect herbarium specimen(s) 

• Collect in dry weaiher if possible 

• Reduce risk of herbivory/fungal growth 

• Use breathable containers - paper and calico t>;cigs 

• Label containers and do not damage seed 

~ 
w'~ 

Remember! 

';~~'.~·~:;~r,,,:.f ~.; ,;,,?'r::-'-';(·; 
I ,, 

:_:.,: 

111 .. v ouon 11,.., Bonnrt. N B 1~ l't?WJ ~., T11,Jl Ad°, lfod , SA 
(;r~ ngAUIH~ 

It is illegal to 
collect any plant 
material (seed, 
herbarium 
specimens, 
cuttings etc) in 
Western Australia 
without a licence. 

c,.c a : :.:,0 
··O ~. '.Y-.;~,. 

What makes a good 
collection? 

• Priority species, accurately identified 

• Good quality seed 

• Sufficiently sized to meet needs (be aware of predation, 

low seed set, aborted & immature seed) 

• Plants & populations not damaged or over collected 

• Genetically representative of species/pop 

• Single species - no hybridisation or mixed pops 

Adequate data (incl herb spec) 

Seed Conservation Cochrane and Crawford 
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-'~ Remember! c.O o ~ 
D ~ ., .:, -· 

• Plants may not seed all year round so allow time 
to plan & execute collections 

• More than one visit may be required to collect 
sufficient seed for intended use 

• Consider costs associated with collections - eg 
vehicle running, time in field ... 

Threatened Flora Seed 
Centre staff can provide 
advice on protocols for: 

i :~•:<~·-t,:~ 

• Seed collection ,;; · ' 

• Seed germination/viability testing 

• Seed storage 

Seed handling & storage ~~--' ·•·-· 
. ,. Ji ' ~ 

• Handle seed gently & keep cool and dry 

• Store seeds in calico/paper not plastic 

• Make sure that the bags are well sealed & well 
labelled 

Store seed temporarily under conditions which will 
mainlain maximum viability until incorporation into long 

term storage facilities . 

Don 't let time in the field be wasted 

Seed Conservation Cochrane and Crawford 
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After the field work .... .. . 

1. Seed cleaning 
2. Seed quality assessment 
3. Seed quantification 
4. Seed germination 

~ti~~,' ,J, ,,: 
~ 

~ -0 ~ ­
!!' 

Then seed is 
ready for 
packing, 
storage and 
monitoring of 
viability 

Good seed can 
last 50+ years in 
storage 

Seed Conservation Cochrane and Crawford 
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Translocation of 
Threatened Flora. 

Leonie Monks 
and Andrew Crawford 

Course content 

- Background on translocations 

- Method of translocating 

- Monitoring translocations 

- Case Studies 

General Aim of the Presentation 

To provide the participants with the 
basic knowledge of translocation 
methodology and the understanding of 
how translocations can be used in the 
conservation of threatened flora . 

Flora Mgmt Course 2007 Translocations 
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Learning Outcomes 

1. Demonstrate an understanding of plant 
translocations and how they can be used as 
part of Threatened Species Management 
Programs. 

2. Discuss the procedures that need to be 
followed when planning, setting up, and 
monitoring a plant translocation. 

What is a translocation? 

A translocation is the deliberate 
transfer of plant material from one 
area to another for conservation 
purposes. 

(from the "G\Jidelines for the Tronslocation of Threatened 
Plants in Australia" by the Australian Network for Plant 
Conservation, 2004). 

Categories of trans locations. 

• Re-stocking: increase of population 
size by adding individuals to an 
existing population. 

• Re-introduction: establishment of a 
population in a site where it formerly 
occurred. 

Flora Mgmt Course 2007 Translocations 
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Categories of translocat ions 

• Introduction: establishment of a 
population in a site where it is not 
known to have occurred, but is within 
the known range and habitat. 

• Conservation Introduction: 
establishment of a population in an 
area that is outside the known range, 
but which is appropriate habitat. 

Aims of translocation. 

1. Increase the number of 
individuals and viable populations of 
fhreatened plant taxa. 

2. Investigate different techniques 
that will enhance establishment and 
survival of these translocated taxa. 

When to consider translocation. 
Translocations are considered when: 
• the species is rare and/or threatened. 
AND 
• threats to natural populations cannot be 

successfully managed on site. 

In addition consideration 
must be given to: 
• ability to grow plants. 
• availability of long 
term funding. 

Flora Mgmt Course 2007 Translocations 
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Protocols used for developing 
a translocation. 

1. Site selection 

•Sites are selected based on the 
following criteria: 
-Absence of threatening processes 
-Security of land tenure r :-
-Similarity of associated 
vegetation type & structure ~ 

·-similarity of soil type 
. 

•How many sites should be selected? 

Protocols used for d~veloping 
a translocation. 

2. Translocation proposal 
• This document describes 
all aspects of the 
proposed translocation. 

•It must be endorsed by 
all interested parties. 

·y~ 
·.,~: 
t - ~c~ 

:~"l"I'"'- . 

•It is then submitted to the Species and 
Communities Branch for departmental 
approval. 

Protocols used for developing 
a translocation. 

3. Plant propagation phase 
This may utilise either: 

• The seed resources of the Threatened 
Flora Seed Centre for 

- direct seeding 
- raising seedlings 
•Cutting material 
•Material raised from 
tissue culture techniques. 

~ 
~ 
~ 

' -~~~tr~~ 
~ 
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Protocols used for developing 
a translocation. 

4. Raising of the plants 
• plants should be raised at an 
accredited nursery to ensure plants 
and soil are disease free. 

• it is VITAL that good 
records are kept of the 
origin of the plant material 
and the method in which 
the plants were raised. 

Flora Mgmt Course 2007 Translocations 
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Protocols used for developing 
a translocation. 

4. Raising of the plants 
• sufficient time must be allowed to 

collect seed or cutting material and 
grow propagules on to an suitable 

. ,.... t l :;t 

age for planting. e~•-
• how many plants? 

Protocols used for developing 
a translocation. 

5. Planting 
• Consider the best time for planting. 
• When planting need to: 
- permanently tag transplants 
- consider the layout 
of the plants within 
the translocation site. 

Protocols used for developing 
a translocation. 

5. Planting 
When planting consideration should also 
be given to level of after planting care. 

-watering · ~~ '' :' \· ',-. 

-mulching .. ~ 
-protection against ~ ' '. 

herbivores 
-protection against 

sun and wind. 

Flora Mgmt Course 2007 Translocations 
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Protocols used for developing 
a translocation. 

6. Monitoring. 

• Should include counts of: 
- survival 
- measurements of growth 
- counts of buds,flowers, 
fruit . 

Protocols used for · developing 
a translocation. 

6. Monitoring. 

•Should also include these some 
measurements for the natural 
populations. 

• It is essential that monitoring data 
is forwarded to the tronslocotion 
database at Kensington. 

Protocols used for developing 
a trans location. 

7. Assessing the success of the tronslocotion 

Success con divided into 2 phases: 
• Short term 
-Survival, growth and reproduction of plants 

•Longterm 
-new population able to be self sustaining 
-maintenance of adequate level of genetic 
diversity. 

Flora Mgmt Course 2007 Translocations 
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Protocols used for developing 
a translocation. 

7. Assessing the success of the 
trans location. 
·Comparison with natural population. 
·Whether you successfully 
achieved the aims of 
the project. ' ·· ·:.1,:~· .-:· 

J'&., ""- ,.,;! -.-r,, !; • v •. 
- "'f ."';r_r;,"'-v- __ -

. . . . --~: .. ....... 

ase Studi 
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Case Study: Lambertia 
orbifolia subsp. orbifolia. 

55% survival overall in 2005 

104 naturally recruited seedlings 

(second generation suggests 

population has potential to 

be self sustaining). 

Cose Study: Lambertia 
orbifolia subsp. orbifolia. 

Survival of lambertia orbifo/ia subsp. orbifolia 
ofter seven yeQJ"'S given a range of treatments 

100' . . i 

l :~ 
5 
~ 40 

,., . I I z: I lii.~I I 
Control Gro-cone Thin mulch Thick mulch 

Case Study: Lambertia 
orbifolia subsp. orbifolia. 

Survival of Lambertia orbifo/ia subsp. orbifolia 

after six years using different establishment 
techniques. 

70 - - - -- - - .. . --- - ---

l E ,~~rill ~m . I 
w I 
10 . ! 
0 ! 

Caged• 
Cutting 

Uncaged• 
Cutting 

Coge.d • 
Seedling 

Uncaged+ 

Seedling 
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Case Study: Ironstone species 
Percent survival of translocated Grevillea 

maccutcheonii after three years. 

Treatment % survival 
Mounded 32 

Mounded/Ripped 51 
Mounded/Shaded 50 

Mounded/Ripped/Shaded 62 

Mounded /Riooed/Watered 4~ 
Mounded/Ripped/ 78 
Watered/Shaded 

Case Study: Acacia cochlocarpa 
subsp. cochlocarpa. 

· 779 seedlings and 1500 seed planted. 

· 65% survival of seedlings in 2005. 

· 6 % of seed germinated. 

· 64% of germinated seeds survive in 2005. 

Flora Mgmt Course 2007 Translocations 
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Case Study: Acacia cochlocarpa 
subsp. cochlocarpa. 

~-----------,1 
S..,......,...J of ..,r.-. yc ...-s of A. odJ-,>o Cn.. r, wi:h hof A. cochlocarpa nJo• p. 

:oub sp llr,d,/DaN'pO MCdlnj• c-ocNoc,..,o OI plcn,r,g (l9ht) crd 11h1r oi>I 
yo: ....,, (dri) 

, : I ! -~ - · 
j : ,_; l I ;,; ::_ c:: __ ~ · 1---,.g 

,.,.w, 1,- olh ,,. ,,., , ., .... 
-- ---

1,1..,,......,,b,crolpo,hp t rbr.,.d, f.,,-,1 
c«N«rp• ,.., ,p, coclvt,c-,o H1 clli"'9 1 f;., 

y1...- 1 1f .. r plont"'9. 

, I • -~ } i ~- , 
' - ' ·--1~ ,...... 1,-ol4o 

Case Study:_Acacia coch/ocarpa 
subsp. cochlocarpa. 

Survival of A. coch/ocarpa subsp. cochlocarpa 
ofter five years following protection from 

grazing, 

80,0 

60,0 

40,0 

20,0 

0,0 

Fenced Control 
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Scenarios 

There are now some scenarios about 
translocations for you to discuss in 
small groups. 

Flora Mgmt Course 2007 Translocations 
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4' 

-; 

To be covered: 

• Elements of biodiversity 

• Plans , Policies and Legislation 

• Identifying TECs 

• Recovery process 

• Examples 

·~• t·..,~~ .. !!_~;.:;, .i r~:.:r~·~.~~)r.~~.-:-~~~1~~~;t;': 

Levels of biodiversity 

• Ecosystems/landscapes 
• Communities 
• Species 
• Populations 
• Individuals 

• Genes 

~iiili&~i1IiikiJ;,~;1B 
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\ Legislation and Policies 1 \ 

■ Wildlife Conservation Act 1950 
(very out of date) 

■ Does not provide for listing TECs 
■ New Biodiversity Bill - planned 
■ Non-statutory listing process developed in WA 

(new draft Policy 9 describes) 
■ Some WA TECs listed under EPBC Act 

-~· ,t,t ?lr· ·t;, ·.~ ;?,~~f?~f?l.;f'!--; 

\ Legislation and Policies 2 i 

■ Other WA legislation used to protect TECs, 
eg EP Act, NOls under Soil and Land 
Conservation Act 1948 

■ 16 WA TECs listed under C'wealth EPBC 
Act 

Legislation and Policies 3 

EP ACT CLEARING REGULATIONS 

■ July 2004 Environmental Protection (Clearing of 
Native Vegetation) Regulations 2004 made 
under the Environmental Protection Act 1986 
came into operation. 

• Clearing of vegetation requires a permit, unless 
for exempt purpose 

•,k,W,~b ~-- · . ~ . ' ·~~1v,"'i~~r-:t· ~ir~-- ,;:~t 

~ .· ~--:-: itt(;:l.~•: . .1ti)~;ti~:1i~::;;~~:~¼1:i; 
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Legislation and Policies 4 

EP ACT CLEARING REGULATIONS 
• TECs are defined as Environmentally Sensitive 

Areas (ESAs) 
• Routine day-to-day activities of vegetation 

clearing allowed with no permit do not apply to 
ESAs 

• Any clearing proposals for ESAs to be under a 
specific permit 

"~~~~~~1~;;,;~JII 

CALM's Corpoiate Plan 1 

Conserving Biodiversity 

First Objective: 

To protect, conserve and where necessary 
and possible, restore WA's natural 
biodiversity 

r,,r;,,z;ri[f ~lt'l 

CALM's Corporate Plan 2 

4th strategy under first objective: 

To recover threatened flora, fauna and ECs. 

• Identify and specially protect TSCs 

• Priority rank them for conservation 

• Prepare and implement RPs for the most 
threatened TSCs 

itr;i1{[533;;~~, 
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New Draft Policy 9 

'Conserving threatened species and ecological. 
communities' 

• Describes process of TEC conservation 
('Recovery Process') 

• Objective 'No listed threatened species or 
ecological community to be lost through 
human action or inaction' 

;~\/~·5;~ti~~1r:i~{~:~t~i1tE&I~i~:~:-

New Policy 9 

• Describes constitution of TEC Scientific 
Committee 

• Recommendations of TECSC sent to Director 
Nature Conservation 

• Endorsement of Minister required 

-:-:•, •,-\.". :;,_ .•.•. · _, ....•. -.-- · 

Western Australian TEC and PEC Listing Process 

·--·-­"""O"'ICI - IDO 

DEC - Species ■nd 
Communi1ies Branch 1-·---· l~ .:-::..--;;-I'--- wm=~•-- .. -,m-. ........., . ... ......, ,_...,, s-,.a,,- M-• DEC"• -PEC hl 

_,...._ _.,... ..-.. w,. T'Ec..sc ~,.,_......_ 

I WATECSC I 
f-•~-.., ·- • ..... , .. ..... __,,_,..,.,,.,., 

~ Stakeholders Ii 
01 P(C1 ...,. 11p,onc1,nJ 

I ,_ .. "_ 

__ ., __ , __ 
TIC•T--•·•--'C-, 

A..........,.<ICle_,111 
~ .. u c 

Dinu;1or General or DEC 

WA Mlnlster for the Environment 
1 •mm •-••~• • .. •••••••••~• 1 

=~:::::!':~:-::_,_ I 1 ~~~;;~~~.• 
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Ecological Community defns 1 

■ Ecological Community: 

A naturally occurring biological 
assemblage that occurs in a particular 
type of habitat. 

-~ .. ~-:,~:~_\;.r:.;:~:r::r:_:r-:~-

Ecological Community defns 1 

A threatened ecological community (TEC): is 
one that meets the criteria as; · 

• 'presumed totally destroyed' , 

■ 'critically endangered', 

• 'endangered' or 

• 'vulnerable' . 

I Ecological Community defns 2 I 
• Priority Ecological Community (PEC): A possible 

threatened ecological community 
■ does not meet survey criteria or is not adequately 

defined , 
■ is adequately known and rare but not threatened, 

has recently been removed from threatened list and 
requires regular monitoring, 

■ or is conservation dependent (high priority for further 
work to clarify status) . 

• P1-5 (indicates urgency for further work to clarify 
status) 

1~;;~i.r~i1:·~(;~::;T?::::~;1t!· 
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Identifying TECs 1 

• Defined based on Regional Vegetation 
survey (eg Beard, SCP survey, Kimberley 
Rainforest survey, South Coast mountain top 
survey) 

• Some defined from smaller scale surveys (eg 
PhDs, consultants reports, reports on caves, 
mound springs), put into regional context 

•;~~'~1R*f;~;iii~::r~~i~~i~~Jk~~J 

Identifying TECs 2 

Information requirements: 

• Community well described/defined 

• Distribution known 

• Know when it is considered 'destroyed' 

• Can allocate to a threat category 

.,,:.~· -~i~i~1~i:~~~ICS~f: :L:I.if R1··--

Identifying TECs 3 

■ Nominated to TECSC as 'threatened' 
or Priority by Regions/Project Officers 

■ If accepted, endorsement (of TECs) of 
listing by DNC, Minister 

■ Deemed to be a TEC in WA (69 to 
date) 

rlrf:ti~:]~I(:~~I!~{ii·~-· " 
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TEC database 1 

TEC database 

• Database of TECs resides at Kensington 

• Consists of Access tables and Arcview 
spatial components 

• Contains location and boundary data for 
occurrences 

' ........ ,.,;' ·-,~m-,.<J. ,.,. 

TEC database 2 

TEC database 
• Includes description, category, threats, 

recommendations and actions 

• Is distributed regularly to many users 
(DEC users too!) 

TECs/PECa by IBRA Region 
" ~'f'~ 

~

,,~.t...-tr~-" 
~-~;;;;f: .. 

. . l: . -:.:.. .:,~~ •" ! 
";~-~~ - d, 

-~~::,;:;.,::-.; , ,.:-. . ' .... :.,_;! 
:1,--··~,,... --. .. .. ,., "'!"- .. ··. I i7lj~-; 
·- i-;t,:::.. :.."7-:';->.:..-:,,.-'-" ~ 

:: ( ... ~~. ,:lQ•-·~•"··- ~ 

~,,.1~M 
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TEC Hotspots 1 

• Wetlands in young coastal dunes 

• Claypans 

• Soils on eastern side SCP (eg Pinjarra Plain, 
Ridge Hill Shelf, Dandaragan Plateau) 

• Wetlands on the eastern side of the SCP 

• Limestone ridges 

• Vegetation on Muchea Limestone (E side SCP) 

• Coastal vegetation with Callitris preissii (Rottnest 
Tea tree) or Melaleuca /anceolata (moonahJ 

TEC Hotspots 2 
c__ __ _ 

• Unusual substrates eg Chert, ironstone 
• Caves (especially wet caves) 
• Microbial formations 
• Springs (permanently wet areas) 
• Ironstone hills 
• Hills with remnant vegetation in largely 

cleared landscapes (W'belt) 
• Mountains, larger hills in the South West 

(outside of jarrah forest) 

Numbers of TECs 

Number of TEC• 

~ ITT~□<---------'D= 
South Wesl 'Nheatbe ll Pas loral Zo ne 

TECs Val English Flora Mgmt Course 
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I TEC Ranking I 
Ranking ofTECs 

120 -- ·••-----·--·--··-- .,. ______ _ _ ---

100 -

80 ~ 
60 ~ j □ Numberl 
40 ,__ 

20 -n- ' 
I I r l l 

0 

PO CR EN w Priority 

- . ----

TECs based on different biota 

i 

tl 60 ! l ~31 
1---------- ! l so 

40 ~--------- ; l 
' \i 30 

.. § I I I = 
20 

plant 
inveurtebro:. ~ ---.t. ~ microbia~- I{ 

New Policy 9 

• Formalises recovery processes including 
Recovery Teams and Recovery Plans (as 
for flora) 

&>:'E,i,M'' ,,.,,ic,+~i~~~~ij~ 
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Recovery Plans 

• Policy 9 formalises recovery processes 
including Recovery Teams and Recovery Plans 
(as for flora) 

• RPs developed for Critically Endangered TECs 
first (highest priority for recovery) 

• Usually written by Recovery Teams 
• Are a management plan for a threatened 

community 

100 

BO 

60 

40 

20 

!\f-~•~:~:i,::~~~~:.~~it!El1~;~:;:~I1r~~, 

TEC plans completed 

CR 

TEC plans compleled (%) 

EN vu 

Implementation of 
Recove!}'_ 

□ Propoftion plans 
compleie(%) 

■ Coordination of recovery of TE Cs through 
Nature Conservation Division 

■ Primarily through Species and Communities 
Branch and Recovery Teams 

■ On-ground recovery work ➔ 
Districts/Regions, Science Division, 
community etc. 

::~;i;f~q~~;,::;f ;~Et~;s:·:~.'.\:;~~:~~gt;~ 
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. (:~ 

:~y~~1;':.:.~4• 

[&{i::r,1 
-~~--

~

·· >', .. \.~ 

l . ., ~ ? 

Lake Richmond 

•Formed by complex community of microbes __ . 

•EPBC listed (EN), CR in WA ,\ ·.' .• 
.:•,. ,.'·-

•Threats include changed water quality,­
?: : trampling; weed invasion, sediment (fire) 
1. ~·. ·;-~ .. ' . . >. ; ,.:· \ ' . 
;.) ·~Ma~aged"by Naragebup Environment Centre 
;,'' .. and .Shire·. · . ._ ... ., 

;, •A~ti;ns-in~lude mci~itoiing, education, 
·-::- . liais'qn/ b'iii~~)Wlks, fire management, weed 
. , . .. :control . . 
y~.:" '·1~,:f!-•: ,;.-, 

.• ! ~. •, ·-i.1:: 

.. 
Ii 

_{. ,._ ~\l:· i , 
. .,. ~ . ~ -~,,-- : : ; ' 

i; ·~ ~-~ . ' ; I d I •,.. ~•. ' I :! 

!' 

1.-' 

~-,:.,~./, . . ..... _. ,·•;"!!I .. ,,. ~ ~ .. ,·t~ 

'• /- · ~,, .t : • ·1• ' :_,:_, 1:,• ft~ .•.I ,I .,, 
1 ·;•1._l 1 11'i' \" · ' J· • _ :.'·1 ~ _. .. l / 

1 
,.,, 

' ' ; :t. i '< . ' •. \'.f;\ ~ /i . ti:. !; . J' 
I I• \ I ' .I : \:, -~_, ;.• :.:. ,_.I, f ' •. 5. •\ I':,• i ' ' 

: . ,,: .,L,'I~• .... f ~ '\ ..,_i ,,J: ' : ,: ' •-~ \:,_, ~ ' 
I i , , , ~r):, •t:•, ~ - I ;(:¼ '.• ~>~. ! ,l, \ ]it• f} I i• 

' }· \~ :~:, : ~J._~.,:-. ,: · •·~r~:\ f .. t}.~~ \{ 7.( l ';,:. ~•--, •• 'J._j•,·,; , 
.•• -~--~--- . .,, .... , :,,,c~ . ~t -?, . i~.- '•t . '• · i,, ... , .... •. \) 

~_.!}~!;lltf I;:J.; 
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'( 

.!( JL 
;/'\ :.: . .-,_!, .: . . 
.-; ,•Continuous groundwater discharge in raised areas of 
r :p~atf created unique, permanently moist . habitats . , ~ 

:, _\.u'hu.sual invertebrabl;fa~na-, described by jasin~ka 
"t':.~,_. -~: :• --·./ . • • . . : .. ' .. , ; · .. _.. ·-' . 
·•,. •Four remammg vegetated springs · x-.~ :.:,,:\>~:~F~t.1 ,; if :t; ·:'. . . .. _. . k • • _ • • 

i\ •Jl!:J.cl.~~:thre11Ur.om changed hy.drology, weeds.fire 

}!~~~~~;~~tii,~~,] 
l ·-~<~i\\~·,5,yu.~··•:a J· ■· . -~ •m1!1Df.§I -:: ·.Of:'-' 5.-)~ff.,'!i/f(,l AM.· I ~ \ • "} ~\:'fli ', . . 
;-.. · .. ~~ 'i -.• '- ,; l :~~ J ·.-,:,, ' . ',. 'i ~-· t _ i •k ! 1,.(j · ·, . ~ \",II: \ ef,':l•L;~•:. ·•~~-• ~ ·· ~ · J11 · · i-lJ;~;~~ .,'. . ~~ , ;•,"ri :':·~ -.. ;J,..., .... ("4 . , l,>;.i ,.:,t; :·,'·fa !I.; 
.•... 1-. ,·. , f t: ,.\., -~ .... . v. ·-, \. , ,., ,'S,/1 · .·_(_~ .... t'\ ')· ... . ~ :-•,·1 .. (·ft .,: \:1~,,. \• A.\· ~ .... ~,i-H .·,:s•'·••·;• l!:t.,. 

' " · . .,. I , V ' • I .. ~ • •ff,! \• , ~ l( ' . . • ~. ,;, ~ '. 
, •. ~ ) L1;•; ~- ·. ~ .. .', · ·. fJ :,~'i- l"'' ' • t:c• · -~ ...♦.'..: !'~ -~..-·-~ ·' , 
. · l ;. ,. '; ·" \ ·· I~ I ·, ,I~ , -·, , . , •. , · ' . .. ~ .--.... .'!' ' '-'~ 
•/• I! ·.- ·;,. ;. !' .· I•. ·1. · ·\'i: · ,, .!'l'•J~•,;1!; 1. ~ '. • .: .•~':'.;.:{:::.R,_. , -:..\ ,. .• "· t . . ,· If ; l ' . ' . . ~~ ') ' '<)'';'( ~ ., .. ,. ,I -~· ', 'f .•,:., \1 '_· 11'r5',· ··•~ ·:·. Jif .·1;: ii .;_.,.· 1·n .. ·~ · 

l •1 • I 1 · \f ,.I • ;... _ 1 .r •~1', . -~, •, .,.i· f ,:, ,- ,'-t 

I • i , ,1·,1 .'/r,\' l '•·• ·:. ',."f f \, ,:, .: , :.! i 
- ,· < --:i,; ' -,r,,, ' . ~ . ' ·r, · i' . I 11 ···-·, ,; ; .._ y >! i 71· ? ·11 I . ,..;, 

~ . ' ' · · • ' J •ff'J • ., . : I '->' 
f t :. : / ~ 4! (0 • . . ~r~- t, 

•➔ I I /,; • .,: ,. 1s· · :F'"' 1, / f 
-;:-t . ~ r, ~ . • al- , . ; > . : . . ~-t :, 

' It t\t .. ' t-.. " > I ~ ,,;:::, 
~ - ,,/;· .. ~~ 1•\•:1rtg.. :-:-; : r· , . 
., .~: ·t· ·: ::.1J. ~i , ir · 'if ·: !ff .· 

. :=:~J e: --~~ .. & ,' . )~ , ,. ~l f-.f--
• ~~- 1 • • . ~ .. ~, . .. ,,. ·tr-~ i ~f~-'!'; 
l@:.t ._ 1 ~ : .. • ... :J · · f: .;'m;\'.~';'. ·. ~! Jt 

Toolibin Lake 

.)~~-\~_r1 .. · ; ;\;. 
•Listed as CR in WA, EN under. EPBC Act . ·- ·,_ ~ ·:· .i . : • ~ ., 

, , ·~.!Je t~! last,_~T~ining 'P~rchlid ~Uan~~ ~,f_the . 1 , 

'· •· Wtieatbelt region with extens1Ve stands·of ·, · ~ ' 
1i!fci"§'uarina ob~ and Melaleucw'sfroboRflylla' ::' 
r ~·=:21}·Z:f ;~i ·.:; .~;;, ,.-.-_ .·:• • ·ll· / ·J-
/.::i!~'}1~~;\~I~a1J rom. ,,tered h~dl: ~,?'99,Y. ;_! ' !· 
<,.J ,1 ...,_ ·if:.,' ~ (: \ ' ~ • • .,. , . - · • , , r•" ... · r.. .:. •f: 
1 ~'R ;ic,,. , . T ... ...... k' t ,., ,_ ....... ·.,,, , ., , • 

,,,,.,~{:• .. fr,~~yery : .e~p, w,or mg o re!=t.?.y!3.r .. : Yi 'i 
- ' '."''' 

1aintllin hydrology, includingfen'gineering ,' 

,ctH•; C?,ns;;;(f f:; \ £ ;:'.,,.if: ·:, . :;?\i 
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-- ~, 

;~-1,i' 
t":. ' 

f::· 

_;.}'_ 
,~< 
:?, : 
~.~t 
1'' ~ , 

:.'~~ , l,: '·, 

. :./·~: : . 

;~f:ti; ~~;; 
~$~ 

·. ,~.:;: ~, .: ··-.;~·.~~-.~'-· ~~~:~~ 

. ', - '::;:: ... i . 
'I \ .,eu·~.selton lro~stone 1 

.' ; '; ~ / ' : .,. .• ~ ·.,~•i:: '~-. 

:iD~:~~~;~~){t?i,,~)bs~n ~;:[(~9~~) 
, ,_ ·: .!~' . .. ::! ;:. ,·. . . •.:j,\i) ·.?: 
•Listed'as CR in WA, EN'under EPBC :'. . . ,, .. -', 

•.15 occurrences. remaining; area -140 ha . . 
• , .·,c:- ,/:' · ·.,-.. ,, f :.:.'~ :· : '. , . .,.... . •. fJ 
•11" ORF and 6 Priorlty ~xa (many endemic•to71t1 

~~:;;1r~;f oi:t~h~lki~ 

- I 

'\'•, ,Busselton l~bhstone 2 : ' <<:~ ·., ' ' '.} ' 
. -~~e~.~V:.!'¥ '.f?.lan.,drafted \999,,1up~ate 2005 
' •Reco~~~"i~pl~mented ' ~~ ~w 'Region 
Recovery .Team . - ' .. -

j>.~ '.i~ti6ns inclual ~~~i-toring, phosphite 
treatment, tratislocations, fire management 

·i-c:.:,fr,;i)J~;::,, .. '" . ,,i.!'.'(i 
'! ;_(:' 
.. ' ~,. 
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.--\;, 

. Koolanooka Hills .;:/,i('.~':bf:~; 
\: •,Identified by Dr John Be~rd ;ts .u~tgue ::~\:.: --, .... 

. • i:~~•rtt~-t~or::s~stem o~}r~?~!~~i~hillt:~;1t )}J!I~ 
·: • . '< ~Vulnerable m WA, not--ERBC listed, • · · :}" .._ . ·, , 
{?: ' <_:./ "iPl::t'(;:l/;/{:_·_\ :'.:. ·_ -··· .-- ,:"_,. . ·-~· ." 
:_N~, :x:Jo~l,~j,U _!»ystem covers a~out 5,500 h,f' · •· 

~ti:1}Rgr1~ l~ir;ttron1, minjng,.r eeds .... , · 
Rec:ovetttPlail in.place ,:i/. · ·• 

\~\\._-';_ (·_· . -,~:i:~~·:;;\:~~- ·. --~,/ . , :- •. .·. 
u~e:~e~k1ifg".to ~cquire;f9r 

,,;i\tf1~i!lqn rl! ~i·~-~-?~;/~nc,.~o;, ;>• :,., 
· ,weed control ·• .. , · · .•· ,; • 
~: . :.•·- •.,,..... . ·,: . ,.1 .... ,f.,. ·:. •. · ·' ·~_?~;~ 

Conclusion 

■ The Department places a high priority 
on conservation of TE Cs, many staff, 
other scientists , volunteers involved 

■ Various legislation and policies are used 
to conserve TECs in Western Australia 

• Better ways to manage them are being 
developed with Recovery Teams 
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Plant Disease Diagnosis 
and Management for 

South-western Australian 
Flora 

Bryan Shearer, Colin Crane and Chris Dunne 

Science Division DEC 

·'?}.· i'n:i·~~,.-.-~ •~ ~• 'f ¾ -~--

Aims: 

• Understand and recognise the major 
diseases affecting south-west 
Australian flora 

• Diagnose the cause of poor plant 
health 

•Application of appropriate management 
options 

Outline for rest of day: 

• Afternoon (Inside): 
• Disease diagnosis relevant to south-western 

Australian flora with examples 

• Tomorrow morning (Outside): 

At Phytophthora cinnamomi disease centre: 

• Diagnosis - what to look for 

• Sampling procedure 

• Control - demonstration of various phosphite 
application methods 

Plant Disease Flora Mgmt Course 2007 



Disease Diagnosis 

Proper diagnosis essential because: 
• Accurate diagnosis extremely important in 

preventing problem on other plants and 
preventing the problem in the future 

• Management options depend on proper 
diagnosis of disease and the causal agents 

• Misidentification of disease leads to wastage of 
time and money and further plant losses - e.g 
Omphalotus misidentified as Armillaria - control 
measure a waste of money 

How does one go about 
diagnosing plant problems? 

• Must have good observation skills; 

• Be a good detective 

• Keep an open mind until all the facts related to 
the problem have been collected - recording 
sheets to help this 

• The possibility of multiple causal factors must 
also be considered 

7 Basics steps of disease 
diagnosis: 

I. KNOW WHAT IS NORMAL 

2. CHECK FOR SIGNS & SYMPTOMS 

3. KNOW THE MAJOR DISEASES 

4. OBSERVE PATTERNS 

5. ASK QUESTIONS 

6. LABORATORY TESTS 

7. FINAL DIAGNOSIS 

Plant Disease Flora Mgmt Course 2007 2 



1. KNOW WHAT IS NORMAL 
Proper plant identification: 
Recognise healthy plant appearance: 
• If you do not know what to expect of the plant you cannot 

recognise when something is wrong. 

• Understand the growth habits, colours, growth rates and 
habitats of the plants of interest. e.g. many plants undergo 
colour changes associated with dry conditions in summer 

--
1. KNOW WHAT IS NORMAL 

Proper plant identification: 
Recognise healthy plant appearance: 
• If you do not know what to expect of the plant you cannot 

recognise when something is wrong 

• Understand the growth habits, colours, growth rates and 
habitats of the plants of interest. e.g. many plants undergo 
colour changes associated with dry conditions in summer. 

• Healthy plants have background damage from environment, 
low level insect and fungal attack 

• Complicated by declines such as Wandoo and Tuart 
decline. Not associated with a particular pathogen or cause 
- often a combination of environmental, and insect 
interactions 

2. CHECK FOR SIGNS AND 
SYMPTOMS OF DISEASE 

What is disease? 

• Using the strict definition: 
Result of an infectious organism (pathogen) that can 

multiply and spread lo other nearby plants 

and interact with the environment and host plant 

lo produce plant damage and characteristic symptoms 

• Most pathogens are microscopic and include 

bacteria, fungi, nematodes, viruses, mollicutes, 

protozoa and parasitic plants 
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2. CHECK FOR SIGNS-AND 
SYMPTOMS OF DISEASE 

• Conditions necessary for disease? 
• Three conditions must be met for biotic plant 

disease to occur: 
• the host must be susceptible 

• a pathogen must be present 
» the environment must be favourable 
• All three of these factors must occur 

simultaneously 

2. CHECK FOR SIGNS AND 
SYMPTOMS OF DISEASE 

• Conditions necessary for disease? 
• Three conditions must be met for biotic plant 

disease to occur: 
• the host must be susceptible 

• a pathogen must be present 
» the environment must be favourable 
• All three of these factors must occur 

simullaneously - The Disease Triangle 

2. CHECK-FUR SIGNS AND 
SYMPTOMS OF DISEASE 
• Signs 

• Physical evidence of the pathogen causing 
disease such as fruiting bodies (see display) 

• mycelium, mushrooms and spore bodies - go 
i er detail shortl 

;; >2/,. . .,,'.:.' -/ ~ 
~;:~~-~. "":· ~ :-::.:- ... ~t.&.;.r • .. 

' •; 
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2. CHECK FOR SIGNS AND 
SYMPTOMS OF DISEASE 
• Signs 

• Physical evidence of the pathogen causing 
disease such as fruiting bodies (see display) 

• mycelium, mushrooms and spore bodies - go 
into nreater detail s . " ·• r;.-,.--~- ~' , 

tt ?-,~ ... &;,r. • 

- -
• problem with Phytophthora in that pathogen 

structures are microscopic - depend on 
symptoms, sampling and laboratory tests 

2. CHECK FOR SIGNS AND 
SYMPTOMS OF DISEASE 
• Symptoms 

• The visible effects of disease such as: 
• plant dealh, lesions, wood decay- go into 

greater detail shortly 

3. KNOW THE MAJOR DISEASES 
OF SOUTH-WESTERN FLORA 

• Major pathogens are fungi - 3 main groups 

• Diseases caused by species of Phytophthora 

• Disease caused by Armillaria luteobubalina 

• Diseases caused by canker fungi 

• Web page - Pathogen of the Month provided by 
Australasian Plant Pathology Society 

http://www.australasianplantpathologysociety.org.au/ 

Plant Disease Flora Mgmt Course 2007 5 



3. KNOW THE MAJOR DISEASES 
OF SOUTH-WESTERN FLORA 

• Major pathogens are fungi - 3 main groups 

• Diseases caused by species of Phytophthora 

• Disease caused by Armillaria luteobubalina 

• Diseases caused by canker fungi 

Briefly mention rusts and other pathogens 

MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Phytophthora 

CAUSAL ORGANISM(s): 
P. cinnamomi (introduced) 

P. citricola 
P. cryptogea 
P. megasperma 
P. drechsleri 

P. nicotianae 

P. cambivora 
P. inundata + 9 other species undetermined 

MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Phytophthora 

DISTRIBUTION: 

·•·:-" ~ ~--• ;" . ' ·:.:..,...,.. . ... . 
: --:·""'· 
~· ,tr,;., -, ",,. " 

~-~I"~ 

~··~ .. ""' 

Eneabba to Cape Arid, old inner dunes to Wedge of 
wheatbelt - mainly on leached late rites and sands. 
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MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Phytophthora 

DAMAGE: 

Pc • W of Eneabba 

MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Phytophthora 

DAMAGE: 

Pm • Badgigarra National Park 

MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Phytophthora 

DAMAGE: - - - .. - ..o~-r ,.,_ ._. •., 

Pc • jarrah forest 
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MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Phytophthora 

MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Phytophthora 

DAMAGE: 
. .. ·-, :~' •', ... ~,-- .. --., j ., · . .'. 'i,,J, {,~, ~,~-"" , ,, ,., -~,. .. .,·~ .. ·· . . ·r•·,• ·;,,· ~ . ,t< . •. ' ,•'"'- , ' . ,,, . . ; "'~·· " ' ·•- .. 

-,:,.:·;,,,-, _;.:;.~-·-~9-;f;,W ·~::: - ·: <>-
•l ' . ,,, . :-•~ ).~,._ .,:,-; f ~•···-~ ~· -

;~?l!'~f;F,f ii~~j!!~f 
Pc - Banksia brownii - South Coast 

MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Phytophthora 

DAMAGE: 

Pc - Lambertia - Banksia shrubland, Bell Track FRNP 
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MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Phytophthora 

DAMAGE: 

Pc - Banksia occidenlalis Cape Arid National Park 

MAJOR DiSEASES OF SOUTH-WESTERN 
FLORA - Phvtophthora 

DETE CTIO~~~Q§.J§: 
Crown 
symptoms 

MAJOR DISEASES OF SOUTH-WESTERN 

DETECTIO 
Crown 
symptoms 

Basal 
symptoms 

hthora 
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MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Phytophthora 

Signs: determined in the lab by plating and 
baiting 

I -, ___ I .s,_ ·_in,· -~ ~ ~-* ~-,t ,t' I', · ~· 
; - ~ , . . '4 

'·»4j/f' , .... ! 
R"'rariJ~f;i.l';:n-

MAjOR DISEASES OF SOUTH-WESTERN 
FLORA - Phytophthora 

Hosts: wide host ranae (e.g .) threatened flora 
«l(d) I 

= ----•- I P,~eac:eae -" " 
i.-... 

_ -• 1·Epoaoaceac ~·:·1 .. ~·~ ... 
,~~ --- -
t·· : I ___ _ 

11"'"'"'' 
Mimosaceoe 

Cypcraccac 

MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Phytophthora 

Hosts: wide host range (e.a.) threatened flora 
u , I '•"""~,~ !r-:-,;,iuctl~) 

■- I I 11 ~;:::;;,'." 
•1111 
:~ ----·~ -- .. =- I l~u~ 
-=-- -•··~ 

·1········· ·11:;;Ji';;i_ 
I 

..... - _ .,~~ 
1 - I l"'-1 · . ._..; 

··--·-·--~ - --~ := 
I 

(~ 

' ' Suscephbthly goop I 
~ 3 -1 

.. :r.>r. t~••!: 
!lkru::r.; 

Susceptibility group 
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MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Phytophthora 

Hosts: wide host range 
Susceptibility of South -western flora to Phytaphthora cinnamami 

-' 2300 sp,,cies of the 5710 s~cies ic. !he South-west Botanical Province 
' 600 soecies of the 5710 soecies in the South-west Botanical Province 

MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Phytophthora 

INFECTION & SPREAD:__s_ 

,___ .. r·'~""-"';;'' ....... i Ii . ·~'·r ---
,T ~­p,i~- ,,.,_..,,, ·---

/ ' ~-· 
/ :',. - i , ~ ~ ,.,. ._ ?i 
..... ...,~/.'1:;,,-- ·1•'," 

\

:::.::. i; "'" = -·- ·.,·:·.:)it --·-
\ 

:;::;;",..~.';;::w. = 
i 1t ~ =~~f-__-,~ 

MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Phytophthora 

MANAGEMENT: Hygiene, translocation, phosphite 
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Dieback Working Group 

A very useful contacts point for all things 
Phytophthora in Western Australia 

http://www.dwg.org.au/ 

http://www.dieback.org.au/ 

MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Armillaria 

CAUSAL ORGANISM: 

Armillaria luteobubalina (native) 

MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Armillaria 

DISTRIBUTION: 

'!. ;:i, ..... . ~ ~, 

~Jt"::.".io:. 

""'}t 
···.y:~::~:-··:::~= ··,,,. 

Cervantes to Cape Arid , coastal dunes to Wedge of 
wheatbelt - on wide range of soil types 
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MAJOR DISEASES OF SOUTH-WESTERN .. 
FLORA - Armillaria 

DAM.A.GE: 

Armi/laria - coastal dune Cervantes 

MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Armiflaria 

DAMAGE: 

Armillaria - gardens metropolitan area 

MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Armillaria 

_ DAMAGE: _____ .. 

Armi/laria - coastal dune Yalgorup National Park 
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MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Armillaria 

DA"""r-r::. 

Armillaria - jarrah forest 

" 

MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Armillaria 

D~l\i1A,-,r::-
. \ 

Armillaria - wa ndoo forest 

-i> \ 
' ' 

I 

iPif(1f/-~;l- ' ~· . ' 
,,,;;, ~~1ii1~J: &'j u 

~:"''~-¥~·~~- - " .,,"'1 ,~.~ 
k{tt;,c}t.:':T~~; 

MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Armillaria 

DAMAGE:r.,:~ - . _ 
;pf"__~ v' ·,. ,~,, 
'~~--✓ _ - -~ "! 

Armillaria - karri forest 
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MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Armillaria 

DAMAGE: 

Arm ii/aria - coastal dune Hopetoun , south coast 

MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Armillaria 

DETECTION & DIAGNOSIS: 
Crown 
symptoms 

Basal 
symptoms 

MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Armillaria 

Sions: mvceli .,. \ 

,,. 
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MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Armillaria 

Hosts: wide host range - few threatened flora 

"' • · >=,, _L 
.E i . .,.... __._ -

~ ., - - ._J_ ~ ,.-..,. ■ 

;; ·-- _ _.__i_ -

~ ::■ .. l __ _ 
;i ;::,= _ _J __ _J _ __.___ 

,_::t__ - . 
·~ - ~-·· ...... ,._..: -·-

MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Armillaria 

Hosts: wide host ranae 

J __ _._I -

J ,~- ~~ - .. :;::::. 
~ ;: ■ I ··· •·····~ _ - ■••~••mocm 

~ '~t•---~- .••••. • •~::: 
r:x•accoc - -~ - ·······=····~c-··· ·· -····· ··· 

1 2 3 4 
-~--?p11Q.1::y ;~:-..:;- Susceptibility group 

Armi/laria Phytophthora 

MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Armillaria 

INFEC~TION & SPREA.~: air, roots ~-- \ ),.. . IJar:puJ.-.0 ·· , , 
tNUuc..,,..--1 \ ~ 
tm,rm,. Q~ \ •• , f 

0 00 11 I '"· . 

/ 11-, I_ I 
' ' ' : \ I ' 
I ! ! I 
~"' \ :bt.i 
ITrtt\ /Jm 

;) \ i 

k:l:::n.--,111111' 
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MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Armillaria 

MANAGEMENT: 

Hygiene - no movement of infected roots 

Prevent stress 

MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Canker 

CAUSAL ORGANISM(s): (most native) 

Cryptodiaporthe 

Endothia, Quamballaria 

Botryosphaeria 

Zythiostroma 

MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Canker 

DISTRIBUTION: 
_._ , ...... -~ 
"' ~ 

n-.-.. ,•r;z:;. t;. 

-~-w • : .-~;:; 

...... . ~.'.. 

..... ~.:.At ······,·· . ~-, , .. " 
~-~,...-,-. A 

.. :;.:, .~~-·~ .. :;.~- ...... ;:; , 

Very widespread - on wide range of soil types 
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MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Canker 

DAMAGE: 

Canker - Tuart Mandurah 

MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Canker 

DAMAGE: 

Canker - Marri throughout the south-west 

MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Canker 

DAMAGE: 
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MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Canker 

DAMAGE: 

MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Canker 

DETECTION & DIAGNOSIS: 
Crown ~:·'-<?<{f ~~Jf . 
symptoms ~----~--,. ~~-

Stem cankers 
diffuse 
perennial 

MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Canker 

Signs: often determined in the lab by plating 
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MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Canker 

Hosts: 

• Wide host range 

• Many proteaceae - threatened 
Banksia susceptible to 
Zythiostroma 

• Eucalypts resistant to 
Phytophthora susceptible to 
canker 

MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Canker 

INFECTION & SPREAD: air, stems 

MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Canker 

MANAGEMENT: Hygiene, destroy affected stems 

Prevent stress 
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MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Other 

CAUSAL ORGANISM(s) : 

Rusts 

Leaf spots 

MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Rusts 

DISTRIBUTION: 

·.· .. 
e,•·-•,...,t • 
:;~,, ~ .. -· · .... 

... -.=~ -
·~···--"' ......... 

,.·:, ·"'• • =•• 71 ••A'> ,-.l .... ·~ · ····•-•..; . -~._.:;~.- --

" ·--~•-· 
:=~::::; --~ ---·· 

Very widespread, especially wheatbelt and goldfields 

MAJOR DISEASES OF SOUTH-WESTE 
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MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Leaf Spots ~"-"!2:t"_ ------

MAJOR DISEASES OF SOUTH-WESTERN 
FLORA - Rusts and Leafspots 

Hosts: 

• Wide host range 

• Threatened flora 

• Hosts resistant to Phytophthora 
susceptible to rust or leafspot 

DO NOT CONFUSE DISEASE 
SYMPTOMS WITH INSECT DAMAGE 

\. fi!f~,- -,i,'i.~.;}f~t!-;!f·!. . ,- . 
( . " ., 

'(;'1 ... 
~r ,r 
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IN SUMMARY 
• Plant diseases of south-western 

Australia mediate plant community 
dynamics 

• Plant diseases significantly affect 
biodiversity 

• Plant diseases differ in their responses 
to host and site 

• Site management must ensure that 
changes made do not favour disease 

4. OBSERVE PATTERNS 

• Timing of symptoms 
• Sickness or death occurred once - more often 

abiotic (associated with drought, waterlogging, 
herbicide) than biotic 

• Symptoms occur over time - biotic 

• Can the outbreak be related to a specific event 
e.g death due to P. megasperma often 
associated with summer flooding 

4. OBSERVE PATTERNS 

• Check for host specificity 
• Plants highly resistant to Phytophthora 

cinnamomi such as most Acacia and 
Eucalyptus wandoo are highly susceptible to 
Armil/aria luteobubalina 
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4. OBSERVE PATTERNS 
• Are symptoms and signs associated with specific 

plant parts? 
• Phytophthora and Armi//aria kill from the roots up 

• Cankers kill from the tops down 

4. OBSERVE PATTERNS 
• Are symptoms and signs associated with specific 

plant parts? 
• Phytophthora and Armi//aria kill from the roots up. 

• Cankers kill from the tops down 

• Are symptoms associated with particular soil 
types? 

• Phytophthora highest impact on infertile acidic sandy 
soils, low impact on loamy and calcareous soils 

• Armillaria tends not to occur on acidic sands and will 
have high impact on loamy and calcareous soils 

• Cankers can occur everywhere 

• Spatial distribution of symptoms: 
• Uniform damage - more often abiotic (non-living) factors 

• Indicator species present: 
• Death on a front - often with Phytophrhora. especially in proteaceae 

dominated communities, sometimes with Armillan'a rarely with 
canker 

• Death associated with water movement, reading, dislurbance -
Phytophthora 

• Spol occurrence - can occur with all 3 diseases 

• Individual dead or sick plants- can occur with all 3 diseases 

• No indicator species present 
• Old infections of P. cinnamomi - may be difficult to interpret 

because the pathogen has removed susceptible hosts e.g. the lack 
of B. grandis in John Forest National Parl< - botanists lend lo call 
these new communilies! 

• Communities dominated by resistant species - uninterpretable for 
P. dnnamomi 
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5. ASK QUESTIONS 

• What is the history of symptom 
expression? 

• What are predisposing factors? 
• Site characteristics 

• Host susceptibility 

• Any inciting factors? 
• What is the disturbance history of the area 

(altered drainage, roading , herbicide etc) 

• Changes in weather and climate patterns 

• Insect attack 

6. LABORATORY TESTS 
• Role of the Vegetation Health Service 

\ .,:-::~ ~ ;A &-!.W 

• Baiting 

• Plating (see examples) 

• Sample results 
• Summary table of major pathogens 
• AND REMEMBER 

• Be a good deledive 
• Keep an open mind until all the facts related lo the 

problem have been collected - sheets to help this; 
• The possibility of mulliple causal factors must also be 

considered e.g may have Phytophthora in wel area 
but dealhs of Banksia on sandy upland - may be 
drought rather than disease 

• Go for help - Disease contacts 
• Chris Dunne, Colin Crane, Richard Robinson -

Research 
• Mike Stukely - Vegetation Heallh Service 
• Mike Pez - DEC interpreters for Phytophthora 

inlerprelalion & mapping 
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Natural Diversity Recovery Catchments 

Gavan Mullan 

Revegetation Development Officer 

Midwest Region 

1.;r~·: D1:-p ~11 ~1')€' ill of 
"-(#. :=: n virnnment e1nd Cons-e rva t ior, 
·.--:- --: . 

v ...... , 

Contents 

• Background to NDRCs; 

• Snapshot of the: 

~ . 
I TI; 
~ 1J 

Buntine Marchagee 
Catchment 

Buntine-Marchagee Natural Diversity Recovery 

Catchment (BMRC); and 

• Case study of: . 

Native vegefation.management in the BMNDRC 
. ·/ .. ,.· .. 

Background 

• DEC, through the Salinity Strategy (2001) is 
responsible for ensuring regionally significant 
natural areas, such as wetlands, threatened by 
salinity are protected. 

• This is achieved through the selection of priority 
catchment areas, called Natural Diversity 
Recovery Catchments (NDRC), that have been 
identified under' the State Salinity Investment 
FrameworkJSIR'.). 

Recovery Catchments Gavan Mullan Flora 
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-J.ji • To protect and where possible restore high . 
· - priority biodiversity assets, particularly wetlands, !J;t 

that are threatened by salinity, and which are 
regionally° significant. · 

Location of N.D. Recovery Catchments 

; -,J ·· ~ , ... ,. \.~ f· □-~~ 
:,., ~ <,,-~ ---r1¾1 - - --

\ ~.__.r----j: -- 61-J'"-.. 
:.:::::..~- ~ ~ j, ~ 
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1iP i N~~~"?f ff f 
5 

iJ;l • Six in WA (BMNDRC is one of the biggest); 
~1 ~ 

1}t • Substantial investment(~ half of the annual $6.5 ~i 
"®1 million salinity program budget goes into -

Recovery Catchn,ents); 

• Long .term projects; and 

• Focuifora ll'~xp~rti~1L.-:·giant piicit study. 
. -.,': ~~:/:/i~J~t~.()}}:_:· /::.~:. •,: ...... . 

Recovery Catchments Gavan Mullan Flora 
Mgmt Course 2007 2 



Why was Buntine-Marchagee selected? 

·\' 
:/.-·.~ .. ;, j . . ·.: 

,· • Biological Values - flora and 
fauna i 

·~ Represents landform types 
typical of the northern 
wheatbelt 

• Naturally Saline System 

• Acceptable risk 

~~' 

If~~ f ;!· ·:~~· 
,:, 
,\; ,._., y·-· 

ieWatts 
ndsay Bourke 

avan Mullan 
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~ ·.".:,~l.'~-~·. P,;'~~i ..... \i,S/W'~.!,-Q; 

Why prioritise native vegetation management? 
'.;:L<@i'.:mf~~~:~.lll!!'Z\t :~•"·l\~ 

• Over 500 remnants with differences in: 
size, shape, vegetation type, condition, and isolation. --·~!If~'!. 

Priority setting options 

Five options considered. They were: 

• well documented; 

• trialled (to some degree); and 

• scrutinised. 

Recovery Catchments Gavan Mullan Flora 
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Priority setting options 

CAR reserve system: 
national reserve system 

vegetation based 

based on criteria: 

C: Comprehensive: full range of biodiversity (community, 
species, genes) 

A: Adequate: sufficient lo ensure persistence 

R: Representative: include areas throughout geographic range 
of communities and species 
15% of pre--1750 ecosystem disbibutions. 

prioritise rare/endangered ecosystems & species. 

Limitatior.s: 

ecosysle'!' co!"plexity 

population persistence 

spatial factors 

Priority setting options 

Habitat Hectares: 

• Scores 1 O attributes of each remnant to derive a ranking 

number. Attributes are weighted differently. Attributes are: 

large trees tree canopy cover 

undersl<irey lack of weeds 

natural recruitment organic litter 

logs patch size 

distance to core area neighbourhood characteristics 

Limitations: 
• scoring syslem 

• vegetation based 

• ground-based seledion 

Priority setting options 

focal species approach: 

use of indicator species ... assumed to 

represent most other species 

based on the sensitivity of the indicator species 
to various threats 

Limitations: 

• indicator species may not be a good indicalor! 

• persistence of indicator species 

Recovery Catchments Gavan Mullan Flora 
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Priority setting options 

Population Viability Analysis: 

Quantitative computer modelling approach 

Indicates the level of population persistence over time 
and under various management techniques 

Limitations: 

dependant on life history data 

very expensive in time requirements 

lack or broader ecosystem scope 

Priority setting options 

Market Based :nstruments (MBl's): 

Non-directive economic instruments 

Types of MBl's 

Price based: 

e.g. tender.. 

Quanli1y based: 

e.9: lradable permits 

Limitations: 

Bushland Benefits Program: 

Price-based tendering program in SW of WA Tenders 
assessed on biodiversity value, management value & 
cost effectiveness. 

Carbon trading 

• forussed on economic efficiency 
• depends on valuing market items 

Option used in the BMNDRC 
Combination of: 

• CAR; and 

• the Focal Species approach (using birds as indicators). 

Main elements used: 

• area; 

• connectivity; 

• condition; 

• intersection with priority wetlands; 

• vegetation associations with a very low area remaining .in · 
south-west WA, e.g. woodlands; and ,..··: ·.-"· · ·· · · ··-.: -

• woodlands down-slope of granite rock o~tcr~ps (as iq~ntified 
in the biodiversity survey of the WA agiicultural zone; - · · 
Keighery et al. 2004). · ·· · 
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Landscape Design for bird conservation 
Step Four- Plan for new habrtat to Join neighbourhoods 

Landscape-Yesi§n f-Or bird eonservation 
Step Five - Plan for linkages between remnants lo increase 

- ·· -- - -- connectedness -- - - -

-r-.\ -~ .J • ·-! -1....: 7 

'~ ._,.~. ;-~---· ,'vt~~MtE -_) -__,_..,._ 
,,,. •'.".:"~ .,. i-'-. ..,,·. _,-,,,r, '.rt 
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~ 
• ."~~ rr-f' A., 
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,,I;-

Landscape Design for bird conservation 
Prioritise remnants for habitat management based on s,ze and condrtion 

_ /~ 
~--1" ! - ·'----"'""' 

a S. # . •:. I 
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l i t ' • 
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'!l! • Natural Diversity Recovery Catchments ... 

~ 
. .f Case study 

,i', 

if: • Native vegetation management priority setting techniques ... 
~ ::! 

Y~ • Management actions ... 

;~~i.4.(';iil~.;4~.;r&H'·;~:i:{;'!::}'<::~:;:i;:·:·,:·'{··· 

Thank you 

Gavan Mullan 

DEC Midwest Region 

~~:~: ,- ~~ 
Buntine Marchagee 

Catchment 

Recovery Catchments Gavan Mullan Flora 
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Monitoring 

Monitoring is the repeated measurement of a factor or range of factors over time to 
detennine change. 

Evaluation is the analysis of the "raw information" collected during monitoring to 
enable conclusions to be drawn and the effectiveness of management actions to be 
assessed. 

1¥hy Monitor? 
There are several triggers which lead to the initiation of monitoring programs. One is 
when there are legislative and/or statuto1y requirements to strut monitoring. These 
may be required on a "permit to take", or as pait of an ethics committee condition. 
Another trigger is when there is a management plan or recove1y plan and the 
monitoring forms prut of management considerations. This can sometime happen in 
controlled fire burn prescription, or in other disturbance operations. 

Another reason to strut monitoring is to address gaps in biological knowledge. For 
management it is often useful to understand the regeneration biology for a species, for 
example whether it reseeds or re-sprouts after fire; Baseline data and improved 
currency are two other reasons to monitor. The quality-and comprehensiveness of 
knowledge can be improved with collection of monitoring data. Another use is to 
detennine and measure impacts of key threats and to ascertain ecological patterns and 
processes. 

Other reasons to monitor are to support operations and improve management. It is 
sometimes a way to engage stakeholders on the local, state or federal level. 
Monitoring is also done to inform government and the public. 

To be sure that the monitoring is carried out well, there are a series of criteria to be 
met: 

• Have clear objectives 
• Design the monitoring to meet the objectives 
• Collect the data in a rigorous repeatable way 
• Check that the data can be readily accessed analysed and queried by district 

and regional staff 
• Look at ways of getting more value from the monitoring effort 
• Use the data to improve management decisions. 

What to monitor? 

• 

• 

• 

• 

Biological data, such as changes to biodiversity condition, the structure and 
composition of the community; this information can be examined at 
individual, population or species level. 
Ecosystem process and function data, such as pollination vectors, nutrient 
distributions, or hydrological patterns (at a larger scale) 
Behavioural impacts, such as the regeneration mechanism used in response to 
vru·ied intensity of fire 
Disturbance processes, including fire behaviour, site conditions, soil moisture, 
groundwater levels, grazing impact, dust and other pollution 
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• Objectives/ strategy implementation, such as whether the project was 
successful and cost effective 

Tools and Techniques of Monitoring for a Range of Results 

► Oppo1tunistic or ad hoc, as in DOB observation 

► Qualitative, such as photo points 

► Repeated measurements, including 
• baseline survey 
• presence, absence, condition, RFFRF 
• Change or trend 
• permanent quadrats and transects 
• hypothesis testing 
• relational determining causative factors 

► Different spatial and temporal scales, such as point data versus area data 

► Differences between auditing, monitoring and research 

► Monitor the impact rather than the cause, which requires knowledge of a direct 
dependency relationship 

Examples of Methods 

Rare Flora Field Report Form (RFFRF) 
The RFFRF provides a snapshot of all or prut of a population at one point in time. 
The minimum requirements recorded on the fonn ru·e the species nrune, the 
Deprutment's population number, whether it is a new or known population, 
accurate location info (GPS coordinates and a description), the number of adult 
and seedling plants, their reproductive state, the condition of the population, and 
what the existing or potential threats are. 

Other information which can be included is the landform, the soil type, the 
vegetation type using Muir's classification, associated species, fire history, 
pollinators, specimen collection information. 

This data is entered in the Declared Endangered Flora Listing (DEFL) 
administered by the Species and Communities Branch of DEC. 

Photographic Monitoring 
This is the simplest and most convenient method. The benefits are that it provides 
information over a long period if there is adequate standru·dization, and it visually 
communicates the nature of changes over time. The shortfalls are that it is 
difficult to explain changes interpreted from the photographs, and it does not 
readily produce quantitative data for ent1y into a database. 
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Quadrats and Transects 

Quad.rats and transects are used to asce1tain long term natural dynamics of 
populations. Also they can show the effect of threatening processes, the effect of 
active management recovery work. These also provide information on threats and 
trends. The samples are only a subset of the population or its occun-ence. 

It is essential that the sites are permanently marked so that repeatability is 
ensured. The marking is done on a n01th-south or east-west aspect, using a 
compass. The size of the quad.rat or transect is determined by the size and density 
of the plants being monitored. Nested quad.rats of 1 to 2 metres make it easier to 
record presence-absence data. 

Count mature flowering plants and seedlings separately. 
Make note of: 

• The reproductive state (flowering, fruiting or vegetative) 
• The reproductive method (seed, vegetative) 
• The method of seed storage ( on plant, in soil) 
• The level of.seed produced (an indication of suitable pollinators being 

active or absent) 
• The health of each plant 
• The height and width measured 
• The active growth or donnancy stage recorded 

NB: this data is used to determine the reproductive potential of the population and 
to provide information for ranking when using IUCN criteria 

Other useful data to record with quad.rats and transects is: 
Associated plants should be noted with the IO most dominant being listed from 
the most common to least common. System cards can be used to show an 
example of each associated species found. 

Canopy cover should be noted as it may impact on the health of the threatened 
species, i.e. many species are opportunists that appear after fire and soil 
disturbance. They are often short-lived and are crowded or shaded out by other 
species over time. 

Transects are most useful for larger species that are scattered over a wide area in 
the landscape. 
Transects vary in length and width but are commonly 30 metres by 1 metre or 
30 m x 2 m in size. 
Normally a transect is positioned from just outside the edge through a dense part 
of the population being monitored. 

When to Monitor? 
It is common to monitor on the day of a disturbance, such as a burn. Or it may be 
done within a few days of the disturbance. 
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The time for monitoring is determined by a biological response, such as when 
germination occurs, when green pick grazing occurs, when there is a recovery of 
the closure of the canopy biomass or at a time when reproduction is occurring. 

Frequency 
Monitoring can be c,mied out at a once off, or intermittently. It can be done 
cyclically, such as by season or annually, or every 5 years. 

Monitoring Emphasis 
Those species which are Critically endangered (CR) are of highest priority should 
be monitored at least annually. 

Those species which are Endangered (EN) are the next highest priority and should 
be monitored at least bi-annually. 

The species which are Vulnerable (VU) are the next highest priority and should be 
· monitored at least every three years (preferably more frequently). 

Where to Monitor? 
On site versus Off site 

Displacement effects 
• Brushtail vs. ringtail possum 
• Water abstraction vs local effects 
• Riparian habitat vs feral pigs 

Impact of transported matter 
• Sediment 
• Nutrient 
• Water quality 

Implemented on both depaitmental and other lands 

Who monitors? 
• Nature Conservation staff 
• Specialists--local and non-regional 
• Assisted by other District staff 
• Volunteers and community groups 
• Te1tiai·y students 
• Other agencies 

Funded how? 
It is proposed when: 

• a species is identified in a Recovery Plan, or Interim Recovery Plan or 
Wildlife Management Plan or Area Management Plan. 

• The species is identified in an annual OPP Process. 
• The species is identified in annual Region/District strategic operational 

plans/action plans. 
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External funding from the Commonwealth's NHT, Bio prospect and the State 
Salinity Strategy. 

Storage of Information 

• Regional and corporate databases 
• New DEFL proposed to store additional population, threat and 

management information obtained from future monitoring 
• A monitoring form will be developed as part of this process 

Reporting 
• Routine reporting should included post-bum repo1ting associated with the 

prescription; annual Threatened Species/ Recovery Team Reports; 
Corporate datasets-DEFL, WAHERB, TEC 

• Permit to take reporting conditions 
• External funding sources report (NRM, NHT) 
• Office of PP Annual Report on achievements 
• Occasional rep01ting will include EPBC Act refe1rni conditions repo1ting, 

advisory committees and the Conservation Commission. 

Summary 

Monitoring is the repeated measurement of a factor or range of factors over time 
to determine change. Objectives must be clear, relevant and achievable. It is 
important to choose the coITect monitoring "tool" to achieve the objective. 

• Rare Flora Report Forms are used to obtain the population data (number of 
plants, reproductive state, threats, general conditions) 

• Photo points are used to illustrate change over medium to long time 
periods but don' t produce "hard" quantitative data 

• Transects and quadrats are useful when monitoring individual plants and 
threatening processes 

• Information storage is essential-Corporate (DEFL, TEC, W AHERB) and 
local databases. 

Authors: Kim Williams, Russell Smith, Erica Shedley, Andrew Brown 
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Introduction 

Content 

General Aim of the Course 

Learning Outcomes 

Assessment 

Content 

Role of the WA Herbarium and the staff who 
work there 

Biodiversity 

Biosystematics 

Conservation 

Flora Base 

Regional Herbarium Network 

Volunteer program 
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General Aim of the Course 

• To provide Departmental staff with the 
understanding and knowledge of the 
WA Herbarium and how it can be used 
to access information (particularly via 
FloraBase) on rare and threatened flora. 

rt · I Learning Outcomes 

, Demonstrate an understanding of the WA 
i· Herbarium and the work carried out by 

staff there 

,,:-. 

~ ~. 

;: 
i ; 

Demonstrate an understanding and 
awareness of the facilities available for 
flora research . 

Learning Outcomes 

Describe the Volunteer Program 

Demonstrate an understanding of how to 
use the FloraBase website to retrieve 
information on rare and threatened flora 
species 

2007 Flora Mgt Course 
Plant ID 

Nie Lander 
2 



Assessment 

15 minute theory exam - short answer and/or 
multi-choice 

Approximately ¾ hour - Computer simulation 
assessment (Interactive Keys) 

The WA Herb-arium 

Part of the Department 

Responsibility - Description and 
documentation of Western Australia's 
botanical species diversity 

The WA Herbarium 

Unique state-wide team 

Gathers, manages, researches and 
communicates information on our unique 
and precious flora 

Vital role in a national and international 
network of herboria and allied biodiversity 
conservation agencies 

2007 Flora Mgt Course 
Plant ID 

Nie Lander 
3 
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Biodiversity 

Collections of native and alien plant 
specimens 

Documented 

650,000 :.pc:cimens 

Variation of vegetation types 

Biosystematics -] 
Basis for understanding and ordering of 
taxonomic biodiversity 

Current research, identification 
applications and manuals 

Taxonomic journal Nuytsia 

Biosystematics 

Analyse evolutionary patterns 

Delimitation and characterisation of 
species 

Identify species at risk - target for next 
collection 

2007 Flora Mgt Course 
Plant ID 

Nie Lander 
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Conservation biology 

Complemented by the Threatened Flora 
Seed Centre and biological studies on. CR 
species 

Complemented by Molecular genetics 
facility 

WA Herbarium provides baseline data for 
assistance 

cs·iodiversity Tnformation 
Systems 

Biodiversity data is managed using 
sophisticated information technologies 

Allows for communication of results 

Biodiversity Information 
Systems 

Information Systems 
Include: 

- Census WA 

- Specimen database 

- Plant descriptions 
database 

- Botanical library and 
database 

- Plant images 
database 

- Spatial data 

- Biological attributes 
of plants 

2007 Flora Mgt Course 
Plant ID 

Nie Lander 
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Flora Base 

Statewide 

Integrates all previous datasets 

Provides - Lists of plants, up-to-date 
classification, short descriptions, range 
maps, and a representative image 

Primary method for staff and public to 
access botanical information 

Regional Herbarium Network 

70 regional community groups - maintain 
local reference collections of duplicate 
specimens 

Trains volunteers to accurately record 
data 

Contributes new documented specimens 

Maintains accuracy of identification 

Volunteer Program 

Allows for active public participation 

Assistance with on-ground projects 
reduces time, money and individual 
labour 

2007 Flora Mgt Course 
Plant ID 

Nie Lander 
6 
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Volunteer Program 

Current Projects: 

Specimen 
processing 

Image capture , and 
stor2ge 

Plant identification 

• Provision of plant 
information to the 
tourism industry 

Regional herbaria 
network 
coordination 

Voiunteer Program 

~~ 
t." Current Projects 

{:· 

i ; 

• ..... 

Contributions to 
Flora Base 

Collection, 
identification, and 
documentation of 
invasive species 

2007 Flora Mgt Course 
Plant ID 

Curation and 
identification in 
specialist plant 
groups 

Nie Lander 

] 
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MONTANE MALLEE TIDCKET OF THE STIRLING RANGE TEC 

Name: Mallee-heath and mallee-thicket community on mid to upper slopes of 
Stirling Range mountains and hills 

Description: Mallee heath or mallee thicket community above approximately 400 m above 
sea level in the Stirling Range. The community occurs on sandy clay-loam over sandstone and 
metamorphosed sandstone on the mid to upper slopes of mountains and hills in the Range, 
predominantly east of Red Gum Pass. 

Status: TEC, endangered, not endorsed by Minister 

No of Occurrences: 22 significant occurrences, 1,400 ha± in total, 350 ha 
considered to be predominantly Phytophthora cinnamomi-free. 

Location: Stirling Range National Park 

Dominant species: Species-rich plant community dominated by Phytophthora-susceptib!e 
members of the Proteaceae, Papilionaceae, Myrtaceae an.d Epacridaceae. Banksia solandri is a 
key indicator species 
Extent: Due to extensive infestation of the Stirling Range by P. cinnamomi and loss of key 
susceptible species and changes in plant community structure, it is difficult to determine the full 
historical extent of the community. 
The community generally extends further down-slope on the southern aspects of these hills, 
which may be due to the moister cooler conditions experienced on these southern aspects. 
The community does not occur on the higher summits east of Chester Pass (above 900 m a.s.l), 
which is occupied by the Montane heath and thicket TEC. The Montane mallee thicket 
community may occur on the mid-slopes of these higher mountains. 
Extent of Phytophthora cinnamomi infestation: The only summit above 700 m that is still 
Phytophthora-free are Mondurup Peak. Current occurrences of the TEC that are considered to 
be largely Phytophthora-free are the summit and upper slopes of Wedge Hill, Yungemere, the 
ridge southwest of Gog. Toll Peak, Baby Barnett, Hosteller Hills and Little Mondurup. 
However, there are small infestations on four of the southerly ridge systems off the main ridge 
southwest of Gog as well as the eastern end of this ridge. There are significant spot infestations 
on Yungemere, Wedge, Hostellers and Little Mondurup. The remaining occurrences (the 
Abbey, Barnett Peak, Baby Barnett, Henton Peak, Twin Hills, Magog, Gog, Talyuberlup, Mt 
Hassell, Mt Trio, Toolbrunup, South-east Ellen Peak and Mt Success) have extensive 
infestations with small remnants of intact vegetation. 
Rates of spread of P. cinnamomi of up to 250 m per annum down-slope have been observed in 
the Stirling Range. 
Fire: The TEC is characterised by a number of fire sensitive species, many key species 
occupying the wet gullies and thickets of upland areas typically require a longer fire-free 
interval than those occupying the seasonally dry lowland mallee-heath. 

Other issues to consider: recreation and climate change 

Sarah Barrett Field Survey Exercise Flora Mgmt Course 2007 



Field Activities 

Break into groups to complete the following activities: 

Mapping: Discuss how you would map the Montane mallee-thicket TEC? 
What additional information would be useful in defining the community 
boundary? 

Identifying threats: List threats to the community. 

Managing Threats: Once you have your list of threats, identify ways in 
which these threats c~uld be managed. _ Also state who would need to be 
involved in the planning and implementation of recovery actions and how 
this should be coordinated. 

Monitoring: Describe methods you could use_ to monitor the condition of 
the community and assess whether management activities have been 
successful. 

Resources: Map of TEC 

Sarah Barrett Field Survey Exercise Flora Mgmt Course 2007 



The risk of extinction resulting from disease caused by Phytophthora cinnamomi to threatened 
flora endemic to the Stirling Range National Park, Western Australia 

Sarah Barrett1
•
3

, Bryan L. Shearer2 Colin E. Crane2 and Anne Cochrane2 

1 South Coast Region, Department of Environment and Conservation, Albany, Western Australia 
2Science Division, Department of Environment and Conservation, Locked Bag 104, Bentley Delivery 
Centre, Western Australia 6983 
3 Contact should be made to S. Barrett , email sarah.barrett@dec.wa.gov.au 

Keywords 
Phytophthora cinnamomi, extinction risk, threatening processes, susceptibility 

Aims and Introduction 
The Stirling Range National Park (SRNP) contains more than 1500 of Western Australia's plant taxa, 26 of 
these are threatened, with 85 endemic to the Park. Phytophthora dieback resulting from the introduced 
root pathogen, Phytophthora cinnamomi Rands (Oomycetes) is considered to be the foremost threatening 
process for rare and endemic flora of the SRNP (Grant and Barrett 2003; Barrett 2005). Some 36 % of the 
SRNP flora is estimated to be susceptible to P. cinnamomi with 10 % considered highly susceptible 
(Shearer et al. 2004), More than 60 % of the SRNP is estimated to be currently infested. Climate, soils, 
topography and susceptible plant communities combine to provide ideal conditions for the sporulation, 
survival and dispersal of the pathogen (Grant and Barrett 2003, Barrett 2005) . Other threatening 
processes may interact with Phytophthora dieback to increase extinction risk. Fire has the capacity to 
increase the extinction vulnerability of narrow range endemics (Yates et al. 2003). Grazing also adds to 
extinction vulnerability while summer drought, predicted to be exacerbated by climate change (IOCI 2002}, 
is considered to be a significant threat to those taxa associated with retugial habitat. This paper estimates 
the risk of extinction caused by P. cinnamomi for 28 conservation-listed or endemic taxa, a!! but one taxon 
restricted to the SR!'JP. Of the 28 taxa assessed 12 were listed as threatened and 13 as 'Priority' or 'data 
deficient' flora . 

Materials and Methods 
All plants were propagated from seed collected from in-situ populations with the exception of Leucopogon 
gnaphalioides and Persoonia micranthera which were grown from cuttings. Pots were soil-inoculated with 
P. cinnamomi in a shade-house environment as described by Shearer et al. (2004). The percentage of 
plants with collar lesion or percentage mortality was calculated for the 5-month assessment period. The 
upper asymptote Kmax, lag time t½K and intrinsic rate of increase were calculated from mortality curves. The 
susceptibility score of each !axon was then calculated as follows: Susceptibility score1axa = Kmax + (100-
t½K) + (100 x r) . The Direct Impact Score = (Susceptibility score1axa1 Susceptibility scoremax) x 10. Data on 
the number of extant and extinct populations, habitat type and condition, life history characteristics, 
threatening processes and population condition were collated from the Western Australia Department of 
Environment and Conservation (DEC) databases and records, Interim Recovery Plans and Herbarium 
records . The presence of P. cinnamomi in populations, the location of the nearest infestation adjacent to 
populations and the topographical position of infestations in relation to populations were determined from 
DEC records and survey of P. cinnamomi within the Park (Grant and Barrett 2003; Barrett 2005). Distance 
of populations from the nearest known P. cinnamomi infestation and nearest track or road was calculated 
using GIS. Extinction risk was scored and ranked based on the number of extant populations, whether 
population extinction in association with P. cinnamomi had already occurred, Direct Impact Score, 
percentage of extant populations infested by P. cinnamomi, percentage of populations less than 500 m 
from a disease infestation and the nearest track, firebreak or road; the percentage of populations at least 
100 m upslope of the nearest disease infestation, and the presence of other significant threatening 
processes (Table 1). 

Results 
Direct impact scores ranged from zero (four taxa) to the maximum score of 10 for lsopogon /atifolius . Two 
taxa had scores greater than nine (Dryandra montana and Banksia browni1) . All taxa but one (Acacia 
awestoniana) occurred in susceptible habitat and this taxon was not assessed further. Taxa listed as 
threatened had in general low numbers (<6) of populations with the exception of B. brownii, Darwinia 
squarrosa, Deyeuxia drummondii and Leucopogon gnaphalioides, while two Priority flora (Dryandra 
ferruginea ssp pumila, Gastrolobium vestitum) had less than five populations. Previous population 
extinctions were recorded in 12 taxa including eight threatened and four Priority flora . For 26 of the 27 taxa 
with susceptible habitat assessed, more than 50% of populations were infested by P. cinnamomi, the 
exception was Banksia aculeata. All 27 taxa had more than 50% populations within 500 m of a 
P. cinnamomi infestation while 14 taxa had no populations at least 100 m upslope of a P. cinnamomi 
infestation. For 14 taxa, more than 60% of populations were less than 500 m from tracks or roads while for 
all taxa over 20% of populations were less than 500 m from access tracks. Four significant additional 
threatening processes were identified : frequent fire, grazing, climate change and other plant disease. 
Eight taxa, of which five were threatened, had three additional threatening processes, another eight had 
two, and 11 taxa had one additional threatening process. Based on the total extinction risk score, eight 
taxa had a very high, five a high, five a moderate, six a low, three a very low and one no risk of extinction 
due to P. cinnamomi. All taxa with a very high risk of extinction are currently listed as threatened and 



ranked critically endangered. However, none of the five taxa with a high extinction risk are currently listed 
as threatened. Three taxa currently listed as threatened had a low (2) or zero (1) risk of extinction. 

Discussion 
The Commonwealth of Australia Environment Protection and Biodiversity Conservation Act (1999) was 
enacted to prevent extinctions and to maintain Australia's high level of biodiversity. Many taxa in the SRNP 
have narrow range specificity. Where a !axon is rare and geographically restricted any degree of 
susceptibility may have a major effect on its continued survival. This paper clearly shows the very high risk 
of complete extinction for eight SRNP taxa all of which have already undergone population extinction. The 
extent of P. cinnamomi infestations within the SRNP is clearly demonstrated by the percentage of 
populations that are within 500 m of a known infestation. While 13 taxa had at least 40% of populations 
more than 500 m removed from tracks or roads, this has not resulted in greater protection from 
Phytophthora dieback. Observations of apparently new infestations at considerable distances from down 
slope infestations, and that appear unrelated to human vectoring along tracks, are not readily explained. 
Current management in the SRNP includes access restrictions and hygiene measures to prevent new 
outbreaks of disease in currently healthy areas and to control extension from existing infected sites. 
Phosphite application activates plant host defence responses (Barrett 2003) and is currently applied to 11 
of 12 threatened taxa assessed in this paper, the exception being A. awestoniana, and to 13 of the 
remaining taxa assessed. Phosphite has been effective in slowing population decline in many of these 
populations (Barrett 2003) . While phosphite is avaluable short- to medium term management tool, ex-situ 
conservation is vital to conserve genetic material. Seeds of 25 taxa assessed are conserved at the DEC 
Threatened Flora Seed Centre. Six taxa (0. montana, P. micranthera, L. gnaphalioides, Lambertia fairallii 
and B. brownit) have been translocated to Phytophthora -free sites outside the SRNP. This study suggests 
that five high risk taxa need further monitoring and evaluation as to whether listing as threatened is 
required. However, as this study did not use numbers of individuals in populations or area of occupancy as 
a measure ot rariiy this also requires evaluation for listing purposes. Although this research assessed only 
a small proportion of the threatened and endemic flora of the SRNP; these results highlight the need to 
assess the risk extinction of all endemic flora in the SRNP that may be susceptible to P. cinnamomi. 
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Table 1. Method of scoring risk of extinction caused by Phytophthora cinnamomi 
Direct No. of Exisiting % of extant % of extant % of extant % of extant No. of 
Impact extant population populations populations populations populations additional 
Score popul- extinctions infested by <500m >100m <500m threatening 
(0-10) ations (0,5) P. from P. upslope of from track processes 

(0-5) cinnamomi cinnamomi P. (0-3) (1-3) 
(0-5) (0-5) cinnamomi 

0--3 
1-5=5 Yes=5 >75=5 >75=5 None=0 >60=3 

6-10=3 No=0 >50-75=3 >50-75=3 0-20=-1 >20-60=2 

11-20=2 >25-50=2 >25-50=2 >20-60=-2 1-20=1 

20+=0 1-15=1 1-25=1 >60=-3 0=0 

0=0 0=0 

Extinction 
Risk 
(Total 
score: 
0-36) 

>30= 
very high 
(VH) 

>25-30= 
high (H) 

>20-25= 
moderate 
(M) 

>15-20= 
low(L) 

>1-15= 
very low 
(VL) 



% of extant % of extant 
no. of No of habitat Direct % of extant populations % populations no. of Topography: 

Cons. extant extinct susceptl Impact populations <S00m from upslope <S00m from other Life history High, mid, Extinction 
SPECIES status pops: pops ble YIN score with PC PC from PC track/rd threats Threats charactaristics lower slope risk 

···- -· .. .. .. · ·-- --- ·-.. - · · ·- -· . - -·-··----.. - ---- ·- ·. - ·--f--------- -·· - . ------ -·-·· · - · · ·-· ---- - --· ·----
Dryandra 

1

shrub, obligate re 
ferruginea ssp fire , seeder, 

pumilo P2 4 0? y 8.7 100 _100 0 _ .. ... __ 50__ 2 _ drought iserotinous -·· high-mid _ ... ·- · .. __ 

. I shrub, obligate re 
i : i 1 ! i fire, seeder, 

Lambertia fairal/ii CR I 4 I· 1 y I 8.4 100 100 ! 0 25 2. :drought serotinous mid 

· I ' shrub, obligate re , 

I 
· I I I fire , seeder, I 

Banksia solandri P4 25 J 5 Y 8 80 I 100 12 61 
1 

2 drought_ . serotinous high-mi9 ... . _____ _ 

I I , I 
I I 

shrub, obligate re 
! fire, seeder, weakly 

Lambertia ericifolia ,. none 20+ 0 y 7.9 I 71.4 80.9 . . 28 65 2 drought se_r?.tinous summit-mid-low .. _ 

, : ! 
1 

shrub, obligate re 
I I ' I tire, seeder, 

Dryandra hirsuta ~3 18 ... 0 .. .. y 7.5 J 77.8 100 __ 16 33.3 _ 2 ____ ~rough! _ --T~_er~tinous ..... . _ ~igh-mid .. . . . ___ _ 
shrub, obligate re 

Calothamnus I seeder, 
affinis P4 17 0 y 3.5 41 .2 58.8 11 .8 70.6 1 fire serotinous ridge 

.. -- - ··--·· - . . -------· ·· ·--- .. .. .... --------- ·· ·· - · -- --- ·-- --- - ----- -· ---·- - ----- - - ------· ···---- - · -- -·- - · ------
shrub, obligate re 
seeder, 

Banksia aculeata P2 6 0 y 0 16.7 83 17 100 1 fire serotinous low 
- ·· . .. ··- .. - - . --- .... . .. .. . . . -· ----- ·· ·- . . -- -------· .. ··· - .... ----- --- - . - ----------- --·. ·- --- ---- ---· ·- - . --------···· - -- ------- ··- . · -· ···· · .. ·· ----- · 

shrub, obligate re 
seeder, soil-

~a.9~a. ~e_r<?!_li~ - --·· · ---'=-~- _ 15 __ _Q_ _ _ _ Y ___ __ o ___ 73.3 86 ·· ---- 0 66.7 1 drought stored seed bank high-mid -----··------ -
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STIRLING RANGE NATIONAL PARK FIELD COMPONENT 
8000-1530 

Activities: 
• Tr,.reatened Ecological Conm:n1i.'lity (SRNP Montane Mallee Thicket) 

and disease risk assessment exercise (leaders SB, NM) 
• Disease sampling (leaders BS, CC, CD) 
• Seed collection (leaders AC & A Co) 

Participants will split into two groups and swap at designated tnnes 
• 1 group for seed collection activity 
• . 1 group (split again into 2 .subgroups) for TEC and disease activities 

Equipment: 

Attachments: 

Binoculars 
Secateurs 
Field sheets 

1. Map of Montane mallee thicket TEC 
2. TEC notes I activity 
3. Disease risk assessment methodology (Conference abstract) 
and 
4. Species information/ extinction risk activity. 
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Glossary and Websites 

Congener-a member of the same taxonomic genus 

Disjunct-separated from usually contiguous population 

Edaphic-of or relating to the soil 

Endemism-restricted to a locality or region 

Gene flow-the passage and establishment of genes typical of one breeding population 
into the gene pool of another; 
Phenology-a branch of science dealing with the relations between climate and 
periodic biological phenomena (as bird migration or plant flowering); periodic 
biological phenomena that are conelated with climatic conditions 
Plasticity-capacity for being molded or altered; the capacity of organisms with 1he 
same genotype to vary in developmental pattern, in phenotype or in behaviour 
according to varying environmental conditions; 
Provenance-origin or source 

Relic-a survivor or remnant 

Sclerophyllous-with leathery ~eaves, as i? eucalyptus 

Stochastic-involvin-g-arandom variable; involving chance or probability 

Taxon-a taxonomic group, such as a species 

Homeplaying 

CAR: prioritizing system for reserves, which uses comprehensive, adequate and 
representative as criteria 

MBI: market based instruments 

Where to find: 

Policy 9 

http://calmweb.calm.wa.gov.au/drb/edo/mab/pol .htm 

Tree Seed Information 
http://www.ensisjv.com/WorkinqwithEnsis/AustralianTreeSeedCentre/ATSCOoerationsManua 
l/tabid/452/Default.asQX 

Millenium Seed Bank 
http://www. kew .org/msbp/scitech/publications/info sheets. htm 

Threatened Flora Seed Centre 
http://www~11aturebase.net/ content/view/94 5/ 1292/ 

Flora Management Course 2007 




