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AG403*

PLANT DISEASES ACT 1914
APPOINTMENTS
Department of Agriculture & Food,
South Perth WA 6151.
I, the undersigned Minister for Agriculture and Food, being the Minister responsible for the
administration of the Plant Diseases Act 1914 hereby appoint the following officers as Authorised

Inspectors pursuant to Section 7A of the Plant Diseases Act 1914 to carry out all the functions
authorized to be performed by an Inspector under the said Act—

Ta’auta Apa

Wayne Robert Griffin
Donald George Hyland
Linda Jane Weissenberger

KIM CHANCE MLC, Minister for Agriculture and Food.

CONSUMER AND EMPLOYMENT PROTECTION

CE401 ToREE

COMPANIES {CO-OPERATIVE) ACT 1943
-SECTION 403
Registration of Auditors

Notice is hereby given that the following person is registered and qualified to act as an auditor
pursuant to s402 of the Act with effect from 24 November 2006.

Ian John Conway
PATRICK WALKER, Commissioner for Fair Trading.

CE402*%
SUNDAY ENTERTAINMENTS ACT 1979
CHRISTMAS ENTERTAINMENT
I, Michelle Roberts, Minister for Consumer Protection, acting pursuant to Section 3(2) of the Sunday
Entertainments Act 1979, do hereby declare that the provisions of Section 3(1) of the Act shall not
apply to, or in relation to, any person who uses any place between 12.00 noon and 12.00 midnight on

Christmas Day, 25 December 2006 for the screening or viewing of any motion picture considered
appropriate for public exhibition under the Censorship Act 1996.

Hon. MICHELLE ROBERTS, MLA, Minister for Consumer Protection.

CONSERVATION

CO401*

Wildlife Conservation Act 1950

Wildlife Conservation (Rare Flora) Notice 2006(2)

Made by the Minister for the Environment under section 23F(2) of the Act.
1. Citation

This notice may be cited as the Wildlife Conservation (Rare Flora) Notice
2006(2).
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2. Interpretation
In this notice—
“extant” means known to be living in a wild state;
“protected flora” means any flora belonging to the classes of flora declared
by the Minister under section 6 of the Act to be protected flora by notice
published in the Gazette 9 October 1987, at p. 3855;
“taxon” includes any taxon that is described by a genus name and any other
name or description.
Note: The plural form of "taxon” is “taxa". st
3. Rare flora )
Subject to clause 4, protected flora—
(a) specified in Schedule 1, being taxa that are extant and considered likely
to become extinct or rare and therefore in need of special protection;
and B
(b) specified in Schedule 2, being taxa that are presumed to be extinct in
“the wild and therefore in need of special protection,
are declared to be rare flora for the purposes of section 23F of the Act
throughout the State.
4. Application
Clause 3 does not apply to those plants of a taxon of protected flora specified
in Schedule 1 or 2 that have been planted for any purpose other than such
plants that have been planted for the purpose of conservation of that taxon and
in accordance with approval given by the Director General.
5. Revocation
The Wildlife Conservation (Rare Flora) Notice 2006 is revoked.
Schedule 1 — Extant taxa
[cl. 3(a)]
Division 1 — Spermatophyta (flowering plants, conifers and cycads)
1. Acacia anomala 14.  Acacia depressa
2. Acacia aphylla 15.  Acacia forrestiana
3.  Acacia aprica 16.  Acacia imitans
4.  Acacia aristulata 17.  Acacia insolita
5. Acacia ataxiphylla subsp. recurva
subsp. magna 18.  Acacia lanuginophylla
6.  Acacia auwratiflora 19.  Acacia leptalea
7.  Acacia awestoniana 20. Acacia lobulata
8.  Acacia brachypoda 21.  Aeacia pharangites
8.  Acacia caesariata 22, Acacia pygimaea
10.  Acacia chapmanii 23.  Acacia recurvata
subsp. australis 24, Acacia rhamphophytla
11.  Acacia cochlocarpa 25.  Acacia sciophanes
subsp. cochlocarpa 26. Acacia splendens ms
12, Acacia cochlocarpa 27.  Acacia subflexuosa
subsp. velutinosa subsp. capillata
13.  Acacia denticulosa 28.  Acacia trulliformis
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29.  Acacia unguicula 75.  Caladenia graniticola
30.  Acacia vassalii 76.  Caladenia hoffinanii
31.  Aecacia volubilis 77. Caladenia huegelii
32. Acacia wilsonii 78. Caladenia melanema
33.  Adenanthos dobagii 79. Caladenia procera
34. Adenanthos ellipticus 80. Caladenia viridescens
35. Adenanthos eyrei 81. Caladenia wanosa
36. Adenanthos pungens 82. Caladenia williamsiae
subsp. effusus 83. Caladenia winfieldii
37. Adenanthos pungens 84. Calectasia cyanea
subsp. pungens 85.  Calectasia pignattiana
38. Adenanthos velutinus 86. Calothamnus accedens
39. Allocasuarinag fibrosa 87. Calytrix breviseta
40.  Allocasuarina tortiramula --subsp. breviseta
41.  Andersonia annelsii ms 88.  Chamelaucium griffinii ms
42, Andersonia axilliflora 89.  Chamelaucium ullfitzii ms
43.  Andersonia gracilis 90. Chamelaucium roycei ms
44, Andersonia pinaster ms 91. Chamelaucium sp. Hamersley
45.  Anigozanthos bicolor (N.McQuoid 379)
subsp. minor 92. Chordifex abortivus
46.  Anigozanihos viridis 93. Chorizemna humile
subsp. terraspectans 94. Chorizema varium
47.  Anthocercis gracilis 95. Conospermum densiflorum
48. Apium prostratum subsp. wunicephalaium
subsp. phillipii ms 86. Conospermum toddii
49.  Asterolasia nivea 97. Conospermum undulatum
50. Banksia brownii 98. Conostylis dielsii subsp. teres
51.  Banksia cuneata 99.  Conostylis drummondii
52. Banksia goodii 100. Conostylis lepidospermoides
53.  Banksia oligantha 101. Conostylis micrantha
54. Banksia sphaerocarpa 102. Conostylis misera
var. dolichostyla 103. Conostylis rogeri
55. Banksia verticillata 104. Conostylis seorsiflora
56. Beyeria lepidopetala subsp. trichophylla
57. Beyeria sp. Bandalup Hill 105, Conostylis setigera
(G. Cockerton 7553) , subsp. dasys
58. Boronia adamsiana 106. Conostylis wongarnensis
59. Boronia capitata 107. Coopernookia georgei
subsp. capitata 108. Cyphanthera odgersii
60. Boronia clavata subsp. occidentalis
61. Boronia exilis 109. Darwinia acerosa
62. Boronia revoluta 110. Darwinia apiculata
63. Brachyscias verecundus 111. Darwinia carnea
64.  Caladenia barbarella 112. Darwinia chapmaniana ms
65.  Caladenia bryceana 113. Darwinia collina
subsp. ‘bryceana 114. Darwinia ferricola ms
Ghe  Cllddenin bigeding 115. Darwinia foetida ms
subsp. cracens ' ;5 s
67. Caladenia busselliana 116, Darw{m.a HIO
T Y - 117, Darwinia meeboldii
subsp. maritima 118. Darwinia oxylepis
69. Caladenia christineae 119, Darwinia squarrosa
70. Caladenia dorrienii 120. Darwinia wittwerorum
71.  Caladenia drakeoides 121. Darwinia sp. Carnamah
72.  Caladenia elegans (J.Coleby-Williams 148)
73. Caladenia excelsa 122, Darwinia sp. Stirling Range
74.  Caladenia harringtoniae (G.J Keighery 5732)



5314 GOVERNMENT GAZETTE, WA 1 December 2006

123. Darwinia sp. Williamson 167. Eremophila pinnatifida ms
(G.J.Keighery 12717) 168. Eremophila resinosa

124. Daviesia bursarioides 169. Eremophila rostrata ms

125. Daviesia cunderdin 170. Eremophila scaberula

126. Daviesia dielsii 171. Eremophila subteretifolia ms

127. Daviesia elongata 172. Eremophila ternifolia
subsp. elongata 173. Eremophila vernicosa ms

128. Daviesia euphorbioides 174. Eremophila verticillata

129. Daviesia glossosema 175. Eremophila virens

130. Daviesia megacalyx 176. Eremophila viscida

131. Daviesia microcarpa 177. Eucalyptus absita

132. Daviesia obovata 178. Eucalyptus argutifolia

133. Daviesia pseudaphyila 179. Eucalyptus articulata

134. Daviesia speciosa 180. Eucalyptus balanites

135. Deyeuxia drummondii 181. Eucalyptus beardiana

136. Diuris drismmondii 182. Eucalyptus blaxellii

137. Diuris micrantha 183. Eucalyptus brevipes

138. Diuris purdiei 184. Eucalyptus burdettiana

139. Drakaea concolor ms 185. Eucalyptus ceracea

140. Drakaea confluens ms 186. Eucalyptus coronaia

141. Drakaea elastica 187. Eucalyptus crispaita

142. Drakaea isolata ms 188. FEucalyptus crucis

143. Drakaea micrantha ms subsp. crucis

144. Drummondita ericoides 189. Eucalyptus crucis

145. Drummondita longifolia subsp. praecipua

146. Dryandra anatona 190. Eucalyptus cuprea

147. Dryandra aurantia 191. Eucalyptus dolorosa

148. Dryandra fuscobractea 192. Eucalyptus impensa

149. Dryandra ionthocarpa 193, Eucalyptus insularis
subsp. chrysophoenix 194. Eucalyptus johnsoniana

150. Dryandra ionthocarpa 195. FEucalyptus lateritica
subsp. ionthocarpa 196. Eucalyptus leprophloia

151. Dryandra mimica 197. Eucalyptus merrickiae

152. Dryandra montana 198. Eucalyptus mooreana

153. Dryandra mucronulata 199. Eucalyptus phylacis
subsp. retrorsa 200. Eucalyptus platydisca ms

154. Dryandra nivea 201 -~Eucalyptus pruiniramis
subsp. uliginosa 202. Eucalyptus purpurata

155. Dryandra pseudopiumosa 203. Eucalyptus recta

156. Dryandra serratuloides 204. Eucalyptus rhodantha
subsp. perissa var. rhodantha

157. Dryandra serratuloides 205. Eucalyptus steedmanii
subsp. serratuloides 206. Eucalyptus suberea

158. Dryandra squarrosa 207. Eucalyptus synandra
subsp. argillacea 208. Frankenia conferta

159. Eleocharis keigheryi 209. Frankenia parvula

160. Epiblema grandiflorum 210. Gastrolobium appressum
var, cyaneum ms 211. Gastrolobium

161. Eremophila ciliata ms diabolophyllum

162. Eremophila denticulata 212. Gastrolobium glauwcum
subsp. denticulata ms 213. Gastrolobium graniticum

163. Eremophila denticulata 214. Gastrolobium hamulosum
subsp. frisulcata ms 215. Gastrolobium lehmannii

164. Eremophila koobabbiensis 216. Gastrolobium luteifolium
ms 217. Gastrolobium modestum

165. Eremophila lactea 218. Gastrolobium papilio

166. Eremophila nivea 219. Glyceria drummondii
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220. Goodenia integerrima 269. Lambertia echinata
221. Grevillea althoferorum subsp. occidentalis
222, Grevillea batrachioides 270. Lambertia fairallii
223, Grevillea brachystylis 271. Lambertia orbifolia
subsp. australis subsp. orbifolia ms
224, Grevillea brachystylis 272, Lambertia orbifolia
subsp. Busselton (G.J. subsp. Scott River Plains
Keighery s.n. 28/8/1985) (L.W.Sage 684)
225. Grevillea bracteosa 273, Lasiopetalum
226. Grevillea calliantha plerocarpum ms
227, Grevillea christineae 274. Lasiopetalum rotundifolium
228. Grevillea curviloba 275. Latrobea obovata ms
subsp. curviloba 276. Laxmannia grandifiora
229. Grevillea curviloba subsp. brendae =
subsp. incurva 277. Lechenaultia chlorantha
230. Grevillea dryandroides 278. Lechenaultia laricina
subsp. dryandroides 279. Lepidium aschersonii
231. Grevillea dryandroides 280. Lepidium catapycnon
subsp. hirsuta - 281. Lepidosperma rostratum
232. Grevillea elongata 282. Lepidosperma sp. Mt Gibson
233. Grevillea flexuosa (R.Meissner & Y.Caruso 3)
234. Grevillea humifusa 283. Leucopogon ghaphalioides
235. Grevillea infundibularis 284, Leucopogon marginatus
236. Grevillea involucrata 285. Leucopogon obtectus
237. Grevillea maccutcheonii 286. Leucopogon sp. Helena
238. Grevillea maxwellii and Aurora Range
239. Grevillea murex (B.J.Lepschi 2077)
240. Grevillea phanerophlebia 287. Lysiosepalum abollation
241. Grevillea pythara 288. Macarthuria keigheryi
242. Grevillea rara 289. Marianthus mollis
243. Grevillea scapigera 290. Marianthus paralius
244. Guichenotia seorsiflora ms 291, Melaleuca sciotostyla
245. Gyrostemon reticulatus 292. Meziella trifida
246. Hakea aculeata 293. Microcorys eremophiloides
247. Hakea megalosperma 294. Microtis globula
248. Haloragis platycarpa 295. Muehlenbeckia horrida
249. Halosarcia bulbosa subsp. abdita
250. Hemiandra gardneri 296. Muelleranthus crenulatus
251. Hemiandra rutilans 297. Myoporum cordifolinm
252. Hemigenia ramosissima 298. Myoporum turbinatum
253. Hensmania chapmanii 299, Myriophyllum lapidicola
254. Hibbertia priceana 300. Orthrosanthus muelleri
255. Hybanthus cymulosus 301. Pandanus spiralis
256. Hydatella dioica var. flammeus
257. Hydatelia leptogyne 302. Paracaleana dixonii ms
258. Hypocalymma longifolium 303. Patersonia spirifolia
259. Isopogon robustus 304, Persoonia micranthera
260. Isopogon uncinatus 305. Petrophile latericola ms
261. Jacksonia pungens ms 306. Philotheca basistyla
262. Jacksonia quairading ms 307. Philotheca wonganensis
263. Jacksonia velveta ms 308. Pityrodia augustensis
264. Kennedia glabrata 309. Piyrodia axillaris
265. Kennedia macrophytla 310. Pinrodia scabra
266. Keraudrenia exastia 311. Pterostylis sp. Northampton
267. Kunzea similis (S.D.Hopper 3349)
268. Lambertia echinata 312. Prilotus fasciculatus
subsp. echinata 313. Ptychosema pusillum
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314. Pultenaea pauciflora 348. Thelymitra dedmaniarum

315. Reedia spathacea 349. Thelymitra psammmnophila

316. Rhagodia acicularis 350. Thelymitra stellata

317. Rhizanthella gardneri 351. Thomasia glabripetala

318. Ricinocarpos brevis ms 352. Thomasia inoniana

319. Ricinocarpos trichophorus 353. Thomasia sp. Green Hill

320. Roycea pycnophylloides (S.Paust 1322)

321. Rulingia sp. Trigwell Bridge 354. Thryptomene wittweri
(R.Smith s.n. 20.6.89) 355. Tribonanthes purpurea

322. Scaevola macrophylla 356. Verticordia albida

323. Schoenia filifolia 357. Verticordia apecta
subsp. subulifolia 358. Verticordia carinata

324, Sphenotoma drummondii 359. Verticordia crebra

325. Spirogardnera rubescens 360. Verticordia densiflora

326. Stachystemon nematophorus var, pedunculata

327. Stachystemon vinosus 361. Verticordia fimbriiepis

328. Stawellia dimorphantha subsp. australis

329. Stylidium amabile ms 362. Verticordia fimbrilepis

330. Stylidium coroniforme subsp. subsp. fimbrilepis
coroniforme 363. Verticordia helichrysantha

331. Swlidium galicides 364. Verticordia hughanii

332. Swlidium merrallii 365. Verticordia pityrhops

333. Swylidium semaphorum 366. Verticordia plumosa

334. Symonanthus bancroftii var. ananeotes

335. Synaphea quartzitica 367. Verticordia plumosa

336. Synaphea stenoloba var. pleiobotrya

337. Synaphea sp. Fairbridge 368. Verticordia plumosa
Farm (D. Papenfus 696) Var. vassensis

338. Synaphea sp. Pinjarra 369. Verticordia spicata
(R.Davis 6578) subsp. squamosa

339. Tetraria australiensis 370. Verticordia staminosa

340. Tetratheca deltoidea subsp. cylindracea

341. Tetratheca erubescens ms var. cylindracea

342. Tetratheca harperi 371. Verticordia staminosa

343. Tetratheca nephelioides ms subsp. cylindracea

344. Tetratheca aphylla subsp. var. erectfa
aphylla ms 372. Verticordia staminosa -

345. Tetratheca aphylla subsp. subsp. staminosa
megacarpa ms 373. Villarsia calthifolia

346. Tetratheca paynterae subsp. 374. Wurmbea calcicola
cremnobata ms 375. Wurmbea tubulosa

347. Tetratheca paynterae subsp. 376. Xyris exilis

371. Asplenium obtusatum subsp. northlandicum

378. Rhacocarpus rehmannianus var. webbianus

paynierae ms

Division 2 — Pteridophyta (ferns and fern allies)

Division 3 — Bryophyta (mosses and liverworts)

Schedule 2 — Taxa presumed to be extinct

Spermatophyta (flowering plants, conifers and cycads)

Acacia kingiana
Acacia prismifolia

[cl. 3(b)]
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3: Coleanthera virgata

4, Frankenia decurrens

5. Lepidium drummondii

6. Leptomeria dielsiana

7. Leucopogon cryptanthus

8. Opercularia acolytantha

5. Philotheca falcata

10. Ptilotus caespitulosus

11. Prilotus pyramidatus

12. Taraxacum cygnorum

13. Tetratheca fasciculata

14-  Thomasia gardneri

. MARK McGOWAN, Minister for the Environment.

CO402%

Wildlife Conservation Act 1950

Wildlife Conservation (Specially Protected Fauna)
Notice 2006(2)

Made by the Minister for the Environment under section 14(2)(ba) of the Act.

1.

Citation

This notice may be cited as the Wildlife Conservation (Specially Protected
Fauna} Notice 2006(2).

Interpretation

In this notice —

“taxon” includes any taxon that is described by a family name or a genus
name or any other name or description.

Note: The plural form of “taxon” is “taxa”.

Declaration of specially protected fauna

For the purposes of the Act, all taxa of the fauna —

(a) specified in Schedule 1, being fauna that is rare or likely to become
extinct, are declared to be fauna that is in need of special protection;

(b) specified in Schedule 2, being fauna that is presumed to be extinct, are
declared to be fauna that is in need of special protection;

(c) specified in Schedule 3, being birds that are subject to an agreement
between the governments of Australia and Japan relating to the
protection of migratory birds and birds in danger of extinction, are
declared to be fauna that is in need of special protection; and
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Background

The Australian Tree Seed Centre (ATSC), part (seed harvest, procedures must be in place to
the Forestry and Timber Bureau and CSIR(optimise the physical quality of the seed through
Forestry and Forest Products, has functioned firetention of viability. Development of seed testing
over 35 years as a national and international trqprocedures which optimise germination, are
seed bank. It supplies seed of Australia’s uniquaccurate, reproducible and standardised is also an
woody flora, which is of major social and extremely important role at the Centre.
commercial importance in the development o
many countries, to researchers in Australia arMost collections are made from natural
more than 100 other countries. populations covering the full geographical range
for each species. This entails extensive travel
The ATSC is a national focus for the collection othroughout Australia and extends to undertaking
seed from Australian trees and shrubs and secollaborative collections  with  forestry
standards in methods of collection ancorganisations in neighbouring countries (Indonesia,
documentation. It is also a recognised source Papua New Guinea, Philippines). Since collecting
information on the practical use of the Australiatparties are required to access state and privately
tree flora. ATSC provides technical advice orowned land, it is essential that seed collectors
species selection, tree improvement, silvicultureadhere to practices that are genetically sound,
utilisation, and conducts research on seepractical, achieve the required goals and are
germination and handling, taxonomy, treeacceptable to those authorising access to the
improvement and genetic variation in Australiarcollection site.
trees. It also offers training courses in tree see
technology and tree improvement, sponsor
workshops and has provided consultant services
over 30 countries.

This manual has been developed from the need
document the procedures undertaken by the ATS
in seed handling from planning seed collection
through to seed dispatch. It is specifically targette
at standardising procedures for staff working at th
Centre as well as providing information to other:
involved in handling tree seed with a focus o1
research collections of Australian species. Th
procedures reflect the importance of genetic ar
physiological quality of seed which have a majo
bearing on the success or failure of establishme
of any crop whether it be at the research stage
commercial application.

Seed collectors must apply sound practical genel
principles in their choice of seed trees if the ful
potential of the crop is to be realised. Following

Australian Tree Seed Centre: Operations manual — Contents v
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Section
1

This section summarises seed collection methore
carried out by the ATSC with emphasis on prove
nance and individual tree collections for researcl
Whilst the main emphasis is on the collection o
seed, field work also involves the collection ole
herbarium specimens for botanical studies, le:
samples for analysis of essential oil component
wood samples, scions and pollen for breeding pr
grams and root symbionts. The collection prograre
is reviewed on an annual basis and is strong
influenced by seed demand, project objectives at
a commitment to maintain an extensive range (
species represented by a broad genetic ba
Sampling aims at either the specific tree level, poje
ulations or covering the full range of variability
within a species. In order to meet objectives, co
lections are made from throughout Australia ae
well as into neighbouring countries (Papua Ne\
Guinea, Indonesia, Philippines) requiring extensiv
travel and access to government and private lar
The ATSC is conscious of sensitivities related t
entering stakeholders’ lands. For this reason, strie
adherence to permit conditions must be followe
and field collectors are required to follow the ATSC
Code of Practice for seed collecting (Appendi
1.3.1).

1.1 Planning

1.1.1  Forward planning

Once the broad objectives of the collectior
program have been defined, it is essential the
ample time be allowed to plan an efficient anc
practical collection strategy. For scientific
collections, the extent of funding for a particulale
program and the availability of experiencec
personnel will be the primary considerations an
will dictate what can be achieved in the time
allowed. The following steps should be considere
during forward planning.

Seed Collection

Obtain a clear objective of the collection i.e
provenance trials, family trials, seed orchards,
plantation establishment.

Select target species in order of priority. It is
important to include a suite of species to offset
crop failure of the main species.

Identify populations to be collected. This will
depend on the purpose of the collection and seed
currently in stock or available from other
authorised and reliable suppliers.

Funding—prepare a budget for the collection
and ensure appropriate funds are available.

Define the requirements for individual tree
collections and bulks. Decide on the number of
trees to be sampled from each site and quantity
of seed required to meet objectives.

Obtain information on the location,
identification and ecology of the species using
previous ATSC collection records, herbarium
data, literature and databases. Internet site for
herbarium information can be obtained from the
Erin website at: http://www.erin.gov.au/search/
mapper.html

Collate species monographs, keys and other
information that will aid identification of the
required species in the field.

Time the seed collections to coincide with seed
maturity.

Apply for and obtain the necessary authorities to
access land and undertake collections including
relevant permits, licences, use of firearm,
appropriate permission where rare and
endangered species are involved.
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1.1.2 Planning collections overseas provincial government approval may be required.
Frequently the cost of the collection must be met
The ATSC focuses on sampling woody species (by the ATSC given the often limited resources of
Australian origin. A number of these species fothe collaborator. Specific documents such as
example, Acacia mangium, A. crassicarpa, passports, visas and health requirements must be
A. auriculiformis, Eucalyptus pellita, E. brassiana, ~ organised. The importation of specific equipment
Melaleuca leucadendra have a natural distribution for example rifles may be prohibited unless prior
both in Australia and into neighbouring countriesapproval is granted. Where the collection team is
There are also genera with important specifirequired to travel by air, there are restrictions on
species not represented in Australia for exampthe weight, size and materials (e.g. inflammable
E. deglupta andE. urophylla. In order to meet the liquids) that can be taken. Careful consideration
requirement to sample priority species across themust be given to selecting appropriate equipment
natural distribution irrespective of political taking into account what might be available locally.
boundaries, it may be desirable to conduc
collaborative collections in other countries,Once in the field it is frequently necessary to
notably, Indonesia, Timor, Papua New Guinea arnegotiate with local land owners in order to access
the Philippines. seed trees. The approach taken will be dictated by
local conditions. It may be necessary to pay
Collections in other countries require careful ancompensation and or employ members from the
often lengthy planning over many years and acommunity during the collection. Employment of
understanding of issues that may impact olocal committee members is often desirable from a
obtaining permission. There may be specific issu¢strategic point of view as well as logistically. It
not encountered when collecting in Australiamay for example be necessary for locals to direct
These include; sensitivities associated with ththe collection team to where the species is growing,
export of plant material, necessity for foreigners tassist in accessing the seed through engagement of
conduct the collection as opposed to in countrclimbers and porters to transport the equipment and
staff. Security restrictions on access to differerseed from the field. In some instances, it may be
parts of the country, diplomatic responsibilitiesprudent to allow communities to undertake the
associated with safety of foreigners, decision ocollections and for the team to purchase seed as has
who is the appropriate organisation to co-opera‘been undertaken fohcacia collections in Papua
with, funding and how the germplasm will beNew Guinea. Whilst this method is suitable for
shared are also important considerations. bulk provenance collections, it is not advised for
individual tree collections where there is a high risk
As a first step, it is important to develop a positiviof contamination.
working partnership with a potential collaboratol
in which there are clear benefits in undertaking thWwhen travelling overseas special care must be
collections for all parties. The collaborator(s) maytaken with regard to personal safety. Before
be required to act on your behalf in negotiatinitravelling it is important to ensure all relevant
with senior government officials in order to obtairmedical precautions have been taken with respect
formal permission. It may be necessary to meto the countries to be visited including medical
with the officers concerned to discuss the proposeadvice from either your own doctor, the
collections and demonstrate the benefits of thgovernment medical officer or the Travelers
collection to the host country. In certain instanceMedical & Vaccination Centre (TMVC) (Ph.
third parties as for example companies an62577156).
diplomatic support may be required. Collection:
may be facilitated where they are part of an officieThe following web sites provide important
government to government project. Under nidnformation when travelling overseas including
circumstances should collections be carried oiprocedures to follow and documentation to be
without formal approval. completed by CSIRO staff.

http://www.tmvc.com.au/
http://www.csiro.au/doco/infocirc/ic9926.html
http://www.csiro.au/services/insuranc/traform.html
http://www.csiro.au/services/insuranc/instravall.html

Once official approval has been given, it is thel
important to liaise with the counterpart(s) to plar
the collection. When planning, it may be necessal
to allow for down time for processing permits
during the course of the collection. Central an
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1.1.3 Timing of collection the coast. Environmental factors, in particular
temperature during the period leading up to
A key factor in planning is to time seed collectingmaturity, also have a major influence. Pederick
to coincide with peak maturation of abundant frui(1960) found that a mature seed crop will remain on
crops. Accordingly, the flowering and fruit patternE. obliqua trees for up to two years, and there are
for the target species must be established. many eucalypts with the same characteristic for
which timing of the collection is not critical.
Information is needed on the main floweringHowever, in the case of the paper-fruited
season and the time taken for fruits to mature. Ttbloodwoods, as for exampl@prymbia papuana the
interval between flowering and seeding variethinned-walled fruits dry and begin to shed seed
considerably among species. In Bolaed al. within a few days of maturation (Boland et al.
(1980) examples were provided for the interva1980).M. alternifolia holds on to its seed for up to
between flowering and seeding for a number cseveral seasons particularly those crops associated
eucalypts: e.g. about 6 months fir fastigata Wwith heavy flowering. Species oBanksia and
(Fielding 1956), 8-10 months for E. regnans Hakea have serotinous woody fruit that may retain
(Ashton 1975), 10-12 months f&: delegatensis  their seed for a number of years or shed following a
(Grose 1957), 12 months fé&t pilularis (Florence fire (Ralph 1994). Arid zone acacias retain their seed
1964), 10-16 months foE. diversicolor (White for relatively short periods of time and seed crops
1971). Red gums (sectiorExsertaria) take may shed within a few days to a week under very
5-6 months and up to 12 months in bloodwoodhot windy conditions. By contrast, acacias from
(Corymbia spp.) (McDonald pers. comm. 2000).wetter environments may retain their seed for
For E. brachyandra, however, the time between several weeks or even longer. In the casAdatia
flowering and seed maturation may be as short .melanoxylon, some of the seed crop may remain
one month, while viable seed & gilbertensis attached to the pod by the funicle for almost a year
have been collected from an inflorescence stiunless removed physically as in the case of bieds.
bearing buds and flowers. Maturation timerobusta fruit, which comprises a thin walled follicle
following anthesis for E. coolabal{E. microtheca  containing two winged seed, has been observed to
group within section Adnatarjpmay be as short as shed its seed over a two week period on an
six weeks. For temperate zone bi-pinnate acaciindividual tree (Harwood 1989). Many species
the maturation period varies from four to fivewithin Allocasuarina e.g Allocasuarina verticillata,
months (Acacia decurren}y to 12-14 months have serotinous fruits which retain the seed for
(A. mearnsii) (Thomson 1995). Casuarina several years (Turnbull and Martensz 1983). Other
cunninghamiana takes about 12 months from species such as C. cunninghamianshed their seeds
female anthesis to the production of viable seeannually and collection of mature fruits can be made
(Bolandet al. 1996). Harwood (1989) reports thatin March—April immediately prior to seed dispersal.
under natural conditions, flowering drevillea
robusta peaks in late spring (October—NovemberIn determining when to undertake a collection,
with seed shed occurring about two months aftestrong emphasis is placed on historical records of
fertilisation. For Melaleuca alternifoliathe time collection times held by the ATSC and experience
between flowering which occurs in October/of the staff. Most species do not flower and fruit
November in natural stands in NSW and seegregariously every year and may typically flower at
maturity is 15 months (Doran pers. comm. 1999 intervals of two to three years and more. Bolaind
Populations occurring along different altitudinalal. (1980) report that species such as
and longitudinal gradients may also vary irE.camaldulensis, E. grandisandE. saligna usually
maturation times on a regional basis within speciebear heavy seed crops every two to three years. In
For additional information on flowering times in E. regnans this period is every two to four years.
eucalypts see: Bolané al. (1980), Brooker and E. gomphocephala and Corymbia maculata (syn.
Kleinig (1990), (1994), (1999), Chippendale ancE. maculata) only seed heavily at longer intervals
Wolf (1981). (Turnbull 1975b). Loneragon (1979) reported that
E. diversicolor produces a good crop every four to
The timing between fruit maturation and seed sheseven years. Prolific flowering and heavy seed set
varies considerably from species to specie:in many dry-zone species are dependent on
Variation within a species can also be considerabparticular rainfall conditions. InA. aneura
over the natural geographical range associated wiflowering is induced by summer rain followed by
factors including latitude, altitude and distance frongood winter rain (Davies 1976).
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Collecting of new species or species from newor 30 mm aperture, is essential for both locating
locations may require monitoring over more thaland assessing crops on potential seed trees
one season in order to determine the optimum tim(Thomson 1995).

For exampleJoona ciliata (red cedar) is known to

set seed between mid December and mid Janu:Once a potential seed tree has been identified the
in the Atherton region of northern Queenslaninext step is to determine whether the seed crop is at
(Latitude 17S). It was therefore predicted thatthe right stage of maturity and of sufficient quality
crops would mature a few weeks earlier in natur:and quantity to collect. The quantity of the crop can
populations’ further north in Cape York. However,be assessed by looking at the crown and through
through repeated visits to these populations, it wiexperience deciding whether it is worthwhile
found that crops matured during October in thcollecting. When assessing the maturity of the
Claudie, Pascoe River region (Latitude®4®S) seed, it is important to note that fully ripened seed
and were even earlier (September) further south retains viability longer than seed collected when
the area of Helenvale to Mossman (Latitud&S)6 immature (Steinet al. 1974). To determine the
(J. Larmour pers. comm. 1998). Clearly a range cdentity of the species and condition of the crop, it
seeding habits exists between species alis bestto closely examine a sample of fruit from the
generalisations are difficult to make with anytree. Several different methods have been
certainty. Detailed observations on the phenologdescribed to determine seed maturity involving
of flowering and fruiting are a desirableboth field and laboratory assessments (Barner
prerequisite in planning seed collections1975, Boland et al. 1980, Willan 1985 and Bonney
Information on flowering and seeding times 011994). Characteristics to observe include size and
Australian species have been published by colour of seed or fruit, whether the embryo is firm
number of authors including; Bolamtlal. (1980), and swollen or whether the seed coat collapses
Doran et al. (1983), Willan (1985), Langkamp when cut. Anumber of methods commonly used by
(1987), Searle (1989) Bonney (1994) Ralph (199<ATSC seed collectors when in the field are given

and Doran and Turnbull (1997). Appendix 1.3.<below:

provides flowering and seed collection times fo
eucalypts whilst Appendix 1.3.5 providese
information on seed collection times for acacias
casuarinas, grevilleas and melaleucas.

1.1.4 Location and determination of
seed crop maturity .

On arrival in the field, the seed collector needs t
locate suitable populations of the target species a
determine individual trees carrying mature seec*
The ability to distinguish fruit bearing trees,
especially from a distance, is dependent on tf
species and the skills of the collector. Fruit crop
are most easily identified on a sunny day, when tt
sun is at a low angle (i.e. early to mid morning an
late afternoon) and the light behind the observe
This is when differences in colour and shape can |
best observed. Thomson (1995) makes the poi
that red wavelengths are more apparent in the e
afternoon, making this the best time of day t
locate fruiting trees of species with reddish browi
or purplish fruits (e.gA. mangium). For crowns

close to the ground, the job of checking the
identity, maturity and extent of the fruit crop is
relatively straightforward. However, for tall forest*®
trees containing small fruit (e.dzucalyptus) a

pocket size pair of light weight binoculars with &
moderate magnification ok 8 or X 10 with a 25

Dry the fruit in a sunny location for a couple of
days, for example on a vehicle dashboard, and
observe the progress of fruit opening and seed
shed.

Mature seeds have a firm white endosperm
(where present) and a fully developed firm
embryo (Turnbull 1975a).

For Eucalyptus, Melaleuca and other genera
within Myrtaceae which produce capsules. The
lines of dehiscence on the capsule become
pronounced as the fruit matures, and once fully
mature, the valves of the capsule usually open
partially although the seed are not released. Non-
viable immature seed are frequently pale in
colour and the embryo is milky and rather soft
when squashed. The seed can be inspected by
cutting open the capsule with a pair of secateurs
(see Plate 1A) revealing the seed which should
have white firm embryos with dark seed coats,
and brown chaff towards the top of the capsule
(Bolandet al. 1980).

Acacia pods and seed are usually dark in colour
while the seed has a hard seed coat. Seed that is
still green or dark and soft when pressed may
mature depending on the species, drying
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conditions and the stage of development. Whel
it is uncertain whether the crop is sufficiently
mature to collect, take a sample of pods an
leave them to dry in a shady location for a fev
days. If the seed remains swollen and seed cce
turns hard, then there is a strong likelihood the
the seed is sufficiently mature to collect. Dryinc
can also take place in the sun but this method

appearing unopened. A sample of fruit needs to
be removed from the tree and cut open to check
the presence of seed.

Insect damage can reduce the number of viable
seeds and may even give fruit a false appearance
of maturity by causing a colour change. It is
important to continuously monitor the level of

insect attack in a seed crop, as this can vary
considerably between trees and populations.

more severe.

For grevilleas, timing is crucial and mishandling
can easily damage the seed. Collecting cel.
commence when there are signs of the follicle
turning from green to brown with the occasionaCollection parties are required to undertake seed
follicle opening. Timing may differ from tree to collections throughout Australia. Access to
tree within and between population. If collecteccollection sites on private land, Aboriginal Land,
too early, the follicle will not open preventing State Forest, National Park or under other Federal,
seed shed. State or Local government control requires the
consent of the land holder or manager.
Scratching the surface of the seed follicles ¢
Banksia cones provides a good indication ofThe procedure required to obtain permission varies
maturity. If they are brown and hard the conebetween States and Territories and on the basis of
are ready for collection whereas if they are soland ownership. Permission and formal contact are
and green the seeds are immature (Bonnctoften required from more than one source (e.g.
1994). regional and local). Collectors must also be aware
of conditions that apply to rare and endangered
Toona ciliata collection and handling strategiesspecies. For guidelines on requirements to collect

1.5 Collection permits

are similar to those for G. robustavith both  Australian plants under the control

of the

shedding their seed shortly after maturity. It haAustralian Nature Conservation Agency refer to
normally been recommended that the fruit arAnon (1993). The following information is
ready for collection when they turn from greerprovided in order to assist in determining who to
to a golden colour as seed sheds within a fecontact in relation to gaining collection permits.

days. However, experience has shown that gre:
fruit can be collected with no serious detrimens

Australian Capital Territory

to the germination recorded after eight month

of storage provided the fruit are dried under cocNational Parks ACT—Permission to collect and use
well-ventilated conditions (J. Larmour pers.firearms may be obtained from:

comm. 1998). By being able to collect while the
fruit is still green, there is a longer time perioc
for collecting and this allows more flexibility to
collect over a wider natural distribution. There
are also indications that the cedar tip mont
(Hypsipyla robusta) which can cause serious
damage to seed crops, is less active in the gre
fruit stage than at full maturity.

For rain forest fruit, familiarisation with fruit
colouring during development is an importan
factor in determining maturity. Softness,
moisture content and seed shed are als
important indicators.

It can’t be assumed that seed is present in frt
attached to the tree. Fruit may be retained on tl
tree after seed shed even to the extent

The Manager

Resource Protection Unit

ACT Parks and Conservation Service
PO Box 104

Jamieson Centre, ACT, 2614.

Ph. 02 6246 2849,

Fax. 02 6247 0852.

For collections controlled by ACT Forests contact:

Forester

ACT Forests

Department of Urban Services
PO Box 3252

Weston, ACT, 2611.

Ph. 02 6207 2542,

Fax. 02 6207 2544.
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* New South Wales National Park will require licences National Parks Queensland- A
State Forests of New South Wales from both the CCNT and Australian Scientific Permit is required from
" National Conservation Agency. each Regional Office. Special

When undertaking collections in o
State Forests, an Authority to CollectFor research to be carried out mainlynegot'atIons are needed for the use of

Seed must be obtained from the in the southern half of the Northern firearms.
relevant district forest office under a Territory (i.e. south of Elliott), Inquires should be addressed to:
section 301 permit. contact: .
The Director
District Forester Principal Wildlife Research National Parks and Wildlife
State Forests of NSW Officer Services
Batemans Bay Forestry Office Conservation Commission of the PO Box 155
Batemans Bay, NSW, 2546. Northern Territory North Quay, QIld., 4002.
Ph. 02 4472 6211, PO Box 1046 Ph. 07 3227 7805,
Fax. 02 4472 6557. Alice Springs, NT, 0871. Fax. 07 3227 7676.
Alt fively: Ph. 08 8922 1759,
ernatively. Fax. 08 8922 1739. - South Australia

Director of Research
Wood Technology and Forest
Research Division

For research to be conducted mainlyln the case of the National Parks and
in the northern half of the Northern Wildlife Service (SA NPWS),

Forestry Commission of NSW Territory contact: applications should be directed to:
PO Box 100 Principal Wildlife Research Department of Environment and
Beecroft, NSW, 2119. Officer Natural Resources,
Ph. 02 9872 0111, Parks and Wildlife Commission of ~ Wildlife Management Section,
Fax. 02 9871 6941. the Northern Territory 284 Portrush Road,
Permits and Licences Kensington, SA, 5068.

NSW National Parks and Wildlife PO Box 496 PO Box 1047,

Service. A Scientific Investigation Palmerston, NT, 0831. Adelaide, SA, 5001.

Licence must be obtained before any Ph. 08 8999 4820, Ph. 08 8204 8888,

collecting activities. Applications are ~ Fax. 08 8999 4524. Fax. 08 8204 8889.

for specific projects, nominated
species and areas. Permits usually ¢ Queensland
take about four weeks to obtain.
Permission to use firearms requires
further approval. A report detailing
all activities is required on

Collections in forest reserves will
require a permit from the Woods and
Permits/ licences are required for ~ Forests Department, at the following
collections on state forest, crown  address:

land, lease hold and national parks. The Executive Director

completion of the collection. Forms Where collections are to be made Forestry South Australia
may be obtained from most Nationalfrom state forests, timber reserves Department for Administrative
Parks Offices and are sent to: and forest entitlement areas, a permit and Information Services
The Director from the Queensland Department of GPO Box 1604
National Parks and Wildlife Environment (Queensland Forest Adelaide, SA, 5001.
Servi Service) is required. Note that the Ph. 08 8226 9900,
ervice s )
: : : conditions usually include the Fax. 08 8226 9933.
Licensing Section requirement to obtain a permit from
PO Box 1967, d nap Forestry South Australia
; the local forestry office to traverse .
Hurstville, NSW, 2220. state forest areas Coordinator Northern Forests
Ph. 02 9585 6536, ' Wirrabara Forest
Fax. 02 9585 6495. Applications should be made to: PO Box 91,
M Wirrabara SA, 5481.
« Northern Territory anager Ph. 08 86668 4163,

Land Use and Information Branch
The Conservation Commission of the Queensland Forest Service
Northern Territory (CCNT) has GPO Box 944

Fax. 08 8668 4115.

overall responsibility for the Brisbane Qld., 4001. * Tasmania

collecting of plants and animals. Ph. 07 3234 0145, Forestry Tasmania is responsible for
Initial inquiries should be addressed  Fax. 07 3234 0326. issuing permits for collecting seed
to the CCNT for an application for a . from State forests. Inquiries should
Licence for Scientific Research and Department of Primary Industry be directed to:

(DPI). For commercial collections, a

Sales Permit is issued at the regional The Chief Commissioner
Note that research to be undertaken level and linked to royalty payments. Forestry Tasmania

in Uluru National Park and Kakadu GPO Box 207B

Investigation.
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Hobart, Tas., 7001.
Ph. 03 6233 8180,
Fax. 03 6233 8280.

For collections under Parks and
Wildlife Service management
contact:

The Director * Western Australia
Flora and Fauna Division
Department of Conservation and
Natural Resources

PO Box 137

Heidelberg, Vic., 3084.

Ph. 03 9450 8600,

Fax. 03 9450 8712.

Within areas administered by the
National Parks and Public Land
Division, a supplementary permit to
collect plants or animals, must be
obtained from:

In Western Australia the controlling
authority for the collecting of plants
and animals in the areas is the
Department of Conservation and
Land Management. Applications

The Secretary should be directed to:

Parks and Wildlife Service

GPO Box 44A

Hobart, Tas., 7001.

Ph. 03 6233 6191.

Email: interps@dpiwe.tas.gov.au

The Executive Director
Department of Conservation and
Land Management

Flora Permits Officer

Locked Bag 104

Internet site: www.parks.tas.gov.
au/permit/index.html

* Victoria

Permission must be obtained from
the Department of Conservation and
Natural Resources to access public
land. A separate permit is required to
collect from National Parks Service.

The Director

National Parks and Public Land
Division

Department of Conservation and
Natural Resources

PO Box 41

East Melbourne, Vic., 3002.

Ph. 03 9412 4111,

Como, WA, 6152.

Ph. 08 9334 0500, or
08 9386 8811,
Fax. 08 9334 0278 or

08 9386 1578.

Fax. 03 9412 4166.
Collections of protected plants and

animals may be made only with a

permit under the Wildlife Act 1975

(Anon 1993) issued by:

Phenological information can be gleaned from
local observers who are reliable and know what to
If the species is little known, or known to presenlook for. In the case of tall eucalypts where it is not
problems to the collector, a field reconnaissance €asy to observe the seed crop from the ground, it is
species variability, natural distribution, phenologyimportant to use binoculars or preferably remove a
and seeding time may be desirable as part seed bearing branch from the crown in order to be
planning the collection program. able to look closely at the crop. There have been
instances where a casual observation has mis-
In the interests of time and economy, thddentified fruit for buds. In other cases a local
biosystematic exploration of the species haoObserver having on the basis of a quick observation
frequently had to be combined with the collectiorof a few trees determined the presence or absence
of seed for provenance trials. A single combine Of seed. However, as is frequently the case, only a
exploration and seed collection expedition canndimited number of trees bear seed requiring
be expected to furnish all the answers on variatio €xtensive searching. It must also be borne in mind
what constitutes sufficient seed to make a
While a reconnaissance may provide valuablcollection. _This_ will differ cons_iderably according
information on species distribution and variationto the objective. Commercial seed collectors
information relating to seed collection (timing,require large quantities of seed in order to make the
quantities) can be misleading since there may lcqllectlon _ec_onom_lcally viable, whilst researchers
heavy crop losses leading up to seed maturiWill be satisfied with smaller crops (50-200 g per
caused by environmental conditions or predatiotree).
by birds or animals for example. If the
reconnaissance is undertaken some time prior
seed set, then information on seed maturity me o
not be reliable particularly for species that set se¢At the ATSC a minimum of two people make up a
rapidly then shed immediately thereafter. collection party. All staff must receive training in
collection methods, aspects of safety, be in

1.1.6 Field reconnaissance

1.1.7 Training of staff
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possession of a first aid certificate and it is highlThe ease of delineating the boundaries of
desirable that an appropriate course in handlirprovenances depends on the natural distribution
off-road vehicles be undertaken. Anyone involvepattern of the species. If a species is restricted to a
in the use of firearms must undertake a firearrsingle site or the distribution is limited and
safety course recognised by the Australian Federdiscontinuous, the term ‘provenance’ may be
Police or its equivalent and obtain a ‘Businessynonymous with ‘site’ and can be readily defined.
Firearm Licence’issued by the police. Before usin The problem of delineating provenances is much
climbing spurs, staff must undertake a recognisemore difficult with species that occur over an
training course in tree climbing (e.g. Canberriextensive area—during initial sampling,
Institute of Technology course in advanced treprovenance boundaries may have to be set in an
climbing). When climbing trees, the climber shoulcarbitrary way in the absence of hard information on
be assisted by another trained person based on geographic variation.
ground for safety reasons and to provide support

1.2.2 Selection of provenances
1.2  Collection

The term provenance is used to serve as a marker
to identify the local population and the population
boundary is therefore the provenance boundary.
Turnbull and Griffin (1986) make the point that it

is rarely possible to delineate natural provenance
boundaries on the basis of gene exchange. Some
species are found over a wide range of
environments and cover extensive areas (e.g.
E. camaldulensis, E. tereticornis, E. coolabah).
Variation within these widely distributed species
may sometimes be as great as the variation from
between closely related species. Other species have
a more limited distribution which, however, may
sometimes consist of isolated provenances adapted
to specific environmental conditions. Others again,
like E. dunnii, may occur naturally on very limited
areas but still be genetically variable, and adaptable
to a variety of conditions when planted (Jacobs
1981).

1.2.1 The concept of provenance

Provenance relating to seed material, otherwis
known as ‘place of origin’, is the geographical are
and environment in which parent trees grow an
within which their genetic constitution has beer
developed through natural selection. The idea ¢
provenance implies that genetic patterns c
variation are associated closely with the ecologici
conditions in which the species evolved (Turnbul
and Griffin 1986) and that some morphological o
other traits can be recognised to characterise the
No taxonomic structure is applied to provenanc
naming as for example “Lake Albacutya”
Eucalyptus camaldulensis refers to the naturally

occurring trees of Eucalyptus camaldulensisubsp.

camaldulensis from the edge of Lake Albacutya in
Victoria. For further information refer to Burley
and Wood (1976), Bolandt al. (1980), Doraret al. The area constituting a local population,

(1983), Willan (1985) and Eldridga al. (1993). provenance, or region of provenance, is determined

The ‘ideal’ provenance based on Barner (1975) icarbitrarily on the basis of local ecological
conditions and meeting the criteria of minimum
number of sampled trees. In natural forests,
especially where they cover extensive areas in
underdeveloped regions, it is often difficult to find
an appropriate hame to indicate provenance. It is
common practice to name the provenance after the
river, nearest road, town, geographic feature, which
may be some distance from the actual collection
site. A single name is frequently insufficient to
convey the exact location of a population of trees.
There is no standard way of assigning provenance
names and they frequently indicate a general area
only. Lack of precision in applying locality names
must be compensated for by the provision of
latitude and longitude co-ordinates, an accurate
altitude or a map showing the collection site in
relation to local features. It is essential that the

e composed of a community of potentially
interbreeding trees of similar genetic
constitution (and of significantly different
genetic constitution from other provenances)

« sufficiently large for the seed collection to
provide sufficient seed to meet objectives

e defined by means of boundaries whereve
possible

The ATSC defines the term provenance to refer f
where the original trees were growing in nature
forest. The general term ‘seed source’ and ‘lan
race’ refers to seed collected from planted tree
(Eldridgeet al. 1993).
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location of the collection be sufficiently precise tce
enable others to return to the location.

The choice of provenances to represent specie
should involve a careful, detailed study of the

Sampling from that part of the natural range
where the species appears to be growing best.

Part of the range that most closely matches the
climate for which the seed is required.

climatic, edaphic, and other factors within the
natural distribution. Green (1971) described
coarse grid system of sampling localities in a stuc
designed to provide basic information on genetiFor the second requirement (wide-ranging

variation in E. obligua. A one degree (approx. sampling for provenance trials) the number of
110km) square grid was superimposed on a map sources sampled will depend on the extent of the
the known distribution of the species from whictnatural distribution, the diversity of the species,

22 locations were identified. Once in the fielcease of access, seed availability, time available,
minor adjustments were made to the locatiormoney, staff resources, and other resources
according to seed crop abundance, lack of humiavailable to mount a collecting expedition. A

disturbance to the stand, and convenience knowledge of the breeding system of the target

Marginal sites within the natural range.

access.

species and
mechanisms  will

its pollen and seed dispersal
assist in determining the

For species with a very restricted and disjunccollection strategy.

distribution, for exampleE. scoparia (Hall and

Brooker 1974), it may be necessary to sample ¢1.2.3 Sampling trees within a
sites even for use in a species trial. Foprovenance

E. camaldulensis which occurs mainly in narrow,

almost continuous bands along river banksthe ATSC has developed a set of guidelines for
provenance may refer to a section of a river, sampling trees within a population which closely
whole river or whole catchment system (Turnbul ,atches those prescribed by FAO (FAO 1969).

and Griffin 1986).

For species in which comprehensive provenanc
trials have already been conducted, the publishe
results are an important source of informatiol
when determining which provenances to focus or

Because of the frequent limitations placed o
resources, there is a trade-off between numbers
provenances collected and numbers of tree
sampled per provenance. It is frequently a questic
of whether to collect from a few provenances witl
a large number of trees per provenance as again:
large number of provenances with limited trees pe
provenance. .

Sampling provenances within species can be sp
according to two distinct requirements:

(1) Sampling methods for species introductiot
trials.

(2) Wide-ranging sampling of many provenance
to represent part or whole of the distributior
for use in provenance trials. .

For the first requirement, where there is little
known about the species variation, sever:
provenance collections should be made to includ

For each provenance, collect from a minimum of
about 10 trees. In the case of proven
provenances showing high levels of genetic
diversity, it may be desirable to collect from up
to 100 or more trees as part of a base population
for intensive breeding programs. Larger
numbers of trees per locality, 50-100 or more,
are sampled after provenance trials have shown
which provenances are best and where there is a
requirement to obtain large quantities of seed.
These large samples become base populations
for further selections (plus trees).

Selections should aim to sample unrelated trees
that cover the genetic variability of the
population. To reduce the probability of
sampling trees that are siblings, seed should be
collected from trees which are at least seed-fall
distance apart from each other; this means about
twice the average height of the trees (Eldridge

al. 1993). One hundred metres is a useful rule of
thumb for tall forest trees.

Collect from trees of above average form. Avoid
trees that show signs of disease and where
timber characteristics are important, avoid trees
exhibiting spiral grain. Normally no particular
attention is given to selecting and collecting
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plus-trees in natural stands as environmental aiRifle: A most effective method for removing
competition effects are unknown. branches from tall forest trees has been to use a
.308 calibre, bolt action rifle, with a 6x8cope to
e Selected trees must be carrying a mature sefire 150 grain soft point (SP) ammunition as
crop. It is desirable to collect approximatelydescribed by Kleinig and Boland (1977) (see Plate
equal quantities of seed from each treelB). Green and Williams (1969) referred to the use
However, in practice the aim is to collectof a .222 calibre rifle for collecting seed from tall
sufficient seed not only to meet the immediatieucalypt trees. However, the ATSC has found a
aims of the collection but also to maintain see.308 calibre rifle to be more effective for use in
stocks to meet future requests (e.g. minimum (removing seed bearing branches in the range of
100-300g/tree for eucalypts). 10-20 cm compared with both the .222 and .243
calibre rifles.
The number of trees required to be sampled |
order to capture the genetic variation within ¢An average four-week trip requires about 3000
population is open to debate. It is therefore morrounds, allowing for 5-10 rounds per branch and
important to meet certain minimum requirementup to 20 rounds per tree on average. The number of
as stated in the above guidelines. These guidelinrounds used will depend on the species, time of the
are supported by the findings of McDonaldal.  year, number and size of the branches to be
(1996) on genetic diversity dt. camaldulensis removed, calibre of the firearm and accuracy of the
from Lake Albacutya. The study concluded that thfirearm and user.
number of rare alleles recovered is higher if seed
collected from a relatively large number of treesCSIRO firearm safety policy does not permit the
However, seed from five widely-separated treeuse of reloaded ammunition. Military ammunition
would be adequate to capture 90% of the allelsis also considered unsuitable because the
while seed from a single tree would capture 80% (projectiles come with hard points which tend to go
the alleles detected. Glaubig al. (1999) when through the branch with minimum impact rather
working on E. sieberi, found that the levels of than fragmenting which maximises the shearing of
genetic diversity that were representative of ththe wood. The practice of cutting off the projectile
local population were retained when only 12 otip to increase effectiveness on impact is strongly
fewer trees were used as seed sources. In this studiscouraged for safety reasons. Military
30 DNA markers (RFLPs and microsatellites) weriammunition also has a much higher charge which
used to compare the genetic diversity of saplinhas the potential to cause greater discomfort to the
regeneration after loggings. adjacent unharvested person shooting and at the same time increases the
stands. Saplings in coupes regenerated by the sedistance which the projectile can travel as opposed
tree method, where only 3 sieberi seed trees to a lower grain charge.
were left behind, had diversity levels that wert
only slightly lower than the unharvested controlsRifles are most effective for use on branches up to
Although there should be caution over20 cm in diameter. Careful selection should be
extrapolating these findings to other species, themade to ensure there is an acceptable crop and that
do suggest that most of the local alleles will bithere is a good likelihood of the branch falling to
retained in a seedlot collected from ten or morthe ground without being caught up in other
trees of a highly outcrossing species that ibranches within the crown or in the understorey.

abundant in the sampled population. The position of the shooter should be chosen so
that the rifle is pointed away from human
1.2.4 Collection methods habitation and at an angle of at least 45 the

horizontal. For greatest effect, shooting should be
Collection methods vary according to the size cdone at right angles to the branch placing shots in a
the tree, species and conditions prevailing at tfstraight line at right angles to the branch at the
site of the collection. For example, using a rifle irbottom and top of the branch followed by the
remote areas of the forest may be acceptable kcentre. It may be necessary for the shooter to
would not be permitted in or near urban settlemenchange positions a number of times to remove
and in some National Parks. The followingbranches that are difficult to sever.
descriptions summarise the main collectiol
methods adopted by the ATSC. Ear, eye and head protection while shooting is
essential. It is important when selecting earmuffs
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that they are designed to protect the user wh¢Throwing rope: A rope (4—6 mm diameter and
firing the rifle (meet OH&S requirements for 25 m long) with a weighted end can be thrown over
decibel noise limits. e.g. heavy-duty earmuffsbranches up to 12 m above the ground. For small
conforming to the following code EH12 32DB). branches (<50 mm diameter) one or two people
Staff must be familiar with the CSIRO OH&S are often able to break off the branch by pulling on
Policy Circular (94/16) on Firearm Use. the rope. For larger branches a flexible saw may be
used (Bolandtt al. 1980). This method is suited to
Bow and arrow: In situations where a rifle is not branches positioned horizontally, as is often the
permitted and it is necessary to gain access to tcase in open-grown populations of
forest trees, a bow and arrow combination can tE. camaldulensis, but becomes difficult where
used to shoot a fishing line or fine cord over ibranches are acutely ascending as for example
branch up to 40 metres above ground. A suitabE. tereticornis.
rope is then attached to the line and is in turn pulle
over the branch. The rope can be used to assistClimbing spurs: Various designs of spur have
breaking off branches, attach a flexible saw, haibeen developed which enable a climber to gain
up a climbing ladder or, where the collector wantaccess to the tree crown by climbing up the bole.
to gain access to the crown, use rope climbinCare should be taken in selecting appropriate tree
techniques (single rope technique) (Stubsgaaclimbing spurs since many were originally
1997). designed for pole climbing and have not been
properly adapted. The standard climbing spur
The ATSC uses a recurve break down long bocomprises a shank, with upper and lower straps and
with a draw weight of 13.5-18 kg (3040 Ib.) ancpads for attaching to the leg and support the foot
a wooden or aluminum riser. Modified fibre glassthrough a stirrup to which is fixed a gaff or spike.
fishing arrows are attached to a 22.5 kg (50 IbNylon straps are therefore recommended since
breaking strain fishing line which is spooled on tcdeather straps can decay losing strength without
an archery fishing reel mounted on the front of thvisible defects. The climber must wear a safety belt
bow. The arrow tips are weighted and covered witor harness (tree surgeon’s harness) to which are
a rubber bung. Great care must be taken whattached two strops. The strop is passed round the
shooting the arrow to ensure the line is not tanglebole or branch and secured to either side of the
or likely to catch on the bow, user or surroundiniharness to provide safety in the event of the climber
vegetation. A short length (2-4 m) of weakeifalling. As the climber ascends or descends, the
breaking strain line (6.8 kg (15 Ib.) breaking strainstrop is adjusted to ensure free movement but at the
should be connected between the arrow and mesame time ensuring the strop is tight enough to
line. The weaker line is designed to break shoulminimise any injuries through slipping. A
the line be impeded immediately after firing,minimum of two belts are used to maintain a safety
thereby allowing the arrow to continue rather thaline round the tree whilst negotiating branches.
jerking back and endangering the operator. A facAppendix 13.3 gives an example of equipment that
visor should also be used. might be required for climbing a tree bole using
spurs. Spurs are best suited for trees with bark that
Catapult: A catapult is also effective in shooting ais sufficiently deep and soft, but firm enough to
line over a branch. Conventional catapults arenable the gaff to penetrate and grip securely. Keep
arguably less accurate than a bow but are mathe gaffs properly sharpened and tightened during
convenient to carry and simple to use. The ATSiuse. Always have protectors over the gaffs when
uses a free standing catapult Big Shot which walking on the ground or during transport.
considerably larger than the normal hand hel
version and is mounted on a 3 m pole (Plate 1DThe main disadvantage of spurs is that they may
The pole is held upright with one hand. The othedamage the tree when the gaff penetrates the bark.
hand stretches the rubber sling holding a weiglFor more detailed information on climbing spurs
(throwing bag, 450 g) attached to a corcrefer to Robbins (1983), Willan (1985), Stubsgaard
downwards as with a hand held catapult. Th(1997).
operator lines up the target before letting go th
sling. It is estimated that the weight can b« Other climbing aids: Rigid ladders, caving
propelled to a vertical height in excess of 25 m arladders or rope techniques can be used. In the case
is arguably more effective than a bow. of caving ladders and rope techniques, an advance
line has to first be secured over a desirable branch

Section 1 Seed collection — 11



12 — Australian Tree Seed Centre: Operations Manual

in the tree crown as described under the descriptiloperations, where only the better-formed and
relating to the use of the bow and arrow. Thihighest quality trees are felled (Bolagicil. 1980).
advance line is used to pull up a caving ladder, (Research collections from clearfelling operations
for a single rope technique a caving rope (11 miare discouraged unless the seed collector can
diameter and over 80 m long) which must then bcontrol which trees are felled. In uncontrolled
secured on the ground before ascending. Whefelling conditions there is the risk of inadvertently
descending, the rope is placed over a secure brarcollecting seed from more than one tree crown
and the climber descends using appropriaiwhen the objective is to ensure seed is collected by

descender gear used by cavers. Robbins (19¢single parents.

describes the technique.

Collecting off the ground
Ladder sections can also be used for gaining acceCollecting of fruit and seed from off the ground

to tree crowns. The following description on theiifollowing natural

shedding is not normally

use is taken from Willan (1985). For heights fronrecommended for the following reasons (Thomson
about 8 to 40 metres, vertical scaling ladders 11995).

several sections provide a safe and convenie
means of climbing the bole of the live crown. Theye
can be made of a variety of materials includin
wood, aluminum etc., but each section must ke
light enough to be easily pulled up by the climbel
The length of each section varies between 1.8 al
3 m and its weight should not exceed 3—4 kg. Tke
climber ascends with a safety strap around both tl
trunk and the ladder until the persons shoulders &
level with the top of the ladder. The ladder is the
secured to the trunk by a rope or chain. Subseque
sections are pulled up by rope and fitted into th

uncertainties regarding their source

risks of contamination from morphologically
similar seeds of nearby related species

their possible low physiological quality,
compared with those obtained direct from the
crown due to collecting a higher proportion of
immature, empty and unsound seed, insect
damaged, and early onset of deterioration or
germination

section below.

 greater risk of contamination of the fruit or seed
Collections from the ground surface with soil-borne pathogenic fungi
Fruit accessible from the ground are stripped b
hand into a bucket (see Plate 1E) or on to a shee
spread out on the ground. Mature fruit of arid zon
acacias which readily release their pods are weThe method is best suited to bulk collections of
suited to this technique as for exampledarge fruit or seed as in the case of a number of
A. ancistrocarpa, A. colei, A. cowleana, rainforest species. Fruit containing sound seed
A. stipuligera. Leather gloves are recommended foshould be collected as soon as possible after
this activity. Where it is difficult to remove fruit as shedding to minimise fungal, insect and animal
for example eucalypt fruit, secateurs can be used attack and to reduce the incidence of mortality and
remove branchlets or hand saws for larger diametgermination.
branches.

impractical for the collection of fine seed

In the case where seed or fruit is in the process of
Pole implements with saws, shears or hooks mishedding at the time of collection, large tarpaulins
reach heights of up to 8 m. A heavy-duty roof racican be strategically spread out on the ground to
mounted on a vehicle provides a raised workincatch the fruit or seed from under the harvested
platform where vehicle access is available. tree. This method has been used @rrobusta.
Alternatively, tarpaulins can be spread out under
Collecting from felled trees small trees and shrubs to catch the fruit or seed that
Collections of large quantities of seed can bare dislodged by shaking or beating the crown.
achieved by synchronising it with normalDoranet al. (1983), Willan (1985) and Thomson
commercial logging operations. Where phenotypi(1995) provide descriptions on the subject.
quality of parent trees is more important thai
quantity of seed, it is preferable to select, mark, feHarvesting
and collect the fruit in advance of the main fellincOnce the crop has been removed from the tree, the
(Willan 1985). Alternatively, select logging fruit needs to be harvested ready for transport,
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temporary storage, drying, extraction and cleaninlnumber is used to identify the bulk collection and
Tree seed harvesting is essentially a manual taskthe name of the provenance should also be added
which as much of the unnecessary material likon the label to reduce the risk of confusing with
branchlets and leaves are removed in order individual tree collections. The individual tree
reduce the bulk, ensure seed cleaning is nnumber then becomes a permanent identifier
hampered by impurities and minimise the risk othroughout the system with the number linked to
large sticks puncturing the container. The degree the seed and documentation at all times (see Seed
which the crop should be free of impurities needcollection data sheet, Appendix 1.3.2).
to be a balance between ease of harvesting ver:
ease of cleaning as discussed under Section 3. 0Once bagged care must be taken to ensure that the
the case of eucalypts that have small capsules, itfruit are not damaged or lost during transportation.
very time consuming to remove capsules wheAt the time of bagging check there are no holes
they are located within the mass of leaves. In ththrough which seed can escape. Sheets containing
case it is better to harvest the branchlets containiifruit must be kept upright and tied effectively in
the fruit and leaves since it is fairly straightforwarcorder to minimise the risk of seed loss. Where
to separate seed from leaf at the time of cleanintransporting entails more than a few days
This is provided the leaves are not allowed tparticularly under hot and poorly ventilated
become brittle in which case they can break up iniconditions (e.g. back of a closed in vehicle or
small segments making separation more difficultrailer), the fruit must be checked regularly for
By contrast, casuarina cones and melaleudfungal or insect activity and whenever possible
capsules should be separated from the leaves at spread out to air dry. The decision of whether to dry
time of harvest since they break up during dryinthe fruit in full sun or in shade depends on the
into segments of a similar size to the fruit makinicondition of the fruit. For dry fruit with low
cleaning very difficult. moisture content (e.g. arid zone acacia pods,
mature capsules of eucalypts and melaleucas)
For dehiscent fruit (e.g. Eucalyptysvhich release drying in full sun is desirable. However, for
their seed upon drying, the fruit will dry quicker if immature or green fruit, moist fruit or sensitive
attached to the twig. Ralph (1994) stated that witseed (e.gToona, G. robusta), the material should
some species, such Bsllwynia and Eutaxia, the be aerated in the shade to avoid excessive rapid
pods would not readily open unless they ardrying which may have an adverse effect on the
attached to the stem or branches. Leaving the friviability of the seed.
attached has the added advantage of reducing
workload by not having to pluck off individual Fruit can either be extracted during the course of
fruit. For most collections involving both the field trip or brought back to the ATSC seed
individual tree or bulk collections, either collectionprocessing facilities. The decision depends on a
sheets measuring approximately X8 1.8 m number of factors including the species, whether
(made from calico or a cotton synthetic fibre mix dehiscent or indehiscent fruit, condition of the fruit,
or calico bags (10X 50 cm) are used. The fabric quantity of fruit, carrying capacity of the vehicle,
must allow free air movement to avoid the crojclimatic conditions for drying and time available to
from turning mouldy particularly where the clean the seed in the field. Eucalypt, melaleuca and
environment is moist. For this reason, plasticasuarina fruits open readily when dried, and
containers are not advised unless the seed crop isprovided the climatic conditions are conducive to
be stored only for a short period or in the case «drying, the seed can be extracted within a few days.
fleshy fruit where it is important that the seed doeAcacias vary in their requirements. For acacias

not lose moisture. where the seed readily sheds once the pods are dry
(e.g. A. ampliceps, A. victoriae, A. dictyophleba),
1.2.5 Bagging and transportation cleaning can be undertaken in the field. However,

for the majority of acacias collected and
After the harvest is complete, the fruit must beparticularly those from tropical humid conditions
bagged and clearly labelled both inside and ou(e.g. A mangium, A. crassicarpa,
For labelling in the field, each collector has theiA. auriculiformis, A. cincinnata) the seed does not
own sequential numbering system starting with readily separate from the pod and requires
and prefixed by their initials (e.g. Peter Smith—extraction including the use of machinery before
PS1, PS2, PS3, etc.). Aseparate number is issueccleaning which is normally undertaken at the
each tree collection. In the case of a bulk collecticATSC.
representing a provenance, then a single fie
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1.2.6 Recording field data

It is essential that all relevant information related t
the seed collection site and trees sampled a
recorded at the time of collection. Seed collectio

data sheets are used by the ATSC to record fie
information for each provenance collection. A
blank and completed data sheet is shown i
Appendices 1.3.2A and 1,3,2B. The informatior
can either be entered electronically (Prodate
and/or on paper format with final versionse®
completed electronically. When using electroni
format it is essential that a backup copy be mad
Relevant information must also be recorded in the
‘field botanical book’. Information should be

provided on the following making use of the
descriptions provided in the seed collection dat
sheet key (Appendix 1.3.2C).

» Species:To be written out in full giving genus,
species and subspecies. .

e Latitude and longitude: Space on the data
sheet only allows for a single set of figures fo
each co-ordinate making it necessary to recol
the mid point for the collection. Other co-*
ordinates such as the boundary limits of th
collection can be recorded under ‘comments
Geographical Positioning Systems (GPS) hav
been used by the ATSC since 1992 enablin
accurate and instant readings to be taken
preference to using maps.

e Location: When recording the provenance
location it is essential to provide the precist
location in sufficient detail for future collectors
to return to the same site. The most appropria
information varies from site to site.
Geographical features such as mountains, rive
and/or distances along roads or rivers or specif
locations within forest areas are useful locator:
When using distances along roads it is importai
to record the starting point in relation to s
permanent feature such as post office, bridc
crossing, road junction (e.g. 3.5-7.2 km fron
Murrurundi Post Office along the New Englanc
Highway towards Willoo, New South Wales).
However, bear in mind that road locations ca
change. As a matter of course, collectors shou
take the speedo reading if there is any possibilit
of this information being used to determine th
distance from a fixed point. Information on the
location should be written providing information *
progressing from detailed to general. Recordin
the location of each tree is not normal practice

However, it may be done for specific projects
where selected trees need to be sampled over
several years (e.g. E. polybractalected for oil
traits). For provenance collections involving a
large number of individual trees for which a
number of pages are required, the page number
should be recorded following the location
description and placed in brackets (e.g. Page 1/4,
2/4 etc.).

State: States of Australia or country where
collection was made.

Altitude: Single figure for altitude in metres
representing the mean for the collection site. The
range can be entered under ‘comments’. Best
taken from a topographic map, calibrated
altimeter or recently manufactured GPS units
with accurate elevation readings.

Seedlot number: Entered from the ATSC seed
register on returning to the laboratory. This is a
unigue number issued to each provenance
collection.

Provenance names in ATSC seed database:
The allocation of the provenance name on the
seed database is at the discretion of the seed
collector based on a maximum of 24 characters.
The description is normally a sub-set of the
Location details written on the Seed Collection
Data Sheet together with the state or country of
collection. This method of provenance naming
does have the potential for repeated collections
from a particular location to be given different
provenance names. For example, collections of
E. camaldulensis subsp.obtusa made in the
vicinity of the Emu Creek crossing near Petford
by different collectors may end up being called
either ‘Emu Creek’ or ‘Petford’ provenance on
the seed database.

In an attempt to standardise provenance names
on the seed database there are plans to use the
Australian gazetteer place names. A program
linked to the seed database would allocate the
nearest gazetted place name to a seedlot based
on the latitude and longitude of the collection
site. However, specific well known provenance
names such as Lake Albacutya and Petford
would remain in the system.

Map: Map name and scale corresponding to the
collection area.
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¢ Climate: Used for classification of climate,
based on Koppen (1923).

e Individual: Number of individual tree
collections for which the seed is family
identified.

e Bulk: Number of trees represented in the bull
seed mix for the provenance collection. The bul
is normally mixed in the laboratory once the
seed weights and viabilities are known for eac
tree seedlot.

Following information used in conjunction with

field collection data sheet key (Appendix 1.3.2C)

e Habitat: Description of the environment in
which the collection is made, e.g. river, ridge
top, estuary.

e Vegetation structure: Comparison between
‘projective foliage cover of tallest stratum’ and
‘life form and height of tallest stratum’. This
ranges from ‘tall closed forest’ to ‘low open e
shrubland’, based on Specht (1970).

e Species frequency:Descriptions range from
abundant to rare. .

e Aspect: Compass direction in which the slope of
the collection site is facing. .

e Slope: Four options depending on the level of
the slope. .

¢ Soil texture: Based on soil bolus prepared in the

field, ranging from sand to clay. Refer to
Northcote (1979) and McDonalet al. (1998).
Briefly, field texture is a measure of thee
behaviour of a small handful of soil when
moistened, kneaded into a ball and then press
out between thumb and forefinger. The resultin
behaviour of the bolus is compared with the
texture grades listed in the seed collection da
sheet key (Appendix 1.3.2C). .

e pH: Tested in the field using representative so
sample from a depth of 10-15 cm. It is mor¢
reliable if two or more tests are undertaken t

behaviour. Where detailed soil descriptions are
required, it is important that colours are
determined on the moist soil with a MUNSELL
soil colour chart or its equivalent (Charman and
Murphy 1991).

Geology: Selection based on collectors’
knowledge or reference to geological maps for
the area. Often difficult to determine accurately.
Draw on local knowledge (rangers, ecologists
etc.).

Seed crop:Size of crop ranging from heavy to
light, relative to typical crops for that species.

Crop timing: Whether the majority of the seed
crop is at early, peak or late stages of maturation
through to dehiscence.

Predation: Level of predation of the seed crop
being light, moderate or heavy and predator-
avian, insect or other.

Flower buds: Relates to presence of buds
ranging from heavy to light or absent and stages
of anthesis.

Flowers: Relates to presence or absence and an
indication of abundance if present.

Flower timing: Whether the flower crop is
early, peak or late.

Root sucker: Present or absent. A root sucker is
described as a shoot arising from below the
ground level either from the root or a rhizome
(NAS 1980).

Coppice: Present or absent. Defined as the
ability to regenerate by shoots, root suckers or
lignotuber (eucalypts), typically following loss
of, or damage to, the foliage of the plant (NAS
1980).

Associations: Facility for listing the most
dominant/ co-dominant associated species
together with related information on their
frequency and mean height.

cover the range of sites. Avoid testing near roacTr ee description

or other areas where soil is disturbed as the:
areas may have a non-representative pH. .

¢ Soil colour: Visual estimation. Colour can
indicate much about a soil's history and likely

Field Collection No: Each field worker records

their collections whether they be botanical or
seed collections according to a sequential field
number prefaced with the collector’s initials as
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described earlier under Section 1.2.5 Baggina plantation are of uniform age and exposed to a
and transportation (page 13). It is important themore uniform environment (Eldridget al. 1993).

the collector’s initials are unique to avoid any

duplication with other collectors using the samiThe field collection data sheet is still used to record
system. A separate number is allocated to earthe collection details except that a clear reference
tree for identification purposes. Apart fromunder ‘Location’ requires to be made that the

being recorded on the data sheet, the sarcollection is from a planted stand and name the

number is used on the seed label, botanical laboriginal source (provenance).

or any other collection item which are linked tc

the tree. It is good practice to enter field number1.2.8  Collections from seed orchards

into a field botanical book.

Well-designed and managed seed orchards are a
e Bot. Sp.: Indicate whether a botanical specimermeans of obtaining large quantities of genetically

was taken.

improved seed. It is important to know the history

of the seed orchard, including the following:

e Photo: Whether a photo was taken and, if so
some method of recording the particulale
frame(s) e.g. roll and frame number.

e Ht. M: Height of tree in metres.
« Age: Recorded according to age classes.

* Bole dbh cm: Diameter of bole taken at breast
height (1.3 m) on the upper side of the slope. -

e Crown density, branching and width:Thisisa «
comparison between trees of the same speci
within a stand. Three options are given for eac
character.

e Crown height %: Crown height as a proportion
of the tree height given as a percentage.

e Seed wt. and germination/10gRecorded after
the seed has been cleaned, weighed and tes
for germination in the laboratory.

1.2.7 Collections from plantations

Seed collections from plantations should only b
considered where appropriate information on th
origin of the seed used to establish the plantation ¢
available. The stand must contain an adequa
genetic base in terms of the species, provenan
and the number of unrelated parent tree:
Collections would not normally be made from
plantations that have been established froi
seedlots comprising fewer than 10 unrelated se:
trees.

Where plantations have the desired attributes, se

origin of the material used to establish the
orchard (provenance and family origin, numbers
of families, and whether it is a first-generation
orchard using material collected from natural
stands, or whether it is an advanced generation
orchard based on material collected from
plantations or a breeding program)

field layout (if family identity has been retained)

history of the orchard—extent of thinning,
material after thinning relative to that initially
used to establish the orchard. Do not collect seed
from orchards until at least 30% of individual
trees (or clones, in the case of a clonal orchard),
flower and set seed to produce the crop that is
being collected. Avoid collecting from trees that
have flowered out of phase with the others in the
orchard (early or late flowering), as this seed
may be highly inbred.

It will generally be appropriate to maintain
separate individual seedlots of the best trees in
the orchard with individual tree identity
retained.

When recording the seed orchard details,
provide information on reference documents
describing the seed orchard, its physical
location, whether it is a seedling seed orchard
(SSO) or clonal seed orchard (CSO), and the
original genetic material (natural provenance
source). Where possible provide a reference
document describing the history of the seed
orchard.

collections can be made from selected trees wiSeed orchard seed is generally more valuable than
the desired characteristics. Phenotypic selection seed from natural provenances, so greater care is
more likely to result in genetic gain in plantationsneeded during harvesting, to avoid disrupting later
compared with natural stands, because the treescrops.

16 — CSIRO Forestry and Forest Products, Australian Tree Seed Centre
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Turnbull 1997). In Casuarinaceae they are
associated with a nitrogen fixing actinomycete,
Botanical specimens are taken to vouch for thFrankia (Reddellet al. 1996). Most genera of trees
botanical identity of the seed collections or aand shrubs also form symbiotic relationships with
herbarium specimens. The decision to collecsoil fungi, which assist in the uptake of soil water
specimens is left to the collector’s discretion. Apaiand nutrients. These are termed mycorrhizas; for
from herbarium specimens for use in taxonomimore detailed information refer to Schmidt (2000).
studies, a voucher specimen is also collected wh
there is any doubt as to the identity of the treeSymbiont collections by the ATSC are usually
from which the seed was collected. made during seed collection as part of a
collaborative research study (e.g. P. Reddell on
In addition, collections are made as part oCasuarinaceaé&rankia, P. Dart and Reddell on
botanical studies (e.gA. holosericea complex. Rhizobium associated with specific species of
Maslin and Thomson 1992). Specimens must tAcacia, N. Malajczuk on mycorrhizas associated
labelled with the collector’s field number. Thewith Eucalyptus). However, seed collections are
following is a guide to the minimum number ofoften made during the drier summer months, before
specimens that should be collected and where ththe rainy season, whereas nodule development is at

1.2.9 Botanical voucher specimens

should be lodged. A single representative specimeits best when there is adequate soil moisture.

of the species from each location (provenance)

normally sufficient for each herbarium unless ther Steps to be taken when collecting nodules:

is considerable variation between trees.
1)
¢ Well documented species—one specimen plact
in the ATSC herbarium as a voucher.
(2

e Species of botanical interest to the ATSC—on
retained in the ATSC herbarium, with a secon(3)
offered to the CSIRO, Australian National
Herbarium.

(4)

e Species of wide botanical interest or nev
recordings- voucher specimens are retained
the ATSC herbarium, one for the State o
Territory herbarium in which it was collected (5)
and one provided to the herbarium currentl
studying the plant group.

It is the responsibility of collectors to document
distribute and look after specimens. Each collectc
has a limited allocation of space to store specime

in the ATSC herbarium. To avoid specimens bein
mishandled, each collector must restrict thei(6)
specimens to the space allocated.

1.2.10 Collection of root symbionts

Symbioses between higher plants and bacteria
fungi are known to be important, and perhap(7)
essential in some cases, for good plant grow
(Date 1995). Species within Casuarinaceat
Mimosaceae and Caesalpiniaceae  forr(8)
associations with nitrogen-fixing soil micro-
symbionts, often forming root nodules. In the cas
of Acacia for example, there are symbiotic
associations with Rhizobiunbacteria (Doran and

Nodule samples from different plants should
normally be kept separate.

Try to collect at least 10 nodules per plant.

Sample only fresh, firm nodules, avoiding
those that are damaged or decayed.

With Rhizobium nodules from acacias, it is
often easier to sample young plants with new
root growth (pink colour).

Once collected, the soil should be removed
from the nodules before they are placed in a
vial containing desiccant under a layer of
cotton wool. The desiccant (silica gel) should
occupy one-quarter to one-third of the volume
of the container and must not touch the
nodules.

Rhizobium and mycorrhizal fungi are also
contained in the soil. Soil samples can
therefore be taken from the immediate
vicinity of the plant roots and stored in calico
bags in cool conditions.

Label the sample with the collector’s field
number.

Store in a cool place (refrigerate) and dispatch
to collaborating laboratory as soon as possible
(<14 days) to minimise loss of viability.

Section 1 Seed collection — 17



18 — Australian Tree Seed Centre: Operations Manual

(9) Tools used for symbiont collection should be
thoroughly sterilised with absolute alcohol
between collection locations to avoid
contamination. .

Laboratories that have collaborated includs
CSIRO, Divison of Soils, Townsville fofrankia
and University of Queensland fdrhizobium
bacteria. ATSC does not maintain a referenc
collection or supply of root symbionts. Liaise withe
collaborating laboratories in advance of an
collecting.

1.2.11 Collection of pollen

For information on the collection and handling o
eucalypt flower buds and pollen refer to Tureer
al. (1994) and Moncur (1995). Similar technique:
have been applied with success in other Myrtace:i
such as melaleucas (M. Moncur pers. comm.
Boland et al. (1996) reviewed information on the
floral biology of casuarina including the collection
and handling of pollen. .

1.2.12 Preparation of reports .

Following the completion of any field trip, it is
essential that a report be written covering th
aims and results of the collection, itinerary an
seed collections including provenance dat.
sheets. The report should provide informatio
such as the biology, ecology, and distributio
useful for the reader to gain an understandir
of the collection and for use in interpreting the¢.
results of provenance/ progeny trials. In a
attempt to maintain consistency ATSC collec
tion reports should follow the following for-
mat.

e Title page: Include the title, authors and whom
they represent (e.g. CSIRO Forestry and Fore
Products, Australian Tree Seed Centre), Intern
Report, year compiled and, if lodged under th
ATSC report series include the sequenc
number.

e Table of contents: If appropriate for the size of
report.

e Summary: Briefly discuss what was achieved,
when and where.

information
related to

e Introduction: Background
covering historical information

previous collections, objectives of trip, sponsors
involved, permits required etc.

Aims of collection: This should include the
method of sampling, itinerary, personnel,
collection techniques and map(s) to show areas
covered and identify collection locations using
seedlot numbers.

Results: Highlight information on species,
provenances, locations ecology and climate
covered as a supplement to the provenance
sheets rather than duplicating what is already
provided. Provenance sheets can either be
presented here or in an appendix.
Recommendations can be made for future
sampling. Information pertaining to specific
ecological and climatic parameters of a species
will be of interest to readers. Photographs of
species habit and habitat are particularly useful
to help elucidate information.

Acknowledgments

References: The presentation of a report

depends on the duration of the collection trip
and the purpose of the trip. Guidelines for
presentation and lodgment of reports:

For trips that do not have any specific sponsor, a
copy of the report must be placed on the ATSC
file for the relevant state with other copies
distributed according to requirement.

For collaborative collections, bound reports
must be sent to the clients with copies for the
CSIRO FFP library and ATSC report series.
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PLATE 1

(A) At maturity, the valves of eucalypt capsules
should be fully formed and containing dark coloured
seed. By cutting representative capsules in half using
secateurs, the seed can then be inspected.

(B) .308 calibre rifle fitted with a 6-8X telescopic
scope is used to shoot down branches.

(C) For tall forest trees, a bow and arrow combination
is used to shoot a fishing line over a selected branch.
A suitable rope is then attached to the line and is in
turn pulled over the branch. The rope is used to assist
in removing branches or for gaining access to the tree
crown.

Seed collection Plate 1 — Section 1 19



PLATE 1 (CONTINUED)

(D) A free standing catapult (Big Shot) can be
used in place of a bow and arrow combination
to shoot a line over a branch. It is effective for
vertical distances in excess of 25 metres.

(E) A long handle pruning saw is used to reach
branches from the ground. Where vehicle
access is available, the operator can gain
additional height by standing on the roof rack.

(F) For low shrubs, fruit is stripped by hand
into containers.

20 Section 1 — Seed collection Plate 1 (continued)



PLATE 2

(A) When harvesting eucalypt seed, retain the
capsules on the stalk but where practical
remove leaf material. Ensure that a label
indicating the collector’s number is included.

(B) When in the field, harvested fruit should be
laid out to aerate and dry whilst collections are
in progress. Once dry, the seed can be
extracted. Ensure that environmental conditions
like wind and termites do not cause seed loss.

Seed collection Plate 2 — Section 1 21



PLATE 2 (CONTINUED)

(C) Information on the collection site
including the pH of the soil should be
recorded on the Field Data Sheet. The
soil used for the pH must be
representative of the collection site and
be taken approximately 150 mm or
deeper below the soil surface.

(D) A GPS is used to record co-
ordinates for collections.

22 Section 1T — Seed collection Plate 2 (continued)
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Appendix 1.3.1 ATSC Code of appropriate. All spent cartridges must be
Practice for seed collecting retrieved.

Also refer to Anonymous (1993). Guide to(10) Due care and attention are to be taken when
requirements for collecting Australian plants ant using vehicles to minimise road damage
animals. Australian Nature Conservation Agency  especially under wet conditions. Gates will be
Canberra. left as found. Any damage to property to be

reported immediately to the landowner or

(1) All collections are to be made in a manne manager.
sympathetic to maintaining conservation o ) ,
manner that they will be welcomed back.
(2) When severing branches, no more than or o
typically amounts to about four branches  Where appropriate indicate outcome of
Under no circumstance will the tops be collections.
removed from trees. ) ]
All relevant CSIRO Policy Circulars must be
(3) Trees for collection should be a minimumadhered to. The following are of particular
distance apart of at least two tree heights. relevance: 80/09 Safety Guidelines for Motor
Vehicle Driving, 93/13 Fieldwork in Remote

and must not obstruct traffic or roadUse.
maintenance. Large branches should be ¢
into  sections. Avoid shooting trees
overhanging roads where there is the
possibility of the branch hanging in the
crown. State and Federal Governmen
regulations relating to the use of firearms nee
roads must be observed.

(5) Necessary authorisations and permits fo
collecting will be obtained before collections.

(6) Field personnel of relevant authorities are t
be contacted before the start of the trip t
complete arrangements and discuss specil
details such as contact name, collectiol
localities, and condition of seed crop anc
access to collection sites.

(7) Private land holders are to be contacted befo
commencement of any collections on freehol
land.

(8) Every effort is to be made to call in at the
office of the appropriate authority before the
collection and to make a courtesy call or
completion of the collection.

(9) Prior authority is to be obtained where rifles
are required for the collection. Adjacent
landholders in the vicinity of the shooting anc
users of the forest are to be contacted whe
possible. Police to be contacted wher:

24 — CSIRO Forestry and Forest Products, Australian Tree Seed Centre
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Appendix 1.3.2A Seed Collection Data Sheet (blank)

CSIRO Forestry and Forest Products

PO Box E4008, Kingston,
Canberra, ACT 2604

AUSTRALIAN TREE SEED CENTRE
SEED. COLLECTION DATA SHEET

()

CS51RO

Species: Lat: "ILong: ° 'ISeedlot:
Location:
State: Alt (m):

Habitat: Provenance name for Database: Koeppen Climate Class
Veg'n structure: Soil texture: Association includes: Freq:| Ht [Comments:
Sp freq: pH: e
Aspect: Sail colour:
Slope: Geology:
Seed crop: Predation status:
Buad: Root sucker:
Flowers: Coppice: Map name:
Colin| Bot | Film| Ht | Age Bole Crown Description/notes: SeedJ Viab/

No sp No | (m) : dbh |Form| Den { Brn | Wdt | Ht weigh 10g

cm) (%) @
Team: Date: Collected as Bulk:
Individuals: Total:

UOIJ08J00 PBas | UOI08S
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Appendix 1.3.2B Seed Collection Data Sheet (completed)

CSIRO Forestry and Forest Products AUSTRALIAN TREE SEED CENTRE '
PO:Box E4008, Kingston, SEED COLLECTION DATA SHEET ‘lgl"
Canberra, ACT 2604 CSIRO
Species: Lat: ‘ILong: ° '|Seedlot:
Eucalyptus cladocalyx 32 18 137 58 20269
Location:
Ridge Tops along walking trail to summit of Dutchmans Stern, Dutchmans Stern National Park 10km N/W Quorn
State: Alt (m):
SA 800
Habitat: Provenance name for Database: Koeppen Climate Class
Ridges Dutchmans Stern Cool, rainfall evenly distributed, semi arid
Veg'n structure: Soil texture: Association includes: Freq:| Ht |[Comments:
Open woodland gritty sandy loam (m) i
Sp freq: pH: E. leucoxylon c 22 |Almest a pure stand on ridges and upper slopes
Common 6 A. quornensis c 2 [Fruit size much smafler than populations to the south
Aspect: Soil colour: Callitris sp. c 7
all grey Allocas. verticillata c 4
Slope: Geology:
mod-steep Quartzite
Seed crop: Predation status:
scattered light
Bud: Root sucker:
mod
Flowers: Coppice: Map name:
Mod( immature fruit) Y Augusta 1:100,000
Colin| Bot | Film | Ht | Age Bole Crown Description/notes: Seed Viab/
No sp No | (m) dbh |Form| Den | Brn | Wdt | Ht weight| 10g
JSL (em) (%) @
309 | Y 27 15 M 47 P H H S 40 26 275
3097 Y 28 15 M 40 P H H BS 50 46 475
3098 Y 29 12 M 37 P H H BS 50 38 500
3099 Y 30 16 M 30 G M M | NS 60 40 700
3100 Y 31 12 M 28 P M H BS 30 41 300
3101 | Y 32 14 M 65 P H H S 45 33 2400
3102 | Y 33 14 M 60 P M H | BS 50 29 350
3103| Y 12 M 38 P M H BS 45 52 525
3104 Y 14 M 35 P M M BS 50 8 175
Team: Date: Collected as Bulk:
Tarmour. Whitfeld 20.5.99 Individuals: 9 Total:j 332
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Section 1 Seed collection
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Appendix 1.3.3 ATSC equipment —face shield

checklist for the field bow saw with blades

Authorities cameras with film
_ _ chainsaw

collection permits —spares to include bars, chain, sprocket, plug,
firearm permits diaphragm, starter rope, sharpening equipment
movement approval —fuel-(2 stroke)

— travel request —oil for bar _

— trip plan —sharpening equipment

—protective clothing

Office equipment compass

booking board/file diameter tape

computer loaded with software for entry offl€Xible saw

collection data/botanical keys etc. geologist’s pick
credit card global positioning system
field note books height measuring instrument
fuelcard for specific vehicle helmets for all party members
list of official and private phone numbers needles
maps ph kit
mobile phone pruning saw-long handle and attachment
reference material on flora etc. rifle
rulers, pens, pencils —bolt .
_ —ammunition
seed collection data sheets —cleaning equipment
—rifle case
Collection equipment —ear muff, hard hat and safety glasses
_ —screwdrivers and hex. key wrench set to fit
altimeter rifles
—Ilarge : .
— medium seed identification labels
bags seed sheets collecting
—calico sieves
—envelopes —Iarge
Big Shot catapult .—f|ne (brass)
binoculars string
botanical press tape for marking and repair of sheets
—paper tarpaulins
—plastic bags throwing rope—25m (4—6mm diameter)
—jewelers tags | bal
—straps wool bales

—boxes for dried specimens
—specimen book with record of next field Tree climbing equipment

collection number .
—screw jars containing alcohol Big Shot head and 2.4 m pole

bow Big Shot fine line (45 m)
—string Big Shot sling replacement

—alrows Bia Shot th 4
—reel with line ig Shot throw bag (450 g)

28 — CSIRO Forestry and Forest Products, Australian Tree Seed Centre
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Appendix 1.3.3 continued

climbing rope (50 m statix 12 mm diam)
gaff guard

harness carry bag

helmet

karabiners—2 steel and 2 aluminium

kit bag

pole pruner with extendable handle

pole straps

prusick rope (2 mx 8 mm diam)

pulleys

rope bag

sheathed saw (24 cm)

climbing spikes

throwing rope—25 mx 5mm diam. plus weight
tree climbing harness

Vehicle items

brake fluid
extra fuel
electrical wire
hydraulic jacks with levers
insulating tape, clips
oil
levers for tyre repairs
puncture repair fit
spare inner tyre tubes
spare parts to include:

—alir pump

—bolts

—fan belt

—filters

—fuses

—jump leads
—radiator hoses

spare tyres

tool kit to include spanners, screwdrivers, pliers
shifter, wheelbrace, hammer, grease

tow rope
winch operating switch
wire

Safety Items

emergency position indicating radio beacon (epirb)

first aid kit
—standard kit
—remote area kit

hard hat, earmuffs (heavy duty EH12 32DB),
safety glasses for use with firearms

mobile phones
sunscreen 15+

Miscellaneous

axes
cargo nets, straps etc. for securing loads
rope

tape measuring—30 m

tape—masking

torch for each member of the party

wet weather gear
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Appendix 1.3.4 A rough guide to seed  (sectionExsertaria), 8—10 months in many species
collection times of the eucalypts in sectionMonocalyptus and up to 12 months in

bloodwoods Corymbia spp.). Populations
Corymbia and Eucalyptus taxa collected by ATSC occurring along different altitudinal and latitudinal
over the past 30 years. As many eucalypts cargradients may also vary in maturation times on a
more than one seed crop, seed collections for mcregional basis within species. Heavy seed crops are
species can be conducted at any time of the yealso often produced after a number of sparse years.
Many of these species are denoted as all year (a.Seed collections are best conducted during a year
in the table. Maturation of the most recent seeof peak seed production. Flowering times for many
crop can be assessed using flowering time asof the species shown have been derived mainly
guide. However, capsule maturity followingfrom records in the program EUCLIST (cited in
anthesis can vary considerably among species. FChippendale and Wolf, 1981). Flowering times
example, capsule maturation times followingmarked with an asterisk (*) are from Brooker and
anthesis can range from as short as six weeks in iKleinig (1990, 1994 and 1999). For further details
E. coolabah-E. microtheca group (section regarding eucalypt phenology see Bolagtidal.
Adnataria), 5-6 months in many of the red gums(1980).
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species shown are mainly woody shrubs and tree
species in the genus. Bracketed months indicate
seed collections can sometimes be conducted
during these months but are not representative of
the main seed collection period.

Appendix 1.3.5 Seed collection times
of acacias, casuarinas, grevilleas and
melaleucas

The following seed collection month(s) have bee
derived from records of the ATSC. The 2&8cia

Acacia Seed collected Acacia Seed collected
acradenia Sep-Nov cambagei Sep-Nov
acuminata Nov-Dec cardiophylla Mar

adoxa Oct catenulata Oct

adsurgens Sep-Nov celsa Oct-Jan
alleniana Sep cheelii Dec

alpina Feb chinchillaensis Oct

ammobia Nov chisholmii Sep

ampliceps (Sep-) Oct (-Nov) chrysotricha Oct

anaticeps (Oct-) Dec cincinnata (Nov-) Dec
ancistrocarpa Sep-Nov citrinoviridis Oct-Nov
aneura Oct-Nov (-Dec) colei Sep-Nov
aphanoclada Oct complanata Oct

arepta Oct concurrens Nov-Dec
argyraea Oct conferta Nov-Dec
aulacocarpa Sep-Nov coriacea Oct-Nov (-Dec)
auricoma Oct cowleana Sep-Nov
auriculiformis Sep-Oct (-Nov) crassa Oct-Dec
auriculiformis X leptocarpa  Oct crassicarpa Sep-Nov
ayersiana Oct cretata Oct

baileyana Nov-Dec cultriformis Nov-Dec
bakeri Feb cupularis Jan

bancroftii Oct-Dec cuspidifolia . Mar

bidwilli Sep-Apr cuthbertsonii Sep-Oct
binervata Dec cyclops Jan-Feb (-Apr)
binervia Dec cyperophylla Sep-Oct
bivenosa Oct-Nov (-Dec) dealbata subsp. dealbata (Dec-) Jan (-Mar)
bivenosa X ampliceps Nov dealbata subsp. subalpina Jan

blakei Oct-Dec deanei subsp. deanei Oct-Jan
blakelyi Nov deanei subsp. paucijuga Dec

blayana Dec-Jan decora Oct
brachystachya Oct-Jan decurrens Nov-Feb
brassii Sep-Oct dictyophleba (Sep-) Nov
brownii Dec dietricheana Oct

burrowii Nov difficilis Sep-Oct
buxifolia Mar dimidiata Sep-Oct
calamifolia Nov diphylla Dec

calcicola Oct disparrima subsp. disparrima Sep-Nov
calcigera Aug, Oct disparrima subsp. calidestris Sep-Nov
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Acacia (continued) Seed collected Acacia Seed collected
distans Oct hemsleyi Sep
doratoxylon Nov hilliana Sep
drepanocarpa Sep holosericea Sep-Nov
drepanophylla Nov hylonoma Dec
drummondii Jan implexa Deo-Jan (Feb)
dunnil Jun—Jul, Nov inaequilatera Oct-Dec
effusa Nov irrorata (Nov-) Dec
elachantha Sep-Nov islana Oct
clata Dec (-Feb) jennerae Oct-Dec (-Jan)
elongata Nov julifera subsp. gilbertensis Sep
eriopoda Oct-Nov julifera subsp. julifera Oct (-Dec)
estrophiolata Nov-Dec juncifolia Oct_Dec
everestii Oct
excelsa Dec kempeana Oct
exilis Nov laccata Sep
falcata Sep-Dec lamprocarpa Sep-Nov
falciformis Dec-Feb lasiocalyx Jan
farnesiana Sep-Dec latescens Sep-Oct
fasciculifera Dec, (Jul) latzii Oct-Nov
filicifolia Dec leichardtii Oct
fimbriata Oct-Dec leiocalyx Nov-Dec
flavescens (Sep-) Oct (-Dec) leptocarpa Sep-Nov
flexifolia Nov leptoloba Apr
floribunda Dec leucoclada Nov-Dec
frigescens Feb ligulata Oct-Dec (-Jan)
fulva Dec limbata Oct

linifolia Jan
galeat.a Nov longispicata Oct-Nov
georginae Nov-Dec lysiphloia Sep-Nov
gittinsii Oct
gladiformis Nov mabellae Dec-Feb
glaucocaesia Oct maconochieana Oct
glaucocarpa Nov-Dec macradenia Oct-Dec
gonoclada Sep maidenii Oct-Nov
gracilima Nov maitlandii Oct (-Dec)
grandifolia Nov mangium (Sep-) Oct-Nov
grasbyi Nov (-Dec)

N mearnsii Dec-Jan
gregorii Nov (Man)
hakeoides Nov-Dec melanoxylon (Oct-) Jan (-Mar)
hamersleyensis Oct-Nov midgleyi Oct-=Nov
hammondii Sep-Nov mimula Aug
harpophylla Oct-Nov mollifolia Dec
havilandii Oct monticola Sep-Nov(-Dec)
hemignosta Oct-Nov mountfordae Sep-Oct
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Acacia (continued) Seed collected Acacia Seed collected
mucronata Jan rothii Sep-Oct (-Dec)
muellerana Nov rubida Dec-Jan
murrayana Nov-Dec sabulosa Oct-Dec
myrtifolia Jan salicina Sep-Nov
nanodealbata Feb saliformis Dec
neriifolia Nov-Dec saligna Dec-Jan
nuperrima subsp. cassitera  Feb schinoides Dec
obliquinervia Jan sclerosperma Oct-Nov (Mar)
obtusata Dec sclerosperma X ligulata Oct
olgana Oct sericoflora Oct
olsenii Jan-Mar shirleyi Sep-Dec (Aug)
oncinocarpa Sep silvestris Jan (-Dec)
oraria Sep-Oct simsii Sep-Oct; Apr-Jul
orites Dec sophorae Dec-Jan
orthocarpa Oct sparsiflora Nov
oswaldii Dec spathulata Nov
spectabilis Oct-Nov

pachyacra Oct-Nov
pachycarpa Oct spondylophylla Nov
pachyphloia May st_enophylla Sep-Dec (May)

Rl stigmatophylla May
pallidifolia ] Sep stipuligera Sep-Oct (-Dec)
parramattensis Jan .

- storyi Oct-Dec
parvipinnula Dec (-Jan) stowardii Oct
pend.ula , Oct-Dec strongylophylla Nov
penninenvis :‘:t'?\lec striatifolia Nov
peregrina ep-Nov
peuce May, Sep-Oct, Apr zagz::zza :l/lc;\:
platycarpa ?ﬁgfﬁ\:‘) subtessarogona Oct-Nov
plectocarpa Sep-Oct (-Nov) sutherla.ndii Oct
podalyrifolia Dec sylvestrls. ) Jan
polybotrya Dec—Jan synchronicia Nov
polystachya Oct-Dec tenuinervis Nov
pravissima Jan-Mar tenuissima Sep-Nov
pruinocarpa Jan-Mar tephrina Nov
ptychophylla Oct terminalis Dec
pubercosta Oct tetragonophylla Oct-Dec
pustula Nov torulosa Sep-Nov (-Dec)
pycnantha (Dec-) Jan (-Feb) trachycarpa Oct (-Nov)
pyrifolia Oct-Nov trachyphloia Dec-Jan
ramulosa Oct-Nov translucens Oct
retinodes Jan triptera Dec
retivenia Sep-Nov tropica Sep-Oct
rhodophloia Oct-Nov tumida Oct-Nov (Sep-)
rhodoxylon Oct umbellata Oct
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Acacia (continued) Seed collected Acacia Seed collected
uncinata Nov-Dec wanyu Oct
validinervia Oct-Nov xanthina Dec

verniciflua Dec xiphophylla Oct-Nov (Mar)
V?St'té Dec—Jan yirrkallensis Apr

victoriae Nov-Dec (Mar, May)

Allocasuarina Seed collected Allocasuarina Seed collected
acutivalvis Aug huegeliana Jul-Aug
campestris Aug lehmanniana Dec
corniculata Aug-Oct littoralis May-Aug
decaisneana Sept-Nov luehmannii Dec

decussata Aug paludosa Feb

dielsiana Oct tessellata Oct

fraseriana Feb torulosa Jun-Sept
helmsii Aug verticillata Jan-Apr
Casuarina Seed collected Casuarina Seed collected
cristata subsp. cristata Jul-Sept glauca Jul
cunninghamiana Feb-Jul grandis Apr
subsp. cunninghamiana

cunninghamiana subsp. miodon Mar-May junghuhniana Aug-Oct
equisetifolia subsp. equisetifolia Nov-Feb obesa Oct-Nov
equisetifolia subsp. incana Mar-Apr
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Grevillea Seed collected Grevillea Seed collected

dryandri Jan refracta Nov-Jan
robusta (Dec-) Jan (-Mar)

glauca Oct-Jan

) spinosa Dec

heliosperma Sept, Jan stenobotrya Oct-Jan

juncifolia Oct-Jan striata Jan-Feb

nematophy”a Jan wickhamii subsp. wickhamii Oct-May
wickhamii subsp. aprica Sept

parallela Nov

pinnatifida Jan

pteridifolia Sept-Jan

pterosperma Oct

pyramidalis Nov-Dec

Melaleuca Seed collected Melaleuca Seed collected

acacioides subsp. acacioides
acacioides subsp. alsophila

acuminata
adnata
alternifolia
arcana
argentea

bracteata

cajuputi subsp. cajupulti
cajuputi subsp. cumingiana
cajuputi subsp. platyphylla

citrolens
clarksonii

dealbata
decora
decussata
dissitiflora

eleuterostachya
ericifolia

fluviatillis
foliolosa

glomerata

Oct-Nov
Dec
Feb
Mar
Jan-July
Dec-Jan
Dec-Jan

Jan-Feb

Nov-Jan
Jul
Oct-Dec
Sept-Oct
Jan

Dec-Jan
Jan
Jan-Feb
Jan

Mar
Sept

Dec-Jan
Jan

Oct-Nov

halmaturorum

lanceolata
lasiandra
leucadendra
linariifolia

minutifolia

nervosa
nesophila
nodosa

pauperiflora
preissiana

quinquenervia

saligna
sericea
stenostachya

thyoides
trichostachya

uncinata

viridiflora

all year

Feb-Mar
all year
Oct-Apr
Jan

Apr

Nov-Jan
Jan
Dec

all year
Jan

Oct-Nov

Jan
Dec
Nov

Mar
Jan-Feb

all year

Oct-Dec
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Section

5 Seed Processing

Seed is rarely clean enough for immediate stora(relatively high moisture content and are susceptible
following collection. Most collections require to mould if stored inappropriately. It is therefore
harvesting of fruit that must then be processed kimportant to arrange for the rapid transportation of
drying or depulping, extraction of the seed fronthe crop if it is to be processed at the ATSC. At
the fruit, further cleaning and fumigation. Theseevery opportunity the crop should be spread out
processes are to: and well-ventilated to minimise deterioration prior
to seed extraction with regular inspections to allow
e remove impurities such as leaves, twigs, dirt tearly detection of deterioration due to fungi and
facilitate cleaning; insects.
 dry dehiscent fruit to allow for seed extraction; Impurities such as twigs and leaves are removed in
» remove pulp from fleshy fruit in order to reduceorder to reduce unnecessary bulk and to facilitate
bulk, minimise fungal problems and reduce thidrying and cleaning. This is initially undertaken at
risk of viability loss; the time of harvesting but may also be required
prior to seed drying and again at the time of
extraction. This is particularly important where
impurities left in the crop can not be conveniently
» reduce moisture content of the seed; removed during the cleaning process (e.g.
casuarina branchlets should be removed prior to
drying leaving only the cones). Pre-cleaning may
be necessary following drying but before extraction
» fumigate the seed to kill insects contained in thand cleaning (e.g. removal of acacia pods from
seed. twigs once they have been dried but prior to
threshing to prevent damage to the rubber flails).

» clean the seed to achieve maximum purity an
viability;

e mix seed from individual tree collections to
form a provenance bulk;

These processes should be carried out as soon
possible following collection and care must be :

taken to avoid damage to the seed and maintain 12'1 -2 Drying
identity of each seedlot. Methods for processin

are many and varied and depend very much on Some drying is a necessary part of processing most

type of fruit, seed and equipment available. Thifrun unless they have already dried on the plant

. : . (e.g. pods of arid zone acaciag—aneura,
section covers seed processing foIIowm(( 9. P

: : . A, victoriae) or in the case of fleshy fruit which
collection with the focus on species represented trequire depulping. The drying process causes a

eucalypts,Melaleuca, Casuarina, Allocasuarina, . X S
: : : continuous release of moisture the rate of which is
Grevillea andAcacia. Methods for handling fleshy determined by temperature, humidity, air flow,

fruit are also discussed. moisture content of the fruit and fruit structure. The
most effective drying conditions are low humidity,
continuous air circulation and a temperature that
. ensures the seed does not lose viability. For this
2.1.1  Pre-processing reason drying should be done using a safe
Following harvesting, seed can either be processminimum temperature which will allow for the
in the field or at the ATSC facilities. Following extraction of the seed within a practical time limit.
collection, freshly collected fruit normally have a

2.1 Seed extraction
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Natural drying Artificial drying
The most straightforward method of drying is tcFruit not completely dried in the field requires
spread the harvested crop out on calico sheefurther drying in the ATSC drying room. The fruit
(2 X 2 m) on the ground either in full sun or in theand associated impurities are spread evenly over
shade and tying them up again into bundles at tlthe sheets to maximise air circulation and turned
end of the day or for transportation. The method regularly to encourage even drying throughout the
suited to dry conditions above about@QCand is crop. The room is normally set at a temperature of
commonly adopted during extended field trip:35—-38°C with air movement assisted by fans. With
where it is essential to dry and extract the seed immature and moist material, it is wise to initially
frequently as possible to reduce the bulk odry the material for one to two days at a lower
collected material and avoid the development ctemperate (2%)—to partially dry the fruit then
mould. Most species collected by the ATSC benefincrease the temperature each day by
from this method of drying. The time required forapproximately 8C to 35°C.
natural drying depends on a number of factot
including species, the degree of fruit maturity anDrying time depends on a number of factors
weather conditions. Under warni>80°C) dry including the volume of material, initial moisture
(relative humidity <40%) conditions, dehiscent content and the structure and density (woodiness)
fruit (e.g. eucalypts, melaleucas, casuarinas) miof the fruit. On average, seed should be ready for
be ready for extraction within a few days or even cleaning after 2—3 days but drying may take up to a
few hours under very hot conditions, especiallweek or more where there is a large volume of leaf
those species with thin walled fruit. Similarly, and woody fruit material.
acacia pods collected in the near-dry, mature ste
require a minimum amount of drying. However,Ralph (1994) reported thBanksia andHakea fruit
green pods should be dried out at a moderaare placed in an oven at 80-100for 30 minutes
temperature (about 25). For moist fruit or seed in order to release the seed. Alternatively, the cones
which is not fully mature, care must be taken not tare placed in a fire for a minute or two then
let the fruit overheat otherwise this can result iiplunged in cold water and allowed to dry. This
excessive moisture being removed from the se«method is repeated until all the valves open. For
thereby reducing the seed viability. In this situatiolbanksia cones which do not adequately respond to
it is better to place the seed in semi or full shacthis treatment, an alternative method is to soak the
particularly if the temperature is above abolt25 cones for 24 hours in cool water then placed in an
oven at 250°C for one hour or placed on the fire for
Whilst this method is very convenient during fielda minute.
trips, it is important to minimise the risks involved
when leaving the crop un-attended in the fielc2.1.3 Seed extraction
Where there is the risk of wind lifting the sheets
the sides of the sheets should be weighted dowExtraction and subsequent cleaning is either carried
Seed should not be dried near ants nests as they out manually, mechanically or in combination. The
known to remove viable eucalypt seed leaving thwide variation between individual tree lots and
chaff. Other risks to be mindful of include rain,species and the need to ensure there is no
fire, people and animals. It is also important tccontamination  between seedlots requires
avoid contamination from foreign seed. Do noconsiderable manual handling. Care must also be
spread sheets out under trees that are shedding staken to ensure as much of the seed contained in
and avoid areas with tall grass with mature seed.the fruit is removed yet avoid damaging the seed.
Machinery used must be designed for ease of
Where conditions (e.g. climate, time) are nocleaning and adjustment but not damage the seed.
conducive to field drying, then the fruit will need to
be artificially dried. In this situation it is either a Extraction by hand: Manual shaking of the fruit
case of returning with the material at the end of thor as part of a sieving process is sufficient for many
trip (short trips) or, where there is a risk of moulcspecies (e.g. eucalypts, melaleucas, casuarinas,
or the accumulation of excessive material for thgrevilleas). Ensure that as much of the seed as
vehicle, sending the harvest back to base usiipossible has been removed from the fruit before
commercial carriers. Some commercial seediscarding the waste. Some seed may need to be
collectors have developed mobile drying facilitiesremoved individually from the fruit by hand using
to counter this problem. tweezers where other methods are not effective.
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Species that may require this treatment includExtraction methods for eucalypts, melaleucas,
banksias and native grasses (Ralph 1994). casuarinas, (capsulated fruit) and grevilleas. For
small lots typically handled by the ATSC, the
Manual threshing: The seed of dry brittle pods method discussed above under Extraction by hand
including many acacias can be extracted by beatilis the most appropriate method. A careful
with a flail or slender pole, crushing the podsinspection should be made to ensure that the fruit
between canvas sheets by trampling underfoot chave fully opened before vigorously shaking by
with small samples, simply by breaking up thehand or when sieving. With eucalypts, the fertile
pods by hand (Doran et.al983). Thomson (1995) seed is usually located near the bottom of the fruit
reported that large, hard-coated seeds of sorloculi, and may not be as readily shed as the chaff
phyllodinous Acacia species (e.gA. anaticeps, located near the top of the capsule. Seed are more
A. pachycarpa, A. platycarpa andA. wanyu) can be easily extracted from fruit of species with half-
separated from the pod by placing the podsuperior ovaries in which the valves spread more
between a heavy-duty tarpaulin and running theasily e.g.E. camaldulensis, than from fruit of
wheels of a vehicle over them. The seedheads species with fully inferior ovaries, e.qg.
some native grasses, suchznthonia andPoa, E. delegatensis (Bolandet al. 1980). Make certain
can be rubbed between two rubber car-mats there are no holes in the container as sharp sticks
dislodge the seed (Ralph 1994). may have punctured the sheet or bag. For larger
operations mechanical methods which combine
Mechanical threshing: The ATSC 15 cm flailing drying and extraction are used as discussed by
thresher has been most effective in breaking dovBolandet al. (1980).
both humid tropical and arid zone acacia pod:
Searle (1989) reported that the same threshAcacias. The method for extracting acacia seed
adapted to run in the field with a 2 horsepowedepends on whether the seed can be freely removed
motor was effective in breaking down fruit of from the pod or not. If the pod opens following

Acacia, Adenanthera, Albizia, Alphitonia, drying and the seed is not attached to the funicle
Brachychiton, Cathormium, Dendrolobium, the fruit can be vigorously shaken or manually
Geijera and Rhodosphaera. threshed as in the case of many bi-pinnate acacias

(e.g. A. mearnsii, A. dealbatg. However, where the
Adescription of the machine is given by Doehal.  seed is firmly secured to the pod by the funicle
(1983). The machine’'s motor rotates a metal she(A. mangium), the pod has to be broken up using
(belt driven) bearing four replaceable flailing rubbe the CSIRO 15 cm flailing thresher before the seed
strips inside a chamber. The pods are drawcan be cleaned. For best results and to minimise
downwards from the overhead hopper into thcleaning problems and damage to the rubber flails,
chamber where the material is broken down by trremove as much of the stick material as possible
rubber flails before falling through the sieve into ebefore threshing.
container. Interchangeable sieves of varyin
aperture and shape determine the extent to which tFleshy fruited species: Fleshy fruit contain a
material is broken down before falling through therelatively high percentage of moisture either in the
holes. The thresher causes minimal damage to tfruit or in both the fruit and the seed. The method
seed and is very easy to clean thus avoiding the riof seed extraction and storage depends on the
of contamination. The thresher can also be us¢structure of the fruit and seed.
effectively for the removal of funicles from acacia

seed. Anumber of other examples of other threshire
machines are described in Doran et(al983).

Dust associated with the threshing and cleaning
acacia pods in particular can cause skin irritatio

and respiratory problems. For this reason the ATS

extraction and cleaning facility is fitted out with e
ducting for removal of dust. However, it may still

be necessary to wear protective breathing appara

to further reduce inhalation of irritating dust durinc

threshing and should be worn when threshin

under field conditions. Suitable ear muffs shoul

also be used when the thresher is in operation.

Indehiscent fruit which does not split open when
dry is stored as fruit.

Species with seed covered by a thin fleshy
covering may be stored after drying.

Other species require to have the fleshy outer
coat removed (depulped) prior to storage in
order to minimise micro-organism development
and to allow the seed to be cleaned. In some
instances the pulp is known to inhibit
germination (Stubsgaard and Moestrup 1991).
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Depulping of fleshy fruit should be done soon aftewithin sub-genusMonocalyptus in which the
collection to avoid fermentation and heating‘seed’ and chaff are similar in size and weight and
However, in certain cases (e.g. Aleuritepp., therefore can not be separated readily. Where seed
Azadirachta indica) fermentation is known to can be cleaned to a pure state, there is a
assist in the depulping process where the outrequirement that the seedlot have a minimum
fleshy fruit is hard. Ralph (1994) makes the poinviability of 70% and purity of 95% (refer to Section
that some species (e.Bianella, Coprosma and 3.2.1). This requirement may be waived for small
Hymenanthera) require fermentation in the fleshy valuable lots €20 g) where re-cleaning would
fruit before germination can occur. With theseresult in the loss of viable seed.
species, do not remove the fruit immediately bt
allow the fruit to ferment in a plastic bag for 2-42.2.1  Sieving
weeks. However, Stubsgaard and Moestrup (199
report that seed from fruit that have fermented uniThis method is most effective for the majority of
acetic acid has been formed may be badispecies including eucalypts, melaleucas, acacias
damaged. Searle (1989) reported successiand casuarinas. It is normally the only method
depulping of a wide range of fleshy-fruited tropica available for cleaning in the field. Sieves come in a
trees using a concrete mixer and varyinrrange of sizes, apertures with sieve material made
combinations of sand, rocks and water. from either perforated plate or woven wire. For
small seedlots, 20 cm diameter laboratory sieves
The first step is to soften the flesh by soaking thwith a wide range of aperture sizes are normally
fruit in a container of clean water until the pulpused whilst large sieves (50-80 cm in diameter) are
becomes soft enough to remove by hand or wiipreferred for large seedlots especially during the
equipment. This will normally take one or moreinitial stages of cleaning. Mesh sizes in common
days depending on the thickness and softness of fuse vary from 500 micron to 4 mm for eucalypts
flesh. Thin soft flesh may not require any soakini(see Table 2.1) and 3 to 12 mm for acacias. In the
whilst hard fleshy berries may take up to a weelcase of acacias, sieves are only effective once the
Change the water daily and keep the fruit in a cofunicle has been removed otherwise it tends to
place. The skin of overripe fruits begin to shrivecatch on the sieve preventing effective separation
and become sticky, making it more difficult toof the seed from impurities. A combination of a
remove. large and small aperture sieve can be effective in
removing both large and fine particles. An example
As an alternative to soaking, the fruit can be storeof this is cleaningAngophora costata where the
in heavy duty plastic bags. This method is used ichaff can be easily separated from the seed by use
the field where facilities are limited. Make sure thcof a fine sieve while a larger aperture sieve
fruit does not heat up or start fermenting. removes the larger impurities. Even fly wire can be
used for fine seed includinge. grandis,
Small lots of seed are usually macerated by hanE. camaldulensis, E. pellita and E. urophyllaunder
Alternatively fruit may be macerated by rubbingfield conditions.
them against or through a screen (Seead. 1974).
The pulp and skins can usually be separated fr02,.2.2  Winnowing and vacuum
the seed by washing through appropriate sieves cleaning
by differential flotation in a deep bowl! through
which a slow stream of water is flowing. The seernis procedure makes use of air currents to
sinks while the pulp rises to the surfaceggparate seed from impurities through differences
Alternatively, the pulp can be spread out to drj, weight, resistance to flow of air (volume or
before being pulverised and cleaned using sieves shape), and the velocity at which the air moves. It

winnowing. is effective in cleaning acacias and to a lesser
29 Cl . extent casuarinas and grevilleas. The ATSC has
. eaning found that air separators based on the Kurt Pelz

Saatmeister Mark 2 design (see Doran tl883)

are most effective in cleaning acacia seed. The
machine is also useful for separating eucalypt seed
from chaff as an alternative to sieving. The South
Dakota blower described in Dorahal. (1983) is
useful for small seedlots.

Once the seed is separated from the fruit it is reau
for cleaning. There are a number of methods th
include sieving, blowing, winnowing, flotation or
imbibing the seed followed by gravity separation
Complete cleaning of a seedlot may not always
possible or is impractical such as eucalypt speci
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A vacuum cleaner is effective in separating ligh2.2.3 Flotation
fluffy seed. Screens can be used to control what
sucked into the vacuum. Density method. Flotation in water is effective for
cleaning seed with hard seed-coats not subject to
imbibing. The method relies on differences in
_ _ _ _ density with the sound seed sinking to the bottom
Table2.1.  Sievemesh sizessuitable for listed while the light material, including empty seed
Species floating to the surface. The light material can then
be skimmed off the top of the water and checked

Species Mﬁt]ure for viable seed before being discarded. The fraction
?r%m) that sinks comprising the seed is dried by spreading
out in a thin layer to dry.
Angophora costata 4,751 ] ] )
o Absorption method. The method is very effective
Corymbia citriodora 2.8-3.3%

in separating insect attacked seed in a number of
C. maculata 2.8-3.3%2 arid zone acacias (e.gA tumida, A. coriacea,
A. torulosa). The seedlot is left to soak for a day by

C. torelliana 2.0-2.36 which time the insect attacked seed, which
Casuarina cunninghamiana 14 normally have a small hole in the seed coat absorb
Cas. equisetifolia 28 water, thereby swelling. Following an initial
_ surface drying, the insect attacked seed being larger
Eucalyptus camaldulensis 1.2 and heavier, can be removed by sieving or air
E. camaldulensis subsp. simulata 1.0-1.2 blowing.
E. delegatensi 1.8-2.0 - . .
_ ega_‘ enss 2.2.4 Imbibing seed combined with
E. dives 1.4-1.7
. Nurseries who raise large quantities of eucalypt
E. fastigata L7 seedlings frequently use automated vacuum type
E. globulus 2.36-2.8 sowers to sow seeds into individual containers. To
E. grandis 1.2 be effectiye, it is_ important that the seeo! be as pure
as possible with chaff and other impurities
E. leucoxylon 1.7 removed to ensure a high strike rate with a single
E. microtheca 1.7 seedling in each container. In the case of eucalypt
E ni 17 seed, the method can only be effective if the viable
- nitens : seed can be separated from the chaff. Where there
E. obliqua 1.7 is a large size difference between seed and chaff as
E occidentalis 14-17 in the case qE. globulus, _cor_1vent|ona! methods
_ such as sieving and aspiration technigues can be
E. pellita 1.4-17 readily employed. However, for species where it is
E. pilularis 1.7-2.0 difficult to separate seed from chaff using the
above mentioned methods as in the case of species
E. regnans 14-1.7 within sub-genusvionocalyptus, a combination of
E. saligna 1.2 techniques including gravity tables, aspiration,
E sderoxvion 19 winnowing and sieves have been used with mixed
‘ i ' success depending on the species and seedlot.
E. tereticornis 1.0-1.2
E viminalis 1.4-17 _Cliffe (1997) des_cribes a technique for the
o improved separation of seed from chaff in
Melaleuca alternifolia 500-850 eucalypts that has been in common practice in a
microns number of countries round the world. The method

is a two stage process involving imbibing of seed
followed by density separation. Seed is first spread
2 alternatively air blower or gravity separator out in a thin layer on fine gauze trays before being
placed in an incubator in which the temperature is

1 1.7 (mm) to remove chaff
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adjusted according to the optimum germination

temperature for a given species (20225 The Genus Wt of seed
seed is kept constantly moist often through an keptam(m;llwduals
intermittent misting system rather than immersing g

the seed in water. In the caseBfpilularis, this Eucalyptus 25

takes about 40 hours. At this stage the testa starts tc .

become translucent indicating that the seed is /¢3S 50
imbibing and must be removed to avoid radicle Casuarinas 25
emergence. The seed is then placed in a sugar Grevilleas 50

solution that will vary according to species and
seed structure. In the casebofilularis, one kg of
sugar is added to 1 litre of water (Cliffe 1997)
Through gentle agitation and correct suga
solution, the imbibed seed should separate out fro
the chaff and other impurities.

The seed that is removed from the top fraction,
thoroughly washed prior to storage or surfac
drying. Cliffe (1997) in reference t&. pilularis
reported that the imbibed seed can be stored f
four to five days in containers of fresh water whict
must be sealed and kept in a refrigerator at
temperature of 3-°F.

The balance of the seed should then be bulked by
thoroughly mixing to produce a homogenous
seedlot. There has been a tendency in the past to
simply bulk all the remaining seed irrespective of
the weight or viability of each individual used. This
method is discouraged since it can result in bulks
comprising disproportionate amounts of seed from
one or a few individuals. For the purpose of
preparing a bulk lot from individual trees, the
following guidelines are recommended.

Research grade bulk, based on individual tree

representation

2.3 Registration and
categorising seed y

Once cleaned the seed is brought to the laborato.
weighed and registered by allocation of a uniqu
seedlot number from the registration book
Allocation of the number is sequential by date o
entry irrespective of species or origin. The seedl
number is then recorded on the seedlot contain
and linked documentation. The seed is then test
for viability, fumigated and stored. Seed is entere
into the store as individual tree lots, bulk or both. .
2.3.1 Individual tree and bulk weights

It is normal practice to bulk a portion of the see:
from individual trees to meet client requirements
The amount of seed to be kept separate |
individuals varies according to collection

Bulk mixes made up from less than 5 trees are
not classed as research grade.

For bulks mixes made up from more than 5 trees,
each individual tree seed weight represented in
the bulk should not exceed 3 times or 1/3 the
average seed weight of the individuals for
inclusion in the bulk (e.g. Proposed bulk weight
= 630g from 10 trees, average 63g.
Acceptable weight range 21-189q).

Under special circumstances, where it is
considered highly desirable to have equal
representation of mother trees in the bulk such as
in seed production areas, the bulk is prepared
with seed weights per tree adjusted according to
seed viability to give a theoretical even
representation in the progeny produced.

ObJeCtIVES and demand. The fO”OW|ng We|ghts arS&ondary grade bulk

given as a guideline but it is the decision of th:

collector in consultation with the leader of thEThe balance of seed left over fo”owing the bu|k|ng

collection party and other staff involved with theof the research grade forms a separate seedlot. It
collection to determine the seed Spllt In praCtice, should not be used for provenance trials or the
may be necessary to make up repeated bulks ba:establishment of seed production areas, but may be
on a portion of the remaining individual treelotsysed for plantation establishment provided the
and the demand for bulk. client is aware of its genetic makeup.

Section 2 Seed processing — 51



PLATE 3

(A) Harvested crops that are
brought back to the ATSC are
placed on racks in the drying
room set at a temperature
25-35°C. Drying may take from
less than a day to over a week
depending on the condition and
nature of the fruit.

(B) Sieving is frequently used to
clean seed following extraction.
Once cleaned the seed is placed
in bags or other suitable
containers.

(C) Once cleaned and bagged,
the seed is allocated with a
seedlot number from the register
book. Allocation of the number is
sequential by date of entry into
the register irrespective of species
or origin. The seedlot number is
then recorded on the seedlot
container and linked
documentation.
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Appendix 2.4.1 Example of a completed seed record card
SEED RECORD CARD O s
csiro  Seed Centre
Seedlot No. Species BOTANICAL NAME Store Cost
code code code
20269 < LD BUSCALYPTUL CLADOCALY R
EXACT LOCALITY OF COLLECTION PARENT TREEE(S) SEED
Dbase [DIYITICIHIMIAINGIS] | | | No. 0 butk o B | colestor =BRMOUR / WHITEELD
SITIER N wP) 1A | of [ Colioctors No. ... 2.8t 3048g - 3104
RibGE TOPS ALONG WALKIMG parentsL 1 tree. B | Collection cate . 200532
TRALL TO BUTCHMAN'S SIERM bEH. 10 8O @m) | Project
_ Total Height . T.Q.LS.m) | Identified by
Forest Type OPE“ WOGDLAMD TO Form .. Condition &ooDb
O0PEN FOREST

Associate Trees E WREUCOXYLON

Remarks DoMIMAMT T REE

storage 18t022¢ [ 3w0sc[] -1510-18°¢c [

Quantity (g).... 2.3 32

AL QUORNENSIS, CALLITRIS Arone RIDGE LINES

BLLd, VERTICWLATA GERMINATION

Date
Latitude (°S’) 311% Longitude (°E’) 127 ) g‘ dethod From To Viability/10 g (%)
attituce o) 800, | aspect . LY. [siope 1160 | k. method: .. 1o S 10¢ Ty 19.6.30.6-39 SEE OVER
co?.
Geology and Soil QUARTZ‘TE SAND).‘....
GR‘TT\/ LOAH Date: 6‘%9
pH 6.0

SeedlotNo. 2026 9 Seedlot No.

Tree No. initial wt. Seed Split (9) Viability/10 g (%) Tree No. Initial wt. Seed Split (g) Viability/10 g (%)

Js L of seed Bulk I tree of seed Bulk | tree

3088 1.1% b 215

3097 .20 46 LY T e

3098 20 EX - $00 o e L e
2089 20 40 Jpo

31,00 2.0 4y 300 o e

2)1.0!1 15 23 2 400

21.02 A 29 150

3y 03 20 52 529

31 04 8 W75
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Section

3 Seed Testing

The purpose of seed testing is to assess and mon representative of the whole seedlot. The validity of
the physical quality of the seed from the time othe test result for a large seedlot in particular is
collection through to sowing. The methods for seedetermined by the success of obtaining a
testing used by the ATSC are based on ttrepresentative sample. The following procedures
principles of accuracy and reproducibilityare to be followed prior to testing. For more
described by the International Seed Testininformation see Bonnest al. (1994), ISTA (1996),
Association (ISTA) rules. However, the procedure Peterson (1987), Scholer and Stubsgaard (1989),

used by the ATSC and described in this secticSchmidt (2000), Willan (1985).

have been developed to meet specific seed testi
objectives. Factors taken into account ir
developing the ATSC testing procedures include
the specific characteristics of Australian tree
species that are collected from wild population
that demonstrate considerable variation in see
characteristics both between species and seedl|
of the same species, and the comparatively sm.e
size of the seedlots tested. In reflecting th
considerable range in seed types it should be not
that there are over 1000 species contained in t
ATSC standards made up of 80 genera. By contra
ISTA's main emphasis has historically been on th
development of procedures for commerciallye
important agricultural and horticultural crops anc
trees from temperate regions.

The focus of seed testing is to determine the initi
germination of each bulked seedlot and individue
tree lot that is entered into the ATSC system and
monitor the seed during storage. The tests provit
information on methods for breaking dormancy
germination conditions, viability tests, vigour,
purity and moisture content. The initial four dish
germination test results are entered into th

germination standards (Appendix 3.10.1) and form

the guidelines on which tests are conducted.

3.1 Sampling

When sampling, which is the first step in any seed
testing, it is essential to obtain a sample of the right
size to meet testing requirements and which is Over 30

Procedure

Prior to sampling, seedlots comprising bulks
and/or individual tree lots must first be

thoroughly mixed as discussed under Section
2.3.1.

In the case of seedlots stored in a single
container, thoroughly mix the whole seedlot
before taking three random samples to form a
‘composite’ sample. Each random sample should
contain roughly 100 seeds.

For seedlots stored in different containers
(particularly relevant to larger containers
20-60 kg), mixing of the whole seedlot as part of
the sampling strategy is impractical. Instead,
samples are taken from three levels within the
container and mixed with samples taken from
each container to form a ‘composite’ mix for use
in the test. In the case of seed stored in drums, a
seed trier (see Plate 4A) is used for sampling.
The following table is provided as a guideline
when sampling seedlots stored in large
guantities in different containers.

No. of containers
to sample

No. of containers

Up to 5 containers sample each container

6—30 containers sample 1 in 3 containers

(minimum of 5)

sample 10 containers or
at least one in every five

55
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e The composite sample is then further reduceinjuries. Where it is relatively easy to clean the
until a working sample, approximately twice theseed using rapid cleaning methods, as for example,
amount of seed required for the test, is obtaine separating eucalypts with fine seed from leaf using
There are a number of methods used for mixinsieves, then it is expected that the seed will be
and sub-sampling. The simplest method is talmost free of impurities. However, where
spread the composite sample on a clean flmechanical methods are not effective for the
surface (lab bench), divide into four to eighiseparation of seed from particles then it may be
equal portions and alternate portions rejectenecessary to accept some level of impurities in the
leaving sufficient seed for the tests (Plate 4B'seedlot. This situation is best avoided by ensuring
Other methods range from Boerner gravity feithe fruit are sufficiently free of impurities at the
divider (Plate 4C) for large seedlots (>10 kg)time of harvesting as discussed in previous
electrically driven Gamet divider (Plate 4D) forsections. If it is determined that the seed contains
smaller weights (<10 kg) and gravity fed soilexcessive impurities, then it must be returned to the
dividers. seed collector for re-cleaning before a germination

test is carried out.

3.2  Purity analysis

Determination of physical purity follows the

principal rules under ISTA (1996) but with sample

size reduced to take into account the comparatively
small size of the seedlots handled by the ATSC.

Tree seed may contain impurities such as twig pyrity tests are recorded on the Germination Test
leaf matter, fruit particles, soil, foreign seed anigheet (Appendix 3.10.5).

other material. When a purity analysis is done, it i
often the first test to be carried out since,
subsequent tests (except moisture content) &
made only on the pure seed component. As defin

3.2.1  Physical purity

Sample weight to contain at least 700 seed units.
For fine seed use the mean germination/10g
figure contained in the Germination Standards

by ISTA (1996), the object of the purity analysis is
to determine the composition by weight of the pur
seed as a percentage of seed of other species

inert matter. The seed of other species and the tyg
of other matter present in the batch should k.
identified as far as is possible. The distinctior
between true seeds of the species und

investigation and trash can be ambiguous for son
tree seeds, especially those that are de-wing.
(Bonner et al. 1994). Pure seed refers to the
undamaged, undersized, shriveled, immature
germinated seed and pieces of seed resulting frc
breakage that are more than half their original siz

for the species in question. (e@.maculata has
a mean germination of 1137/10g which when
converted to 700 seeds 7.1Q).

The total weight of the sample is weighed
following which the pure seed is removed and
weighed separately.

The percentage of pure seed is calculated as
follows:

Purity % = weight of pure seed fraction 100
total weight of sample

identified as the species under consideration (IST
1996). The smaller the seeds, the more difficult thr3.2.2  Genetic purity
purity test will be. In the case of eucalypts, nc

distinction is made between the pure seed and ch ag gistinct from agricultural crops where certified
components unless there is a requirement for seed is produced under strict controls, such systems
seedlot to contain only pure seed without chaff. 45 not exist for the collection of seed from
indigenous trees and shrubs growing in the wild.
Procedure , _ The genetic variations within individual Australian
ATSC does not routinely undertake purity testp|ants and geographic areas of occurrence are not
unless the information is required for particula\e|| documented. Laboratory procedures using
clients or the seedlot is considered to contain ICelectrophoretic protein separation techniques
many impurities. As mentioned in Section 2.2, se€(jsoenzyme analyses) for determination of genetic
entering the store must have a minimum purity Cpyrity have been used by the CSIRO Forestry and
95%. The seed tester must make a ViSUipgrest Products (e.g. E. cloeziana,
observation to determine whether the seed E camaldulensis, A mangium, A. auriculiformis,
sufficiently clean for storage and phytosanitana crassicarpa, M. alternifolia, G. robusta). The

purposes and is free of damage by insects or otfgeyelopment of electrophoretic DNA separation
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techniques has added a new tool for genetic puri(2) Embryo dormancy—inhibiting substances

testing. These techniques include Restrictio
Fragment Length Polymorphisms (RFLPs) ani
Simple  Sequence Repeats (SSRs ¢
microsatellites). The microsatellite technology i
the same as is used for human

‘DNA3.3.1

usually within the embryo or surrounding
tissue prevent germination as in the case of a
number of eucalypts.

Procedures to break seed-coat

fingerprinting” for forensic analysis and patemitydormancy

testing and is the most suited to routine analysi

While DNA analysis is more powerful than 150y species with hard coated seédagia) are
isoenzyme analysis, because of the larger numtimpervious to water and gaseous exchange. In

of available marker loci and the larger number Cq qer to promote germination and ensure it is both

detectable alleles at each marker locus, it is al¢

rapid and uniform it is necessary to apply some

considerably more expensive than isoenzyMiorm of pre-sowing treatment. Fresh or immature
analysis. It is therefore necessary to determiracacia seed (green and slightly shrunken in
which technique is best suited to a specific Casgppearance) may not require as severe a treatment

(C. Bell pers. comm. 1999). The following key 55 that prescribed in the standards and for some
references provide information on isozyme an pcacia species with soft or semi-permeable

DNA studies on specific Australian tree speciesggeaqcoats a pre-treatment is not required and, in
Butcher et al. (1998), Byrneet al. (1996), and a¢t may be harmful as listed in Appendix 3.10.2.

Moran (1992).

3.3 Seed dormancy

The term ‘seed dormancy’ refers to a conditiol
where a viable seed is prevented from germinatir
despite being provided with optimum germinatior
conditions i.e. temperature, moisture, light an
oxygen. To a large degree, dormancy is undt
genetic control (Bonneet al. 1994) which has
enabled agriculturalists to breed out dormancy i
crops. However, in woody species and particularl®
those from wild populations, no such artificial
selections have been made, making seed dormar
an important consideration for many species
Environmental conditions during seed maturatio
and time of collection can influence the degree ¢
dormancy.

The least severe treatment to overcome dorman

should be tested first to avoid damage to the seel

then increasingly severe treatments can be testec*®
required. The germination standards provid

information on pre-treatment requirements b

species (Appendix 3.10.1).

Types of dormancy
There are basically two types of dormancy:

(1) Seed coat dormancy—mainly relates to
physical, chemical or mechanical conditior

Boiling (100°C) and hot water treatments

Boiling water, pour and soak:Seed is placed in
glass beakers (100 ml) and approximately 10
times the volume of boiling water added. Seed is
then left to soak for approximately 24 h at room
temperature before sowing. The soaking process
provides the opportunity for the seed to imbibe
water and hasten germination.

Boiling water, immersion for 1, 2 or 5
minutes: Water is first brought to the boil. Seed
(placed in a perforated container, [Plate 5A]) is
immersed in the boiling water for the nominated
time then removed from the heat source and
either placed directly into a germination dish e.g.
(A. aulacocarpa complexy or in water at room
temperature and allowed to soak for
approximately 24 h before sowing.

Hot water treatments: Although seed of most
Australian acacias requires some form of boiling
water pre-treatment in order to promote
germination, there are a number of species or
specific seedlots which respond better to a hot
water treatment (90°C for 1 minute) including
A. mearnsii (Poggenpoel 19783 stenophylla,

A. synchronicia, A. pachycarpa, A. pendula,

A. tephrina.

that does not allow uptake of moisture by thiAcid scarification

embryo (e.g.Acacia). Alternatively the Acid scarification is seldom used on seed of
physical structure of the seed coat or fruit itAustralian acacia species (Doran 1997) with
too strong, preventing the swelling of thepreference being given to alternate methods that

embryo (e.gOwenia vernicosa).

are safer and easier to apply. However, the method
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is recommended as an alternative treatment fiManual nicking
seed of species with very thick seed coats, e.Manual nicking is often used to determine
Acacia bidwillii, A. farnesiana, A. fulva, optimum germination of a seedlot especially where
A. fasciculifera and A. stenophylla, and is boiling water treatments have not been successful.
commonly used in Africa for the treatment ofSecateurs, nail clippers or a scalpel blade can be
indigenous acacias. used to remove a small section of the seed coat at
the distal (cotyledon) end of the seddanual
Seed is soaked in concentrated sulphuric acnicking is not suitable for a large number of seeds
(95%, 36N) at room temperature for a nominatedue to the time this operation takes. It is useful as a
time (30-120 min) (Bonner 1974) depending oiresearch tool for small numbers of seeds or to
the species. The seed is then removed from the acheck the results of other pre-treatment techniques.
and rinsed under running water for at least 1Manual nicking is usually the most reliable results
minutes. This can be done by placing the seesince it overcomes the problem of seed-coat
which is contained in a perforated steel tea infusevariation. However, Marunda (1990) reported that
in a 1 litre glass beaker and allow the water to runicked seeds are less vigorous and more
through the beaker. susceptible to fungal attack. A vice can be used to
split thick seed coated species, dgcadamia.
CAUTION: Extreme care is required when
handling concentrated acid. Only trained stal
should administer this procedure which must b3-3-2 Procedures to overcome
conducted in a fume cupboard. Never pour wate€mbryo dormancy
into undiluted acid; rather pour a small quantity o _ o
acid into running water. Beware of the gases giveCold moist stratification _
off by this procedure. Laboratory coats, glasses aiStratification is used to overcoming embryo
gloves (chemical resistant R103-104) must bdormancy in a number of cool temperate eucalypts,
worn. A concentrated solution of potassium oBursaria occidentalis, Nothofagus spp. and has
sodium bicarbonate may be used as an antidcbeen shown to be beneficial in tests on a number of
against accidental splashes (Laurie 1974cool temperate acacia species (gig.mearnsii,
Alternatively or in addition to, wash the affectecA. kybeanensis). Seedlots of the same species also
area in running water or use an eye wash bottlvary in their dormancy. In a study on six

Seek medical attention if required. provenances of E. glaucescersovering the species
natural distribution, Doran and Gunn (1979) found
Scarification or cracking of the seedcoat that the optimum germination occurred following 6

Scarification abrades the seed coat permitting watweeks of cold moist stratification for four
absorption. Scarification may be by hand, especial provenances, 2 weeks stratification for one
for laboratory purposes, or by mechanicallyprovenance and in the case of the Mt Tingiringi
operated scarifiers which rotate the seed containNSW provenance, stratification did not improve

in a drum against a rough surface like sand papgermination.

(Plate 5B). The coarseness of the surface, durati

of scarification, amount of seed and thickness ¢Cold moist stratification of seed follows the same
seed need to be taken into consideration when usiprocedure used for establishing germination tests
this method. Seed is seldom mechanically scarifieas discussed under Section 3.4. Petri dishes or other
because of the ease and success of boiling wacontainers are set up as for a normal germination
treatments. Poulsen and Stubsgaard (1995) provitest. Once the test has been set up the seed is first
information on three methods for mechanicastratified under moist conditions at 3€5 for
scarification of hardcoated seed developed by ttbetween 3-9 weeks depending on the species (see
Danida Forest Seed Centre. These include (i) THAppendix 3.10.3). Once the stratification period is
‘seedgun’ which slings seed against a hard wacomplete the containers are removed and placed in
causing cracking of the seed coat througgermination cabinets at the appropriate
impaction; (i) a hot wire ‘glow burner’ similar to a temperature.

soldering iron for use in manually treating

individual seeds, and (iii) a ‘mechanical burner Whilst not a prescribed treatment to overcome

which uses a hot glowing thread and continuouPhysiological dormancy, some problem species
seed flow for treatment of larger seedlots. may respond to chemical treatments as follows:
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« hydrogen peroxide—seedcoats are cut to expofollowed by leaching in running water for two
the radicle and incubated in a 1% hydrogeweeks. Seed dforrea species are also reported to
peroxide (HO,) solution for 48 hours in the improve their germination substantially following
dark with alternating temperatures of 20 anisoaking in running water for one to two weeks
30°C. Radicle growth is measured after 3 to .(Elliott and Jones 1980). Bonney (1994) reported
days (Bonner et al. 1994). The method is nothat ripened seed @&oronia andEriostemon need
practical for very small seeds and may take 7 ito be placed in moving water for many hours to
8 days to get a result. Schmidt (2000) provides help leach out inhibitors. This can be achieved by
slightly different method using J@,. suspending the bag of seed in the cistern of a

flushing toilet. Other leaching methods that have

* citric acid—soak seed for 48 hours in a 1% citricbeen used include alkaline solutions. FFbemeda
acid solution, or combined with stratificationtriandra (syn. T. australis) Groves et al. (1982)
(Bonneret al. 1994). suggested various methods to overcome dormancy

gibberellic acid, removal of the glumes and/ or

* potassium nitrate (KNE—0.2% KNO; palea and lemma and that dormancy is normally
solution, prepared by dissolving 2g K@ 1  overcome naturally after six to ten months in
litre of water, is used to saturate the germinatiostorage. Tests orl. triandra by the ATSC
substrate at the beginning of the test (IST/experienced similar results with nil germination on
1996). This method is used for a number cfresh seed and successful germination after
agricultural and vegetable seeds as indicated 4 months.
the ISTA rules. However, the method has nc
been used by the ATSC. Recent research into the treatment of certain

species, particularly from Western Australia, using

e gibberellic acid—Bachelard (1967) found thalvarying degrees of smoke normally in the form of
the germination of dormant seeds oi‘smoke water’ has shown promising results (Dixon
E. delegatensis, E. fastigata and E. regnans et al. 1995). High levels of sulphur and
could be improved by 24 hours immersion irammonium, available in the smoke, may be the
GA; at concentrations of 50 and 100 mg/L anccombined triggers to break seed dormancy
germinated at 2C. Gordon (1979) reported that (Bonney 1994). The method entails the
Nothofagus obliqua seed treated in GA 4/7 gave pretreatment of seed by soaking for approximately
rapid germination within 14 days compared witl6 to 24 hours in a 10:1 water: smoke water solution
the normal procedure of 28-42 daysas prescribed by Regen 2000® Smokemaster.
stratification. ISTA (1996) also refers to the GA Smoke water is available from Kings Park, Perth,
method for breaking physiological dormancy irWestern Australia or under the trade name of
seed. Regen 2000. The ATSC assessed the effects of pre

treating seed with smoke water on a range of

For additional information on the types ancspecies to include:Acacia calamifolia, A.

methods for breaking dormancy see: Adkins anpycnantha, A. spongolitica, Allocasuarina

Bellairs (1997), Bolandt al. (1980), Bonneet al.  acutivalvis, Banksia integrifolia var. compar,

(1994), Doranet al. (1983), Langkamp (1987), Dillwynia retorta, Eucalyptus delegatensis, E.

Schmidt (2000), Willan (1985). polybractea, Grevillea pteridifolia, Isopogon
anemonifolius, Lomandra longifolia and Themeda

3.3.3 Procedures for removing triandra. For each species, seed samples were

inhibitory substances initially subjected to a pretreatment of diluted

smoke water (10:1 by volume of water to smoke
solution) for 24 hours. After treatment the seed was
tested for germination following the ATSC
germination standards. A comparative germination
test was also set up at the same time except that in
this case the seed did not undergo a smoke water
pretreatement. The results showed no significant
difference between treatments for all species.

Seed of many Australian species contain inhibitot
in the seed coat that prevent or delay germinatio
In such instances the inhibitor is leached out b
placing the seed under running water for sever
hours or even days or soaking the seed in a lar
volume of water that is changed at frequer
intervals (every 6-12 hours). It has been reporte
by McKintyre and Veitch (1972) that seed of
Eriostemon australasius successfully germinated
after chipping of the radicle end of the seed coi

Fermentation of seed such &sremophila,
Santalum, Nitraria, can also be helpful (Bonney
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1994). The author also noted thatevillea and Germination containers: Tests are normally
Dianella species responded to peeling or slitting cconducted using 9 cm diameter glass petri dishes in

the seed. which the seed is placed on a moist substrate of
. ] . No.1 grade vermiculite (30 ml). Filter paper
34 Germination testing (Whatmans No.1) is placed on top of the

vermiculite when conducting germination tests on
fine seed for ease of identification. In some species
leachates from the seed or chaff become
concentrated on the paper and cause the radicles to
become deformed. With these species it is
necessary to germinate the seed directly on
vermiculite (see Appendix 3.10.4). For larger seed
use is made of clear plastic containers including
‘Petawawa’ trays.

All seed entered into the store requires an initi
germination test followed by five year re-tests ol
seed remaining in storage. A set of germinatio
standards (Appendix 3.10.1) has been prepar
based on controlled laboratory test results carrie
out by the ATSC. Emphasis has been placed ¢
Eucalyptus, Acacia, Casuarina, Allocasuarina,
Melaleuca, Callitris and Grevillea but also
includes a number of other Australian genera.

Controlling fungi: Fungal problems are generally
associated with poor quality seed as in the
examples of immature, damaged seed or old seed
which has lost considerable germination and
vigour. Fungal development is also associated with
acacia seed subject to insect attack or where the
pre-treatment has been too severe. Sound hygienic
practices as discussed under Section 3.8 will
provide effective preventative measures in the
control of fungi. Other laboratory practices include
preventing seeds from touching each other,
adequate aeration, removal of decayed seed,
avoidance of pre-treatments that cause injury to the
seed and keep the substrate moist (there should be
no signs of free water). Where chemical controls
are required the ATSC has soaked seed for
10 minutes in a 1% solution of sodium
hypochlorite followed by a rinse and surface drying

3.4.1 Test conditions

Where possible, germination tests should b
carried out using a known number of seeds pr
replicate. Standard procedure is to select 2
randomly selected seeds for each replication whic
are then weighed in order to calculate
germination/10g prior to being placed on the
substrate (Plate 5C, 5D). However, for fine see
such as in the case of eucalypts and melaleucas
is not practical and in many cases not possible
count the number of seeds, thus tests are on
known weight basis. Test weights are given in th
standards and are based on obtainin
approximately 50 germinants per replicate. Th
following table is used in determining the numbe
of replicates required for a given seedlot weight.

before sowing to treat for possible external
infections. Bonneet al. (1994) recommends a 10%
sodium hypochlorite (NaOCI) solution or a 30%

Bulk seedlots Seed No. of
weights1 replicates

solution of hydrogen peroxide ¢(B,) for

Eﬁg\)&%ﬁﬁ;ggfgg on ;_81k29k 132 20 minutes. In a study by Yuaet al. (1990),
seeds e.ghcacia 12 kgg 16 observati'ons' were made on the presence o_f fungi
Grevilleai i ' on germinating seedlings dfucalyptus, Acacia
and Casuarina species with and without

. sterilisation. The results found only a weak
Eﬁgxﬁﬁ? tr)l?(s)?geoend <8£ik192 K iz correlation between the frequency of seed
e.g Eucalygtus ~12 kgg 16 germina_tion' and the level of fungal' infection.
M el.aleuca ’ Contamination above a level of 60% did not result

in further depression in germination frequency.

Qualifications to the above. ) o
Moisture: Distilled water should be added to the

1 For seedlot weights which are less than thos@pstrate (28 ml for 30 ml of vermiculite). The
prescribed only a single replicate is required: substrate should be wet but not saturated. Avoid
For seeds which can be readily counted e.gxcessive moisture that can lead to fungal and
acacias, senna. Seedlots containing0 g no  pacterial problems. Ensure that the container lid
germination test is required. fits firmly and check the moisture level regularly,

For fine seeded species e.g. casuarinagarticularly in the cabinets set at 30 t6G35
eucalypts, melaleucas. Seedlots containing <5 g

no germination test is required.
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Temperature: Temperatures for germination of germinants should also be recorded as indicated on
most species are in the range of° 16 35°C. the Germination Test Sheet.

Temperature requirements for species cited in tt

Germination Standards are based on tesOn completion of the germination test, a count of
conducted in growth cabinets and on non-germinated seed (squash test figure) is made.
thermogradient bar set at a temperature range With eucalypts and other small seed, a pair of
10-40TC. Seed is tested under constantweezers is used to squash non-germinated seed.
temperatures with the exception @f robusta for Any seed found to have a firm white embryo is
which there is empirical evidence that arconsidered to be potentially viable. For acacias,
alternating temperature of 30 daytime and 2  forceps can be used for soft seed otherwise the seed
at night may be advantageous. Bonney (199:is subject to a cut test. A record should also be
reported that alternating day/night temperatures fimade of insect attacked seed. The count of viable
seeds of semi and arid areas of South Australia placacia seed should be recorded according to hard or
a large role in promoting germination. Grosesoft seed. This indicates whether the pre-treatment
(1962) found little difference in germination was insufficient (i.e. high % of hard seed) or
between constant and alternating temperatures fowhether the seed coat was soft indicating that the
number of eucalypts tested, however, the rate pretreatment had been effective but that the
germination was slower under alternatincgermination conditions were not right. Mouldy
temperatures. Seed of tropical species tend to heseed should also be recorded as this reflects injured

optimum temperatures of 2585 whilst those or dead seed.

from alpine environments and southwest Westel
Australia often prefer 15-20°C.

Light: As discussed in Bolaret al. (1980), lightis
required for the successful germination o
eucalypts particularly where the temperature i
sub-optimal. The germination cabinets are fitte
with 2 X 30 watt cool fluorescent tubes which
provide 12 hours of light per day.

Germination counts: All tests are recorded on a
‘Germination Test Sheet’ (Appendix 3.10.5). The
sheets record details of the seedlot, method of tee
replication weight, date of germination count ant
number of germinants. Counts should be carrie
out at regular intervals (Plate 5E). The number ¢
counts per week depends on the rate of germinati
and ranges from one to two times per week. Tt
test period given in the standards is only a
indicator based on previous tests and varies fro
10 days to over one month. However, tests shou
not be concluded if it is obvious that germination i:
likely to continue. Old seed, particularly where
stored in the cool room or deep freeze, often tal
longer to germinate. .

3.4.2 Evaluation

The time at which a germinant is counted as norm
varies. In the case of eucalypts, counts are ma
once the seed coat has been shed. For acacias
radicle must be at least three times the length of tl
seed. Once counted, the germinants are discard
Abnormal germinants to include albinos, abnorme
cotyledon, radicle, hypocotyl or mouldy

Steps taken when assessing results

The number of normal seedlings produced is
calculated and converted to a germination figure
per 10g. This is a more conservative and realistic
figure than referring to seed viability where it
includes sound non-germinated seed in the final
figure. Where the number of seeds is known, a
figure for average germination percentage is also
calculated.

The germination results are compared with the
standards and tolerance tables (Appendix
3.10.7A & B) to assess whether the variation

between replicates is within acceptable

tolerances. If an inexperienced seed tester has
run the tests, the results should be shown to an
experienced staff member to determine whether
the test should be accepted. If the germination
figures between replicates are beyond the
accepted tolerances, then the seedlot must be
retested.

High squash test figures 5% of total
germination), are not acceptable making it
necessary for the tester to seek an explanation. It
might be that the seedlot contained too many
dead or damaged seed, pre-treatment or
germination conditions were sub-optimal or
whether there was operator error. Based on the
findings, the tester must decide whether the
seeds needs to be recleaned, retested, both of
which may require a cut test, or whether to
accept the test and enter the results into the
system.
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¢ Inthe case of germination tests on bulk seed, tt on whether to discard the seedlot from the
results are used for updating the ATSC system (Schmidt 2000). In determining whether
germination standards. Results of the test a to discard the seed, consideration must be given
transferred from the test sheet to the provenan to the value of the seed i.e. whether it is the only
sheet, seed record card and seed database. = seedlot represented in the system, amount of
pre-treatment code is also included on the se« seed and can it be replaced.
database.
3.4.4 \Vigour test
3.4.3 Re-test
Vigour is used to determine the potential for rapid,
Re-tests are carried out on seed where the initiuniform emergence and development of normal
test gave unsatisfactory results (see above), wheseedlings under a wide range of field conditions.
there have been changes in the composition of t Seed vigour declines more rapidly than the ability
seedlot (e.g. re-cleaning) or after each 5 year periito germinate (Bonneat al. 1994). Specific vigour
in storage. tests are not routinely carried out by ATSC.
However, it is important that a vigour assessment
e For initial retests and where the composition c(based on germination data) is made when
the seedlot has been changed, the retest conducting 5 year retests particularly where the
comprised of four replications. seed is more than 10 years old. For most tree seed,
the rate of germination is the most practical
e Syear re-tests: 1 dish test for weights under 8 k(expression of vigour. This can be assessed by
thereafter one quarter of the number of replicatedetermining the time taken in days for 50%
indicated for bulk seedlots under Section 3.4.1 germination to be achieved. Alternatively compare
the time taken for germination to be completed
¢ Re-test figures are recorded on the card and sewith the standards or if available the previous test
database. for the specific seedlot. If the time taken for
germination to be completed (when 90% of the
It has been found that following a period in storageseed has germinated) is greater than one third of the
that acacia seeds often require a more severe pfinal count day recommended for a given species
treatment compared with the initial test (C. Dorai(refer germination standards), then it should be
pers. comm. 2000). It may therefore be morconsidered that there is an unacceptable lack of
effective when testing acacia seeds after 5 yearsvigour. An assessment can also be made on the
storage to use the standard pretreatment methdevelopment of individual germinants as to
plus a more severe method. The followin¢whether it is stunted, has growth abnormalities and
guidelines should be used in determining whewhether it has sufficient vigour to shed the seed
action to take following a drop in germination oveicoat. When using germination data to determine
the previous test results: vigour, more frequent counts are required i.e. every
one or two days. For additional information, see
* For seedlots of orthodox species stored in aiBonner (1984); Schmidt (2000); Willan (1985).
conditioned rooms (18-20) with MC <8%.
Should the average annual germination capaci3.5  Indirect viability tests
for a species drop more than 6% (compar
germination retest figures with original figures
across the range of seedlots for a given specie
then serious consideration should be given t
recommending that the species be routinel
stored in the cool room.

X-ray: This method offers a quick estimate of seed
viability and is non destructive but can only be
applied to seed with a diameter over about 5 mm.
The ATSC has used the method for small and rare
seedlots or seed of species that do not germinate
readily (e.g.Terminalia). The ATSC has a Faxitron
X-ray machine with power range of 5-30 KVP.
Medical negative x-ray film (Dupont Cronex
13 X 18 cm) is used in conjunction with an
automatic developer. Instant Polaroid 4Xn5 in
positive images can be used but are more expensive
and lack clarity compared with negative film.

* Once germination for a seedlot drops below 50¢ . :
of the original figure, a decision must be maol'Contrast agents are used to increase the density of

* Once a seedlot has dropped its viability by 359
over the original test figure, then an assessme
must be made on whether to replace it if a
alternative seedlot is not already in the see
store.
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certain tissue by treating the seed prior to exposuiseed with a soft seed coat (eucalypts, melaleucas)
These agents include barium chloride (Ba@hd where cutting in half is not a practical option.
silver nitrate (AgNQ). Seed are soaked for one
hour after full imbibition and salts impregnate deaThe main application for this method at the ATSC
or damaged tissue thus greatly increasing tlis to determine which remaining seeds are viable
density of the tissue image on the radiograpfollowing a germination test. The method can also
(Bonner et al. 1994). Vaporous agents as forbe used to determine viability of a seedlot as
example chloroform (CHCJ) can also be used. follows. Seeds are first soaked in water for 1 to 4
Interpretation of the seed images requiredays. The water is then drained off and individual
experience and as a rule over estimates tlseeds are squeezed gently using a pair of tweezers
germination capacity of a seedlot. Film should band visually inspected to assess the number of
stored at 2C. Staff must be instructed in theviable seeds. For fine soft oily or moist seed
procedure, including safety aspects. The AC'(eucalypts), spread the seed samples between two
Health Authority Radiation Safety Section make:pieces of absorbent paper (brown). Roll a glass
inspections of the unit once a year. For furthebottle or rolling pin over the seeds with enough
information see Schmidt (2000); Simak (1991)pressure to crush them against the paper. Viable
Willan (1985). seeds will leave a stain on the paper whereas dead
seed and chaff will not stain. Count the stains to
Excised embryo test: Seeds are soaked fordetermine the number of viable seeds per unit
1-4 days before the embryos are excised aiweight (Quayle and Gunn 1998).
placed on moist filter paper in a petri dish (Willar
1985). The embryos are germinated under consteTetrazolium chloride: (TZ) (2,3,5-triphenyl
light for 10 to 14 days at the temperaturetetrazolium chloride) is used to differentiate living
nominated in the germination standards. Thfrom dead tissue through staining live tissue red.
method is slow and suited to larger seeds. TtThe concentration normally used should be 1.0%.
technique could have application for determininiFor specific instruction on the procedure to follow
whether seed dormancy can be attributed to tlrefer to the ISTA Rules.
seed coat or the embryo by germination of see
with the seed coat attached compared tHydrogen peroxide:Bonneretal.(1994) provides
germination of the excised embryo. the following technique. Seedcoats are cut to
expose the radicle and incubated in 1% hydrogen
Cutting test: This is a simple viability test in peroxide (HO,) in the dark with alternating
which the seed is cut open lengthwise and tFrtemperatures of 20 and €0 Radicle growth is
endosperm inspected to determine whether the semeasured after 3 to 4 days, then the seeds are
is viable or not. The method is not suited to finiplaced in fresh hydrogen peroxide. Radicle growth
seed. Good seeds are firm, white to ivoryis measured again at 7 and 8 days. Developed on
sometimes green in colour with the endosperibarley, the test is used on many North American
taking up the complete space inside the seed coconifers. Evaluation is based on radicle growth. 5
Non viable seeds are discoloured (grey), shrunkemm growth or more is good; less than 5 mm
damaged to include insect attack. The ATSC usigrowth is classed as uncertain; no growth is non
this method as a tool to estimate the quality of setviable. The method is not practical for very small
at the time of collection in the field and determin¢seed, and has only been tested on conifers amongst
whether it is mature enough to collect. It is alsitree seeds.
used for acacias to assess whether the cleani
process is sufficiently rigorous. At the completior Distinguishing seed from chaff:The difficulty of
of a germination test the method is used tseparating seed from chaff with eucalypts depends
determine the condition of those seeds which havon the species. Most problems occur where the
not germinated. The method is fairly reliable foiseed and chaff are of similar size, weight and
healthy, fully mature fresh seed, but less reliablcolour as in the case @&. cloeziana and most
for seed that was collected slightly immature anspecies within the sub-genugonocalyptus. A
for older seed. method for distinguishing seed from chaff in
E. obliqua (Monocalyptus) was devised by Mount
Squash test The basic approach is similar to a cu(1972). Seed was soaked in distilled water to which
test except that the seed is squashed often usinwas added a drop of detergent which acted as a
pair of tweezers since it is more applicable to finwetting agent. After a few hours a pale patch
formed on the flat sides of the viable seed and the
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edges became dark, whereas the chaff developLow constant temperature oven method

pale edges. Seed is weighed in a lidded aluminium container
] prior to drying. The oven is heated to 10defore
3.6  Moisture content drying the seed for 17 hr1 hr. Time starts when

the oven returns to the nominated temperature
following the placement of the seed in the oven and
closure of the door. The container tops are removed
when placed in the oven and replaced again after
completion in the oven prior to being cooled in a
desiccator with silica gel for 30 to 45 minutes.
part of reducing the moisture content prior t(\'?\vféiegrhggmI(r;ﬁ,ectli]ethze%il aar?c(:je C}(S)nttzlrr;%r t?ertewéz-n
i;[)%rglli%gnso:)nassesgjsrlr?gistg;g .?;fee%s.sgfdgg;r?]fweighing. This method is used for most species
' especially those with high moisture contents or oily

routinely determine moisture content of seedlot .
. . seed. Under ISTA (1996) rules, Table 9B specifies
entering the system. Fowever, as discussed UNChat all tree seed should be tested using the low

the section dealing with seed storage, a stande

procedure has been developed for the routirCOhStant temperature oven method.

reduction of seed moisture in orthodox seed dow

to 8% or below which will require more attentionHigh constant temperature oven method

towards MC testing. The procedures are the same as above except that
the seed is subject to a temperature of 130 t6C133

There are a number of methods for determininfor 1 hour. This method has been compared with the

moisture content of seed. The oven drying methodow constant temperature oven method for a range

prescribed by ISTA is routinely used by the ATSCof eucalypt species and found to give similar results.

Other methods designed for more rapid resul

include electric meters and infrared driers. 3.7 Authenticity test

Moisture contents (MC) of the seed along witt
storage temperature are the most important factc
affecting seed longevity in storage. It is therefor
important to be able to determine seed MC(
accurately for processed seed, when drying seed

3.6.1 Oven method Species with similar adult botanical characteristics

or where there is possible hybrid seed may be able
The oven method follows the procedureig pe more confidently identified on the basis of

prescribed in the ISTA Rules (1996). seedling characteristics. This requires raising
seedlings in order to authenticate the species or to
Equipment and other factors to consider assist in decisions where seedlots are suspected of

being mixed or of hybrid origin.
Fan forced oven

Aluminium containers with numbered base an3-8 Laboratory hygiene

lid

: . The laboratory seed testing area should be cleaned
Desiccator and silica gel after completing any test or counting procedure.
Balance, accurate to 0.01g Used petri dishes should be soaked overnight in
disinfectant (1% Ammonia) and washed
thoroughly in hot water. Disinfectant should be
Tongs, gloves used to wipe down laboratory benches. Tweezers,
used for seed counting, are soaked in 70% ethanol
solution with distilled water between germination
counts on each dish to avoid fungal contamination
Two representative seed samples with a weigbetween replicates. All equipment should be
in excess of 4 g cleaned between seedlots to avoid contamination.

Moisture content test sheet

Ensure oven has reached desired temperatt
before use

Any seed>10 mm in diameter should be grounc
up to facilitate drying or sliced into 5 mm thick 3.9 Laboratory safety
sections

Refer to ISTA Rules for allowable toleranceCSIRO staff and others affected by work carried
between replicates out by CSIRO, Chiefs of Divisions and Officers-
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In-Charge as ‘local site proprietors’, must exercise
on behalf of the Organisation, the ‘duty of care’

While responsibility for health and safety in

CSIRO is a prime function of all levels of line

management, staff are responsible for complyin

with all occupational health and safety instruction

and taking action to avoid, eliminate or minimise

risks to themselves and others. Staff must prompt

report every new identified hazard, incident o

accident in the workplace.

Whilst ATSC activities associated with the lak
should be considered as ‘low risk’ there are
however, a number of specific activities ot
materials for which there is a potential risk. Thes
include:

e Pre-treatment of seed using acid. Refer to th
text under Section 3.3.

e X ray. The ATSC currently has a Hewlett-
Packard Faxitron cabinet x-ray system which th
manufacturer checked prior to shipment t
ensure that radiation leakage is below 0.5 mR/I
at 5 cm from any external surface (Hewlet
Packard 1969). Internal lead shielding reduce
external radiation and interlock safety switche
on the door minimises the possibility of
exposure. The following safety precautions ar
recommended in the Faxitron Operation an
Maintenance Manual:

(1) Turn the KVP Control to zero immediately
after each exposure and leave it ther
between exposures.

(2) Keep the door closed at all times excef

during brief loading periods.

(3) Turn the key to the OFF position at all

times except during warming-up and

exposure.

(4) Periodically check to be sure that the X-ra)

beam is off when the door is open; you cal

use photographic film or a Vixtoreen
pocket dosimeter as a sensor.

A routine periodic radiation safety inspectior
(once a year) should be carried out on th
Faxitron. The ACT Radiation Council (Tel.
6247 2899) can provide a list of persons license
to perform installation and maintenance of X-ra
equipment in Canberra.

Fungicides on seed. The ATSC discourages
treating seed with fungicides. When ordering
seed particularly from overseas countries, it
should be requested that the seed not be dusted
with any fungicide. Where a fungicide is
applied, information on the fungicide should be
provided with the seed shipment. Seed which
has been treated with a fungicide should on
arrival at ATSC be handled with care. Staff
should use gloves, and a face mask. Where
considered appropriate, the seed should be
washed using the lamina flow facilities available
in the upstairs labs.

For seed required to be treated with a fungicide
prior to dispatch or for other purposes, the
officer should take the same precautions as
described above.

Fumigated seed. The ATSC routinely fumigates
seed with carbon dioxide, which does not put the
user at risk. However, there are occasions where
the seed is fumigated with methol bromide by
guarantine on arrival in the country or by the
dispatching  organisation. Under these
circumstances, it is important to allow for
adequate aeration of the seed by spreading the
seed out in a well ventilated area away from
people for sufficient time to allow the fumes to
be dispersed.

Use of vermiculite. Under the Material Safety

Data Sheet (MSDS Ref. AP91R3), vermiculite is

regarded as an irritant if inhaled. For personal
protection against respiratory problems, wear a
filter respirator suitable for dust and minimise

dust generation during handling.
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PLATE 4

Mixing and sub-sampling can be carried out using
a number of different methods:

(A) Seed trier

(B) Manual sub-sampling (D) Gamet divider
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PLATE 5

(D) Example of equipment and materials required
for setting up germination tests

(A) Pre-treating Acacia seed using boiling water
for a nominated period of time

(B) Motor driven scarifier used to pretreat acacia
seed

(E) Following germination in growth cabinets in
which light and temperature are controlled,
germinated seed is removed and recorded on a
germination test sheet

(C) Sub-sampling and counting out the required
number of Acacia seed in preparation for
pretreating and establishing a germination test
using a sub-strate of moist vermiculite in 9 cm
petri dishes
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3.10 Appendices to Section 3 3.10.4 List of eucalypt species reported to
contain inhibitors 103
3.10.1 ATSC germination standards o
68—101 3.10.5 Germination test sheet 104
3.10.2 Species of Acacitor which a pre- 3.10.6  Moisture content test sheet 105
treatment is not normally required
102 3.10.7 Tolerance tables 106-107
3.10.3 Species responding to cold moist
stratification (3-5°C) 102
3.10.1 Germination standards list of genera
Acacia 69-77  Cochlospermum 80 Macadamia 97
Adansonia 77  Corymbia 80-81 Melaleuca 97-98
Adenanthera 77  Cunninghamia 81 Média 99
Agathis 77 Daviesia 81  Nothofagus 99
Agonis 7 Dichrostachys 8l  Octomeles 99
Albizia . 78 D|Ilwnla 81 Pandorea 99
Allocasuarina 78  Dolichandrone 81 .
Paraserianthes 99
Alnus 78  Eremaea 81 Parinari 99
Alphitonia /8 Erer::op hila 2; Paulownia 99
Angophqra 8 Eryt ajrlnta 89-95 Petal ostigma 99
Araucaria 78 ucalyptus - Pinus 99
Asteromyrtus 78  Gdijera 95  Pterocarpus 100
2:31 alya ;g Gmelina 95 Rhodosphaera 100
riplex i
p . Grevillea 96 Santalum 100
Banksia . 79  Hakea 9%  Senna 100
Beauforng 79 Hardenbergia 96  Seshania 100
Br achychl ton 79  Heterodendrum 9% gp oga 100
Bursaria 9 nsia 9  Swietenia 100
Callistemon 79 |sopogon 96  Syncarpia 100
g:l“cl)ttaasrm < ;g Kunzea 96 Tamarindus 100
u
Copparis 79 Lambertia 96 lectona 100
app Leptospermum 96-97 Terminalia 100-101
Cassa 79
Casuarina 79-80 o Toona 101
Cathormion 80 Livistona 97 )
Cedrela 80 Lomandra 97  \entilago 101
Chorisia 80 Lophostemon 97 ) . L1
Chukrasia 80 Lysiphyllum 97 egen 0
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Appendix 3.10.1  ATSC germination standards

Species Germination No of Highest Rep  Temp. Countdays vV Pre- Sub- Comm-
per 10g ! seed- recor- Wt ccym treatV strateV! ents
lots ded (g
Mean S.D. tested First Final

ACACIA

acinacea 500 0 1 500 0 (25) 17 37 E TV Acid soak

acradenia 1017 0 8 1333 0 25 4 21 E TV

acuminata 345 0 2 500 0 (25) 4 21 E TV

adsurgens 1128 285 19 1628 0 25 9 30 E TV

adunca 380 0 1 380 0 (25) 6 27 E TV

alleniana 511 0 4 857 0 (25) 6 20 E TV

ammobia 981 0 2 1430 0 25 5 21 E TV

ampliceps 377 107 32 621 0 25 9 30 E TV

anaticeps 10 0 5 12 0 30 5 20 EF TV

ancistrocarpa 228 59 17 393 0 30 4 21 E TV

aneura 652 0 7 1139 0 25 4 21 E TV

anthochaera 209 0 1 209 0 (25) 4 21 E TV

aphanoclada 230 0 1 230 0 (25) 4 21 E TV

aphylla 618 0 1 618 0 (20) 4 21 ED TV

arepta 1041 0 1 1041 0 (25) 4 21 E TV

argyrophylla 190 0 2 271 0 (25) 8 60 E TV

atkinsiana 986 0 2 1180 0 (30) 4 15 E TV

aulacocarpa 540 0 1 540 0 25:30 5 21 ED TV

auricoma 310 0 1 310 0 (30) 4 21 CE TV

auriculiformis 417 115 139 676 0 25;30 4 26 ED TV

auriculiformis 441 0 1 441 0 25;30 4 21 E TV

X leptocarpa

baileyana 460 0 1 460 0 (25) 4 30 E TV

bakeri 175 0 1 175 0 (25) 4 21 C TV

bancroftii 103 0 2 185 0 25 4 21 E TV

beauverdiana 1 0 1 1 0 (20) 5 21 G TV

betchei 572 0 1 572 0 (25) 3 20 E TV

bidwillii 30 0 2 30 0 25 7 21 H TV 1 hour
acid soak

binervata 430 0 458 0 (25) 4 21 ED TV

binervia 1075 0 2 1500 0 (25) 4 10 E TV

bivenosa 322 0 10 480 0 (25) 4 21 E TV

bivenosa 287 0 1 287 0 (25) 4 21 E TV

X ampliceps

blakei 1048 0 3 1375 0 25 4 21 E TV

blakelyi 431 0 3 500 0 (25) 7 24 DE TV

blayana 156 0 6 243 0 (25) 4 21 ED TV

brachybotrya 320 0 1 320 0 (25) 10 28 E TV
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Appendix 3.10.1  Acacia continued

Species Germination No of Highest Rep  Temp. Countdays vV Pre- Sub- Comm-
per 10g ' seed- recor- Wit ccym treatV strateV! ents
lots ded (g)n
Mean S.D. tested First Final

brachystachya 508 0 3 836 0 (25) 6 12 DE TV
brassii 816 0 5 1150 0 25 5 21 E TV
burkittii 230 0 1 230 0 (25) 5 20 E TV
burrowii 1627 0 8 2222 0 25 0 0 E TV
buxifolia 445 0 1 445 0 (25) 4 17 E&P TV
calamifolia 404 0 4 665 0 (25) 5 30 E TV
calcicola 235 0 1 235 0 25;30 4 17 E TV
cambagei 227 0 2 250 0 25 5 21 A TV
cangaiensis 339 0 1 339 0 (25) 4 21 E TV
cardiophylla 475 0 1 475 0 (25) 4 21 E TV
celsa 643 0 2 700 0 (25) 4 21 E TV
chinchillaensis 162 0 1 162 0 (30) 8 32 D TV
chrysotricha 273 0 2 520 0 (25) 4 21 E TV
cincinnata 823 97 11 1052 0 25;30 4 21 E TV
citrinoviridis 202 0 8 240 0 30 5 21 E TV
colei var. colei 740 163 46 1461 0 25 5 21 E TV

var. ileocarpa 768 0 7 888 0 25 5 21 E TV
complanata 86 0 2 154 0 30 4 21 E TV
concurrens 892 0 3 1097 0 25 3 21 E TV
conferta 297 0 2 545 0 (25) 5 26 E TV
confluens 203 0 1 203 0 (25) 7 20 E TV
conspersa 885 0 1 885 0 (30) 7 20 E TV
coolgardiensis 4475 0 2 6250 0 (20) 6 21 D TV
coriacea

Ssp. coriacea 68 0 4 114 0 25 5 25 ED TV

ssp. pendens 70 0 5 93 0 25 7 21 ED TV

ssp. sericophylla 70 30 13 108 0 25 6 26 D TV
covenyi 720 0 1 720 0 25 7 21 E TV
cowleana 758 0 7 1186 0 25 5 21 E TV
crassa ssp. crassa 867 0 3 999 0 (25) 3 20 E TV
crassicarpa 309 76 79 575 0 25;30 5 25 E TV
cretata 1053 0 1 1053 0 25:30 4 25 E TV
cultriformis 590 0 1 590 0 (25) 6 21 D TV
cupularis 806 0 1 806 0 20 4 21 E TV
cuspidifolia 113 0 2 116 0 (25) 3 21 CE TV
cuthbertsonii 46 0 6 63 0 (25) 5 24 CF TV
cyclops 238 0 3 270 0 (25) 7 24 E TV
cyperophylla 208 0 2 235 0 (30) 5 26 D TV
dangarensis 463 0 1 463 0 (25) 6 17 TV
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Acacia continued

Species Germination No of Highest Rep  Temp. Countdays !V Pre- Sub- Comm-
per 10g ! seed- recor- Wt ccym treatV strateV! ents
lots ded (g
Mean  S.D. tested First Final

dealbata 532 165 49 960 0 (25) 6 23 E TV

ssp. dealbata
deanei

ssp. deanei 447 0 5 546 0 25 3 25 E TV

Ssp. paucijuga 186 0 1 186 0 25 5 20 E TV
decora 660 0 1 660 0 25 6 25 E TV
decurrens 568 0 7 666 0 (25) 5 25 E TV
delibrata 228 0 2 266 0 30 5 25 N TV
denticulosa 662 0 1 662 0 20 5 20 E TV
dictyophleba 833 199 13 1280 0 (25);(30) 5 20 EN TV
dietricheana 305 0 1 305 0 (25) 5 21 D TV
difficilis 374 103 16 561 0 25;30 4 21 E TV
difformis 100 0 1 100 0 (25) 5 25 E TV
dimidiata 192 226 0 (25);(30) 7 25 E TV
diphylla 1916 0o 1 1916 0O 25y 5 15 E TV
disparrima

ssp calidestris 421 0 2 450 0

ssp disparrima 416 0 6 546 0
distans 525 0 1 525 0 25 24 D TV
doratoxylon 956 0 1 956 0 (25) 5 21 E TV
drepanophylla 246 0 1 246 0 25 15 A TV
drummondii 800 0 1 800 0 15 15 40 E TV
dunnii 19 0 4 28 0 25 10 30 N TV
effusa 260 0 1 260 0 (25 7 14 E TV
elachantha 944 1149 36 7580 0 25 5 15 E TV
elata 200 36 12 248 0 (25) 3 21 DE TV
elongata 1095 0 1 1095 0 (25) 5 20 E TV
eriopoda 595 118 11 776 0 (25) 5 21 E TV
eriopoda X tumida 205 0 1 205 0 (25) 5 21 E TV
estrophiolata 280 0 1 280 0 (25) 4 20 D TV
everestii 255 0 1 255 0 (30) 2 20 D TV
excelsa 163 0 2 225 0 (25) 5 20 E TV
exilis 710 0 1 710 0 (30) 7 14 E TV
falcata 501 0 7 643 0 (25) 6 20 E TV
falciformis 193 0 8 247 0 25 4 29 E TV
farnesiana 65 0 1 65 0 25 4 20 E TV
fasciculifera 139 0 3 149 0 25 4 30 EH TV
fauntleroyi 730 0 1 730 0 (25) 7 21 E TV
filicifolia 643 0 4 863 0 (25) 4 26 TV
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Acacia continued

Species Germination No of Highest Rep  Temp. Countdays vV Pre- Sub- Comm-
per 10g ' seed- recor- Wit ccym treatV strateV! ents
lots ded (g)n
Mean S.D. tested First Final
fimbriata 821 0 4 1028 0 (25) 4 26 E TV
flavescens 224 0 5 335 0 25 5 23 E TV
fleckeri 140 0 2 250 0 (25) 7 21 E TV
flexifolia 865 0 1 865 0 (25) 5 30 C TV
floribunda 862 0 2 955 0 (25) 7 25 E TV
frigescens 462 0 1 462 0 (200 10 30 E TV
fulva 576 0 5 630 0 (25) 4 22 EH TV
galeata 81 0 1 81 0 25 7 21 P TV
genistifolia 875 0 1 875 0 (25) 4 25 F TV
georginae 73 0 4 91 0 (25) 5 20 D TV
gittinsii 600 0 1 600 0 (25) 4 20 E TV
gladiiformis 450 0 1 450 0 (25) 4 20 E TV
glaucocaesia 340 0 1 340 0 (25) 7 21 GD TV
glaucocarpa 380 0 6 483 0 25 3 21 E TV
glaucoptera 540 0 1 540 0 (25) 20 40 E TV
gnidium 1600 0 1 1600 0 (25) 4 20 E TV
gonoclada 1838 0 7 2257 0 (25) 4 15 N TV
gracillima 316 0 2 326 0 (25) 21 E TV
grandifolia 375 0 2 450 0 (25) 7 21 E TV
hakeoides 161 0 2 182 0 (25) 10 30 E TV
hamersleyensis 520 0 2 529 0 (25) 7 15 E TV
hammondii 1377 0 4 1533 0 (25) 5 21 E TV
harpophylla 189 0 2 189 0 25 5 14 A TV
havilandii 1150 0 1 1150 0 30;20 5 40 E TV Alternating
temp.

hemignosta 147 0 3 172 0 (25) 5 25 E TV
hemsleyi 624 89 11 828 0 30 4 21 E TV
hilliana 952 0 1 952 0 (30) 3 20 E TV
holosericea 949 209 44 1412 0 25:30 3 21 E TV
hylonoma 408 0 1 408 0 25 5 14 E TV
implexa 395 111 15 645 0 (25) 5 21 E TV
inaequilatera 144 0 170 0 (30) 5 20 E TV
inophloia 317 0 2 500 0 20 5 21 E TV
irrorata

Ssp. irrorata 1011 230 11 1334 0 25 5 21 E TV

ssp. velutinella 1239 0 2 1253 0 25 7 22 E TV
islana 130 0 1 130 0 (25);(30) 5 15 DE TV
iteaphylla 240 0 1 240 0 (25) 4 28 E TV
jennerae 112 0 4 202 0 25;20 6 25 E TV
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Appendix 3.10.1  Acacia continued

Species Germination No of Highest Rep  Temp. Countdays !V Pre- Sub- Comm-
per 10g ! seed- recor- Wt ccym treatV strateV! ents
lots ded (g
Mean  S.D. tested First Final

jibberdingensis 480 0 1 480 0 (20) 5 20 E TV
julifera ssp. julifera 722 0 3 815 0 25 3 24 E TV
juncifolia 714 0 2 833 0 (25) 3 16 E TV
kempeana 423 0 2 465 0 (30) 4 16 E TV
kettlewelliae 260 0 1 260 0 (25) 10 30 E TV
koa 80 0 1 80 0 (25) 5 20 E TV
laccata 558 0 1 558 0 (25) 6 20 E TV
lamprocarpa 289 0 6 399 0 (30) 4 22 E TV
lasiocalyx 369 0 3 500 0 (20) 6 20 E TV
latescens 189 0 6 780 0 30 4 21 E TV
latzii 465 0 1 465 0 25 3 15 A TV
leichhardtii 209 0 1 209 0 (30) 5 35 D TV
leiocalyx 817 0 6 1166 0 25 4 20 E TV
leiocalyx aff. 894 0 1 894 0 (25) 3 26 E TV
leprosa 1570 0 1 1570 0 (25) 18 99 E TV
leptocarpa 744 279 17 1167 0 25;30 3 21 E TV
leptopetala 560 0 1 560 0 (25) 3 10 E TV
leptostachya 200 0 1 200 0 20;30 7 21 E TV
leucoclada

ssp. argentifolia 522 0 1 522 0 25 4 28 E TV

ssp. leucoclada 516 0 3 789 0 (25) 5 28 E TV
ligulata 226 0 8 447 0 20;25 3 20 DE TV
linarioides 80 0 1 80 0 (25) 5 22 E TV
linearifolia 140 0 1 140 0 (25) 6 21 E TV
lineata 450 0 1 450 0 (25) 10 30 F TV
lineolata 2241 0 2 2300 0 15 7 15 E TV
linifolia 305 0 2 309 0 (25) 3 25 E TV
longifolia

var. longifolia 490 0 1 490 0 (25) 13 35 E TV

var. sophorae 480 0 2 575 0 25 5 25 E TV
longispicata 892 0 2 917 0 25;30 5 21 E TV
longissima 700 0 1 700 0 (25) 7 21 * TV
lysiphloia 480 0 5 574 0 (25) 4 21 NE TV
mabellae 358 0 2 380 0 (25) 7 21 E TV
maconochieana 339 0 2 386 0 25 4 21 A TV
macradenia 414 0 2 428 0 (25) 5 21 E TV
maidenii 510 0 5 657 0 20;25 3 21 E TV
maitlandii 512 0 2 550 0 25;30 2 16 E TV
mangium 644 152 187 1044 0 25;30 5 25 E TV
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Acacia continued

Species Germination No of Highest Rep  Temp. Countdays vV Pre- Sub- Comm-
per 10g ' seed- recor- Wit ccym treatV strateV! ents
lots ded (g)n
Mean S.D. tested First Final
mearnsii 704 194 81 1103 0 25 5 21 E TV
meisneri 64 0 2 88 0 15 7 20 D TV
melanoxylon 616 224 43 1066 0 25:30 3 21 E TV
melleodora 480 0 3 650 0 25;30 3 20 E TV
microbotrya 94 0 3 136 0 15 3 21 D TV
midgleyi 537 0 3 594 0 (30) 7 21 ED TV
mimula 37 0 1 37 0 (30) 5 30 E TV
mollifolia 369 0 1 369 0 (25) 5 28 E TV
monticola 252 0 5 389 0 25 3 20 E TV
mountfordiae 329 0 3 370 0 25;30 4 20 C TV
mucronata 630 0 2 739 0 (25) 10 30 E TV
muellerana 634 0 1 634 0 (25) 7 21 E TV
multisiliqua 343 0 1 343 0 25 21 D TV
murrayana 150 0 7 268 0 25 21 E TV
myrtifolia 633 0 2 1075 0 20 20 37 EN TV
nano-dealbata 588 0 2 627 0 (25) 21 TV
neriifolia 223 0 3 261 0 25 25 E TV
neurocarpa 958 130 11 1150 0 30;25 7 21 E TV
neurophylla 1885 0 1 1885 0 20 20 ED TV
notabilis 340 0 2 460 0 30;20 18 40 E TV Alternating
temp.
nuperrima _ 256 0 2 431 0 (25) 7 21 *x TV
ssp. cassitera
obliquinervia 129 0 5 380 0 (25) 20 40 E TV
obtusata 360 0 1 360 0 (25) 7 20 E TV
obtusifolia 542 0 1 542 0 25 8 20 E TV
olgana 616 0 1 616 0 (30) 2 10 E TV
olsenii 239 0 2 290 0 25 5 20 E TV
omalophylla aff. 840 0 1 840 0 (25) 3 15 E TV
oncinocarpa 515 0 3 657 0 30 6 21 E TV
oraria 262 0 4 430 0 25:;30 5 26 C TV
orites 853 0 1 853 0 (25) 7 21 CE TV
orthocarpa 730 0 1 730 0 (25) 3 20 E TV
oswaldii 76 0 2 90 0 (25) 5 10 CA TV
pachycarpa 22 0 5 42 0 25 3 21 E TV
pachyphloia 6 0 1 6 0 (25) 7 21 E TV
papyrocarpa 210 0 1 210 0 (25) 7 21 E TV
paradoxa 830 0 1 830 0 (250 14 90 E TV
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Acacia continued

Species Germination No of Highest Rep  Temp. Countdays !V Pre- Sub- Comm-
per 10g ! seed- recor- Wt ccym treatV strateV! ents
lots ded (g
Mean  S.D. tested First Final
parramattensis 674 0 8 933 0 (25) 5 21 E TV
parvipinnula 475 0 4 833 0 (25) 8 21 E TV
pellita 921 0 3 982 0 (25) 6 20 E TV
pendula 248 0 3 314 0 25 5 21 E TV
penninervis 183 0 3 295 0 25 10 26 E TV
peregrina 301 110 40 522 0 25;30 5 21 ED TV
peuce 425 0 1 425 0 (25) 3 21 A TV
platycarpa 37 0 9 78 0 25 5 20 TV
plectocarpa 565 216 16 1260 0 30 4 21 EN TV
podalyrifolia 256 0 1 256 0 25 6 27 E TV
polybotrya 370 0 1 370 0 (25) 5 25 E TV
polystachya 344 0 4 618 0 25;30 5 21 E TV
prainii 396 0 1 396 0 20 6 20 D TV
pravissima 575 0 2 750 0 (25) 10 26 E TV
prominens 190 0 1 190 0 (25) 10 30 E TV
pruinocarpa 279 0 2 329 0 25 3 25 E TV
pruinosa 189 0 1 189 0 (25) 4 21 E TV
ptychophylla 760 0 1 760 0 (25) 7 21 E TV
pubercosta 386 0 1 386 0 25 5 21 E TV
pustula 449 0 1 449 0 (25 4 14 CE TV
pycnantha 345 0 8 480 0 (25) 10 50 E TV
pyrifolia 204 0 5 230 0 (25) 3 20 E TV
ramulosa 266 0 1 266 0 (25) 3 10 E TV
reclusa ms 460 0 1 460 0 (30) 21 E TV
redolens 1123 0 1 1123 0 (200 11 30 E TV
repanda 1800 0 1 1800 0 (20) 36 E TV
resinimarginea 2142 0 2 3283 0 (20) 20 E TV
retinervis 169 0 2 172 0 (30) 10 25 N TV
retinodes 660 0 2 800 0 (25) 25 E TV
retivenia 286 0 3 320 0 (25);(30) 20 E TV
rhodophloia 1020 0 2 1200 0 (25) 3 14 E TV
rhodoxylon 818 0 1 818 0 (25);(30) 5 20 DC TV
riceana 460 0 1 460 0 (25) 10 20 E TV
rigens 780 0 1 780 0 (25) 5 20 TV
rothii 30 0 4 40 0 30 4 21 HE TV
rubida 506 0 4 688 0 (25) 5 20 E TV
sabulosa 432 0 4 731 0 (25) 7 21 E TV
salicina 140 54 15 245 0 25 4 30 E TV
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Species Germination No of Highest Rep  Temp. Countdays vV Pre- Sub- Comm-
per 10g ' seed- recor- Wit ccym treatV strateV! ents
lots ded (g)n
Mean S.D. tested First Final
saliformis 241 0 1 241 0 (25) 7 21 D TV
saligna 430 144 17 789 0 15 5 30 E TV
schinoides 495 0 2 521 0 25 6 20 E TV
scirpifolia 398 0 1 398 0 20 7 15 E TV
sclerosperma 29 0 8 41 0 25 5 25 EN TV
sclerosperma 68 0 1 68 0 (25) 5 15 FH TV
X ligulata
semirigida 220 0 1 220 0 (25) 7 28 E TV
sericata 40 0 1 40 0 (25) 7 21 C TV
sericoflora 1353 0 1 1353 0 30 2 27 E TV
sessilispica 1714 0 1 1714 0 20 5 20 D TV
shirleyi 682 0 4 999 0 25 2 20 ED TV
sibina 893 0 1 893 0 20 5 19 E TV
signata 218 0 1 218 0 (25) 7 21 E TV
silvestris 374 0 5 460 0 25 5 25 E TV
simsii 699 0 6 1170 0 30 3 21 E TV
sparsiflora 939 0 2 962 0 25 7 21 E TV
species 262 0 1 262 0 (25) 7 21 E TV
spectabilis 320 0 4 381 0 25 3 27 E TV
spirorbis 554 0 3 612 0 25 7 20 D TV
subsp. spirorbis
spongolitica 830 0 1 830 0 20 7 21 E TV
stenophylla 85 37 1 129 0 30;25 3 25 EC TV
stereophylla 2270 0 1 2270 0 15 5 20 E TV
stigmatophylla 580 1 580 0 (25) 7 20 E TV
stipuligera 803 84 15 1000 0 (30;25) 5 21 E TV
storyi 341 0 2 432 0 25 7 21 E TV
stowardii 945 0 1 945 0 (25) 7 21 E TV
striatifolia 1052 0 1 1052 0 25 7 21 E TV
suaveolens 228 0 4 273 0 (25) 4 24 E TV
suberosa 24 0 1 24 0 (25) 7 30 E TV
subtessarogona 326 0 2 342 0 (25) 3 10 E TV
subulata 225 0 1 225 0 (25) 7 30 E TV
sylvestris 220 0 1 220 0 (25) 5 24 E TV
synchronicia 346 0 2 552 0 (25) 7 21 G TV
telmica 635 0 1 635 0 (20) 5 20 E TV
tenuinervis 736 0 1 736 25 7 21 E TV
tenuissima 1010 0 8 1666 0 (25) 4 22 E TV
terminalis 385 0 2 489 0 (25) 6 21 E TV
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Acacia concluded

Species Germination No of Highest Rep  Temp. Countdays !V Pre- Sub- Comm-
per 10g ! seed- recor- Wt ccym treatV strateV! ents
lots ded (g
Mean  S.D. tested First Final
tetragonophylla 460 0 1 460 0 (25) 5 15 CE TV
thomsonii 1026 209 11 1353 0 (25) 7 15 E TV
torulosa 231 117 30 505 0 (25;30) 5 21 E TV
trachycarpa 119 181 0 25 4 21 E TV
trachyphloia 678 0 865 0 (25) 5 25 E TV
trinervata 7630 0 1 7630 0 20;30 7 21 CD TV
(syn. cunninghamiana)
trineura 1916 1916 0 (25) 8 28 E TV
triptera 1100 1100 0 (25) 8 20 E TV
tropica 560 0 2 808 0 25 5 15 E TV
tumida var. tumida 144 61 66 393 0 (25;30) 4 30 E TV
ulicifolia 637 0 2 675 0 25 7 21 E TV
umbellata 910 0 2 958 0 (30) 6 20 E TV
uncinata 305 0 2 430 0 (25) 6 26 E TV
valida 21 0 1 21 0 (25) 4 21 E TV
(syn. calcigera)
validinervia 416 615 0 (25) 6 21 E TV
validinervia variant 310 417 (25) 21 N TV
verniciflua 411 0 682 0 30;20 99 E TV Alternating
temp.
verticillata 460 0 1 460 0 (25) 4 27 F TV Alternating
temp.
vestita 238 0 2 266 0 (25) 6 30 E TV
victoriae 238 90 23 421 0 25 3 21 EN TV
viscidula 1,090 0 1 1090 0 (30) 7 20 A TV
wanyu 93 0 3 136 0 (20) 6 23 E TV
wattsiana 442 0 1 442 0 (25) 8 60 E TV
xanthina 360 0 2 393 0 (25) 6 21 A TV
xiphophylla 135 0 4 165 0 25 4 10 A TV
yirrkallensis 2383 0 1 2383 0 (25) 7 21 * TV
ADANSONIA
gregorii 1 0 1 1 0 (30) 6 35 C TV
ADENANTHERA
abrosperma 56 56 (25) 18 CD TV
pavonina 22 0 22 0 (25) 5 18 CD TV
AGATHIS
robusta 168 0 2 186 0 (25) A TV
AGONIS
flexuosa 8800 0 1 8800 0 25 14 21 A TV
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Species Germination No of Highest Rep  Temp. Countdays vV Pre- Sub- Comm-
per 10g ' seed- recor- Wit ccym treatV strateV! ents
lots ded (g)n
Mean S.D. tested First Final
ALBIZIA
amara 19 0 1 19 0 25 E TV
chinensis 348 0 1 348 0 25 G TV
lebbeck 270 0 1 270 0 (30) 5 12 E TV soak

overnight

ALLOCASUARINA

campestris . 2600 0 1 2600 0 15 7 30 A TV
ssp. campestris
decaisneana 352 0 5 560 0 (25);(30) 3 14 A TV
fraseriana 680 0 1 680 0 (25) 10 30 A TV
huegeliana 2230 0 1 2230 0 15;20 7 35 A TV
littoralis 3766 0 7 5637 0 25 5 28 A TV
paludosa 6442 0 1 6442 0 15 12 30 A TV
torulosa 2025 0 4 2638 0 20 5 21 A TV
verticillata 572 0 10 1113 0 15 14 30 A TV
ALNUS
nepalensis 7900 0 1 7900 0 (25) 7 14 A TPV
ALPHITONIA
excelsa 87 0 1 87 0 25;30 4 16 CE TV
petriei 524 0 2 684 0 25 4 16 C TV
ANGOPHORA
costata 686 0 4 735 0 20;25 4 17 A TV
floribunda 450 1 450 0 20;25 7 14 A TPV
ARAUCARIA
bidwillii 1 0 2 1 0 30 5 21 A TV
cunninghamii 34 0 9 170 0 20;30 7 21 A TV
heterophylla (excelsa) 1 0 1 1 0 20;25;30 7 28 A TV
hunstenii 19 0 2 20 0 (25) 5 28 A TV
ASTARTEA
fascicularis 1300 0 1 1300 0 (15) 25 56 A TVP
ASTEROMYRTUS
brassii 1710 0 5 2650 0 (25);(30) 5 14 A TPV
lysicephala 19050 0 4 40100 0 (25);(30) 5 20 A TPV
magnifica 1550 0 1 1550 0 25 3 28 A TPV
symphyocarpa 3037 1216 14 5800 0 (25);(30) 5 20 A TPV
ATALAYA
hemiglauca 70 0 7 132 0 25 7 21 A TV
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Germination standards continued

Species Germination No of Highest Rep  Temp. Countdays vV Pre- Sub- Comm-
per 10g ! seed- recor- Wt ccym treatV strateV! ents
lots ded (g
Mean  S.D. tested First Final
ATRIPLEX
nummularia 32 0 1 32 0 (25) 6 28 TV
BANKSIA
integrifolia 378 0 1 378 0 25 7 21 A TV
var. compar
serrata 80 80 25 10 30 A TV
spinulosa 196 0 300 0 30 A TV
BEAUFORTIA
sparsa 30870 0 1 30870 0 25 7 26 A TVP
BRACHYCHITON
populneus 45 0 2 55 0 25 6 27 D TV
BURSARIA
occidentalis 170 0 1 170 0 25 36 43 B TV 28 days
CMS
spinosa_ 800 0 1 800 0 (15) 15 35 A TV
var. spinosa
CALLISTEMON
citrinus 85000 0 1 85000 0 30 7 21 A TV
linearis 215000 0 1 215000 0 30 7 21 A TV
macropunctatus 53,000 0 1 53000 0 30 7 21 A TV
phoeniceus 64000 0 1 64000 0 30 7 21 A TV
polandii 22000 0 1 22000 0 30 7 21 A TV
CALLITRIS
intratropica 150 0 1 150 0 (30) 15 28 A TV
CALOTHAMNUS
homalophyllus 5200 0 5200 0 20 14 28 A TVP
quadrifidus 7,400 7400 20 10 20 A TVP
rupestris 8900 0 8900 0 20 14 28 A TVP
CAPPARIS
spinosa 297 0 1 297 0 (25) 12 19 A TV
CASSIA
alata 207 0 1 207 0 25 1 10 G TV
brewsteri 64 0 1 64 0 25 5 12 CD TV
javanica 10 0 1 10 0 30 4 10 C TV
gueenslandica 126 0 1 126 0 (25) 5 20 CD TV
siamea 204 0 2 216 0 (25) 3 20 E TV
CASUARINA
collina 13200 0 2 13900 0 20 5 14 A TV
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Species Germination No of Highest Rep  Temp. Countdays vV Pre- Sub- Comm-
per 10g ' seed- recor- Wit ccym treatV strateV! ents
lots ded (g)n
Mean S.D. tested First Final

cristata 1184 0 6 1590 0 25 7 21 A TV
cunninghamiana 6924 0 8 12800 0 25;35 5 21 A TV

ssp. cunninghamiana
equisetifolia

ssp. equisetifolia 2635 1569 79 10500 0 30 4 22 A TV

ssp. incana 2465 0 6 3515 0 (25;30) 7 21 A TV
glauca 4437 2473 17 9200 0 25 5 24 A TV
grandis 3663 0 2 3700 0 (25) 6 25 A TV
junghuhniana 11695 13365 30 81135 0 25-35 3 25 A TV

ssp. junghuhniana
obesa 3678 0 7 5975 0 25 5 21 A TV
oligodon 14587 0 3 26562 0 (25) 9 22 A TV
papuanum 8750 1 8750 0 25 5 20 A TV
CATHORMION
umbellatum 13 0 1 13 0 (25) 8 20 GD TV

var. moniliforme
CEDRELA serrata 1353 0 1 1353 0 (25) 2 21 A TV
CHORISIA speciosa 22 0 1 22 0 (25) 5 8 C TV
CHUKRASIA
tabularis 367 0 7 540 0 25 0 0 J TV
velutina 476 0 2 886 0 25 5 25 J TV
COCHLOSPERMUM
fraseri 126 0 1 126 0 (30) 8 23 CG TV
CORYMBIA
abbreviata 260 0 1 260 0 (25) 5 14 A TPV
bleeseri 350 0 1 350 0 30 6 10 A TPV
bloxsomei 760 0 1 760 0 25;30 10 14 A TPV
cadophora 317 0 5 481 0 (25) 5 15 A TPV
calophylla “rosea” 130 0 3 160 0 25 7 21 A TV Inhibitors
citriodora 1338 649 16 2720 0 25;30 5 14 A TV Inhibitors
clavigera 400 0 1 400 0 30 5 12 A TPV
collina 590 0 1 590 0 25 7 21 A TPV
confertiflora 858 0 4 1700 0 30 5 14 A TPV
dampieri 563 0 1 563 0 (20) 6 18 A TPV
dichromophloia 530 0 1 530 0 25 5 12 A TPV
dimorpha 1180 0 1 1180 0 (25) 5 10 A TPV
eremaea 775 0 2 940 0 25 5 21 A TV Inhibitors
eximia 457 0 2 510 0 (25) 5 14 A TPV
ficifolia 390 0 4 538 0 20 5 14 A TPV
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Species Germination No of Highest Rep  Temp. Countdays vV Pre- Sub- Comm-
per 10g ! seed- recor- Wt ccym treatV strateV! ents
lots ded (g
Mean  S.D. tested First Final

foelscheana 350 0 1 350 0 25 5 14 A TPV
grandifolia 350 0 1 350 0 30 5 14 A TV Inhibitors
gummifera 576 0 5 730 0 30 5 14 A TPV
henryi 1021 0 3 1262 0 25 5 14 A TV  Inhibitors
hylandii 880 0 1 880 0 (25) 6 26 A TPV
intermedia 1350 0 6 1785 0 25 5 14 A TPV
jacobsiana 430 0 1 430 0 30 7 21 A TPV
latifolia 420 0 1 420 0 20 5 14 A TPV
leichhardtii 970 0 1 970 0 (25) 7 15 A TPV
maculata 1334 326 15 1872 0 25 5 14 A TV Inhibitors
nesophila 770 0 1 770 0 25 5 10 A TPV
novoguinensis 672 0 1 672 0 25 6 15 A TV
papuana 710 0 1 710 0 (25) 5 10 A TPV
polycarpa 867 0 3 1238 0 25 5 21 A TPV
porrecta 120 0 1 120 0 (25) 5 14 A TPV
ptychocarpa 205 0 3 276 0 25 7 21 A TPV
setosa 233 0 2 300 0 (25) 7 21 A TPV
terminalis 370 0 1 370 0 (25) 5 21 A TPV
tessellaris 1552 0 2 1584 0 35 3 10 A TPV
torelliana 3861 0 8 4125 0 (25) 5 14 A TPV
trachyphloia 1320 0 1 1320 0 (25) 5 14 A TPV
variegata 1357 700 13 2620 0 25;30 5 14 A TPV
watsoniana 254 0 3 382 0 (25) 5 28 A TPV
xanthope 690 0 1 690 0 (25) 6 14 A TPV
zygophylla 213 0 3 264 0 (25) 7 21 A TPV
CUNNINGHAMIA
lanceolata 631 0 2 914 0 (25) 3 18 A TV
DAVIESIA mimosoides

var. laxifolia 615 0 1 615 0 (200 13 57 C TV
DICHROSTACHYS
spicata 250 0 2 352 0 (30) 3 20 CD TV
DILLWYNIA
sericea 1420 0 1 1420 0 25 7 30 G TV
DOLICHANDRONE
heterophylla 174 0 1 174 0 (25 11 20 A TV
EREMAEA
beaufortioides 840 0 1 840 0 20 14 32 A TVP
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Germination standards continued

Species Germination No of Highest Rep  Temp. Countdays vV Pre- Sub- Comm-
per 10g ' seed- recor- Wit ccym treatV strateV! ents
lots ded (g)n
Mean S.D. tested First Final

EREMOPHILA
maculata 1 0 1 1 0 (25) 5 30 A TV
ERYTHRINA
vespertilio 13 0 1 13 0 25 CD TV
EUCALYPTUS
acaciiformis 1890 0 1 1890 0 25 7 14 A TPV
accedens 810 0 2 1270 0 20;15 10 21 A TPV
acies 281 0 1 281 0 (25) 30 A TV
acmenoides 2064 0 7 2837 0 (30) 30 A TPV
aeqioperta 10100 0 1 10100 0 (20) 25 A TPV
agglomerata 2625 0 2 4350 0 15 18 28 A TPV
aggregata 7225 0 6 12600 0 25 14 A TPV
alba 2165 0o 2 2690 0 (25;30) 14 A TPV
albens 1400 0 3 2450 0 (25) 14 A TPV
alpina 550 0 1 550 0 20 10 30 A TPV
amplifolia

var. amplifolia 7559 0 9 17000 0 25;30 4 15 A TPV

var. sessiliflora 2500 0 1 2500 0 (25;30) 4 15 A TPV
amygdalina 1200 1200 0 20 3 25 B TPV 28days

CMS

ancophila 2461 0 1 2461 0 (25) A TPV
andrewsii

ssp. andrewsii 1410 0 1 1410 0 (20;25) 3 20 A TPV

ssp. campanulata 1350 0 2 1450 0 (20;25) 3 20 A TPV
angophoroides 5740 0 1 5740 0 25 3 18 A TPV
angulosa 650 0 1 650 0 20 5 30 A TPV
angustissima 4550 0 3 8400 0 1520 10 28 A TPV
annulata 4540 0 1 4540 0 15 7 21 A TPV
apiculata 933 0 2 1190 0 15 14 28 A TPV
apodophylla 6000 0 1 6000 0 25;30 7 14 A TPV
approximans

Ssp. approximans 1697 0 2 1883 0 15 10 28 A TPV

ssp. codonocarpa 1400 0 1 1400 0 (200 12 28 A TPV
aquilina 400 0 1 400 0 25 10 15 A TPV
arachnaea

ssp. arachnaea 2600 0 1 2600 0 (25) A TPV
archeri 2380 0 1 2380 0 (15;20) 7 21 A TPV
areuacea 525 0 1 525 0 (25) A TPV
argillacea 1938 0 2 2500 0 25:30 21 A TPV
argophloia 12441 0 4 14900 0 25 7 21 A TPV
aromaphloia 4800 0 1 4800 0 25 14 A TPV

82 — CSIRO Forestry and Forest Products, Australian Tree Seed Centre



Section 3 Seed testing — 83

Appendix 3.10.1

Eucalyptus (a—c) continued

Species Germination No of Highest Rep  Temp. Countdays !V Pre- Sub- Comm-
per 10g ! seed- recor- Wt ccym treatV strateV! ents
lots ded (g
Mean  S.D. tested First Final
aspratilis 1563 0 2 2100 0 (25) A TPV
astringens 1578 0 5 2405 0 15;20 7 15 A TPV
badjensis 5703 1826 11 9530 0 25 6 15 A TPV
baeuerlenii 1626 0 2 2442 0 25 5 14 A TPV
baileyana 225 0 2 240 0 25 7 21 A TPV
bakeri 6518 0 3 8125 0 15 10 35 A TPV
bancroftii 3320 0 1 3320 0 25;30 7 14 A TPV
banksii 1670 0 1 1670 0 30 14 A TPV
barberi 3890 0 1 3890 0 25;30 14 A TPV
baueriana 3960 0 3 7050 0 (25) 5 21 A TPV
baxteri 511 0 3 570 0 20;25 10 28 A TPV
behriana 3064 0 2 3950 0 (25) 5 14 A TPV
benthamii 9228 0 5 11815 0 (25) 5 12 A TPV
beyeri 6480 0 1 6480 0 (25) 3 14 A TPV
bigalerita 1470 0 2 1600 0 30 7 12 A TPV
biturbinata 1434 0 3 2080 0 (25) 5 15 A TPV
blakelyi 6870 0 1 6870 0 25;30 7 21 A TPV
blaxlandii 870 0 1 870 0 20;25 9 18 A TPV
bosistoana 4056 0 4 5000 0 25 5 14 A TPV
botryoides 3914 1567 14 8500 0 25 10 21 A TPV
brachyandra 15600 0 1 15600 0 30 6 12 A TPV
brassiana 3171 0 7 7460 0 25 7 14 A TPV
brevifolia 3284 0 2 3738 0 (25) 5 21 A TPV
brevistylis 785 0 1 785 0 20 5 20 A TPV
bridgesiana 2510 0 2 3620 0 25 8 14 A TPV
brockwayi 5183 0 4 7520 0 15;20 7 14 A TPV
brookeriana 3087 0 7 8600 0 25 5 15 A TPV
brownii 37550 0 1 37550 0 25 3 10 A TPV
buprestium 40 0 1 40 0 20 10 20 A TPV
burdettiana 1510 0 1 1510 0 15 10 25 A TPV
burracoppinensis 710 0 1 710 0 1520 10 21 A TPV
caesia ssp. caesia 1380 0 1 1380 0 25 5 18 A TPV
caesia ssp. magna 837 0 1 837 0 20 3 15 A TPV
calcicola 320 0 1 320 0 (200 10 28 A TPV
caleyi 1490 0 1 1490 0 20 7 14 A TPV
caliginosa 480 0 1 480 0 20 10 28 A TPV
calycogona
ssp. calycogona 2477 0 3 3880 0 20 10 28 A TPV Inhibitors
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Appendix 3.10.1  Eucalyptus (ca-co) continued

Species Germination No of Highest Rep  Temp. Countdays vV Pre- Sub- Comm-
per 10g ' seed- recor- Wit ccym treatV strateV! ents
lots ded (g)n
Mean S.D. tested First Final

camaldulensis

ssp. simulata 6837 2004 12 9800 0 30 5 10 A TPV
var. camaldulensis 5084 2086 19 8600 0 25;30 5 10 A TPV Tropical
30°C and
temperate
25°C
var. obtusa 7656 3390 105 21800 0 25;30 5 10 A TPV
cambageana 7150 0 1 7150 0 20;25 9 21 A TPV
cameronii 2340 0 1 2340 0 25 3 21 A TPV
camfieldii 950 0 1 950 0 25 7 14 A TPV
campaspe 2430 0 1 2430 0 1520 10 21 A TPV
camphora
ssp. camphora 8499 0 8 12000 0 25 7 28 A TPV
ssp. relicta 20400 0 1 20400 0 (25) 4 25 A TPV
canaliculata 380 0 1 380 0 (25) 5 10 A TPV
capillosa
ssp. capillosa 3250 1 3250 0 (25) 0 0 A TPV
capitellata 400 0 1 400 0 25 7 21 A TPV
carnei 1400 0 1 1400 0 (25) 5 14 A TPV
celastroides
ssp. celastroides 2030 0 1 2030 0 15;20 7 20 A TPV
cephalocarpa 2560 0 2560 0 25 5 14 A TPV
cerasiformis 3000 0 1 3000 0 20 5 24 A TPV
cernua
(ms syn. nutens) 1475 0 2 1530 0 (25) 7 20 A TPV
chapmaniana 2320 0 1 2320 0 25 5 20 A TPV
chippendalei 403 0 3 522 0 (25;30) 5 20 A TPV
chloroclada 5650 0 2 5900 0 (25) 7 20 A TPV
cinerea 2926 0 3 3480 0 25 3 14 A TPV
cladocalyx 1537 1952 11 7180 0 20 5 21 A TPV
clelandii 3410 0 1 3410 0 15 10 21 A TPV
clivicola 2000 0 1 2000 0 (25) 0 0 A TPV
cloeziana 2663 0 9 11300 0 25 7 28 A TPV Inhibitors
cneorifolia 2410 0 3 2730 0 15 10 28 A TPV
coccifera 1210 0 3 1550 0 15 10 28 B TPV 21 days
CMS
comitae-vallis 3500 0 1 3500 0 20 10 20 A TPV
concinna 2000 0 1 2000 0 25 5 14 A TPV
confluens 3400 0 1 3400 0 25;30 7 14 A TPV
conglobata 1465 0 2 1550 0 1520 10 21 A TPV
conglomerata 2225 0 1 2225 0 (25) 0 0 A TPV
conica 6740 0 2 9500 0 (25) 3 14 A TPV
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Appendix 3.10.1

Eucalyptus (co-di) continued

Species Germination No of Highest Rep  Temp. Countdays !V Pre- Sub- Comm-
per 10g ! seed- recor- Wt ccym treatV strateV! ents
lots ded (g
Mean S.D. tested First Final
consideniana 840 0 1 840 0 20;25 5 21 A TPV
cooperiana 2870 0 2 4190 0 20 10 28 A TPV
cordata 930 0 1 930 0 20;25 5 14 A TPV
cornuta 1588 0 3 2150 0 25 3 14 A TPV
coronata 490 0 1 490 0 15 10 21 A TPV
corrugata 1500 0 1 1500 0 25 3 14 A TPV
cosmophylla 1704 0 3 3366 0 25 5 14 A TPV
crebra 7933 0 3 12500 0 30 5 14 A TPV
crenulata 13350 0 1 13350 0 (25) 5 14 A TPV
croajingalensis 897 0 3 1466 0 25 4 21 A TPV
crucis ssp. crucis 1045 0 2 1600 0 25 10 28 A TPV
cullenii 1455 0 2 1740 0 (25) 5 21 A TPV
cupularis 490 0 1 490 0 25 4 14 A TV Inhibitors
curtisii 11243 0 3 14725 0 25 5 28 A TPV
cyanophylla 1240 0 1 1240 0 (20) 5 28 A TPV
cylindriflora 4980 0 1 4980 0 15;20 7 28 A TPV
cylindrocarpa 3250 0 1 3250 0 15 10 21 A TPV
cypellocarpa 1668 532 11 2720 0 20;25 7 14 A TPV
dalrympleana
ssp. dalrympleana 1907 0 6 2830 0 20;25 5 14 A TPV
ssp. heptantha 3000 0 1 3000 0 (25) 5 21 A TPV
dawsonii 11265 0 2 14300 0 (25) 5 21 A TPV
dealbata 6310 0 1 6310 0 (25) 3 21 A TPV
deanei 5976 0 5 7900 0 20 5 21 A TV Inhibitors
decipiens 1310 0 1 1310 0 (25) 5 21 A TPV
decorticans 1640 0 1 1640 0 (25) 5 21 A TPV
deglupta 48700 0 7 96000 0 35 5 14 A TV Inhibitors
delegatensis
ssp. delegatensis 908 0 9 1770 0 20 5 14 B TPV 42days
CMS
dendromorpha 1070 0 1 1070 0 (25) 10 22 A TPV
densa ssp. densa 2175 0 2 2649 0 (15) 5 14 A TPV
ssp. improcera 1317 0 1 1317 0 (15) 5 14 A TPV
denticulata 3038 0 4 3550 0 15;25 7 14 B TPV 21 days
CMS N/A
if seed
fresh
desmondensis 1924 0 2 2587 0 20 14 A TPV
dielsii 3720 0 2 4820 0 15;20 21 A TPV
diminuta 2450 0 1 2450 0 (15) 25 A TPV
diptera 1580 0 2 1740 0 15;20 10 21 A TPV

Section 3 Seed testing — 85



86 — Australian Tree Seed Centre: Operations Manual

Appendix 3.10.1  Eucalyptus (di-fo) continued

Species Germination No of Highest Rep  Temp. Countdays vV Pre- Sub- Comm-
per 10g ' seed- recor- Wit ccym treatV strateV! ents
lots ded (g)n
Mean S.D. tested First Final
discreta 3350 0 1 3350 0 (15) 14 28 A TPV
diversicolor 492 0 7 840 0 20;25 7 14 A TV Inhibitors
diversifolia 339 0 3 473 0 20:25 7 21 A TPV
dives 761 288 13 1364 0 15 14 35 B TPV 56 days
CMS

dongarraensis 1400 0 1 1400 0 25 10 28 A TPV
doratoxylon 1830 0 1 1830 0 (25) 7 21 A TPV
dorrigoensis 10081 0 4 20700 0 (25) 5 12 A TPV
drepanophylla 1984 0 9 3360 0 30 7 21 A TPV
drummondii 300 0 1 300 0 20 10 28 A TPV
dumosa 2340 0 2 3530 0 15;20 10 21 A TPV
dundasii 3240 0 1 3240 0 1520 10 21 A TPV
dunnii 2768 1080 38 5170 0 25;30 3 10 A TPV
dwyeri 3680 0 1 3680 0 (25) 3 10 A TPV
ebbanoensis 930 0 1 930 0 (25) 5 14 A TPV
elata 2128 0 6 2600 0 20;25 5 21 A TPV
eremophila

ssp. eremophila 3529 0 3 5587 0 (25) 5 21 A TPV
erythrocorys 250 0 3 469 0 25;30 5 14 A TPV
erythronema

var. erythronema 2193 0 2 2310 0 1520 10 21 A TPV

var. marginata 1510 0 1 1510 0 (25) 7 28 A TPV
eugenioides 1090 0 2 1160 0 20 5 28 A TPV
ewartiana 670 0 1 670 0 (25) 7 21 A TPV
exilis 373 0 2 420 0 20 15 28 A TPV
exserta 3363 0 3 3750 0 25 5 21 A TPV
falcata 1600 0 2 2600 0 15;20 7 14 A TPV
falciformis 800 0 1 800 0 (20) 0 0 A TVP
famelica 320 0 1 320 0 (20) 8 18 A TVP
fasciculosa 4263 0 2 5125 0 15;20 5 14 A TPV
fastigata 1116 0 9 1770 0 15;20 10 40 A TPV
ferruginea 240 0 1 240 0 30 5 14 A TPV
fibrosa

ssp. fibrosa 1553 0 2 1980 0 20 5 14 A TPV

ssp. nubila 3535 0 2 3850 0 (25) 5 14 A TPV
flindersii 8500 0 1 8500 0 (25) 3 14 A TPV
flocktoniae 1523 0 2 1825 0 15,20 10 28 B TPV 28days

CMS

foecunda 2253 0 4 4650 0 15 10 28 A TPV
forrestiana

ssp. forrestiana 405 0 2 430 0 15 10 33 A TPV
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Appendix 3.10.1  Eucalyptus (fr-ho) continued

Species Germination No of Highest Rep  Temp. Countdays vV Pre- Sub- Comm-
per 10g ! seed- recor- Wt ccym treatV strateV! ents
lots ded (g)yn
Mean  S.D. tested First Final
fraseri 1887 0 2 2520 0 (25) 10 40 A TPV
fraxinoides 1380 0 4 1850 0 25 7 28 A TPV
froggattii 3819 0 2 4437 0 20 5 14 A TPV
fusiformis 2825 0 2 5150 0 25 7 20 A TPV
gamophylla 1358 0 8 2775 0 25 5 10 A TPV
gardneri 1410 0 1 1410 0 20 7 21 A TPV
georgei 2366 0 1 2366 0 (20) 6 21 A TPV
gilbertensis 100 0 1 100 0 (25) 3 10 A TPV
gillenii 5296 0 3 7900 0 (25) 5 14 A TPV
gillii 830 0 1 830 0 20 5 21 A TV Inhibitors
gittinsii 320 0 1 320 0 (200 10 21 A TPV
glaucescens 905 0 6 1218 0 20 5 10 B TPV 28-42
days CMS
not
necessary
if seed
fresh
globoidea 1191 0 4 1540 0 20;25 7 21 A TPV
globulus
ssp. bicostata 1004 330 22 1980 0 (25) 5 14 A TPV
ssp. globulus 675 326 156 2521 0 25 5 14 A TPV
ssp. maidenii 1518 268 21 1875 0 (25) 5 21 A TPV
ssp. pseudoglobulus 1350 0 3 2015 0 25 5 14 A TPV
gomphocephala 873 0 6 1302 0 25 5 14 A TPV
gongylocarpa 969 0 4 2287 0 (25) 5 21 A TPV
goniantha
ssp. goniantha 1060 0 1 1060 0 15;20 7 21 A TPV
goniocalyx 1398 0 4 1800 0 (25) 5 14 A TPV
gracilis 5260 0 1 5260 0 1520 10 21 A TPV
grandis 6728 4896 100 35230 0 25 5 14 A TPV
gregsoniana 1310 0 1 1310 0 (15) 7 21 A TPV
griffithsii 1620 0 1 1620 0 20 7 21 A TPV
grossa 3190 0 1 3190 0 1520 10 21 A TPV
guilfoylei 610 0 1 610 0 (25) 5 28 A TPV
gunnii 3080 0 3 3920 0 20 7 28 A TPV
haemastoma 1330 0 2 1490 0 25 5 14 A TV Inhibitors
haematoxylon 200 0 1 200 0 (25) 7 21 A TPV
hallii 9856 0 2 11262 0 25 3 18 A TPV
halophila 969 0 4 1217 0 (15) 7 21 A TPV
herbertiana 3845 0 2 3890 0 (25) 7 21 A TPV
horistes 1685 0 2 1848 0 (25) A TPV
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Appendix 3.10.1  Eucalyptus (ho-le) continued

Species Germination No of Highest Rep  Temp. Countdays vV Pre- Sub- Comm-
per 10g ' seed- recor- Wit ccym treatV strateV! ents
lots ded (g)n
Mean S.D. tested First Final

houseana 8470 0 1 8470 0 (25) 5 21 A TV Inhibitors
howittiana 7700 0 1 7700 0 25 7 15 A TPV
hypochlamydea 4383 0 1 4383 0 (15) 7 22 A TPV
incerata 6325 0 1 6325 0 25 7 21 A TPV
incrassata 197 0 2 280 0 20 5 14 A TPV
indurata 389 0 1 389 0 (15) 19 31 A TPV
infera 16800 0 1 16800 0 (25) 8 31 A TPV
insularis 2200 0 1 2200 0 (200 10 21 A TPV
intertexta 2076 0 8 3908 0 25 5 28 A TV Inhibitors
jacksonii 963 0 2 1336 0 20 5 28 A TPV
jensenii 2630 0 5 4800 0 (25) 5 14 A TPV
johnstonii 1026 0 3 1530 0 20:25 7 21 A TPV
jucunda 290 0 1 290 0 (15) 14 49 A TPV
jutsonii 1540 0 1 1540 0 15 7 21 A TPV
kartzoffiana 3277 0 3 5630 0 25 3 10 A TPV
kingsmillii 460 0 2 800 0 15 10 14 A TPV
kitsoniana 3170 0 1 3170 0 (25) 5 21 A TPV
kochii

ssp. kochii 1453 0 5 2280 0 15 7 21 A TPV

ssp. plenissima 5417 0 2 7950 0 (15) 10 28 A TPV
kondininensis 3702 0 4 5013 0 1520 10 14 A TPV
kruseana 2140 0 1 2140 0 20 5 21 A TV Inhibitors
kumarlensis 5627 0 3 7850 0 20 5 21 A TRV
kybeanensis 1495 0 3 2950 0 20 5 14 B TPV 42days

CMS

laeliae 1800 0 1 1800 0 25 9 15 A TPV
laevopinea 465 0 3 565 0 25 7 21 A TRV
lanepoolei 470 0 470 0 (25) 7 21 A TPV
lansdowneana

ssp. albopurpurea 1350 0 1 1350 0 25 10 21 A TPV

ssp. lansdowneana 2640 0 2 3180 0 15 9 23 A TPV
largeana 1030 0 1 1030 0 (25) 5 15 A TPV
largiflorens 4840 0 4 7010 0 30 5 14 A TPV
lehmannii 390 0 1 390 0 25 7 28 A TPV
leptocalyx 1750 0 2 1900 0 (200 10 28 A TPV
leptophleba 1466 0 5 2220 0 25 5 21 A TPV
leptopoda

spp. leptopoda 3090 0 1 3090 0 15 7 14 A TPV
lesouefii 1780 0 1 1780 0 15 10 21 A TPV
leucophloia 3750 0 1 3750 0 25 5 14 A TPV
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Appendix 3.10.1  Eucalyptus (le-me) continued

Species Germination No of Highest Rep  Temp. Countdays !V Pre- Sub- Comm-
per 10g ! seed- recor- Wt ccym treatV strateV! ents
lots ded (g
Mean S.D. tested First Final

leucoxylon

ssp. leucoxylon 1652 0 8 2675 0 (25) 5 28 A TPV

ssp. megalocarpa 2955 0 2 3960 0 (25) 5 28 A TPV

ssp. petiolaris 1760 0 2 1800 0 (25) 5 28 A TPV

SSp. pruinosa 2624 0 5 3500 0 (25) 5 28 A TPV
ligustrina 1940 0 1 1940 0 (25) 5 14 A TPV
lirata 410 0 1 410 0 (25) 7 14 A TPV
litorea 5600 0 1 5600 0 (20) 8 25 A TPV
longicornis 2121 0 4 2760 0 15 10 21 A TPV
longifolia 1553 0 4 1962 0 (25) 7 28 A TPV
longirostrata 891 0 7 1530 0 25 5 21 A TPV
loxophleba

Ssp. gratiae 1097 0 1 1097 0 (25) 9 29 A TPV

ssp. loxophleba 6811 0 4 7825 0 (25) 5 21 A TPV
lucasii 3190 0 1 3190 0 (25) 7 28 A TPV
lucens 4750 0 1 4750 0 (25) 5 36 A TPV
luehmanniana 390 0 1 390 0 (25) 5 14 A TPV
macarthurii 6930 0 8 18300 0 (25) 5 14 A TPV
macrandra 1290 0 2 2300 0 20 5 14 A TPV
macrocarpa

ssp. macrocarpa 191 0 4 250 0 20 7 21 A TPV

Ssp. cannonii 500 0 1 500 0 (15) 10 28 A TPV
macrorhyncha

ssp. macrorhyncha 517 0 728 0 15 10 28 A TPV
major 3750 5500 O (25) 14 A TPV
malacoxylon 2520 0 2520 0 (25) 5 10 A TPV
mannensis

SSp. mannensis 921 0 5 1341 0 (20) 5 14 A TPV

ssp. elliptica 2137 0 1 2137 0 (25) 7 13 A TPV
mannifera

ssp. maculosa 6150 0 1 6150 0 (25) 5 21 A TPV

ssp. mannifera 4307 0 6 7380 0 (25) 7 21 A TPV

SSp. praecox 3569 0 2 5950 0 (25) 7 21 A TPV
marginata 221 0 10 560 0 15;20 10 21 A TPV
mckieana 2050 0 1 2050 0 (25) 21 A TPV
megacarpa 390 0 1 390 0 (25) 28 A TPV
megacornuta 1848 0 3 2070 0 15 10 21 A TPV
melanoleuca 1160 0 1 1160 0 25 7 14 A TPV
melanophitra 5800 0 1 5800 0 (25) 11 35 A TPV
melanophloia 1366 0 4 1600 0 25 5 14 A TPV
melanoxylon 2610 0 2 3320 0 15 10 21 A TPV
melliodora 3634 1220 14 5500 0 25 5 21 A TV Inhibitors
merrickiae 1048 0 2 1115 0 (25) 10 28 A TPV
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Appendix 3.10.1  Eucalyptus (mi-oc) continued

Species Germination No of Highest Rep  Temp. Countdays vV Pre- Sub- Comm-
per 10g ' seed- recor- Wit ccym treatV strateV! ents
lots ded (g)n
Mean S.D. tested First Final
michaeliana 3280 0 2 5660 0 20 3 21 A TPV
micranthera 693 0 3 1089 0 (25) 7 21 A TPV
microcarpa 8709 4181 17 17850 0 (25) 5 14 A TPV
microcorys 1457 643 17 2760 0 (25) 5 14 A TPV
microneura 1440 0 1 1440 0 25 7 21 A TPV
microschema 3150 0 1 3150 0 (15) 5 14 A TPV
microtheca 4169 2261 17 8325 0 35 3 14 A TV Inhibitors
miniata 206 0 4 248 0 25 3 21 A TPV
mitchelliana 1142 0 2 2030 0 20 5 14 B TPV 42days
CMS
moluccana
ssp. moluccana 8420 0 6 15010 0 25:30 5 21 A TPV
moorei 3435 0 2 5570 0 (25) 7 14 A TPV
morrisbyi 3841 0 1 3841 0 (20) 9 15 A TPV
morrisii 3360 0 1 3360 0 (25) 5 14 A TPV
muelleriana 401 0 8 560 0 15 10 21 A TPV
multicaulis 910 0 2 1000 0 (25) 5 21 A TPV
myriadena 8675 0 2 9375 0 (15) 11 28 A TPV
neglecta 1150 0 1 1150 0 (25) 7 21 A TPV
newbeyi 1900 0 1 1900 0 20 5 14 A TVP
nicholii 7528 0 4 9800 0 (25) 3 10 A TPV
nigra
(syn. eugenoides) 320 0 1 320 0 20 10 21 A TPV
nitens 2531 1445 43 7150 0 15;25 7 14 B TPV 21 days
CMS not
necessary
if seed
fresh
nitida 1510 0 1 1510 0 15 10 28 A TPV
nobilis 2807 0 6 4150 0 20 5 21 A TPV
normantonensis 2525 0 4 3300 0 20;25 7 14 A TPV
nortonii 1707 0 2 1880 0 (25) 5 14 A TPV
notabilis 1958 0 4 2550 0 (25) 5 14 A TPV
nova-anglica 7360 0 1 7360 0 (25) 3 14 A TPV
obesa 233 0 1 233 0 (15) 5 20 A TPV
obliqua 598 235 11 880 0 15 7 28 A TPV
oblonga 1040 0 1 1040 0 20;25 7 21 A TPV
obtusiflora 480 0 480 0 20 10 28 A TPV
occidentalis 1570 0 10 2471 0 (25) 5 14 A TPV
ochrophloia 830 0 1 830 0 (25) 5 10 A TPV
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Appendix 3.10.1  Eucalyptus (od-ph) continued

Species Germination No of Highest Rep  Temp. Countdays !V Pre- Sub- Comm-
per 10g ! seed- recor- Wt ccym treatV strateV! ents
lots ded (g
Mean S.D. tested First Final
odontocarpa 424 0 3 680 0 (25) 5 14 A TPV
odorata
var. odorata 4070 0 1 4070 0 15,20 10 28 A TPV
oldfieldii 450 0 1 450 0 (25) 7 21 A TPV
oleosa 1458 0 3 2200 0 15 5 21 A TPV
olida 681 0 2 782 0 (25) 5 21 A TPV
oligantha 1170 0 1 1170 0 (25) 5 14 A TPV
oraria 2200 0 1 2200 0 20;25 5 14 A TPV
orbifolia 2320 0 2 2840 0 (25) 5 21 A TPV
oreades 1011 0 2 1152 0 (25) 7 28 A TPV
orgadophila 740 0 1 740 0 (25) 5 28 A TPV
ornata 1450 0 1 1450 0 (25) 10 22 A TPV
ovata 5942 0 8 6900 0 25 3 10 A TPV
ovularis 4960 0 1 4960 0 1520 10 28 A TPV
oxymitra 367 0 4 550 0 (25) 3 14 A TPV
pachycalyx 1600 0 2 1870 0 25 5 10 A TPV
pachyloma 60 0 1 60 0 (25) 7 21 A TPV
pachyphylla 1068 0 6 2110 0 (25) 5 21 A TPV
paliformis 2700 0 1 2700 0 20 10 28 A TPV
paniculata 3885 0 4 4800 0 25 5 21 A TPV
parramattensis
ssp. parramattensis 3340 0 1 3340 0 (25) 5 10 A TPV
parvula 4117 0 3 4710 0 (25) 5 10 A TPV
patellaris 1070 0 1 1070 0 30 5 14 A TV Inhibitors
patens 538 0 2 615 0 25 10 21 A TPV
patentinervis
(hybrid) 1200 0 1 1200 0 (25) 7 14 A TPV
pauciflora
ssp. debeuzevillei 1110 0 2 1280 0 (20) 7 21 B TPV 28days
ssp. niphophila 1378 0 3 1575 0 20 5 10 B TPV ggﬂdsays
ssp. pauciflora 916 0 5 1675 0 15 7 21 B TPV givldsays
CMS
pellita 3234 1334 40 6000 0 (25) 5 21 A TPV
pellita X brassiana 1294 0 1 1294 0 (25) 7 14 A TPV
perriniana 3419 0 4 4220 0 20 5 10 B TPV 21days
CMS
petraea 4850 0 2 5400 0 30 7 14 A TPV
petrensis 1284 0 1 1284 0 (30) 7 15 A TV
phaenophylla 2118 0 2 2160 0 (15) 10 36 A TPV
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Appendix 3.10.1  Eucalyptus (ph-re) continued

Species Germination No of Highest Rep  Temp. Count days vV Pre-

per 10g ' seed- recor- Wit ccym
lots ded (g)n

Sub-

Comm-

treatV strateV! ents

Mean S.D. tested First Final

phaeotricha* 2118 0 5 2890 0 (25) 5 14 A TPV
phoenicea 958 0 4 1650 0 25 5 14 A TPV
pileata 3260 0 1 3260 0 (25) 7 28 A TPV
pilligaensis 7570 0 2 7600 0 20 7 14 A TPV
pilularis 517 213 14 850 25 A TPV
pimpiniana 560 0 1 560 0 20 7 14 A TPV
piperita ssp. piperita 718 0 6 2080 0 20 14 A TPV
planchoniana 290 0 1 290 0 (25) 21 A TPV
platydisca (ms) 1280 0 1 1280 0 20 10 28 A TPV
platypus

var. heterophylla 2173 0 2 2175 0 15;20 7 21 A TPV

var. platypus 3900 0 1 3900 0 15;20 7 21 A TPV
pluricaulis 1900 0 2 2700 0 (15) 10 28 A TPV
polyanthemos 5751 1796 13 9700 0 (25) 5 14 A TPV
polybractea 6208 2566 15 13600 0 15,20 10 28 B TPV 7days

CMS

populnea 17250 0 2 19250 0 25 14 A TPV
porosa 3190 0 1 3190 0 (25) 5 28 A TPV
preissiana 700 0 1 700 0 1520 10 21 A TPV
prominens 3050 0 1 3050 0 25 7 15 A TPV
propinqua 3880 0 5 4800 0 (25) 5 21 A TPV
pruinosa 1275 0 2 1300 0 30 5 14 A TPV
pryoriana 2664 0 4 4337 0 (25) 7 14 A TPV
pterocarpa 2300 0 1 2300 0 0 0 A
pulchella 790 0 1 790 0 15 14 21 A TPV
pulverulenta 3934 0 4 6375 0 25 5 28 A TPV
pumila 1130 0 1 1130 0 (25 5 14 A TPV
punctata 851 0 6 1450 0 25 5 21 A TPV
pyriformis 370 0 1 370 0 25 7 21 A TPV
pyrocarpa 298 0 2 340 0 (25) 7 21 A TPV
gquadrangulata 4211 0 6 6866 0 (25) 5 21 A TPV
quadrans 7100 0 1 7100 0 25 5 21 A TPV
racemosa 933 0 2 1320 0 25 5 14 A TPV
radiata

ssp. radiata 2008 896 30 4000 0 15;20 10 21 A TPV

ssp. robertsonii 970 0 1 970 0 1520 10 21 A TPV
rameliana 175 0 1 175 0 25 0 0 A
raveretiana 28696 0 4 39000 0 30 3 10 A TPV
redacta 3150 0 1 3150 0 (20) 7 22 A TPV
redunca 1260 0 1 1260 0 (20) 5 21 A TPV
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Appendix 3.10.1  Eucalyptus (re-si) continued

Species Germination No of Highest Rep  Temp. Countdays !V Pre- Sub- Comm-
per 10g ! seed- recor- Wt ccym treatV strateV! ents
lots ded (g
Mean S.D. tested First Final
regnans 1218 0 5 1810 0 1520 10 21 B TPV 21days
CMS

remota 200 0 1 200 0 2025 10 28 A TPV
resinifera 2598 0 2 2975 0 25 5 21 A TV Inhibitors
rhodantha 320 0 1 320 0 (25) 5 21 A TPV
rigens 610 0 2 800 0 (15) 7 25 A TPV
rigidula 2152 0 3 2980 0 15;20 5 21 A TPV
risdonii 1950 0 1 1950 0 15 10 21 A TPV
robusta 4265 1389 11 6300 0 15;25 7 14 A TPV
robusta x

tereticornis 2450 0 1 2450 0 0 TPV
rodwayi 7660 0 1 7660 0 25 5 14 A TPV
rossii 1610 0 1 1610 0 (25) 5 28 A TPV
roycei 280 0 1 280 0 25 10 28 A TPV
rubida ssp. rubida 3342 0 5 5487 0 25 5 21 A TPV
rubiginosa 600 0 1 600 0 25:30 5 21 A TPV
rudderi 3260 0 1 3260 0 (25) 5 14 A TPV
rudis 6529 0 7 8375 0 20;25 5 14 A TPV
rugosa 948 0 2 1120 0 (25) 5 14 A TPV
rummeryi 2168 0 2 2520 0 (25) 3 10 A TPV
rupicola 1050 0 1 1050 0 20 7 21 A TPV
salicola 6363 0 4 9150 0 (15 10 21 A TPV
saligna 4884 1858 34 9900 0 25 5 14 A TPV
saligna X

botryoides 3763 0 4 6250 0
salmonophloia 5930 0 3 6290 0 1520 10 21 A TPV
salubris 3795 0 5 6450 0 1520 10 21 A TPV
sargentii 1871 508 13 2963 0 20 5 15 A TPV
scias

ssp. callimastha 777 0 1 777 0 (25) 4 20 A TPV
sclerophylla 655 0 4 1390 0 20 6 14 A TPV
scoparia 3650 0 3 6000 0 (25) 5 15 A TPV
seeana 6350 0 1 6350 0 25 10 21 A TPV
sepulcralis 260 0 1 260 0 (25) 7 21 A TPV
sessilis 550 0 2 630 0 (25) 5 14 A TPV
sheathiana 3980 0 2 4010 0 20 7 21 A TPV
shirleyi 210 0 1 210 0 (25) 5 12 A TPV
sicilifolia 3900 0 1 3900 0 (25) 5 14 A TPV
siderophloia 4675 0 2 6650 0 (25) 3 14 A TPV
sideroxylon 2372 0 6 3437 0 20 5 14 A TPV
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Appendix 3.10.1  Eucalyptus (si-to) continued

Species Germination No of Highest Rep  Temp. Countdays vV Pre- Sub- Comm-
per 10g ! seed- recor- Wt ccym treatV strateV! ents
lots ded (g)yn
Mean  S.D. tested First Final
sieberi 1084 0 9 1720 0 25 7 14 A TPV
similis 440 0 1 440 0 (25) 5 14 A TPV
smithii 3271 982 20 5900 0 20;25 5 21 A TPV
socialis 1125 0 5 1575 0 (15) 7 21 A TPV
sparsicoma 2350 0 1 2350 0 (15) 5 15 A TPV
sparsifolia 780 0 3 1225 0 25 5 14 A TPV
spathulata 4856 0 4 6033 0 20:25 5 14 A TPV
spectatrix 1000 0 1 1000 0 15 12 33 A TPV
sphaerocarpa 496 0 4 730 0 25 7 14 A TV Inhibitors
squamosa 440 0 1 440 0 (25) 5 10 A TPV
staigeriana 2310 0 4 2550 0 25;30 5 14 A TPV
steedmanii 4720 0 2 7100 0 20 7 28 A TPV
stellulata 3045 0 5 4850 0 1520 10 21 B TPV 21days
CMS
stenostoma 795 0 2 1170 0 20 10 21 A TPV
stoatei 600 0 2 820 0 20 5 30 A TPV
stowardii 460 0 1 460 0 20;25 7 14 A TPV
striaticalyx 2817 0 3 3800 0 15;25 5 14 A TV Inhibitors
stricklandii 1480 0 1 1480 0 15;20 10 21 A TPV
stricta 599 0 2 660 0 25 5 28 A TPV
sturgissiana 4900 0 1 4900 0 20 7 21 A TPV
subcrenulata 8600 0 1 8600 0 (20) 5 21 A TPV
suggrandis 2683 0 3 5330 0 (15) 10 20 A TPV
ssp suggrandis
tectifica 1590 0 2 2320 0 30 5 10 A TPV
tenella 1420 0 1 1420 0 25 7 21 A TPV
tenuipes 3518 0 2 3810 0 25 5 14 A TPV
tenuiramis 970 0 1 970 0 20 10 28 A TPV
tenuis 2185 0 2 2200 0 20 5 20 A TPV
terebra 1275 0 1 1275 0 (15);(20) 6 20 A TPV
tereticornis 6137 3077 46 15100 0 25;30 5 14 A TPV
tetragona 243 0 2 260 0 (25) 5 14 A TPV
tetrapleura 1450 0 1 1450 0 30 5 10 A TPV
tetraptera 695 0 2 1000 0 20;25 7 21 A TPV
tetrodonta 373 0 2 526 0 25 5 14 A TPV
thozetiana 3950 0 3 4200 0 (25) 5 14 A TPV
tindaliae 800 0 1 800 0 (25) 5 14 A TPV
todtiana 118 0 2 180 0 20;25 7 21 A TPV
torquata 910 0 1 910 0 25;20 5 14 A TPV
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Appendix 3.10.1  Eucalyptus concluded

Species Germination No of Highest Rep Temp. Countdays vV Pre- Sub- Comm-
per 10g' seed- recor- Wit ccym treatV strateV! ents
lots ded (g)yn
Mean S.D. tested First Final

transcontinentalis 1140 0 1 1140 0 20 5 14 A TPV
tricarpa 1480 0 8 2250 0 (200 10 15 A TPV
triflora 830 0 2 1100 0 (25) 10 28 A TPV
trivalvis 1812 0 4 3275 0 20 7 21 A TPV
tumida 1400 0 1 1400 0 (15) 5 20 A TPV
umbra

ssp. carnea 1660 0 1 1660 0 (25) 5 14 A TPV

ssp. umbra 1120 0 4 2325 0 15;20 7 21 A TPV
umbrawarrensis 4330 0 1 4330 0 (25) 7 21 A TPV
uncinata 4150 0 3 8050 0 1520 10 21 A TPV
urnigera 2100 0 1 2100 0 15 10 21 A TPV
urophylla 3885 1572 35 8000 0 25;30 5 14 A TPV
vestalis (ms) 6025 0 1 6025 0 (25) 5 10 A TPV
victrix 2938 0 2 3375 0 0 0 TPV
viminalis

ssp. cygnetensis 3044 0 4 3980 0 25 7 14 A TPV

ssp. viminalis 3161 1225 29 5450 0 25 7 14 A TPV
virens 7660 0 1 7660 0 25 5 25 A TPV
viridans (ms) 260 0 1 260 0 0 0 A
viridis 8099 0 4 13900 0 20 7 21 A TPV
wandoo 2755 0 2 3030 0 15;20 10 21 A TPV
websteriana 1760 0 1 1760 0 (25) 5 28 A TPV
whitei 2440 0 1 2440 0 (25) 5 14 A TPV
woodwardii 1276 0 2 1312 0 15;20 7 14 A TPV
woollsiana 10770 0 1 10770 0 (25) 5 21 A TPV
yalatensis 590 0 1 590 0 20 8 28 A TPV
yarraensis 3925 0 4 5700 0 (25) 7 21 A TPV
yilgarnensis 6125 0 1 6125 0 20 6 28 A TPV
youmanii 386 0 5 720 0 (25 10 28 A TPV
youngiana 376 0 3 505 0 (25) 7 21 A TPV
FLINDERSIA
australis 121 0 2 152 0 (25) 3 21 A TV
brayleyana 60 0 3 71 0 (25) 3 28 A TV
collina 151 0 1 151 0 25 0 0 A
maculosa 568 0 1 568 0 (25) 5 10 A TV
GEIJERA parviflora 48 0 1 48 0 0 0
GMELINA
dalrympleana 21 0 1 21 0 (25) 14 90 A TV
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Appendix 3.10.1

Germination standards continued

Species Germination No of Highest Rep  Temp. Countdays !V Pre- Sub- Comm-
per 10g ! seed- recor- Wt ccym treatV strateV! ents
lots ded (g
Mean S.D. tested First Final

GREVILLEA

dryandri 104 104 0 (25) 30 A TV

glauca 120 0 120 0 25 6 18 A TV

pteridifolia 97 10 182 0 30and20 15 40 A TV Alternating
temperature

pyramidalis 234 0 234 0

refracta 2150 0 2150 0 (25) 30 A TV

robusta 345 162 59 648 0 30and20 10 30 A TV Alternating
temperature

wickhamii 5 0 2 8 0 0 0

HAKEA

arborescens 58 0 1 58 0 (25) 6 15 A TV

dactyloides 515 0 1 515 0 25 0 0 A

leucoptera 225 0 1 225 0 (25) 7 25 A TV

macrocarpa 82 0 2 90 0 0 0

HARDENBERGIA

violacea 243 0 3 271 0 25 0 0 G

HETERODENDRUM

oleifolium 1 0 1 1 0 0 0

INTSIA bijuga 2 0 1 2 0 (30) 18 28 C TV

ISOPOGON

anemonifolius 24 0 2 44 0 25 0 0 A

KUNZEA

ambigua 71487 3 122530 30 0 A

parvifolia 40600 0 1 40600 0 30 7 25 A TVP

LAMBERTIA

formosa 532 0 1 532 0 20 0 0 A

LEPTOSPERMUM

attenuatum 23600 0 1 23600 0 20 7 39 A TPV

flavescens 12455 0 8 15850 0 25;30 6 30 A TPV

gregarium 6026 0 3 9746 0 (25) 6 20 A TPV

javanicum 22000 0 1 22000 0 30 0 0 A

juniperinum 11475 0 4 19200 0 (25) 7 40 A TPV

laevigatum 3500 0 1 3500 0 25 7 21 B TPV 28days
CMS

lanigerum 9825 0 2 10150 0 (25) 7 35 A TPV

liversidgei 9575 16450 0 (25) 7 20 A TPV

longifolium 5400 1 5400 0 (25);(30) 14 30 A TPV
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Appendix 3.10.1

Germination standards continued

Species Germination No of Highest Rep Temp. Count daysV Pre- Sub- Comm-
per 10g! seed recor- Wt (°C) treatV strateV'ents
lots ded (g
Mean  S.D. tested First Final
myrifolium 6220 0 2 6340 0 (25) 30 A TPV
petersonii 10829 3669 12 17750 25 21 A TPV
scoparium 5800 0 1 5800 0 25 28 A TPV
var. rotundifolium
LEUCAENA
leucocephala 114 0 1 114 0 (25) 9 25 E TV
LIVISTONA
eastonii 0 0 0 0
mariae
LOMANDRA
longifolia 681 0 2 785 0 25 0 0 G
LOPHOSTEMON
confertus 9880 0 37775 0 25 21 A TPV
suaveolens 3850 7700 20 28 A TPV
LYSIPHYLLUM
cunninghamii 21 28 (25) 12 H TV
hookerii 21 1 21 (25);(30) 10 H TV
MACADAMIA
integrifolia 1 0 1 1 0 (25) 2 7 J TV Soak 2
days
MELALEUCA
acacioides
ssp. acacioides 23500 0 2 30000 0 25 6 21 A TPV
ssp. alsophila 16413 0 4 25250 0 (25) 7 22 A TPV
acuminata 31500 0 1 31500 0 15 10 24 A TPV
adnata 44000 0 1 44000 0 (25);(30) 5 21 A TPV
alsophila 8000 0 1 8000 0 (30) 5 16 A TPV
alternifolia 56625 0 6 116000 0 25 5 30 A TPV
arcana 39000 0 1 39000 0 (30) 5 20 A TPV
argentea 6700 0 7 20100 0 (30) 5 30 A TPV
armillaris 15500 0 1 15500 0 25 5 28 A TPV
bracteata 88750 0 4 170000 0 30 5 28 A TPV
cajuputi _ _
Ssp. cajuputi 43288 22198 16 93500 0 25;30 6 15 A TPV
ssp. platyphylla 28229 0 7 52000 0 25 4 20 A TPV
clarksonii (ms) 25750 0 1 25750 0 (25) 5 17 A TPV
dealbata 38375 0 8 85000 0 30 10 35 A TPV
decora 46000 0 1 46000 0 (25) 5 30 A TPV
decussata 34300 0 2 36200 0 (25) 15 24 A TPV
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Appendix 3.10.1  Melaleuca concluded

Species Germination No of Highest Rep  Temp. Countdays vV Pre- Sub- Comm-
per 10g ' seed- recor- Wit ccym treatV strateV! ents
lots ded (g)n
Mean S.D. tested First Final

dissitiflora 16667 0 3 22250 0 (30) 4 20 A TPV
eleuterostachya 57750 0 2 66500 0 (25) 5 30 A TPV
elliptica 57000 0 1 57000 0 25 5 28 A TPV
ericifolia 29650 0 2 42100 0 25 10 40 A TPV
fluviatilis 38150 0 1 38150 0 (25) 15 24 A TPV
fulgens 39000 0 1 39000 0 20 14 28 A TPV
glomerata 29771 0 6 51500 0 25 7 22 A TPV
halmaturorum 26438 0 2 30125 0 (25) 7 20 A TPV
hypericifolia 48000 0 1 48000 0 20 14 24 A TPV
lanceolata 13180 0 5 25250 0 (20);(25) 7 26 A TPV
lasiandra 53050 0 3 83000 0 (25);(30) 7 21 A TPV
lateriflora

ssp. “lateriflora” 1250 0 1 1250 0 (15);(200 14 22 A TPV
lateritia 85000 0 1 85000 0 25 5 33 A TPV
leucadendra 17871 11985 18 49750 0 (30);(35) 5 21 A TPV
linariifolia 52885 0 7 106700 0 (25) 7 14 A TPV
minutifolia 2400 0 1 2400 0 0 0
nervosa 59500 0 2 112000 0 30 5 21 A TPV
nesophila 4000 0 1 4000 0 (200 14 28 A TPV
nodosa 57200 0 1 57200 0 25 6 18 A TPV
pauciflora 12800 0 1 12800 0 25 7 36 A TPV
pauperiflora 17000 0 1 17000 0 25 5 14 A TPV
preissiana 27500 0 2 48000 0 25 5 28 A TPV
pubescens 16000 0 1 16000 0 30 8 21 A TPV
quingquenervia 26444 16573 16 70000 0 30 5 21 A TPV
radula 25000 0 1 25000 0 20 14 28 A TPV
rhaphiophylla 29000 0 1 29000 0 30 8 28 A TPV
saligna 27625 0 4 42000 0 (30);(35) 7 21 A TPV
sericea 4500 0 1 4500 0 (30) 5 12 A TPV
squamophloia 37627 0 5 52555 0 25 10 26 A TPV
(ms)
stenostachya 52000 0 1 52000 0 25 7 30 A TPV
styphelioides 33000 0 1 33000 0 30 7 28 A TPV
symphyocarpa 7200 0 1 7200 0 30 7 17 A TPV
thyoides 41083 0 3 57500 0 25 6 25 A TPV
trichostachya 12617 0 3 17200 0 25 7 28 A TPV
uncinata 21950 0 2 29700 0 20 14 28 A TPV
viridiflora 26688 11964 17 51000 0 30 5 28 A TPV
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Appendix 3.10.1  Germination standards continued

Species Germination No of Highest Rep  Temp. Countdays vV Pre- Sub- Comm-
per 10g ! seed- recor- Wt ccym treatV strateV! ents
lots ded (g
Mean S.D. tested First Final
MELIA
azedarach
var. australasica 5 0 3 5 0 30 10 80 C TV
NOTHOFAGUS
alpina 101 0 1 101 0 25 5 30 B TV 30 days
CMS
dombeyi 322 0 2 642 0 (25) 5 30 B TV 90 days
CMS
nervosa 706 0 1 706 0 0 0
obliqua 98 0 2 111 0 25 5 30 B TV 30-60 days
CMS
pumilio 31 0 1 31 0 25 5 30 B TV 90 days
CMS
OCTOMELES
sumatrana 142220 0 2 271000 0 25 0 0 A
PANDOREA
doratoxylon 883 0 1 883 0 0 0
PARASERIANTHES
falcataria 378 0 2 476 0 (30) 3 10 EP TV
lophantha 82 0 1 82 0 25 0 0 E
ssp. montana
var. koste 55 0 3 131 0 (20) 5 20 EP TV
PARINARI
nonda 15 0 1 15 0 (30) 20 30 J TV
PAULOWNIA
tomentosa 38167 0 1 38167 0 (25) 10 24 A TV
PETALOSTIGMA
pubescens 5 0 1 5 0 (30) 11 35 CA TV
PINUS
brutia 6 0 1 5.9 0 20 0 0 J
caribaea
var. bahamensis 458 0 1 458 0 0 0 *x
var. caribaea 426 0 1 426 0 0 0 *
var. hondurensis 414 0 5 528 0 0 0
dalatensis 7 0 1 7 0 (25) 13 36 P TV
elliottii 331 0 1 331 0 0 0 *
patula 851 0 2 1006 0 25 3 24 A TPV
pinea 11 0 1 11 0 0
taeda 223 0 2 247 0 0 0 A
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Appendix 3.10.1  Germination standards continued

Species Germination No of Highest Rep  Temp. Countdays vV Pre- Sub- Comm-
per 10g ' seed- recor- Wit ccym treatV strateV! ents
lots ded (g)n
Mean S.D. tested First Final

PITTOSPORUM

phillyraeoides 189 0 1 189 0 25 17 31 I TV
PTEROCARPUS

dalbergioides 218 0 1 218 0 0 0

indicus 170 0 1 170 J
macrocarpus 102 0 2 112 0 (30) 5 21 A TV
RHODOSPHAERA

rhodanthema 12 0 3 24 0 (25) 2 21 C TV
SANTALUM

album 18 20 13 70 0 (30) 18 42 C TV
austrocaledonicum 68 0 1 68 0 0 0

lanceolatum 36 0 1 36 0 (25) 13 20 C TV
macgregorii 2 0 1 2 30 C
spicatum 0 1 0 (200 13 28 C TV
SENNA

costata 392 1 392 0 0 0 CD
oligophylla 80 0 2 109 0 (25) 4 20 CD TV
sturtii 371 0 3 414 0 (25) 2 14 C TV
SESBANIA

formosa 271 123 17 545 0 25:30 3 20 EG TV
grandiflora 140 0 1 140 0 25;30 4 16 C TV
SINOGA

lysicephala 9000 0 1 9000 0 (25) 10 22 A TV
SWIETENIA

macrophylla 16 8 14 39 0 25 0 0 A TV
SYNCARPIA

glomulifera 1593 0 5 2350 0 25 6 20 A TPV
hillii 670 0 1 670 0 25 4 14 A TPV
TAMARINDUS

indica 15 0o 1 15 0 (25) 14 20 C TV
TECTONA

grandis 3 0 2 4 0 30 0 0 C TV
TERMINALIA

bursarina 69 0 1 69 0 0 0 C
canescens 17 0 2 22 0 (25) 22 30 C TV
cunninghamii 5 0 2 8 0 0 0 C
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Appendix 3.10.1  Germination standards continued

Species Germination No of Highest Rep  Temp. Countdays vV Pre- Sub- Comm-
per 10g ! seed- recor- Wt ccym treatV strateV! ents
lots ded (g
Mean  S.D. tested First Final

petiolaris 9 0 2 9 0 0 0 C

volucris 161 0 1 161 0 0 0 C

THEMEDA

triandra 710 0 3 1082 0 20:30 0 0

TOONA

ciliata 1495 776 12 2510 0 20;25 5 26 A TV

sureni 2875 0 1 2875 0 25 0 0 A

VENTILAGO

viminalis 154 0 2 219 0 (25) 7 10 J TV Remove
samaras

Legend

For species with less than 10 seedlots tested only the mean number of viable seeds per 10g is
given. Where the number of lots tested exceeds 10 both the mean and the standard deviation is
given.

Where the weight of replicate is not given, sampling is by a known number of seed
(25 seeds/replicate).

Temperature recommendations separated by the semicolon indicate that both temperatures
have been found to be satisfactory.

Temperatures enclosed in brackets are found to be satisfactory, but a full range of temperature
tests have not been made.

IV Number of days when “first” and “final” of seeds germinate.
V  Pre-treatments:
A = No pre-treatment required. G = Immerse in hot water (90°C) for 1 minute.
B = Cold moist stratification (CMS). H = Acid (H,SO,) scarification.
C = Manual nicking/scarification. I = Rinse in flowing water for 1 hour.
D = Pour on boiling water (100°C), soak until cool. K = Rinse 3% NaOCI.
E = Boil in water (100°C) for 1 minute. P = Soak in water, ambient temperature, for
12 to 18 hours.
N = Boil in water (100°C) for 2 minutes. J = Other pretreatment (see remarks).
F = Boil in water (100°C) for 5 minutes. ** = Pre-treatment not yet determined.
Optional: After pre-treatment with boiling water (codes D,E,N,F), germination may be improved
by soaking seed in cold tap water for approximately 24 hours before sowing.
VI Substrate codes; TPV = filterpaper over vermiculite; TV = vermiculite.
Notes:
1 Manual nicking/scarification for acacia species can be used as an alternative to the
recommended water pre-treatment.
2 81to 12 hours of light per 24 hour cycle is standard procedure for all species listed unless

otherwise indicated under “remarks”.
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Appendix 3.10.2 Species of Acacia for which a pre-treatment is not normally
required

Acacia agyrodendon A. harpophylla

A. cambagei A. latzii

A. coriacea var. pendula A. maconochieana
A. cyperophylla A. synchronicia

A. distans A. xiphophylla

A. georginae

Appendix 3.10.3  Species responding to cold moist stratification (3-5°C)

A. Species of Eucalyptus responding to cold moist stratification (Turnbull and Doran 1987)

Species Stratification period Species Stratification period
(weeks) (weeks)

Eucalyptus amygdalina 4 E. pauciflora subsp. debeuzevillei 4

E. delegatensis 6-10 E. pauciflora subsp. niphophila 4

E. dives 6 E. pauciflora subsp. pauciflora 3*

E. coccifera 3 E. perriniana 3

E. flocktoniae 4 E. polybractea 1*

E. glaucescens 4* E. regnans 3*

E. kybeanensis E. stellulata 3

E. mitchelliana

E. nitens 3* * Cold, moist stratification not always essential

B. Other species that may respond favourably to cold moist stratification (requires further research
for confirmation)

Species Stratification period Species Stratification period
(weeks) (weeks)
Acacia mearnsii 3 Leptospermum laevigatum 4
A. dealbata 3 Nothofagus alpina 4
A. alpina 3 N. dombeyi 12
A. kybeanensis 3 N. obliqua 4-8
A. pravissima 3 N. pumilio 12
Bursaria occidentalis 4

102 — CSIRO Forestry and Forest Products, Australian Tree Seed Centre



Section 3 Seed testing — 103

Appendix 3.10.4

List of eucalypt species reported to contain inhibitors

Eucalyptus
calycogona
cloeziana
deglupta
diversicolor
haemastoma
intertexta
kruseana
melliodora
microtheca complex
patellaris
resinifera
sphaerocarpa
striaticalyx

Corymbia
citriodora
eremaea
grandifolia
maculata
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Appendix 3.10.5 Germination/purity test sheet

CSIRO Forestry and Forest Products
Australian Tree Seed Centre

C3ImD
Germination Test Sheet
SPECIES . .. Seedlot/FieldNo . ......................
Origin . . . Alt. . .. (m) CollectionDate ..............
Supplier. . .. Date received ....... Amount .........
Method. . ... ... .. . . Rep.weight. ... ... .. g Replications . .. ...
Stratification period . ......... ... ... ... .. Startof test ....... Germinationbegan . .. ........
Av. viability for speciesis . ................ .. ... 10gx= .........
Basedon ............ Tests Countdays ..........
Date Examined Test Period
(days)
Number of mouldy seeds
Weight of replicate (g)
No. of germinations/dish
Squash test/firm/dish  [SOFT HARD
Individual Av. viability/10g
Individual Av. germination %
Calculation A = Albino
Av.of ... replications= ............. ... C = Abnormal cotyledon
Av. viability = ... % ... /109 Index R =Abnormal radicle
H = Abnormal hypocotyl
Av. of germination = .. % o /109 M = Mouldy seedling
Sampling Date .. ............ COMMENES: ..o
Purity Test e,
Purity % = _Weight of pure seed x 100
Tot Wt Of Ofig. Sample s
Purity % = X 100
Purity % Cut Test: Viable seed . . . .. % non viable .............. %
Seed Tester: ....ccoovviviiiiiiiieeee SIgNature .....ooccveeeviieee e Date ..coovveeiiiieeiees
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Appendix 3.10.6  Moisture content test sheet

CSIRO Forestry and Forest Products
Australian Tree Seed Centre

CiImD
Moisture Content Test Sheet

GENUS/SPECICS .ovvvveeiiieeiieeeriieeeiteeeieeeeireeeaeeeereeeseneees Seedlot/Field NO .....cooevveevvieennnns
OFIZIN 1oiiiiiecieeeee e
Date: ....ccocoeevveennen. Time in: ..ooooevevveeiiieeeiees
Date: ....coooeeeenne. Time out: .......cccvveeeennnn.e.
Method !: Low moisture content L] Description of sample:  Pure seed U

High moisture content 0 Seed & chaff [

Chaff U

Formula for moisture content calculation: My = Weight of dish

M, = Weight of dish & sample

% Moisture content = (My-Mj) X 100/ (My - My) M3 = Weight of dish & sample after

oven drying

Calculations:
Dish No. ........

M oo ( ) X 100/ ( ) =

1Y SN ( ) X 100/ ( ) =

1Y SO ( ) X 100/ ( ) =

1 Footnote:

Low moisture content: 103°C + 2° for 17 £+ 1 hour

High moisture content: 130°C for 1 hour
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Appendix 3.10.7 Tolerance tables
A. Maximum tolerated range between replicates

This table based on the Poisson distributioprobability. To find the maximum tolerated range,
indicates the maximum range (i.e. maximuncalculate the sum of the numbers of seeds
difference between the highest and the lowest) germinated in all replicates. Locate the sum in
germination data tolerable between weighecolumn 1 of the table and read off the maximum
replicates, allowing for random variation at 0.0ttolerated range in column 2.

Number of seeds Maximum Number of seeds Maximum
germinated in range germinated in range
the total weight the total weight
of seed weight of seed tested
1 2 1 2
0-6 4 161-174 27
7-10 6 175-188 28
11-14 8 189-202 29
15-18 9 203-216 30
19-22 11 217-230 31
23-26 12 231-244 32
27-30 13 245-256 33
31-38 14 257-270 34
39-50 15 271-288 35
51-56 16 289-302 36
57-62 17 303-321 37
63-70 18 322-338 38
71-82 19 339-358 39
83-90 20 359-378 40
91-102 21 379-402 41
103-112 22 403-420 42
113-122 23 421-438 43
123-134 24 439-460 44
135-146 25 >460 45
147-160 26
ISTA (1996)
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Appendix 3.10.7 Tolerance tables (concluded)

B Maximum tolerated ranges between replicates assuming a probability level of 2.5% calculated
using the Binomial distributions for three, four, twelve and sixteen replicates of 25 seeds.

To find the maximum tolerated range, calculate thmaximum tolerated range against the appropriate
average percentage to the nearest whole numkreplicate number.
Locate the average percentage and read off the

Av. germination % 3 reps 4 reps 12 reps 16 reps
99 2 1 1 2 2
98 3 2 2 3 3
97 4 2 3 3 3
96 5 3 3 4 4
95 6 3 4 4 5
94 7 4 4 5 5
93 8 4 4 5 6
92 9 4 5 6 6
91 10 4 5 6 6
90 1 5 5 6 7
89 12 5 5 7 7
88 13 5 6 7 7
87 14 5 6 7 8
86 15 5 6 8 8
85 16 6 6 8 8
84 17 6 6 8 8
83 18 6 7 8 9
82 19 6 7 8 9
81 20 6 7 9 9
80 21 6 7 9 9
79 22 7 7 9 9
78 23 7 7 9 10
77 24 7 7 9 10
76 25 7 7 9 10
75 26 7 8 10 10
74 27 7 8 10 10
73 28 7 8 10 10
72 29 7 8 10 10
71 30 7 8 10 10
70 31 7 8 10 11
69 32 7 8 10 11
68 33 8 8 10 11
67 34 8 8 10 11
66 35 8 8 11 11
65 36 8 8 11 11
64 37 8 8 11 11
63 38 8 9 11 11
62 39 8 9 11 11
61 40 8 9 11 11
60 41 8 9 11 11
59 42 8 9 11 11
58 43 8 9 11 11
57 44 8 9 11 11
56 45 8 9 11 12
55 46 8 9 11 12
54 47 8 9 11 12
53 48 8 9 11 12
52 49 8 9 11 12
51 50 8 9 11 12

Williams et al. (1992).
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Section
4

Storage

The ATSC operates an active seed store comprisiabove definitions. For this reason, there are those
approximately 800 species and 13 000 accessiowho prefer to avoid using definitions to describe
with a strong focus on woody species of Australiaseed characteristics of species preferring to refer to
origin together with a limited seed stock from othespecific levels of tolerance to desiccation and
sources. The purpose of the seed store is temperature.

maintain seed viability for as long as possible an

ensure adequate supplies of well documenteThe following points may have an influence on the
germplasm representing species, provenanclongevity of seed in storage:

individual tree and seed orchard seed fc
distribution to researchers both nationally anie
internationally and for commercial sale. Seedlot
are held in stock until exhausted througt
consignment or as a consequence of viability los
over time. Collections are therefore ongoing it
order to meet requirements for seed and 1
replenish diminishing stocks. .

The storage life of seed is strongly influenced b
the type and condition of the seed for storagt
environmental conditions leading up to seer
maturity and during storage. These factors ai
briefly discussed as follows:

Roberts (1973) classified seed into two broa
physiological categories (1) orthodox and (2
recalcitrant based on storage characteristic
Orthodox seed tolerate desiccation to low moistut
contents (4-10%) on a wet weight basis (w/w), ar
comparatively long lived if handled appropriately
and tolerate being stored at sub-zero temperatur:
By contrast, recalcitrant seeds are desiccatice
sensitive, short lived and may be intolerant of lov
temperatures (sub-zero for temperate species a
<18°C for tropical species). Within these twae
categories further sub-divisions can be mad:
Bonner (1990) refined the categories to compris
(1) true orthodox, (2) sub-orthodox otherwise
referred to as ‘intermediate’ between orthodox ane
recalcitrant in which the seed can tolerate drying 1
some extent, but not low temperatures (Edtisl.

1991), (3) temperate recalcitrant and (4) tropicee
recalcitrant. As reported by Hong and Ellis (1996
and Hong et al. (1998), recent studies have show
that seed of certain species do not conform to tt

Environmental factors leading up to seed
maturation. If sub-optimal, environmental
factors may have adverse effects on seed quality.
Hot dry conditions for example may cause seed
development to be curtailed.

Maturity of seed at time of collection. Seed
collected immature tends to lose viability more
rapidly than mature seed.

Handling of the seed between collection and
processing. Adverse conditions such as high
temperatures, humidity and development of
fungi will damage seed.

Injury of the seed during processing,

e.g. cracked seed coat, may reduce storage life.
This has been discussed under the sections
dealing with Seed Collection and Seed

Processing.

Seed coat structure. Seed with hard seedcoats are
more resilient than seed with a thin seedcoat.

Seed chemistry. Oily seed tends to be harder to
store than starchy seed (Bonretral. 1994,
Stubsgaard, 1992).

Insects and fungi. These can destroy the seed if
not controlled.

Storage conditions. The most important factors
are to control seed moisture content and storage
temperature while gaseous environments may
also influence seed longevity.

108



Section 4 Storage — 109

41 Principles of storage the control of humidity (dehumidified conditions)
and temperature. The speed of drying is determined
The main factors associated with loss of seemainly by the speed at which the moisture can
viability in storage are (1) moisture content of themigrate to the surface of the seed for evaporation,
seed, (2) storage temperature and (3) storathe air velocny around_ the seed, the temperature
atmosphere (oxygen) all of which have arand the relative humidity. For long term seed
influence on the rate of respiration. ProtectioiStorage (Genebank conservation) the International
against pests and diseases is also criticPlant Genetic Resources Institute (IPGRI)
particularly during shipment and processing Wherrecom_mend that seed should be dried down under
it may be more difficult to store the fruit. In conditions of 10-15% RH and I5°(Hanson
recalcitrant seed the safe minimum levels ¢1985).
moisture content, temperature and oxygen are _ o N
considerably higher than those for orthodox seeAs an alternative to dehumidified conditions,
(Willan 1985). Deterioration in seed leads tcindicator silica gel can be used to dry down small
deterioration in viability and vigour predisposingguantities of seed. A weight of silica gel equal to

to eventual death of the seed. one tenth the weight of seed is recommended
(Harrington 1972). For a more accurate calculation
41.1 Moisture content of the amount of silica gel required refer to

Stubsgaard and Poulsen (1995).

A reduction in seed moisture content (MC) cause
a slow down in the rate of respiration and thu4.1.2 Temperature
reduces the rate of physiological aging. MC i
probably the single most important factor inThe'Iovyer the temperature the lower the rate of
determining seed longevity. The rule of thumb forespiration and thus the longer the life-span of the
orthodox seed is—within the range of 4-14% seeSeed in storage. The rule of thumb is; between
storage life is approximately doubled for each 190-50°C, seed storage life is approximately doubled
decrease in moisture content. In order to reach :for each 5°C reduction in storage temperature.
optimum moisture content (4—8% ww for orthodo)Choice_ of storage temperature varies considerably
seed) it is normally required that the seed be drieaccording to species and the period for which the
down. By contrast recalcitrant seeds should kseed is to be stored.
stored fully imbibed (Bonnesat al. 1994).

4.1.3 Atmosphere
Seeds with permeable seed coats either lose _ _
absorb moisture to or from the surroundin¢The third method for checking the rate of
atmosphere until the MC reaches a point crespiration is to exclude oxygen from the

equilibrium with the humidity and temperature ofa@tmosphere. This method may be beneficial to
the surrounding air. This is known as theorthodox seed which has a low metabolic rate of

equilibrium  moisture content (EMC) or exchange but can be damaging to recalcitrant seed

equilibrium with the humidity (equilibrium relative Which requires oxygen. The method is commonly
humidity (eRH)). Once EMC has been reached iachieved by replacing oxygen with carbon dioxide,
the seed, it will be maintained as long as thhitrogen or forming a vacuum. Shrestea al.
atmospheric humidity remains constant. Should tr(1985) reported on the effects of controlled
surrounding atmospheric humidity change this wilatmosphere storage on storage life Rifus
also cause the MC of the seed to adjust accordincradiata. Germination capacity, energy and seed
over time. The process of drying relates to the lo:Vigour were best maintained by storage in nitrogen
of moisture through evaporation of moisture to thfollowed by carbon dioxide. Storage in a vacuum
atmosphere (desorption). This is in contrast to seOr air were least effective, irrespective of storage
taking up moisture from the atmospheretemperature.

(absorption). 30% relative  humidity is o _
approximately equivalent to 8% moisture conter For more detailed information on seed storage refer

in seed. to: Bonneret al. (1994), FAO (1993), Justice and
Bass (1979), Stubsgaard (1992), Stubsgaard and

When drying down seed, it is therefore necessaPoulsen (1995), Schmidt (2000), Willan (1985).

that the relative humidity of the air is sufficiently

low enough to enable the seed to reach the desireu

moisture content. Drying facilities should allow for
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4.2 Storage procedures at ATSC Wwhich is to be expected since respiration rates are
for orthodox seed highest during this stage of an insects life (Schmidt

2000). However, there is evidence to show that
o CO, was not effective in killing living larvae of a
4.21 Fumigation wasp, family Eulophidae(J. LaSalle pers. comm.
2001) contained inside the seed Gbrymbia

Before storage seed must be fumigated to kimaculata. The seed had been held in storage for
insect pests which may damage the seed and a5 years at 18°C.

guarantine requirement when sending see

overseas. Insects are known to eat seed contairThese findings have prompted the ATSC to
in fruit or develop within the fruit emerging when consider more severe treatments to kill insects
condltlc_Jns are _swtable. Some seed infesting insetassociated with eucalypts in particular seeds of
lay their eggs in the flowers; the eggs hatch in thspotted gums. Seed must be carefully inspected to
developing fruit where the larvae feed on thigetermine evidence of living insects particularly in
fertilised ovules of eucalypts (Bolartial. 1980). the larvae and egg stages through the presence of
Megastigmus spp. are common seed destroyers igalls or other deformities to the seed. Where seed is
several species of eucalypts as for exantple syspected of containing living insects, then the
delegatensis, E. nitens and C. maculata appearing seed is to be stored in the freezer (—18°C) for one
as galls (hollow enlarged shells) which may appeiweek followed by CQfumigation. Should there be
paler in colour on the seed coat. The larval stage concern over the effect of freezer storage on seed
a beetle, familyBruchidae, is known to eat E. yjability, then run a pilot trial by placing a small
diversicolor seed contained in the capsule (Whitesample (100 seeds) in a freezer for one week then
1971). check germination results against seed from the
_ o same seedlot which has not been placed in the
There are several chemicals used to kill insecfreezer. If there is a significant difference between

including ethylene bromide, hydrocyanic gasthe two germination tests then freezer fumigation is
carbon disulphide all of which are toxic to humansnot suitable.

For this reason the ATSC fumigates seed wit

carbon dioxide for a period of two weeks prior ttThe ATSC does not routinely treat seed for
storage. This procedure is based on Bailey arpathogens (fungi, bacteria and viruses) preferring
Banks (1980) and following in-house trialsto adopt preventative measures that ensure the seed
conducted at the ATSC. The method is botis handled in such a manner that damage is kept to
effective and safe to both the viability of the see 3 minimum. This has been achieved by keeping the
and user. Equipment at the ATSC enables twseed dry, cool and well aerated from the time of
approaches to be taken when fumigating seed Wicollection through to storage to minimise the
CO,. Both methods are based on the use (yossibility of fungal infection. Prior to storage,
laminated gas-impervious plastic bags. Thseed is well dried and stored in a dry, cool
simplest method is to place the seedlots in the bienvironment under hygienic conditions. Yietral.

and partially seal the neck using a heat seal(1990) found that seed @fcacia, Casuarina and
(three-quarters of the neck width). Compressegycalyptus species held in the ATSC seed store
industrial CQ gas is then fed into the bag using ¢contained fungi that are widely distributed
hose placed in the bottom until fully inflated. Thegeographically round the world. This would
gas is then turned off and the rest of the bag indicate that there is minimal risk of inadvertently
sealed taking precautions to minimise loss of géjntroducing fungi harmful through the international

(see Plate 6A). The alternative method is to usedijstribution of seed from the ATSC seed store.
vacuum combined gas flush unit which is used fc

packaging seed for storage and dispatch. Seed4.2.2 Seed storage

again placed in laminated bags and placed in tl

unit. The unit forms a vacuum by removing the aig 2.2.1  Temperature

followed by a gas flush of C{before the bag is

finally heat sealed. _For more information on th¢a number of seed storage trials conducted by the

method of CQ fumigation refer to Sary et a ATSC including those presented by Dortnal.

(1993). (1987) point to the importance of temperature on
. _ storage life of seed. Table 4.1 summarises the

Empirical evidence to date has shown that @85  results of trials carried out oft. microtheca

been effective in kIIIIng insects in the adult Stagecomp|eX,E_ deglupta, E. camaldulensis G. robusta
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Table 4.1.  Percentage germination of seed ideal for seed storage, consideration has been given
following different storage times and to staff who require to access the store regularly on
temperatures compared with initial a daily basis. For seed to be stored under these
germination (100%) prior to storage.  conditions, they must be able to maintain viability

,_ for at least ten years without significant loss in

Storage Percentage germination (%) viability (<40% over 10 years). It is anticipated

(yrs) o~ Fridge Freezer that during this time, most if not all of the seed
conditioned 2-5C -15C s . .
room within a seedlot will have been dispatched.
21-24C
: Cool room (3-5C)
Eucalyptus microtheca Seed that does not store well at room temperature
5 20 72 86 is kept in the cool room (Table 4.2.) In addition to
8 10 n 100 species listed in Table 4.2, seedlots which are
12 0 73 89 regarded as ‘irreplaceable or of high genetic value’
19 0 32 92 should also be stored in the cool room. A number of
Eucalyptus deglupta species in Table 4.2 for examjidebenthamii, have
3 3 37 80 been included largely for this reason. Since there is
5 0 9 61 no control on relative humidity (RH90%), it is
95 0 0 2 important that seed be dried down to a moisture
13.5 0 0 3 content of below 8% and stored in laminated
19 0 0 1.5 plastic bags in airtight containers. The cool room is
Eucalyptus camaldulensis divided_ into two sections, one for seed in
quarantine and the other for routine storage.
5 100 92 95
10 82 94 96
21 74 40 98
Grevillea robusta
4 100 98 91 Table 4.2.  Species required to be stored at 3G
8 71 99 99 (updated 20 July 1999)
11 23 88 99
Casuarina equisetifolia Eucalyptus  Acacia Other genera
5 44 100 94 alba argyrodendron  Albizia
benthamii coriacea Allocasuarina
corrugata cyperophylla Atalaya hemiglauca

and C. equisetifolia. With the exception of delegatensis distans Araucaria MC >7%

E. camaldulensis, there is a clear indication of the diversicolor  georginae Backhousia

benefits in storing seed at15°C particularly in the leptopoda latzii ' Callitris

case of the first two species that are more sensiti‘:g?é‘éexgl'on gy‘a;]i%';‘gﬁihéﬁ:‘”a ggﬁfgr '::

to storage than many other eucalypt species. In t| melliodora xiphophylla Cunninghamia

case of E. camaldulensisthe differences are IessI

.o . . - 7~ lanceolata
dramatic with only a marginal drop in germination ., i-i»
over the first 10 years. No explanation can be givengyccana
for why the seed stored at 21°€4gave better mudleriana
results than at the other two storage temperatureobliqua
Despite this, other seedlots of this species a polyanthemos
known to have deteriorated significantly atpruinosa
21-24°C over a similar life span (Doran et al.regnans
1987). Seed is stored under the following threSideroxylon

temperature regimes. tetrodonta
g J urophylla
Air-conditioned room (18-20C, RH ~ 30-60%) Corymbia

The majority of seedlots and particularly thosepapuana
within the genus ofAcacia, Corymbia and i.cqiaris
Eucalyptus with a long shelf life are stored underq.qjjiana
these conditionsWhilst these conditions are not

Grevillea
Melia
Pterocarpus
Syzygium

Tectona grandis
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Freezer (—15°C to —18°C) store (19-22°C, RH 25-45%) runs for an initial
Used for storage of specific species as listed iperiod of approximately one week to bring the seed
Table 4.3 below. For species or seedlots considerédwn to a moisture content of about 8-9%. The
‘irreplaceable or of high genetic value’ as discussedryer’s heater is then turned on to a temperature of
under cool room storage, it may be prudent to sto4—-26°C for a further period until the moisture
in the freezer that portion of seed surplus tarops below 8%. Alternative drying equipment is
anticipated requirements in the next five yeardeing assessed which can control both temperature
Other requirements for freezer storage includeand relative humidity.

seed specifically set aside for long term genetic

conservation purposes and storage trials. Se€&@hce the seed has reached the desired moisture
stored at this temperature must have a moistumntent, the seed is placed in a vacuum chamber
content in the range of 5-7% and be kept in sealedhich has the option of either vacuum packaging

laminated plastic bags. the seed or combining with a gas flush of CO
Table 4.3.  Seed stored in the freezer at15°C 4.2.3 Recalcitrant seed storage
to —18C
A number of species, particularly those found in
Acacia cambagei E. deglupta the rainforest, have fleshy or moist seed with a

(>20%) and are sensitive to moisture loss. These

igathls. MG <7% Elr']nders'a alens seeds have a comparatively high metabolic rate and
raucaria ( 6) aya Senegalens's are difficult to store for any length of time (several

Eucalyptus coolabah Toona months to over a year).

E. cyanoclada

Given the variable nature of recalcitrant seed and

Appendix 4.3 provides an indication of the limited experience in their handling, it is not

effects of seed storage on the germination possible to provide clear procedures for their

capacity of 519 species held in the ATSC seed handling and storage. A protocol has been

store. The table has been divided into three developed by DFSC-IPGRI (1999) for assessing

sections according to the temperature at which ~ seed characteristics which will provide information

each species has been stored i.e. 18-20°C, on the storage life and method of storing the seed.

3-5°C and —15 to —18°C. The following points are provided as a baseline

approach to handling recalcitrant fleshy fruit.

4.2.2.2 Control of seed moisture and

atmosphere » Determine the initial moisture content. Seed cut
into 5 mm thick slices and tested using the low

Standard practice is for processed seed to be placedemperature oven method.

in storage in airtight containers without further

drying down. This method has been effective in Immerse in water for 24 hours to kill insects.

maintaining seed viability and vigour at an

acceptable level for most seedlots held in the seed Determine whether the seed can be dried down

store for up to approximately 10 years. However, safely without significant loss of viability

the loss of vigour and viability of seed beyond this (>10%). If drying does not have a detrimental

time has been more dramatic reducing the quality effect, it may be possible to store the seed for

of the seed to an unacceptable level. longer compared with seed stored in the fully
imbibed state.

In an attempt to maintain the viability and vigour of

seed at an acceptable level beyond ten years,s aTest for germination. This may take several

policy of drying seed down to a moisture content of months.

below 8% has been introduced. One method for

attaining the required seed MC is to use a cupboard Australian species should generally be stored at

dryer with an electric fan and thermostatically 3-5°C.

controlled heater mounted at the bottom and vent at

the top. Seed contained in standard calico bags orKeep seed in plastic bags that allow free air

paper envelopes are placed on racks. The fanexchange (not laminated plastic). Moist seed

forced air dryer located in the air-conditioned seed
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that is likely to dehydrate under these conditione
should be stored in a moist substrate (moi
vermiculite or sawdust).

e Seed should be tested for viability everye
3—6 months.

e Seed should be distributed as soon as possit

following collection and processing. .
4.2.4 Maintaining seed identity in y
storage

All seedlots must be clearly labeled with at leas®
the seedlot number and collector's number fc
individual tree lots prior to storage (Plate 6B). Fo
large bulk lots (over 60 kg) the seed is place
directly in containers with a label placed botl*
inside the container and another on the outsic
(Plate 6C). For all other orthodox seedlots, the se:
is packaged in calico bags or paper envelope
sealed in laminated plastic and placed il
containers. Containers (18 L) are filled with
individually identified seedlots to a weight of
approximately 6 kg. The seedlot number i
recorded on both the package and the outside of t*
container. Containers are also numbere
sequentially. The location of the seedlot is recorde
on the seed database. Where there are a numbe
packages or containers involved for a singl
seedlot, this should be indicated (e.g. 1 of 4, 2/.°
3/4, 414).

Once the seed has been exhausted from the stc
the seedlot weight will show ‘0’ on the seed
database. The seedlot number is removed from t
container and the Seed Record Card is placed in t
‘Dead Card System’. However, the record of th
seedlot is still maintained in the system includin
the seed database.

The following is a summary of the steps that mus
be taken when documenting and storing seed. T
person responsible for each task is indicated
brackets:

e ensure the seedlot is clean and supported |
appropriate source information (seed collectc
for own collections otherwise seed tester)

e enter the seedlot in the register and allocate
seedlot number to all related documentation and
seed (seed collector for own collections
otherwise seed tester)

write out a seed record card using information
from provenance data sheets (seed collector for
own collections otherwise seed tester)

weigh seed and record weight on card and
provenance data sheets (seed collector for own
collections otherwise seed tester)

conduct seed germination tests (seed tester)

fumigate (orthodox) seed for two weeks with
CO, (seed tester)

seed placed in storage with seedlot number
securely attached to the seed storage container
(seed dispatcher)

provenance data sheets filed once completed
(seed tester or seed collector for own
collections)

record card placed in system (blue box on lab
bench) for use in seed database entry (seed
tester)

payment for private seedlots. Immediately on
receipt of seed from accredited suppliers,
otherwise following satisfactory germination
and purity test results (seed tester).

completion of germination test. Information on
viability and treatment placed on card,
provenance data sheet (seed tester) and seed
database (seed database entry person)
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PLATE 6

(A) Prior to storage, seed is
fumigated with carbon dioxide
for a period of two weeks.

(B) Seed is routinely packaged
and placed in airtight containers.
The seedlot number is recorded
on the package and container.

(C) Seed is stored in 18L or 60L metal or plastic airtight containers.
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Section
4 Appendix

4.3 Appendix to Section 4 The germination results for all recorded seedlots
for each species have been averaged and converted

_ . to a percentage. The initial germination percentage
4.3.1  Effect of storage time on viability of  y5jye for each seedlot within each species is a
seed reference to its germinative capacity assessed as
, _ o 100%. Subsequent retest data has been calculated
The following table provides an |nd_|cat_|on of théafter 5 and 10 years of storage. The following table
effects of seed storage on the germination capacnas peen divided into three sections according to

of 519 species held in the ATSC seed store. Thine temperature at which each species has been
effect has been measured in terms of storage égigred.

and temperature. The germination percentage

viable seed for each species at the time of entry in
the seed store and subsequently at five ye
intervals has determined its storage capacity.

Species routinely stored at 18-22°C  115-128 Species routinely stored at —15 to —18° 130
Species routinely stored at 3-5°C 129

Appendix 4.3.1 Effect of storage time on viability of seed

Species Germination Germination after Germination after
5 yrs in storage 10 yrs in storage
Initial No. of Germination  No. of Germination  No. of
germination  seedlots (%) seedlots (%) seedlots
(%) tested tested tested

Species routinely stored at 18-22°C in airtight containers

Acacia

acradenia 100 7 95 7
adsurgens 100 12 93 12
ammobia 100 1 54 1
ampliceps 100 9 92 9
anaticeps 100 1 100
ancistrocarpa 100 13 84 13
aneura 100 3 67 3
anthochaera 100 1 100 1
aphanoclada 100 1 100 1
aphylla 100 1 100 1
arepta 100 1 85 1
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Appendix 4.3.1

Effect of storage time on viability of seed

Species Germination Germination after Germination after
5 yrs in storage 10 yrs in storage
Initial No. of Germination  No. of Germination  No. of
germination  seedlots (%) seedlots (%) seedlots
(%) tested tested tested
argyrophylla 100 66
atkinsiana 100 2 91 2
auriculiformis 100 72 82 72 73 7
bancroftii 100 2 49 2 30
betchei 100 1 100 1 100
bidwillii 100 1 63 1
binervata 100 1 87 1 22 1
bivenosa 100 3 99 3
blakei 100 1 100 1
blakelyi 100 3 84 3
blayana 100 1 69 1
brachystachya 100 1 100 1
brassii 100 2 88 2
calamifolia 100 3 85 3
cangaiensis 100 1 100 1
chrysotricha 100 1 72 1
cincinnata 100 8 93 8
citrinoviridis 100 7 85 7
colei var. colei 100 22 96 22
colei var. ileocarpa 100 5 85 5
conspersa 100 1 98 1
coriacea ssp. pendens 100 2 59 2
coriacea ssp. sericophylla 100 8 75 8
cowleana 100 3 82 3
crassa ssp. crassa 100 1 100 1
crassicarpa 100 27 93 27 87 3
cretata 100 1 90 1
cupularis 100 1 86 1
cuthbertsonii 100 4 100 4
cuthbertsonii aff. 100 1 90 1
cyclops 100 1 57 1
dangarensis 100 1 82 1
dealbata ssp. dealbata 100 12 82 12
deanei ssp. deanei 100 1 50 1
decurrens 100 3 91 3
delibrata 100 1 100 1
dictyophleba 100 9 81 9
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Appendix 4.3.1 Effect of storage time on viability of seed

Species Germination Germination after Germination after
5 yrs in storage 10 yrs in storage
Initial No. of Germination  No. of Germination  No. of
germination  seedlots (%) seedlots (%) seedlots
(%) tested tested tested
difficilis 100 8 96 8
dimidiata 100 2 88 2
disparrima ssp. calidestris 100 1 96 1
disparrima ssp. disparrima 100 4 99 4
dunnii 100 2 38 2
elachantha 100 24 92 24
elata 100 3 68 3
eriopoda 100 6 87 6
filicifolia 100 1 94 1
fulva 100 3 88 3
glaucocarpa 100 3 87 3
gonoclada 100 3 94 3
gracillima 100 1 100 1
hamersleyensis 100 1 100 1
hammondii 100 2 100 2
hemsleyi 100 5 95 5
hilliana 100 1 100 1
holosericea 100 33 90 33
implexa 100 7 76 7
inaequilatera 100 1 83 1
irrorata ssp. irrorata 100 3 97 3
irrorata ssp. velutinella 100 2 71 2
jennerae 100 2 87 2 64 1
julifera ssp. julifera 100 1 100 1
juncifolia 100 1 94 1
kempeana 100 1 85 1
laccata 100 1 91 1
lamprocarpa 100 1 83 1
latescens 100 2 75 2
leptocarpa 100 4 64 4
leucoclada ssp. argentifolia 100 1 73 1 61 1
leucoclada ssp. leucoclada 100 1 80 1
ligulata 100 1 100 1 86 1
longispicata 100 1 72 1
lysiphloia 100 3 94 3
mabellae 100 1 98 1
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Appendix 4.3.1

Effect of storage time on viability of seed

Species Germination Germination after Germination after
5 yrs in storage 10 yrs in storage
Initial No. of Germination  No. of Germination  No. of
germination  seedlots (%) seedlots (%) seedlots
(%) tested tested tested
mangium 100 70 90 70 84 14
mearnsii 100 47 88 47 83 10
melanoxylon 100 16 82 16
melleodora 100 3 98 3
midgleyi 100 2 82 2
mountfordiae 100 1 100 1
nano-dealbata 100 1 0 1 0 1
neurocarpa 100 5 96 5
notabilis 100 1 100 1
nuperrima ssp. cassitera 100 1 1 1 1 1
obliquinervia 100 1 100 1 100 1
obtusifolia 100 1 59 1
olsenii 100 1 60 1
omalophylla aff. 100 1 67 1
oncinocarpa 100 2 55 2
pachycarpa 100 3 100 3
parramattensis 100 2 74 2 74 1
parvipinnula 100 4 98 4 88
pellita 100 3 96 3
peregrina 100 28 86 28
platycarpa 100 1 100 1
plectocarpa 100 4 93 4
pruinosa 100 1 77 1 77 1
pycnantha 100 1 75 1
pyrifolia 100 3 92 3
redolens 100 1 89 1
repanda 100 1 65 1
resinimarginea 100 2 59 2
retinervis 100 2 95 2
retinodes 100 1 82 1
retivenia 100 2 84 2
rhodophloia 100 1 95 1
rigens 100 1 93 1
sabulosa 100 1 91 1
salicina 100 6 67 6
saligna 100 2 88 2 82 2
schinoides 100 2 95 2
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Appendix 4.3.1 Effect of storage time on viability of seed

Species Germination Germination after Germination after
5 yrs in storage 10 yrs in storage
Initial No. of Germination  No. of Germination  No. of
germination  seedlots (%) seedlots (%) seedlots
(%) tested tested tested

scirpifolia 100 1 41 1

sclerosperma 100 1 100 1

shirleyi 100 1 65 1

sibina 100 1 73 1

silvestris 100 2 90 2 80 1

simsii 100 2 99 2

stipuligera 100 10 89 10

telmica 100 1 44 1

tenuissima 100 7 87

thomsonii 100 6 98

torulosa 100 14 87 14

trachycarpa 100 1 72 1 72 1

trachyphloia 100 2 63

trineura 100 1 90

tropica 100 1 100

tumida var. tumida 100 34 90 34

umbellata 100 1 97 1

valida (syn. calcigera) 100 1 95

validinervia variant 100 2 92

victoriae 100 12 93 12

wanyu 100 1 71

wattsiana 100 1 100

yirrkallensis 100 1 100 1

Asteromyrtus

lysicephala 100 1 96

symphyocarpa 100 1 98

Banksia

integrifolia var. compar 100 1 100 1

Bursaria

occidentalis 100 1 100 1

Corymbia

cadophora 100 3 92

calophylla ‘rosea’ 100 2 92

citriodora ssp. citriodora 100 6 79

citriodora ssp. variegata 100 10 97 10

confertiflora 100 1 79 1
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Appendix 4.3.1 Effect of storage time on viability of seed

Species Germination Germination after Germination after
5 yrs in storage 10 yrs in storage
Initial No. of Germination  No. of Germination  No. of
germination  seedlots (%) seedlots (%) seedlots
(%) tested tested tested

dampieri 100 1 100 1
dimorpha 100 1 69 1 69
eremaea 100 1 100 1 100
ficifolia 100 1 100 1
henryi 100 2 98 2 78
hylandii 100 1 91 1 91
intermedia 100 3 88 3 83 3
maculata 100 5 95 5
novoguinensis 100 1 100 1
polycarpa 100 1 74 1 74 1
ptychocarpa 100 1 100 1 100 1
watsoniana 100 2 88 2 82 2
xanthope 100 1 100 1 97 1
zygophylla 100 2 95 2 91 1
Cunninghamia
lanceolata 100 1 0 1
Eucalyptus
accedens 100 1 71 1
acies 100 1 100 1 100
acmenoides 100 5 96 5 61
aegioperta 100 1 77 1 72
aff. drepanophylla 100 1 100 1
agglomerata 100 1 21 1 21 1
aggregata 100 4 97 4
albens 100 2 83 2 62
amplifolia var. amplifolia 100 8 90 8 79
amplifolia var. sessiliflora 100 1 54 1
ancophila 100 1 69 1
andrewsii ssp. campanulata 100 1 77 1 77 1
angustissima 100 1 69 1 30 1
apiculata 100 1 100 1 37 1
apothalassica 100 1 73 1 73 1
approximans ssp. approximans 100 1 99 1 88 1
arachnaea ssp. arachnaea 100 1 88 1
arenacea 100 1 91 1 72 1
argillacea 100 1 100 1 91
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Appendix 4.3.1

Effect of storage time on viability of seed

Species Germination Germination after Germination after
5 yrs in storage 10 yrs in storage
Initial No. of Germination  No. of Germination  No. of
germination  seedlots (%) seedlots (%) seedlots
(%) tested tested tested

argophloia 100 2 68 2 45
aspratilis 100 2 81 2 53
astringens 100 4 77 4 62
badjensis 100 6 78 6
baeuerlenii 100 1 100 1
baileyana 100 1 81 1 46 1
bakeri 100 2 99 2 90 2
baueriana 100 2 16 2 6 1
baxteri 100 1 100 1 100 1
behriana 100 1 67 1 67 1
bigalerita 100 1 81 1 52 1
bosistoana 100 3 67 3
botryoides 100 7 86 7 70 4
brassiana 100 5 91 5 84
brevifolia 100 1 94 1 86 1
brevistylis 100 1 100 1
bridgesiana 100 1 52 1
brockwayi 100 2 62 2 62 2
brookeriana 100 5 55 5
caesia ssp. magna 100 1 81 1 81 1
calycogona ssp. calycogona 100 2 100 2
camaldulensis ssp. simulata 100 8 89 8
camaldulensis

var. camaldulensis 100 11 91 11 87 4
camaldulensis var. obtusa 100 68 78 68 69 38
camphora ssp. camphora 100 6 89 6
capillosa ssp. capillosa 100 1 83 1 49
carnea 100 1 100 1 61
cerasiformis 100 1 100 1 53
cernua (ms syn. nutens) 100 1 73 1
chloroclada 100 1 100 1 100
cinerea 100 2 64 2 57
cladocalyx 100 7 79 7 68
clivicola 100 1 100 1
cloeziana 100 5 95 5
cneorifolia 100 2 58 2 33 1
coccifera 100 2 84 2
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Appendix 4.3.1

Effect of storage time on viability of seed

Species Germination Germination after Germination after
5 yrs in storage 10 yrs in storage
Initial No. of Germination  No. of Germination  No. of
germination  seedlots (%) seedlots (%) seedlots
(%) tested tested tested

conglobata 100 1 100 1 77 1
conica 100 1 71 1 71 1
coolabah 100 2 66 2 54 2
cooperiana 100 1 100 1 90 1
cornuta 100 2 72 2 49 2
cosmophylla 100 1 44 1 31 1
crebra 100 2 95 2 91 1
croajingalensis 100 1 21 1
Crucis ssp. crucis 100 1 78 1 78 1
cullenii 100 1 45 1 45
curtisii 100 2 86 2 86
cypellocarpa 100 5 77 5
dalrympleana

ssp dalrympleana 100 3 81 3
deanei 100 4 83 4
deglupta 100 4 81 4
densa ssp. densa 100 2 45 2 0 1
denticulata 100 4 83 4 73
desmondensis 100 1 60 1 25
dielsii 100 1 99 1
diminuta 100 1 51 1 24 1
diptera 100 1 86 1
dives 100 7 74 7
dorrigoensis 100 2 100 2
drepanophylla 100 1 68 1 56 1
dumosa 100 1 100 1
dunnii 100 20 89 20 78 13
elata 100 5 70 5 55 4
eremophila ssp. eremophila 100 2 12 2 12 2
erythronema var. erythronema 100 1 100 1 87 1
eugenioides 100 1 78 1 74 1
exilis 100 1 82 1 82 1
exserta 100 2 87 2 82 2
falcata 100 1 42 1
falciformis 100 1 75 1
famelica 100 1 100 1 100 1
fastigata 100 7 92 7
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Appendix 4.3.1 Effect of storage time on viability of seed

Species Germination Germination after Germination after
5 yrs in storage 10 yrs in storage
Initial No. of Germination  No. of Germination  No. of
germination  seedlots (%) seedlots (%) seedlots
(%) tested tested tested

fastigata X obliqua 100 1 100 1
fibrosa ssp. fibrosa 100 1 84 1 84 1
fibrosa ssp. nubila 100 1 100 1
foecunda 100 3 51 3 51 3
forrestiana ssp. forrestiana 100 1 63 1
fraseri 100 1 80 1
fraxinoides 100 1 80 1 72 1
froggattii 100 1 75 1
fusiformis 100 2 92 2 87 2
gamophylla 100 6 98 6 94 6
georgei 100 1 35 1 35 1
gillenii 100 2 83 2 83 2
glaucescens 100 3 74 3
globoidea 100 1 100 1 87 1
globulus ssp. bicostata 100 12 93 12
globulus ssp. globulus 100 49 92 49 81 9
globulus ssp. maidenii 100 12 88 12
globulus ssp. pseudoglobulus 100 2 65 2 57 2
gomphocephala 100 2 57 2 38 2
gongylocarpa 100 2 77 2 57 2
goniocalyx 100 3 85 3 77 3
grandis 100 43 90 43 77 16
hallii 100 2 83 2
halophila 100 3 82 3 79
herbertiana 100 1 91 1 88 1
horistes 100 2 55 2
hypochlamydea 100 1 93 1 88 1
incerata 100 1 62 1 44 1
incrassata 100 1 100 1 53 1
infera 100 1 100 1 100 1
intertexta 100 7 81 7 59 5
jacksonii 100 1 81 1
jensenii 100 3 93 3 36 3
johnstonii 100 2 77 2 69
kartzoffiana 100 1 8 1
kochii ssp. kochii 100 1 100 1
kochii ssp. plenissima 100 1 58 1
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Appendix 4.3.1

Effect of storage time on viability of seed

Species Germination Germination after Germination after
5 yrs in storage 10 yrs in storage
Initial No. of Germination  No. of Germination  No. of
germination  seedlots (%) seedlots (%) seedlots
(%) tested tested tested

kondininensis 100 64 3 53 3
kumarlensis 100 3 69 3
lansdowneana

ssp. lansdowneana 100 1 100 1
latisinensis 100 1 80 1 68 1
leptocalyx 100 1 66 1 66 1
leptophleba 100 1 81 1 33 1
leucoxylon ssp. leucoxylon 100 4 71 4 30 4
leucoxylon ssp. megalocarpa 100 1 92 1 67 1
leucoxylon ssp. petiolaris 100 1 64 1 33 1
leucoxylon ssp. pruinosa 100 4 63 4 23 4
litorea 100 1 29 1 16 1
longicornis 100 3 94 3
longifolia 100 3 94 3 87 3
longirostrata 100 3 100 3
loxophleba ssp. gratiae 100 1 100 1 100
loxophleba ssp. loxophleba 100 3 95 3 83
lucens 100 1 100 1 100
macarthurii 100 6 96 6
macrandra 100 1 100 1 70 1
macrocarpa ssp. macrocarpa 100 3 91 3
macrorhyncha ssp. macrorhynchal00 1 100 1
major 100 1 100 1 70 1
mannensis ssp. mannensis 100 3 31 3 31 3
mannifera ssp. elliptica 100 1 100 1 100 1
mannifera ssp. mannifera 100 5 92 5 90 5
mannifera ssp. praecox 100 1 100 1 100 1
marginata 100 3 67 3
marginata ssp. ‘thalassica’ms 100 1 10 1
mediocris 100 1 100 1 94
megacornuta 100 2 98 2 87
melanophloia 100 2 99 2 85
melanoxylon 100 1 100 1
melliodora 100 9 68 9 29
merrickiae 100 1 100 1 100 1
michaeliana 100 1 100 1
micranthera 100 1 100 1 74 1
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Appendix 4.3.1 Effect of storage time on viability of seed

Species Germination Germination after Germination after
5 yrs in storage 10 yrs in storage
Initial No. of Germination  No. of Germination  No. of
germination  seedlots (%) seedlots (%) seedlots
(%) tested tested tested

microcarpa 100 16 87 16 62 16
microcorys 100 9 920 9 79 3
mitchelliana 100 1 100 1
moorei 100 1 100 1
morrisbyi 100 1 100 1
multicaulis 100 1 75 1 62
myriadena 100 2 80 2 46
newbeyi 100 1 92 1 74
nicholii 100 3 90 3
nitens 100 30 84 30 69 10
nobilis 100 2 87 2
normantonensis 100 2 93 2 45 2
nortonii 100 1 87 1 87 1
notabilis 100 2 69 2 69 2
nudicaulis 100 1 100 1 78 1
obliqua 100 5 79 5 63 4
occidentalis 100 8 92 8 63 7
odontocarpa 100 2 87 2 87 1
oleosa 100 1 100 1 100 1
orbifolia 100 1 86 1 50 1
oreades 100 1 97 1 97 1
ornata 100 1 28 1 28 1
ovata 100 2 100 2 37 1
oxymitra 100 3 98 3 98 3
pachyphylla 100 5 92 5 81 4
paniculata 100 2 79 2
patens 100 1 72 1
pauciflora ssp. debeuzevillei 100 1 100 1
pauciflora ssp. niphophila 100 2 62 2
pauciflora ssp. pauciflora 100 3 65 3
pellita 100 24 85 24 81 7
pellita X brassiana 100 1 100 1
pellita X teriticornis 100 1 58 1
petraea 100 1 86 1 42
phaenophylla 100 2 76 2 57
phoenicea 100 3 84 3
pilligaensis 100 1 96 1 54 1
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Appendix 4.3.1

Effect of storage time on viability of seed

Species Germination Germination after Germination after
5 yrs in storage 10 yrs in storage
Initial No. of Germination  No. of Germination  No. of
germination  seedlots (%) seedlots (%) seedlots
(%) tested tested tested

pilularis 100 11 89 11 67
piperita ssp. piperita 100 95 79 1
platypus var. heterophylla 100 100
platypus var. platypus 100 100 95 1
pluricaulis 100 2 62 2 33
polyanthemos 100 11 64 11 27 10
polybractea 100 3 72 3
propinqua 100 3 80 3
pruinosa 100 1 94 1 94
pryoriana 100 3 98 3 91
pulverulenta 100 1 100 1
punctata 100 2 81 2
pyrocarpa 100 1 100 1 100 1
quadrangulata 100 4 85 4
quadrans 100 1 85 1 37 1
racemosa 100 1 88 1 73 1
radiata ssp. radiata 100 17 75 17
raveretiana 100 3 79 3 54 3
redacta 100 1 92 1 56 1
rigens 100 1 58 1 45 1
rigidula 100 2 85 2 84 2
robusta 100 6 88 6 71 5
robusta X tereticornis 100 1 79 1 79 1
rubida ssp. rubida 100 4 79 4
rubiginosa 100 1 83 1 67 1
rudis 100 6 81 6
rugosa 100 1 90 1 42 1
rummeryi 100 1 58 1 30 1
salicola 100 3 95 3 77 3
saligna 100 20 82 20 73 5
saligna X botryoides 100 3 91 3
salmonophloia 100 53 53 1
salubris 100 94
sargentii 100 11 81 11 68 9
scoparia 100 94 1
sessilis 100 51 33
sheathiana 100 100 91
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Appendix 4.3.1

Effect of storage time on viability of seed

Species Germination Germination after Germination after
5 yrs in storage 10 yrs in storage
Initial No. of Germination  No. of Germination  No. of
germination  seedlots (%) seedlots (%) seedlots
(%) tested tested tested
sicilifolia 100 1 96 1 86 1
siderophloia 100 4 920 4 71
sideroxylon 100 2 64 2
sieberi 100 7 76 7 64 6
smithii 100 12 88 12
socialis 100 4 89 4 78
spathulata 100 3 69 3 39 3
spectatrix 100 1 75 1
sphaerocarpa 100 2 52 2 52
staigeriana 100 2 98 2 60
steedmanii 100 1 86 1 46
stellulata 100 4 90 4
stoatei 100 1 64 1
striaticalyx 100 2 100 2 62
stricta 100 1 34 1 22
suggrandis ssp. alipes 100 1 84 1
suggrandis ssp. suggrandis 100 2 100 2 100 1
tardecidens 100 1 90 1
tenuipes 100 1 96 1 81
tenuis 100 2 100 2 50
terebra 100 1 100 1 100
tereticornis ssp. tereticornis 100 26 80 26 67 17
tetragona 100 1 100 1 36
tetraptera 100 1 40 1 40
thozetiana 100 2 77 2 54
todtiana 100 1 80 1
tricarpa 100 1 38 1
trivalvis 100 3 90 3 52 3
umbra 100 1 100 1
victrix 100 1 79 1 76 1
viminalis ssp. cygnetensis 100 3 100 3 100
viminalis ssp. viminalis 100 19 87 19 84
virens 100 1 69 1
viridis 100 3 75 3 63 3
wandoo 100 1 48 1
woodwardii 100 1 48 1 46 1
yarraensis 100 4 92 4
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Appendix 4.3.1 Effect of storage time on viability of seed

Species Germination Germination after Germination after
5 yrs in storage 10 yrs in storage
Initial No. of Germination  No. of Germination  No. of
germination  seedlots (%) seedlots (%) seedlots
(%) tested tested tested
yilgarnensis 100 1 22 1 22 1
youmanii 100 1 72
youngiana 100 2 95 2 71 2
Flindersia
australis 100 1 100
brayleyana 100 1 99 1
Leptospermum
juniperinum 100 1 100 1
lanigerum 100 2 94 2 84 1
liversidgei 100 1 100 1
petersonii 100 4 97 4
polygalifolium 100 3 100 3 96 3
Lysiphyllum
cunninghamii 100 2 100 2
Melaleuca
acacioides ssp. acacioides 100 1 29 1 29
acacioides ssp. alsophila 100 2 80 2 67
adnata 100 1 85 1 68
alternifolia 100 1 100 1
argentea 100 6 85 6
bracteata 100 2 61 2 61 2
cajuputi ssp. cajuputi 100 3 96 3
cajuputi ssp. platyphylla 100 3 89 3
dealbata 100 4 99 4
decora 100 1 93 1 93
decussata 100 2 89 2 80
dissitiflora 100 2 92 2
glomerata 100 1 100 1
halmaturorum 100 1 84 1
lanceolata 100 2 100 2
lasiandra 100 2 91 2
leucadendra 100 11 93 11
minutifolia 100 1 25 1
nervosa 100 1 100 1
quinquenervia 100 6 96 6
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Appendix 4.3.1

Effect of storage time on viability of seed

Species Germination Germination after Germination after
5 yrs in storage 10 yrs in storage
Initial No. of Germination  No. of Germination  No. of
germination  seedlots (%) seedlots (%) seedlots
(%) tested tested tested
trichostachya 100 1 100 1
viridiflora 100 7 94 7
Sesbania
formosa 100 2 100 2

Species routinely stored at 3-5°C in airtight containers

Acacia

cambagei 100 1 100 1

coriacea ssp. coriacea 100 1 100 1

distans 100 1 88 1

georginae 100 1 44 1 1 1
synchronicia 100 1 100 1

xiphophylla 100 3 56 3 34 3
Albizia

lebbeck 100 1 81 1

Allocasuarina

decaisneana 100 3 100 3

fraseriana 100 1 56 1 53 1
littoralis 100 3 83 3

verticillata 100 10 88 10 83 4
Atalaya

hemiglauca 100 1 27 1

Callitris

columellaris 100 1 100 1

intratropica 100 1 100

Casuarina

cristata 100 2 67 2 67 1
cunninghamiana ssp. cunninghamiana 100 4 83

equisetifolia ssp. equisetifolia 100 61 91 61 90 25
equisetifolia ssp. incana 100 4 94 4 85 4
glauca 100 14 97 14 87 12
grandis 100 2 76 2 65 1
junghuhniana ssp. junghuhniana 100 22 88 22

obesa 100 6 81 6 71 4
oligodon 100 2 73 1 3 1
Corymbia

tessellaris 100 1 69 1
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Appendix 4.3.1 Effect of storage time on viability of seed

Species Germination Germination after
5 yrs in storage

Germination after
10 yrs in storage

Initial No. of Germination  No. of Germination  No. of
germination  seedlots (%) seedlots (%) seedlots
(%) tested tested tested

torelliana 100 2 66 2
Eucalyptus
alba 100 1 79 1
benthamii 100 3 82 3
delegatensis ssp. delegatensis 100 7 69 7 28 4
diversicolor 100 4 90 4 73 4
microtheca 100 13 77 13 73 12
miniata 100 1 84
moluccana ssp. moluccana 100 2 73 71 1
muelleriana 100 6 78 66 6
regnans 100 2 94 2 94 2
urophylla 100 20 94 20 87 6
Grevillea
dryandri 100 1 100 1
pteridifolia 100 7 93
robusta 100 11 98 11
Santalum
lanceolatum 100 1 100 1
Toona
ciliata 100 1 26 1
Species routinely stored at —15°C to —18°C in airtight containers
Acacia
harpophylla 100 1 98 1 77 1
Araucaria
cunninghamii 100 1 100 1
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Section

5 Quarantine Procedures

Australia is free of many weeds, pests and diseas5,1 Tree seed

of plants and animals that adversely affect othe

countries. This is due largely to our geographi . _ . _
position as an island country and our stricAll ree seed is subject to quarantine and is
a very real risk to the introduction of pests ofnecessary.

diseases with serious implications for agriculture ) ) ) o
industries. All seed consignments enteringSpeC',eS of the following genera require permission
Australia are therefore subject to quarantint® import  from  AQIS.  Callistemon,
control, inspection and treatment where necesssCampomanesia, Eucalyptus, Corymbia, Eugenia,

by the Australian Quarantine and Inspectiod@mbosa, —Marlierea, ~Melaleuca, ~Myrcia,
Service (AQIS) (see AQIS web site at:Myrczl_arla, Paivea, Pimenta, Psidium and
http://www.agjis.gov.au/. Syzygium.

Under Australian Quarantine regulations there a;S€€d of these genera may carry the serious fungal
three main categories for seed: pathogenPuccinia psidii (Guava rust) that occurs

in USA (Florida), Central and South America,

vegetable and flower seed where quarantirOf the above genera imported from these countries
risks are considered minimal. This type of seeMay only be imported with a ‘Permit to Import’
is subject to inspection and treatment iwhich will include the conditions of minimum

necessary. No permit is required. quantity and to be grown in post-entry quarantine.
Seed of the above genera from other countries will
« Restricted seed includes a range of agriculturaP® limited to 100 grams and requires a fungicidal
and forestry seeds where serious diseases ctréatment (dusted with Erex seed fungicide) on
pests could be introduced into Australia. Therarrival to Australia.
are two types of restricted seeds for quarantir ) ) ]
purposes, i.e. restricted seed for sowing iPlants grown in quarantine require careful

Quarantine and restricted seed for processinmoni_toring for fungal diseasge. Those plants that are
Permit to import is required. considered to be free of disease can be released

from quarantine though remaining seed will be
« Prohibited seed is not allowed entry into Stored under quarantine and cannot be used in

Australia unless for specific scientific purposecAustralia. This process is time consuming and

under strict controlled facilities. Permit to €XPensive and effectively eliminates these
import is required. countries as a source of bulk seed for planting in

Australia.

Many agricultural seeds are classified as restricte ) o

seed for sowing and includes seed of AustraligQuantity restrictions do not apply to seed from
species imported from other countries. RestricteNeW Zealand but such seed must be af:companled
seed is generally grown in a Quarantine glasshouby a phytosanlt’ary certificate endorsed ‘Seed New
and resulting seed released provided there are Z€aland grown’.

diseases found during growth.

131



132 — Australian Tree Seed Centre: Operations Manual

51.1 Acacia seed maintaining compliance  with  Australian
Quarantine laws. The service supports research

The importation of any plant or parts of plantsefforts and provides free advice and import
including seed of any species @fcacia is facilitation at cost.
prohibited except by permit. Therefore, prior tc _
importation a permit must be secured to facilitat The ATSC operates an approved quarantine storage
the entry to Australia. Those species that do nifacility at +3°C and —18°C under the supervision
pose a risk as potentia| weeds will be granteOf AQlS The faC|I|ty 'IS used for restricted seed
permission to import with no quantity limit. requiring storage prior to re-export. All seed
Prohibited species will only be allowed to beimports should be consigned to the CSIRO
imported for specific research purposes. A list cQuarantine Officer for documentation, treatment
prohibited Acacia species is available on requesand dispatch. All records must be retained for
from CSIRO Quarantine Unit at Division of PlantAQIS auditing purposes. The ATSC approved
Industry in Canberra or refer to the AQIS web siteitOFtalge kfag”lty has restricted access and must be
ept locked.

5.1.2 Coniferous seed _ o _
All imports and inquiries may be directed to:

Coniferous seed includindPinus, Pseudotsuga,

Larix, Juniperus, Cupressus, Chamaecyparis, CSIRO Plant Introduction/Quarantine Officer
Cupressocyparis and Araucaria. CSIRO Plant Industry

GPO Box 1600

Seed of these genera are inspected on arrival ¢ Canberra ACT 2601

treated as necessary. To facilitate entry the se ¢ .- (W) (02) 6246 5483 or

should be free from impurities including needle: (AH or emergency) 015 263262
and be free of prohibited material. The seed wi g_mail- Gary.Or@pi.csiro.au

not be fumigated unless live insects are fount

Cedrus seed may be treated with Phosphine geeq sent out of the country must be supported by
methyl bromide may damage this type of seed. 5 phytosanitary certificate unless not required by

) , the recipient country.
Treatment of coniferous seed of all species depen

on extraction process. Seed that has been h15 3 E i dt
extracted and phytosanitary certificate endorse™* Xporting seed 10
may be released after inspection. AcceptablWestern Australia
extraction treatments are:

54°C for 86 hours Under _the Western Australian Quaranti_ne and
60°C for 24 hours Inspection Service (WAQIS) ‘Seed import
66°C for 8 hours requirements’ consignments of seed to WA must be

accompanied by an original Seed Analysis

Seed not heat extracted will be im mersed in 1.0cCertificate, identifying the seed and seed
sodium hypochlorite solution containing 1%¢ontaminants. In the case of the ATSC, the

available chlorine (Milton) for 10 minutes, dried Certificate should be issued by an inspector
and released. authorised by the exporting State or Territory

quarantine authority. Certification can be checked
5.2 CSIRO quarantine facilities prior to export by faxing the WAQIS Seed Officer.

The Seeds Officer will advise you of any problems.

If consignments arrive in WA with incorrect
CSIRO has an authorised Quarantine Officer arcertification, or without certification, they are
approved quarantine facilities including quarantinsubject to sampling and analysis on arrival. For
glasshouses-2°C and —18°C room refrigerators, more detailed information refer to the Western
seed laboratory, growth cabinets etc. ConsultaticAystralia’s Seed Import Requirements or contact

with the CSIRO Quarantine Officer is encourage'WAQIS Seeds Officer (Greg Croker) at:
prior to importation of plant and animal products

The aim of the CSIRO Quarantine service is t Market Square
facilitate the entry of research materials includini 280 Bannister Road
seed to Australia at reduced costs to CSIRO whi  CANNING VALE WA 6155
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Tel: 041 054 2455
Fax: 08 9353 5789
Email: gcroker@agric.wa.gov.au

In the case of seed sent by the ATSC, seeds sho
be accompanied by the consignment note whic
indicated the species and the ATSC ‘Certificate ¢
Seed Quality and origin’ which must be stampe:
with the Quarantine stamp and signed.
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Section
6

Documentation Associated
with Seed Supply

An important part of the ATSC'’s activities is theThe seed order is then packaged with the species,
supply of well-documented seed to clients bot/seedlot number and seed weight clearly written on
nationally and internationally. In 1999 for examplethe outside of each seedlot. The seed is sealed in
370 consignments were sent to over 30laminated plastic bags and parceled up in a secure
organisations comprising one or more seedlot. Aenvelope or other suitable container that will not
accurate and well-defined documentation proce:break open during shipment. A copy of the
is therefore an essential part of supplying see Consignment Note and Seed Certificate together
This ensures accurate information relating to thwith explanation of codes used in seed
seed is conveyed to the customer and the saiconsignments (Appendix 6.3), Material Transfer
information is maintained on the ATSC system. Agreement (Appendix 6.4) must be enclosed with

the seed consignment.
6.1 The Process

Other optional documents include:

The starting point for most consignments begin® Seed Order Form mainly to assist with packing

with a request for seed. These range from ver seed since it indicates where the seed is stored,

general requests seeking advice on what species

plant through to requests for specific seed sources Tax Invoice Form used for orders within Australia

seedlots. The next step is determining the seedlc (GST related) and when overseas customers

and seed weight to be included in the consignmer specifically request an invoice.

A quotation (Appendix 6.1) is then generated whicl

will include the cost of supplying the seed, includin¢The list of quoted seedlots, quotation and invoices

freight and additional charges. Quotations arassociated with the order is generated from the seed

generated irrespective of whether a payment database which keeps a record of seed stocks on

required. An expanded list of quoted seedlothand and where seedlots have been sent. However,

(Appendix 6.2) can also be provided on request. Tithere is a requirement to maintain a hard copy

seed is then reserved for a set period of timfiling system of all documentation as follows.

(3 months) during which time the customer cal

accept, reject or request an alteration to the se* A copy of all correspondence relating to the

order. order should be stapled together and placed on
the appropriate (e.g. country, project) ATSC file.

For orders requiring payment, the customer i

required to pay for the seed before the ATSC wi*
process the order unless prior arrangements ha
been agreed upon. If required, an invoice can t
raised for the customer to facilitate payment
Payment can be made by cash, cheque ma
payable to ‘CSIRO Forestry and Forest Products
ATSC, credit card (Visa, MasterCard or Bankcard'
or telegraphic transfers to be credited to th
Division’s bank account (as shown on the quotatio®
form).

One copy of the quotation to be placed on the
quote file. Orders that do not require payment

should still be generated as a quotation and then
stamped indicating the funding source (e.g.

DAT). When the quote is accepted and the

money has been received, the order should be
placed in the order box.

A copy of the ATSC Materials Transfer
Agreement (MTA) must be included with the
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seed shipment. Appendix 6.4 provides al
example of the ATSC MTA together with an
explanation on the reasons for its development

¢ A minimum of two additional copies of the
Consignment Note must be made. The origin
copy of the Consignment Note and See
Certificate is sent with the seed, one copy place
on the Stats file and second copy attached to tl
accompanying correspondence for filing in the

parcel. The parcel is placed in the FFP dispatch
bay with a copy of the Airway Bill filed in the
dispatch office. DHL must be informed when a
parcel is ready for dispatch. Some countries have
pricing conditions placed on goods entering the
country. These have been documented on the
DHL price list but if in doubt check with DHL
http://www.dhl.com/main_index.html. A copy of

all dispatched documents are sent separately to
the customer by airmail.

)

)
3

(4)
®)

appropriate ATSC file.

. . 6.1.2 Australian Tree Seed Centre
Most overseas countries, except Great Britai _ . . .
and France, require a Phytosanitary CertificatPricing Policy

for seed that originated in Australia. i i
Phytosanitary Certificate forms containing five | "€ Price of seed from the Australian Tree Seed
copies are supplied by the Department cCentre varies between species and between

Agriculture, Fisheries and Forestry. provenances and depends on the quantity of seed
ordered. One of four price categories is allocated to
Original contained in an envelope attached t2 S€edlot when it arrives in store. The price
the outside of the parcel category _reflects the rarity of the species, the ease
of collection, the relative abundance of seed and
the demand for a particular species or provenance.
Prices range from $1 for the majority of seedlots to
i i i $6 per gram for difficult and costly seedlots. In
82r?ific;?g¥olggid in - the Phytosanitary addition to the cost of seed, which is normally sold
as a minimum of 5g, there is a $20 handling fee for
each seedlot.

One copy placed inside with shipment.

One copy sent to the customer by mail.

Due to the complex nature of the pricing policy the

One copy sent to AQIS.
Py Q ATSC prefers to provide individual quotations for

Note: For seed sent by DHL courier, an additiona SPecific requests for seed. Clients should be aware

copy is included in the envelope attached to the
outside of the parcel.

that there is a $20 handling charge for each seedlot
regardless of the quantity ordered.

For re-exporting seed a ‘Phytosanitary

Certificate For Re-export” form should be usec
in the same way as for Phytosanitary Certificate
(see above).

e A Customs Declaration sticker to should be
placed on parcels sent by post overseas.

» Copies of all the shipping documents are als
sent under separate cover, to the customer.

6.1.1  For orders sent by DHL Courier

e An Airway bill is filled out together with a
Commercial Invoice (one copy of each shoul
be included for with filing).

e Airway Bill and Commercial Invoice are placed
with the original Phytosanitary Certificate plus 1
copy in a clear DHL pouch attached to the
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Appendix 6.2.1 Quotation form

Australian Tree Seed Centre

Bank: AAccolnt 231327, WESTPAC Bank, Woten Gantre.

CSIRO Forestry and Forest Products
PO Box E4008, Kingston ACT 2604, Austral
’ ABN 41 687 119 230, Telephone (61-2) 6281-8211, Fax (61-2) 6281-8266, Email atsc@ffp.csiro.au

‘Wodeh Piaza ACT 2606, Australia

CSIRO

Quotation
Sylvatech Australia Pty Ltd Our Reference: ATSC-003-058
GPO Box 1826 Your Reference:
Darwin Date of Issue:  23-Jul-01
N.T. 0801 Quote No: 010719
Australia Quoted By: ver033
Quote Validity: 90 days
Acacia niangium
20133 Acacia mangium 100 100.00
20135 Acacia mangium 100 100.00
CSIRO makes no representations ane
as applicable law permits exell
fﬁérchqutablﬁe‘*qUality’Q‘:r_{fit fora
The Australian Tree Seed Centre is an Australian Government, non-commercial, seed supplier Total 300 340.00
which relies on donor agencies and project funds for its operation. In order to continue to provide

seed for research and general plantings it is necessary to charge non-project users a fee to cover
the collection, testing, storage and dispatch of seed. Different seediots are charged at different
rates to reflect differences in ease of collection, processing and time in storage. This guotation
reflects these charges and costs for non-profit operation.

Payment must be made in advance by credit card, bank cheque or bank transfer to account above.
Letters of credit not accepted. Make cheques payable to "CSIRO Forestry & Forest Products, ATSC".

[ Mastercard CadNo. L1 L1 L1t ol g [y
D Visa Name
D Bankcard Expiry

Signature

As seed availability is limited, CSIRO
reserves the right (at CSiRO’s option) not
to accept an order, or to substitute seed of
the same provenance or geographic region.

CSIRO limits its liability to (at CSIRO’s
option) replacing the seed or replacing the
seed with similar seed of equivalent value.

for Officer in Charge
Australian Tree Seed Centre
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Expanded list of quoted seedlots

Appendix 6.2.2
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Appendix 6.2.3 (A) Consignment note and seed certificate
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Appendix 6.2.3 (B) Explanation of codes used in seed consignments
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Appendix 6.2.4 (A) Material transfer agreement

Forestry and Forest Products

Australian Tree Seed Centre

Banis Street, Yerralumla, ACT 2600, Australia

Postal Adcress: PO Box E4008, Kingston ACT 2604, Aust-aliz

Telephone: (02) 6281 8211 (Internztioral + 41 2 6281 8211}
CSIRO Facsimile:  (02) 6281 8266 (Intornatioral + 61 2 5628| 8266)

E-mail: atsc@ffp.csiro.au
httpi/Avww ftp.csiro.aaftigi/atsemain/index htrm

1. CSIRO’s Australian Tree Seed Centre collects and maintains germplasm and information on
Australia’s flora for the benefit of Australians. The Centre conducts research, or assists others to
conduct research, which adds to collective knowledge of the performance and utility of Australian
forest genetic resources.

2. Australia has signed and ratified the Conventicn on Biological Diversity and pursuant to this
Convention, the Australian Tree Seed Centre is committed to “the fair and equitable sharing of
benefits arising out of the utilisation of genetic resources” as well as facilitating access to genetic
resources under Australian ownership on ‘mutually agreed terms’.

3. Use of the germplasm in this consignment from CSIRO (“Material”) is subject to this Material
Transfer Agreement. The terms, obligations and acknowledgments of the Agreement itemised
below apply once the Recipient removes the Material from its packaging.

4. The Recipient acknowledges that CSIRO provides the Material to the Recipient solely for the
purposes of growing and testing for wood and non-pharmaceutical products.

5. It is mutually agreed that the Recipient will:
(a) - acknowledge the origin of the Material in all published and distributed information;

(b) - allow CSIRO access to assessment data and information on the characterisation procedures
and performance of the Material;

(c) - allow CSIRO access, for research purposes, to germplasm samples from plants grown from
Material included in this consignment;

(d) - take reasonable steps to ensure that these conditions are met in any subsequent deployment
of the Material; and

(e) — use the Material at its own risk.

6. Nothing in this Agreement affects existing proprietary intellectual property rights in respect of the
Material. i

Please direct any inquiries about this Agreement to:

Officer in Charge

Australian Tree Seed Centre

CSIRO Forestry and Forest Products
PO Box E4008

Kingston ACT 2604

AUSTRALIA
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Appendix 6.2.4B Background to the decision by CSIRO Forestry and Forest
Products to adopt a Material Transfer Agreement (MTA) for dispatch of forest
genetic resources

Australian trees are of great social, environmentiof practice and quality control through a voluntary

and economic importance in many other countrie code of conduct rather than moving to demonstrate
The international trade in the germplasm of thescompetence through a certification scheme.

trees and their relatives has been active for ov

200 years. Australia has traditionally imposed nRecommendation 11 from the Florabank study was
restrictions on the export of tree seed. A number (that Commonwealth, State and local governments
State and Federal groups are now examining trshould review regulations relevant to native seed
passive policy in the light of Australian to:

responsibilities and commitments under thi

Convention of Biological Diversity (CBD), ¢ provide greater conformity in regulatory

questions regarding ownership and access a
emerging issues related to bio-prospecting.

Considerable regulation regarding access to lar®
and collection of seed exists within Australia
However there appears to be little regulatiol
regarding sale and export of seed. In a recent stur®
Native Seed in Australia, completed by the
FloraBank Projeétfrequent concerns were raised
at discussion forums and by questionnair
respondents about the problems of regulatiol
royalty and permit systems and their significan
impacts on seed collection. There are considerak
differences in regulatory approach between th
States. Seed collection may fall under the
jurisdictions of land management and flore
protection legislation, forest production royalty
systems, and interstate export and impol
regulations, requiring that a collector be conversal
with many requirements in each State. There a
often considerable fees attached to approvals a
permits.

approaches within and between levels of
gover nment;

introduce performance based controls rather
than restrictions on collection;

Commonwealth, State and local governments
should be more aware of the role that reserves,
crown lands and in particular National Parks
have as gene banks for revegetation.
Governments should look at ways of facilitating
greater access to these genetic resources (seed)
for revegetation;

Commonwealth and Sate governments should
introduce restrictions on the importation of
native seed for revegetation purposes.
Restrictions should not apply to seed imported
for research, horticulture, floriculture, plant
breeding or silvicultural purposes.

Currently there are over 30 private companies that

actively export seed of Australian forest trees and
Regulatory authorities and some members of tfthe export industry in native seed is worth over
native seed industry increasingly promote$10 million annually. In addition, three State
certification for native seed collectors. Commercieagencies (Queensland Department of Primary
rather than community collectors appear to be tfindustry, Forestry Tasmania and the WA
main target of such moves. CSIRO considers thDepartment of Conservation and Land
community collectors and seedbank operators ciManagement), one Federal agency (Australian Tree
do much to deliver real improvements in standarcSeed Centre (ATSC), CSIRO Forestry and Forest
Products), Botanic Gardens and private individuals
consign seed to overseas clients. Seeds of

gustralian trees and wildflowers are also sold

1 FloraBank is funded under the Bushcare program : . .
the National Heritage Trust and is managed by Greeniria eely at Australiana outlets at international

Australia on behalf of its partners CSIRO Australian eparture terminals. There is no mechanism for

Tree Seed Centre, the Australian National Botani€NSuring that Australia can gain access to
Gardens and Greening Australia. information regarding the performance of these
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forest genetic resources once they have bee
planted or gain access to subsequent generations
germplasm. Following an examination of a numbe
of options, CSIRO Forestry and Forest Product:
through the ATSC, has adopted the concept of ¢
Material Transfer Agreement.

In the absence of a nationally consistent strateg
regarding international access to Australian fore:

The MTA is an inexpensive option to protect
Australian interests and will be relatively easy to
administer.

The MTA can be easily adapted should State
agencies which deal in exchange or sale of forest
genetic resources wish to use it for their

purposes

genetic resources and with the knowledge clt is expected that the ATSC will accumulate and
Australia’'s obligations and commitments under thdisseminate information and repatriate germplasm
CBD, the Australian Tree Seed Centre will attacon behalf of the many owners of Australia’s forest
the MTA to all its consignments of Australian genetic resources. The Standing Committee on
native seed. The MTA covers access to seed fForestry has been informed of this development.

wood and non-pharmaceutical products only. It i
expected that any use for bio-prospecting fc
pharmaceuticals would be covered by othe
agreements. It is expected further, that the MT,
will be modified in due course to accommodatt
emerging State policies and any nationally agree
policy on forest genetic resources. Some furthe
points regarding this MTA include:

e The MTA has been kept deliberately short an
simple so that non-English users are aware (
principle at least) of their obligations.

e The MTA is consistent with the spirit and
content of the CBD. Most of the countries with
which CSIRO regularly exchanges seed ar
signatories to the CBD and accept its guidin
principles.

» The MTA is consistent with other similar
instruments currently in use by the Consultativ:
Group on International Agricultural Researct
(CGIAR)—the concept will not be ‘new’.

 The MTA is based on the extensive experienc
of the ATSC in sharing Australian forest genetic
resources and reflects common current practic
of seed recipients providing information on
species' performance.

* Themutually agreed terms that we seek are not
unreasonable and within the scope of existin
practice. Should these terms be imposed c
Australian users in reciprocal exchange o
genetic material they will not be onerous.

e We have deliberately avoided questions @
resource ownership as this is unclear in Australi
with a number of different State agencies
private owners, Aboriginal communities and
others expressing strong interest in resourc
ownership.
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Glossary

Most entries have been taken from Bolatchl. moisture of the surrounding aiiSee also
(1980}, Eldridge et al. (1993}, Doran et al. absorption and equilibrium relative humidity

(1983}, Willan (1985f and Hong et al. (1998) Dormancy (of seed) A resting or quiescent
_ _ _ condition. In acacias dormancy is frequently
Absorption (of seed) Uptake of moisture until the imposed on a non-dormant embryo by the ‘hard’

seed comes into equilibrium with the moisture 0 seed coat which prevents water from reaching
the surrounding air. See also desorption ar the embryé)

equilibrium relative humidit
q Y Dormancy (embryo) Dormancy as a result of

Areole (of seed) The area encompassed by tt  conditions within the embryo itself; inhibiting
pleurogram. The differences between the areo  substances, incompletely developed embryo.
and the remainder of the face may be sligt Syn: internal dormanéy

differences in colour, surface texture or fractur _ :
lineg3) Drupe A stone-fruit such as a plum; the pericarp

fleshy or leathery, containing a stone with one or
Aril (of seed appendages) A pulpy structure whic  more see®
grows from some part of the ovule or funicle _ -
after fertilisation and covers part or the whole oEMPryo The rudimentary plant formed within the
the see® seed. It consists of an axis bearing an apical
meristem or plumule, radicle and one or more
Bipinnate (of compound leaves) Twice pinnately cotyledoné)

divided; twice compouri@d L . .
Endosperm The nutritive tissue contained in some

Capsule Dry, usually many-seeded fruit composect  seed in addition to the embryo; not present in
of two or more fused carpels that split a eucalypt§)

maturity to release their seeds agical yptus®) . o .
Y w Epigeal Germination in which the cotyledons are

Carabiner A metal safety clip, used by climbers forced above the ground by the elongation of the
with ropes, which can be locked in the closer hypocotyl as irEucalyptus)
position as an insurance against accident . : - .
opening during climbing and fruit harvestifig ~ EQuilibrium relative humidity Seed will desorb
or absorb water until it reaches equilibrium

Chaff In eucalypts, sterile particles derived from moisture content with the relative humidity of

infertile or nonfertilised ovuléy the surrounding air. This relative humidity,
Cotyledon Seed leaf or primary leaf of the where the moisture content of the seed is stable,

embryd? is called the equilibrium relative humidity.
Deciduous Of leaves, bark, etc. falling regularly at Fermentation The process of chemical changes in

the end of the growth peri6 organic substances caused by the catalytic action

_ _ ] - of a “ferment”, which may be an independent
Dehiscence Opening of the fruit by splitting along  plant such as yeast or bacteria, or an enzyme.
definite lines) May be accompanied by the production of heat
Desorption (of seed) Loss of moisture from the and of toxic substances, hence the fermentation

seed until it comes into equilibrium with the Of fleshy fruits may adversely affect the seeds
which they contait$)
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Follicle Adry dehiscent fruit formed from a single Land race Aland race develops when exotic trees

carpel, dehiscing along the ventral side &nly

Funicle = funiculus (of seed appendages) The
‘umbilical cord’ of the seed, attaching it to the
pod. When detached from a mature seed near t
seedcoat it leaves a scar (the hil{#n)

Germination Growth of the embryo in the seed
until the emergence of the embryonic radicle
through the seedcoat. In seed testing, tr
capacity of the embryo to emerge from the

seedcoat with those essential structures whicMicropyle (of seed)

indicate a potential to produce normal pléints

are introduced in a new environment: Genetic
changes take place in the population of trees
over one or more generations of selection by
natural or human agencies; a land race of poor
quality develops when the first planting was

from a poorly adapted provenance or, worse,
from the seeds of a single tfde

Mesocarp Middle layer of the pericarp; the pulp

of berries and drup&$

In mature seeds, a plugged
opening?)

Germination capacity Proportion of a seed Moisture content The amount of water present in

sample that has germinated normally in i
specified test period, usually expressed as
percentage.Syn: Germination percentage. It
should be noted that in some earlier literature tt
term “Germination Capacity” has been used t
express the total of the seeds which germina
plus the ungerminated but sound seeds (c
cutting test), as a percentage of the seeds(@bwr

Germination energy That proportion of
germination which has occurred up to the timi
of peak germination, or the time of maximum
germination rate, or up to some pre-selecte
point, usually 7 test days. (The critical time of

measurement can be chosen by several mea
@)

Germinative capacity Percentage of seed that
germinate during the whole of the germinatior
test perioth)

Hard seeds Seeds with thick and tough testas
which  delay water penetration and
germinatiof®)

Nut

a material e.g. wood, soils or seeds. May be
expressed in terms of weight of moisture as a
percentage of the material's oven-dry weight
(“dry-weight basis”) or, preferably in the case of
seeds and fruits, as a percentage of the material's
wet weight including water (“wet-weight” or
“fresh-weight basis'})

Dry, indehiscent, one-seeded fruit with a
woody or leathery pericarp developing from an
inferior compound ovafy)

Orthodox Term used to describe species of which

the seeds can be dried down to a low moisture
content of around 5% and successfully stored at
low or sub-freezing temperatures for long
period$?)

Orthodox seed storage behaviour Mature whole

seeds not only survive considerable desiccation
(to at least 5% moisture content) but their
longevity in air-dry storage is increased in a
predictable way by reduction in seed storage
moisture content and temperatére

Hypocotyl That part of the axis of a germinatingPeriodicity The tendency, in an individual, stand

embryo which is between the cotyledon and th
radiclé4)

or species, to produce seed at more or less
regular intervals of more than one yéar

Hypogeal (germination) Germination in which the Phenology (Study of) relations between seasonal

cotyledons remain in the seed below the grour
while the epicotyl elongatés

Indehiscent (of fruit) Not opening at maturit$)

Inter mediate seed storage behaviour A category
of seed storage behaviour intermediate betwer
those defined as orthodox and recalcitran
Mature whole seeds are able to tolerat
desiccation to seed moisture contents
equilibrium at 20C with about 40-50% relative
humidity but further desiccation often reduce:
viability and always results in more rapid
deterioration in subsequent hermetic storage tt
more the seeds are dried below this vdlue

Phenotype  All

climatic changes and periodic biological
phenomena such as flowering, fruiting, leaf

flushing and dormand¢$)

characteristics of a plant,
morphological, anatomical and physiological as
determined by the interaction between genotype
and environmert)

i Phyllode A leaf whose blade is much reduced or

absent, and whose whole petiole and rhachis
have assumed the functions of the wholeGeaf

Plumule Primary bud of a plant embryo situated at
the apex of the hypocotyl; portion of the
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seedling axis above the cotyledons, consisting (Seed The dispersal or germination unit of a

leaves and an epicotyl, which elongates to forr
the primary stefd)

Plus tree A tree appearing distinctly superior to
the average on a similar site. The superic
character(s) are specified as plus for volume
guality, disease resistance &ic.

Pod A superior, one-celled, one- or many-seede
dehiscent fruit of two valves. Resembles th
follicle in being dehiscent and formed from a
single carpel but differs from it in dehiscing on
both side&)

Precuring The deliberate storage and slow ail
drying under shade of fruits and contained see
in order to tender them more suitable foi
subsequent operations, e.g. kiln drying
extraction and storafe

Provenance The original geographic source of
seed or propagulés

Pure seed That component of a seedlot which

consists of seeds of the designated specieStratification

According to ISTA rules, it includes not only
mature, undamaged seeds but also undersiz:
shrivelled, immature and germinated seed
provided they can be positively identified as tht
designated species, and pieces of seed resulti
from breakage which are more than half thei
original size. Excludes seeds of other specie

Seedlot

fertilised ovule®

Seed orchard A special plantation of highly

selected trees, isolated to minimise
contamination with pollen from outside sources,
and managed for maximum seed production

An indefinite quantity of seed having
uniform quality, produced at a specific location
and collected from a single crop

Serotinous Fruit or cones that remain on the tree

without opening for one or more years (e.g.
Allocasuarina verticillata)

Squash test A simple, indirect test of viability, by

which seeds are first allowed to imbibe water
and are then squashed with a pair of forceps to
reveal the condition of the embryo. The number
of seeds appearing fresh and healthy per unit
weight of seed plus chaff (in eucalypts) or per
100 (in larger seeds) provides a rough estimate
of viability4)

A pre-germination treatment to
break dormancy in seed and to promote rapid
uniform germination; the seed are exposed to
moisture at a temperature just above freezing
point (1-5C) for a specified time

Testa The outer coat of the seed; usually hard and

tough, but may be soft in some speeies

wings of coniferous seeds, seeds of coniferous Thresh To separate, by any mechanical means,

leguminous species with seedcoats entirel
removed, broken seed particles less than half tl
original size and other matter such as stone
twigs and leaveé®

Purity Proportion of clean, intact seed of the
designated species in a seedlot, usuall
expressed as a percentage by wétght

Radicle The rudimentary root of the embfyb

Recalcitrant seed storage behaviour Mature
whole seeds are unable to tolerate more than
limited amount of desiccation, for example tc
moisture contents in equilibrium at “ZD with
about 96-98% relative humidi®y

Relative humidity (of air) amount of water vapour
present as a percentage of the maximum amot
of water vapour air can contain at a giver
temperature

Scarification Disruption of seed coats, usually by
mechanical abrasion or by brief chemica
treatment in a strong acid, to increase the
permeability to water and gases, or to lower the
mechanical resistanég

e.g. rubbing, shaking, trampling, stamping,
beating or intermittent pressure, the grains of
any cereal from the husks and straw, especially
by beating with a flail. Applied also to the
separation of other than cereal seeds from their
fruits@®

Viable of seed, able to germin&te
Vigour Those seed properties which determine the

potential for rapid, uniform emergence and
development of normal seedlings under a wide
range of field conditiors

Working sample A reduced seed sample taken

from the submitted sample in the laboratory, on
which some test of seed quality is made
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Name of RTO

Department of Environment and Conservation

Course Title

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.
Beginning 8am on the Monday and finishing 1pm on the Friday

Location

Albany
Combination of approximately 50% classroom time and 50% field component

Purpose of Course

To provide departmental staff with field based knowledge and skills to implement flora
conservation through an understanding of management issues and technigues

Alignment of course
with competency
standards and their
codes

RTD4504A Monitor Biodiversity

Towards which
qualification

Attainment of the Unit RTD4504A will contribute towards a Certificate IV in Conservation
and Land Management

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.

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

e 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

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

e 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)
e  Brown, A., Thomson-Dans, C., Marchant N. eds. 1998. Western Australia’s
Threatened Flora. Perth: Department of Conservation and Land Management
e  Cropper, S.C. 1993. Management of Endangered Plants. Melbourne. CSIRO.
e Australian Department of Premier and Cabinet. 1997. Wildlife Conservation Act
1950. http://www.slp.wa.gov.au/index.html [Section 23]
e United Kingdom. International Union for Conservation of Nature and Natural
Resources. 2001. IUCN Red List of Threatened Species: Categories and
Criteria._ http://www.iucnredlist.org/info/categories _criteria
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PHYTOPHTHORA

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

Shearer et al 2007. Phytophthora cinnamomi invasion, a major threatening
process to conservation of flora diversity in the south-west botanical province
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Pathogen of the month
http://www.australasianplantpathologysociety.org.au/
Dieback http://www.dwg.org.au/

Dieback http://www.dieback.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 Wheatbelt. Part 2. Perth: Western Australian
Museum.

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

MONITORING

Brown, A.C., 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, A.P., 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, A.J.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
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Ralph, M. 1994. Seed Collection of Australian Native Plants for Revegetation,
Tree Planting and Direct Seeding. 2™ 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 Notes for Western
Australia. Nedlands: Wildflower Society of Western Australia
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THREATENED ECOLOGICAL COMMUNITIES (TEC)

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

e  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

e  Western Australia. Department of Conservation and Land Management. 2003.
NatureBase: Plants and Animals- Identifying WA's Threatened Ecological
Communities. http://www.naturebase.net/sciences/science.html

e 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
e Australian Network for Plant Conservation- Translocation Working Group.
1997. Guidelines for the Translocation of Threatened Plants in Australia.
Canberra: The Network

PLANT IDENTIFICATION
e  Western Australian Herbarium. 2004 FloraBase- The Western Australian Flora.
http://florabase.calm.wa.gov.au
Wheeler, J., Marchant, N. and Lewington, M. Flora of the South West: Bunbury-
Augusta- Denmark. University of Western Australia Press, 2002.

Participant resources

Participants will be supplied with a file which includes session notes, PowerPoint’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
and Health

Departmental personnel will operate in accordance with occupational safety 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.
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Key Principles

The organisation is committed to developing training that takes into account the
language, gender, culture, access and support strategies that allow for equitable
learning 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:

e  Evidence of current competency

e  Projects or assignments

e  Written presentations

e  Oral and written tests

e 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 lodge an 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 after the results have
been given.

The appeals procedure applies to:
e Assessment conducted within a course
e  Assessment or decisions within a skills recognition process

Course Delivery
Modes

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

Strategies may include:
e  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.
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Course Content

The following topics should be addressed:
e Introduction to Western Australia Flora (1hr 30mins))
e Legislation and the role of Threatened Species and Communities Branch (1hr
30mins)
Introduction to flora of the area- Field (3hrs)
Weed management (1hr 20mins)
Survey techniques (1hr)
Monitoring techniques (1hr)
Plant ID and the WA Herbarium (1hr lecture, 2hrs practical)
Field component including: quadrats, transects, priority flora, DRF survey and
monitoring (all day- 9hrs)
Ex situ conservation (1hr 30mins)
Translocations (1hr)
Plant diseases (1hr 15mins)
Phytophthora- Field (1hr 30mins)
Seed collection- Field (1hr 30mins)
Recovery catchments (45mins)
Threatened Ecological Communities (1hr 15mins)
TEC- Field (1hr)

Session titles and
approximate session
timings

See above

Learning Outcomes

Upon completion of this 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
Assessment

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

Assessment Task(s)
(in summary)

Theory Assessment Day 2- Summarises and assesses the knowledge gained from the
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.
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Assessment Methods:

Units of Competency

RTD4504A Monitor Biodiversity v x v x x x v | 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

Post Course
assessment

Assessment Validation

Process

The processes used to validate assessment activity in this program are:

Workshops on 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.

Course custodian convenes annual meeting of assessment panel comprising
subject specialists to review 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

requirements for

Facilitation of this program will require:

An environment conducive to learning including comfortable seating,

Delivery and adequate lighting, temperature control and noise control, etc.
Assessment e  Access the appropriate field sites
e  Access to field specialists
e Field equipment as required- field notes, flora/ survey forms, hessian bags,
GPS, maps, plant presses, syringes/ spray packs/ phosphorous for dieback
session
e Computers and internet access/ electronic keys for plant ID session
e  Appropriate reading material
e  Other teaching aids as required
Delivery and Program Staff Delivery/Assessment Workplace Workplace Vocational
Assessment staff area Assessor Trainer Training
requirements Course
Custodian | Val v
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 Course Delivery & Assessment Strategy 2007




YEAR PRESUMED EXTINCT NUMBER DELETED NUMBER 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
2001 17 6 1
2002 16 1
2003 15 1
2004 15 0
2005 14 1
2006 14 0
44 5
DELETIONS:

24 Rediscovered in the field
9 Recent collections discovered in Herbarium collection (curatorial discoveries)
11 Deleted due to taxonomic revision

Flora Mgmt Course 2007  Legislation Ken Atkins
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INTRODUCTION

The Millennium Seed Bank Project International Programme

The Millennium Seed Bank Project (MSBP) International Programme is a nine year global
conservation programme (2001-2010), conceived, developed and managed by the Seed
Conservation Department at the Royal Botanic Gardens, Kew. The two principal aims of the
Programme are to:
e Collect and conserve 10% of the world’s seed-bearing flora (some 24,000 species),
principally from the drylands, by the year 2010.
e Develop bilateral research, training and capacity-building relationships worldwide in
order to support and to advance the seed conservation effort.
An integral element of the collecting programme is the development of collaborations with
partner institutions all around the world. These partnerships have as their basis the precepts of
the Convention on Biological Diversity, in which resources and responsibility are shared
equitably by all parties through technology transfer, benefit sharing and capacity building.
The MSBP currently (year 2001) has formal links with seed bank and conservation
institutions in the USA, South Africa, Western Australia, Mexico, Chile, Madagascar, Egypt,
Lebanon, Burkina Faso, Namibia and Kenya, and is in the process of developing partnerships
in many other countries throughout the world.

The purpose of this manual

This Manual of Seed Collecting is part of the MSBP’s information-sharing process, and is
designed to provide general guidelines regarding seed collecting practice and to provide
specific practical details relevant to the collection of seed for the MSBP. It is envisaged that
this booklet will be used by the MSBP’s own seed collectors and by MSBP collaborators if
they wish. It is written with the understanding that different institutions and projects will have
different priorities and protocols, which they may wish to adhere to, and is not meant to be the
definitive guide to seed collecting. This booklet is therefore best regarded as a guide to the
practice followed by the MSBP. This is a living document, which will be updated and
expanded periodically, and it is hoped that our partners throughout the world will contribute
to this process.

PLANNING A SEED COLLECTING EXPEDITION

Aims

The aims of the MSB collecting programme can be defined as the establishment of verified
and well documented seed collections of wild species, each of which truly represents the
genetic variation within the population from which it was sampled. The collections then act as
a basis for conservation or, where authority has been given, as a source of material to bona
fide institutes worldwide for all aspects of biological study.

The target established by RBG Kew for the Millennium Seed Bank project is the conservation
of at least one population sample from 24,000 seed-bearing plant species, primarily from the
drylands, that are not yet represented in the existing seed bank. Although a significant
proportion of the genetic variation of many outbreeding' species can be adequately conserved

! Outbreeding: reproduction is most commonly achieved by cross-pollination, not self pollination.



in this way, it is hoped that this project will also form the basis for much wider future
sampling across the genotypic range of these species.

Authorisation

Collecting permits

The Royal Botanic Gardens Kew honours the letter and spirit of the Convention on Biological
Diversity (CBD), the Convention on International Trade in Endangered Species of Wild
Fauna and Flora (CITES), and other international, regional, national and sub-national laws
and policies concerning biodiversity. RBG Kew is wholly committed to the principles of Prior
Informed Consent (PIC) and mutually agreed terms. RBG Kew recognises the sovereign
rights of states over their own biological resources and the authority of national governments
to determine access to genetic resources, subject to national legislation. It also acknowledges
the interests of other stakeholders, including indigenous and local communities and farmers,
in biological resources and associated information. In practice this means that before any seed
is collected, it is subject to PIC in the form of access agreements, permits from local
authorities, and permission from land owners. For an illustration of RBG Kew's approach to
these issues, including a model Material Acquisition Agreement between a Botanic Garden
and a partner institution, follow links from the following Web site:
http://www.rbgkew.org.uk/conservation/index.html

CITES

Seeds of all CITES Appendix 1 species, and seeds of Appendix 2 cacti from Mexico, are
subject to CITES controls. In addition, dried herbarium specimens from all Appendix 1 and
many Appendix 2 species are controlled. It is essential that the up to date CITES summary list
is consulted before, during and after the expedition to ensure that no attempt is made to
collect or to export controlled material without the relevant permits. Current lists of controlled
taxa can be found in CITES publications or public web sites e.g. the UK CITES authority at
http://www.ukcites.gov.uk/intro/cites_species.htm, and guidance for Kew staff is available on
the internal web at http://web/CAPS/notice.html. The MSBP CITES liaison officer is Janet
Terry, and non-RBG Kew staff should email her at j.terry@rbgkew.org.uk if they have any
CITES related queries.

Plant Health

Phytosanitary permits are usually required for both the export of plant material from the
country of origin and also for import into the UK. For exporting from the country of origin,
the procedure is often specified in the Collecting Permit, and may necessitate separate
application documents, a visual inspection of the seeds, and payment. Sufficient time should
be allowed at the end of the expedition to follow this procedure. Where collected species are
subject to phytosanitary regulations in the UK (Annex 1), a phytosanitary certificate should
be obtained from the country of origin and presented, together with an RBG Kew letter of
authority, to UK Customs. Material subject to phytosanitary regulations and destined for the
Millennium Seed Bank should be sent to Janet Terry, Curation Section, Millennium Seed
Bank Project, Wakehurst Place, Ardingly RH17 6TN, U.K. (email: j.terry@rbgkew.org.uk)



Prioritising species

The Millennium Seed Bank Project, working together with its partner institutions throughout
the world, attempts to prioritise which plant species it collects and stores. The prioritisation
criteria will vary from country to country depending on the partner’s needs, but most
commonly will include:

Orthodox seeds i.e. Seeds which retain their viability after
drying, and which are therefore likely to be
bankable

Indigenous or endemic species i.e. Species native to an area, and neither

introduced nor a pan-tropical weed

Endangered, threatened or vulnerable | i.e. Species of restricted distribution or

species’ threatened on a local, national or global scale

Economically important species ie. SEPASAL’ species or otherwise
valued/used by local people

Species suitable for research i.e. Species targeted by RBG
Kew/collaborator research projects

Seed not widely available i.e. Seed not already in the bank or available
through the List of Seeds or from commercial
sources.

Rare seeds”’ i.e. Often difficult to find high quality or

quantity seed of this species in this region

Identifying priority species before a field trip will usually involve a great deal of research.
Not only will species have to be prioritised according to the various criteria above but, once
selected, information will be needed on localities and phenology. It is essential to know when
a species is likely to be in seed, and because of the uncertainties of the weather, this will vary
from year to year. This means that herbarium data can only give the collector an estimate of
when any particular species is likely to be in seed. Locality information on herbarium sheets
may also be out of date. If possible, it is best to make contact with someone local who can
provide up to date information on seeding and localities.

RBG Kew’s Geographical Information System (GIS) Unit is currently exploring new
methods of planning collecting trips, using information from herbarium sheets, digital maps
and remote sensing data. It has already had some success in identifying habitats undergoing
rapid degradation and which are therefore a priority for seed collecting expeditions (Almond,
2000). Further work will concentrate on using satellite data to provide real time information
about phenology as a precursor to seed collecting missions. In addition, research into using
environmental data to predict species distributions is ongoing (Sawkins et al., 1999).

Tools and equipment

A checklist of tools and equipment necessary for a typical seed collecting expedition is given
in Annex 2. Some key essentials are as follows:

Identification aids: Targeting of species is pointless if the plants can’t be recognised in the
field. Regardless of whether local expertise is available, floras or identification guides should
be taken whenever possible. Where these are not available, photocopies of herbarium sheets
make a good substitute. If opportunistic collections are to be made, identification tools will be
needed in combination with an up to date seed list, a list of seed bank collections for the

? See Annex 5 for guidelines on collecting rare and threatened plants
* SEPASAL = Survey of Economic Plants from Arid and Semi-Arid Lands




region, previous expedition reports and a list of SEPASAL species for the region. In this way,
duplication can be minimised, and species can be effectively targeted in the field.

Field data forms: Many institutions will prefer to use their own field data forms. If not, an
example of the Millennium Seed Bank Project’s field data form is reproduced in Annex 3. To
accompany this, the collector will need the key to vegetation types. Local maps may also be
useful, although use of the Geographical Positioning System (GPS) will, in most cases, make
the recording of details about maps unnecessary.

Collecting equipment: Equipment not covered in the checklist will include medical supplies
and, depending on the destination, camping gear and extra collecting equipment such as
protective clothing, secateurs and loppers.



COLLECTING IN THE FIELD"

Plant identification and herbarium vouchers

It is critical to the value of the seed collections that the species is accurately identified, thus
collectors are requested to enter comprehensive identification notes on the field data form. If a
local expert is not available to identify species, plant identification guides should be used
instead. Floras are often incomplete and, in many cases, are more appropriate to herbarium
identification. Most useful, where they are available, are local guidebooks with plenty of
colour illustrations. Photocopies of herbarium specimens may also be useful for identifying
target species. Where opportunistic collecting takes place, the collector will need to refer to
the Seed List and an up-to-date list of species collected in the region, in order to limit the risks
of duplication.

Quality herbarium specimens are valuable additional outputs of the collecting programme,
and collectors are encouraged to take at least three representative herbarium specimens for
each seed collection made (see below). Collectors wishing to learn the correct technique
should either try to accompany an experienced botanist taking specimens in the field, or
should try to attend a training session run as part of this project (see Table 1). Literature
available to consult includes Bridson and Forman (1992). In the unlikely event that specimens
cannot be taken to accompany a seed collection, RBG Kew is able to prepare a cultivated
voucher from most taxa with the exception of large shrubs and trees. For these latter species,
and where it is not possible to take herbarium vouchers, verification in the field by an
acknowledged named expert will be sufficient for the needs of this project.

Table 1: Notes on good herbarium voucher collection (from Herbarium Techniques Course,
RBG Kew).

NOTES

Good voucher specimens should be:

1. carefully selected plant material

2. well preserved

3. accompanied by an unambiguous collection number
4. accompanied by good collection data

1. Careful selection of plant material

Material should be fertile. Material should be representative of:

- population; collect all or range of phenotypes, or collect an average specimen and note range.

- individual - some of top, middle and base if not possible to collect whole plant:

Underground parts if possible

Bark/wood

Heterophylly (e.g. juvenile foliage with stipules)

Developmental stages (leaf buds, young leaves, flower buds)

Male and female flowers

Different flower forms

Points of attachment, i.e. preserve arrangement of organs

e Loose collections useful. Place in capsule as extra material.

Use discretion regarding the amount of plant material to take — non-destructive sampling. Number of
duplicates - 2 minimum; 5 ideal. GOLDEN RULE: Look at and plan sampling of plant before cutting
bits off.

* See Annex 5 for guidelines on collecting rare and threatened plants.




2. Well preserved

Araceae and fleshy parts in spirit

Palms and Pandanaceae bases of leaves important

Wax papers for delicate tissues

Details of special conditions for collecting and preserving plant parts in different families in Herbarium
Handbook

3. Numbering
Good idea to produce book with numbers on it already in which to put your notes. Helps avoid danger

of number duplication. Keep simple 1- X

4. Good collection data

Minimum:

e locality, including country

e altitude

e  habitat

e description of plant - concentrate on things lost in sampling, e.g. smell, colours, life form, 3

dimensional structures
e collector’s name
e  collection number
e date of collection
NOTE: use of GPS co-ordinates can be a security risk in the case of endangered species

Additional data:

name (e.g. vernacular)

ecology (associated species)

detailed morphological data (see below)
frequency of occurrence

economic data

conservation status

Morphological data:

habit/height/spread

underground parts if not collected

stems and trunks - buttresses, bark, latex etc.

stipules

fresh size, shape, colour of inflorescence, flowers, fruits, seeds

Voucher specimens should bear the same number as the related seed collection, and should
ideally include flower, fruiting structure, vegetative parts and roots of annuals. Ideally the
specimens should be dried daily using portable driers. Where this is not possible, the
specimens should be kept warm and dry and the absorbent paper should be changed
frequently. Within the constraints of the expedition and the permits granted, herbarium
specimens may also be taken from significant species where no seed is available for
collection.

The specimens will be forwarded by the collector, the project co-ordinator or RBG Kew, (as
agreed locally), to local specialists, or other specialists recommended by RBG Kew for
verification. RBG Kew will provide printed herbarium labels derived from the original field
data to attach to the mounted herbarium specimens. Following verification, herbarium
vouchers will be lodged in the following order of priority, firstly: the local herbarium
responsible for the identification, secondly: RBG Kew Herbarium, thirdly: other local
herbaria.




Targeting a population for sampling

Following identification of a target species for collection, the collector must decide whether
the population’ is suitable for sampling. It is often helpful to make a preliminary visit to the
site to assess the populations, to confirm the identification, to estimate the likely harvesting
date and potential seed production. The most important factors in deciding whether to collect
from a population are as follows:
e The population is likely to be genetically distinct (defined, for example, by soil, climate,
altitude, pollinator’s range, physical barriers to genetic mixing).
e The population has not already been adequately sampled and conserved by the seed
bank(s).
The population is wild, self-sown and not planted or cultivated.
e At least 50 individuals can be sampled randomly and evenly.
10,000 to 20,000 seeds can be collected within the time constraints. In practice, these
quantities can often be achieved in less than two ‘collector-hours’.
e The seed is ripe, i.e. preferably still on the plant, and about to be shed.
e Seeds are not subject to extremely high levels of damage, predation or abortion.
The fulfilment of all of these criteria is an ideal. In practice, small populations (less than 50
individuals) or those that will yield less than 1000 viable seeds may be collected when larger,
more productive populations are not easily available. Local criteria such as imminent threat of
destruction of a population or particular local interest in a population may also be important.

Sampling strategy

For many potential users and uses of the collection, it is important to maximise the number of
alleles present within the sample, by capturing the greatest proportion of those alleles
represented in the field population’. According to Brown and Marshall (1995), at least one
copy of 95% of the alleles occurring in the population at frequencies of greater than 0.05 can
be achieved by sampling from:

e 30 randomly chosen individuals in a fully outbreeding sexual species, or
e 59 randomly chosen individuals in a self-fertilising species.

As the reproductive biology of most target species has not been studied, and as the capture of
rarer alleles would require a markedly increased sample size, collectors are advised to
sample from in excess of 50 individuals, from within a single population, where available.

This analysis suggests that, with care, a single population seed sample collected in this way
would possess the potential for re-establishment at that site and perhaps for establishment at
many other sites within the natural range of the species. The probability of successful re-
establishment at the original site would be increased by reflecting the allelic frequencies
present in the population, however this would entail sampling from a much larger number of
individuals (200+) than suggested above.

In order to increase the probability of conserving material that can be successfully established
elsewhere within the natural range of the species, collectors would need to make additional
population samples. Some land managers may wish to pursue this approach in addition to the
basic 'single population' sampling.

> In this document, 'population' is used to describe any occurrence of a species, delimited by
geographical boundaries.
% A discussion document is available from Simon Linington if more detail is required on this subject.



In the event that additional information is available, the sampling strategy can be modified
accordingly and notes made on the field data form to record the sampling used.

Seed collection

Following identification of a population suitable for sampling, before collecting the seed, the
collector should:

Carefully examine a small, representative sample of seeds using the cut test and (for
smaller seeds) a hand lens. This will enable the collector to estimate the frequency of
empty or damaged seeds, and confirm that seeds are mature. Note: Research shows that
fully-formed but slightly under-ripe seed can often be successfully conserved if entire
seed-heads and a short length of stem are collected and allowed to ripen in a well-
ventilated environment.

If there are enough seeds ready for collecting, the following protocol should be used:

Collect mature, dry seeds into either cloth or paper bags (the latter well secured with
tape). Cloth bags should be tied correctly, i.e. around the neck, not just pulled together.
Collect entire seed heads of awned or similar species into paper bags.

Collect fleshy fruits directly into plastic bags, and allow them to aerate. Fleshy fruits can
decompose rapidly, and poor storage can lead to mould-infested seed collections.

In general, seed cleaning should be left to seed bank staff. However, if seeds can be
liberated from their fruits quickly and easily, e.g. by shaking the open fruits over a
container, please carry this out (time permitting) and make a note on the field data form.
Sample randomly and evenly from as many plants as possible across the extent of the
population, maintaining a record of the number of individuals sampled. This captures the
widest possible genetic diversity from the plant population sampled.

Where the population exhibits a pattern of local variation, it is preferable to use stratified
random sampling, sampling separately from each microsite. Stratified random sampling,
which keeps ecotypes separate, goes further in ensuring that alleles of particular
ecological significance are collected. Brown and Marshall (1995) state that for
outcrossing species, at least one copy of 95% of the alleles occurring at a frequency
greater than 0.05 can be obtained by sampling from 30 individuals selected randomly. For
self-fertilising species, one would need to sample from a minimum of 59 individuals to
achieve the same genetic representation.

As a rule collect no more than 20% of the available seed on the day of collection. This
ensures that the population sampled is not endangered by the planned seed collecting. The
only exception to this is if a population is going to be destroyed.

Ideally collect 10,000-20,000 viable seeds. This enables maximum use of the collection,
i.e. so that: (i) a part of the collection can be conserved in the country of origin; (ii)
sufficient seed is available for initial germination and viability testing; (iii) viability
monitoring can be undertaken at the seed bank for many decades and (iv) a substantial
sample can be conserved as a long-term safeguard against loss of the wild population, and
as a resource for ecological, genetic and botanical study.

Collections of between 500 and 5000 seeds are welcomed by the MSB, although
distribution opportunities will be limited. Collections of less than 500 species are
welcomed from species that are either threatened or of restricted distribution. In these
cases there will be limits to the quantities available for germination and viability tests.
Where a population is very small (less than 10 individuals) the harvest from each plant
should be kept separate at collection and processing, and this should be indicated on the
field data form. This will ensure that the full genetic diversity of particularly vulnerable
plant populations can be successfully released at a later date.

Above all, RECORD WHAT YOU DO.
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Data collection

The collection of data associated with the species or populations from which seed is taken is a
vital contribution to knowledge about these plants. Habitat information such as rainfall,
altitude, slope, landform, aspect, geology, vegetation physiognomy, associated species and
soil characteristics have important implications for restoration ecology and amelioration
applications. Population characteristics (phenology, number of plants, % of population
producing seed, pollination and dispersal mechanisms, predation etc.) are useful data for
conservation authorities, and information about the plants themselves (form, height,
flower/fruit morphology etc.) is required by taxonomists and systematists.

The Millennium Seed Bank primary data form is reproduced in Annex 3. If collectors prefer
instead to use field data forms or formats already in use by their organisation, please ensure

that as a minimum, the essential data fields indicated by beld are completed.

Table 2: the MSBP data fields explained

Date collected The date of collection is very useful in
phenological studies and should always be
included.

Collection number Collection numbers should be consecutive

and chronological. Ideally, the same number
should be used for seed and voucher. Try to
avoid gaps in the number sequence, and if
you do have gaps, e.g. through spoilage of a
specimen, do not re-use the number; mark it
as void in your records.

Collectors All active participants should be recorded.
Country No explanation necessary

Province/State No explanation necessary

Local situation Directions to the locality, e.g. ‘211 km from

Pretoria on N1 to Pietersburg.’ This
information helps relocate a population
without the use of a GPS.

Latitude/Longitude Lat/longs are determined with a portable
Geographical Positioning System (GPS).
RBG Kew usually uses the Garmin 12XL
model, but not exclusively. Ideally, the GPS
datum WGS84 should be used. If another
datum is used, please state which in the box
provided. GPS co-ordinates are generally
accurate to 10-15 m.

Altitude An altimeter is more accurate than a GPS.
Some more expensive GPS’s have a built in
pressure altimeter. The Seed Bank database
accepts altitude measurements in feet or
metres.

Habitat code A key to vegetation physiognomy relevant to
this field is available from the MSBP.
Collectors may prefer to use a local or
regional physiognomic classification, in
which case this field should be left blank.

Habitat and associated species If an alternative physiognomic classification
is being used, it should be inserted here.
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Associated species give important detail to
the habitat description.

Modifying factors

Factors which may impact on the species
collected. These may be the result of position
(e.g. roadside), land use (e.g. browsing, wood
cutting) or susceptibility to elements (fire,
flooding etc.).

Land form

The level of detail required here is at the
collector’s discretion. At the very least, a
description of local topography should be
provided (e.g. flat, undulating, mountainous
etc.).

Slope

An estimate in degrees or an indication of
steepness (e.g. 30°, slight slope etc.).

Aspect

If a collection is made from a slope, the
aspect (i.e. the direction the slope is facing)
should be recorded. This information gives
an indication of sun, shelter etc. experienced
by the plant.

Land use

No explanation necessary. Examples include:
pastoral, protected area etc.

Geology

No explanation necessary. This information
can be found either in the field or from
geological maps.

Soil colour, texture and pH

Soil colour charts (e.g. Munsell) may be used
if available. If not, an ocular estimate of soil
colour is a wuseful record. Soil texture
(sand/loam/clay) is best estimated by rolling
a sample of soil between finger and thumb.
Soil pH can only be measured with the use of
a pH meter; these are available from the
MSBP if required.

Drainage

This information gives an idea of how much
water is available to a plant population, and
also provides clues as to the origin of the soil,
e.g. well drained colluvial soil, poorly
drained illuvium etc.

Family, genus, species, infra-specific

No explanation necessary. This is a field
identification. Verified herbarium
identifications should be detailed in the
spaces provided on the back of the form.

Number of voucher duplicates

Two voucher specimens is a minimum; one
for the MSBP and one for a herbarium in the
country of origin.

Area sampled

No explanation necessary. Area must be
given in m’.

Number of plants sampled

This information, together with the number
of plants found, gives an idea of what
percentage of the population has been
sampled. This is important information in
genotypic sampling.

Number of plants found

1.e. an estimate of the size of the population.

% population producing seed

No explanation necessary.

Seed harvesting (early, mid, late season)

No explanation necessary.
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Seeds collected from (plants, ground, both)

No explanation necessary.

State of seeds (moist, dry, both, other)

No explanation necessary.

Herbarium data, including plant height

See Table 1 above.

Ethnobotanical data If vernacular names are provided, the

language should always be noted.

Care of collections in the field

In general, the seed collections should be kept in a cool, dry place prior to dispatch to the
seed bank but they should not be frozen. Care should be taken that seed collections do not
overheat, for example by being left in a vehicle in full sun. Exposure to such sustained high
temperatures can badly damage the seed collections. Attempts should be made to maintain
ventilation around the collections at all times and the collecting vehicle should be parked in
the shade, or at the very least, the windscreen shaded.

Damp collections should, as soon as possible, be spread out on newspaper to dry naturally,
either outside in the shade or in a well ventilated room, before dispatching material to RBG
Kew.

In a few cases where, for example, seeds have been collected fully mature within dry, bulky
fruits or capsules, it may be relatively straight-forward and rapid to carefully open the fruits
and to separate the seed by hand ready for shipping. In most cases, it is best to leave the task
of cleaning the collections to RBG Kew or national seed bank processing staff who have the
full range of facilities necessary to carry out this task.

Fleshy fruits may require careful handling, partial cleaning and rapid dispatch to the seed

bank: contact either RBG Kew or the appropriate International Co-ordinator as soon as
possible for advice.
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SHIPPING SEED COLLECTIONS TO KEW

In general, it is critical to the successful conservation of the seed that it is dispatched to
the seed bank as soon as possible after collection, together with the completed field data
forms, by air freight. Voucher photos, and herbarium specimens may be forwarded to the
appropriate authority at a later date, and any other additional information may be sent to RBG
Kew, or to the project co-ordinator quoting the collector’s name and the number given to the
seed collection

Seed bags should be clearly labelled (inside and out) and then securely packaged for shipping

to RBG Kew. The following packaging is recommended, either:

e Canvas or thick cotton sealable sack

e Woven PVC or nylon airfreight sack

e Sturdy cardboard box (secured with string to permit customs inspection and resealing)
into which cotton (not paper) seed bags have been placed,

The following packaging is NOT recommended:
e Any non-breathable bags or containers made from plastic or PVC-backed fabric

The following procedure is recommended for packing a seed shipment:

e Pack seeds at the last minute before shipping

Record details about each collection and the number of bags being packed into the box.
Keep a copy of this information, and put the original in the box.

Use polystyrene (styrofoam) or other suitable materials to fill any voids in the boxes

Fill in the air waybill for each batch being shipped, and keep a copy (see Annex 4)

Seal the boxes and attach address and customs labels

Measure and weigh boxes

Phone the Air Freight company

RBG Kew has an account with DHL for the sole purpose of express shipping seed collections
and appropriate field data to Kew for processing. In the event that DHL do not serve your
area, please contact either Kew or the project co-ordinator to agree an alternative
arrangement.

Pre-printed DHL air waybills are available from the MSBP. An example of a correctly filled
out DHL air waybill is given in Annex 4.
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Annex 1: Species covered by UK phytosanitary regulations
SEEDS FROM NON-EU COUNTRIES WHICH ARE CLASSED AS ‘QUARANTINE’ MATERIAL

Origin — all third countries

Solanum — true seed of potato) Both these species are
Vitis )  totally prohibited

Allium cepa

Allium porrum

Allium schoenoprasum All of these
Beta vulgaris

Capsicum species require a
Helianthus annuus

Lycopersicon lycopersicum phytosanitary
Medicago sativa

Oryza certificate
Phaseolus

Prunus

Rubus

Zea mays

Origin- Argentina, Australia, Bolivia, Chile, New Zealand and Uruquay

Cruciferae ) These species
Gramineae ) all require a
Trifolium ) phytosanitary certificate

For a complete list of restricted species, which includes fruits and plant material please see ‘The Plant
Health Guide for Importers’. The following fruits require a phytosanitary certificate when imported
into the U.K. from the countries shown:

FRUITS FROM NON-EU COUNTRIES WHICH REQUIRE A PHYTOSANITARY CERTIFICATE
Annona )

Cydonia )

Diospyros ) All

Malus )

Mangifera )

Passiflora ) non-European
Prunus )

Psidium )

Pyrus ) countries
Ribes )

Syzygium )

Vaccinum )

FRUITS WHICH REQUIRE A PHYTOSANITARY CERTIFICATE FOR IMPORT INTO THE U.K.

Citrus and hybrids (must be free from leaves and peduncles) ) All
Fortunella and hybrids (must be free from leaves and peduncles) ) third
Poncirus and hybrids (must be free from leaves and peduncles) ) countries
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Annex 2: Checklist of tools and

Expedition to:

RBG Kew collector(s):

Collaborating institute:
Contact name and fax no.:
Collecting permit:

Documents

equipment for seed collecting

Dates of visit:

Visa(s)

Copy of convenio

Letter of invitation from collaborators

Primary data forms

Letter of introduction from RBG Kew

List of SEPASAL species for region

Seed collecting instructions

List of seed bank collections for region

Key to vegetation types

Previous expedition reports

Current seed list

Flora/identification guides

Customs letter for import of seed into UK

Maps where available

Customs letter for temporary export of
equipment

International Driving Permit

Vaccination certificate

CITES regulations

Seed collecting equipment

Herbarium press & straps

Flimsies

Blotters

Cloth bags -sack
-large
-medium
-small

Paper bags -large
-medium

Cardboard envelopes

Polythene bags -large
-small

Numbering tags

Altimeter

GPS

Secateurs

Gloves

Other equipment from store

Date equipment supplied:

Quantity
Suggested
2
50
20
5
20
20
10
20
10
15

Quantity
supplied

Date returned:
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Annex 3: MSB COLLECTION DATA FORM (Bold type= Obligatory Fields)  Serial Number

Date Collected |

Collection no |

Collector(s) |

SITE DATA

Country

Province/State

Local Situation

Latitude GPS used (YES/NO) I:I If no, see over.

Longitude
Altitude

HABITAT DATA
Habitat Code

GPS Datum

WGS84

or

Habitat and

Assoc. Species

Modifying Factors

Land Form

Land Use Slope®
Geology Aspect
Soil Colour Soil pH
Soil Texture Drainage

COLLECTION DATA - If collection has been verified, please see over.

Family

Genus

Species

Infra-specific

No. of Voucher Duplicates

No.of Plants Sampled
No. of Plants Found

Area sampled (mz)

% population producing seed|

Seed Harvesting (early, mid, late season) Please circle. Seeds Collected from (plants, ground, both)

State of seeds (moist, dry, both, other)

HERBARIUM DATA

Plant Habit Tree Shrub Liana Erect herb Creeping herb Climbing herb Plant Height (m) I:I
Other descriptors

ETHNOBOTANICAL DATA

Vernacular name | | Language

Use - please circle. Food Food Additive  Animal Food Bee Plant Invertebrate food
Materials Fuel Social Use Vertebrate Poison Non-Vertebrate Poison

Medicine Environmental Use Gene Source
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If GPS not used, please state method

Map Publisher

Series

Scale

Co-ordinates

Date

If collection has been verified please complete sections below:

Material verified

Verified by

Institute

Date

18




Annex 4: DHL air waybill
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ANNEX 5: COLLECTING SEED FROM RARE AND THREATENED
PLANT SPECIES

When collecting rare and threatened species, the collector needs to think about a number of
factors before going into the field. To start with, it is necessary to think about what seed
samples will be used for. If seed is to be used only for research, only a few seeds may be
needed compared to, for example, the numbers of seed needed for reintroduction and
establishment of a self-sustaining population. The collector also needs to think about potential
seed losses due to mortality during experimentation, reintroduction or establishment, and
compensate for anticipated losses during collecting.

1)

2)

3)

4)

5)

e 6 o o o o ¢ o O
~

~
~

Once in the field the collector needs to consider a number of other factors:

For developing germination and propagation protocols, or to examine seed behaviour, use
existing ex situ material if available. If wild populations must be sampled, begin with
small collections from the largest and most secure populations. For developing
reintroduction protocols, make the smallest collections possible to address the
management questions being posed in experimental reintroduction.

To increase the probability of successful, self-sustaining populations of threatened plant
species, collect from as large and diverse an array of founders as is prudent. If possible,
collect and maintain separately seeds from each maternal line.

Where possible, spread the collection out over two or more years, especially for small
populations.

For species with 50 or fewer populations, collect from as many populations as possible.
For species with more than 50 populations, collect from as many as possible up to 50.
For populations with 50 or fewer individuals, collect from all known individuals; for
populations with more than 50 individuals, collect from 50.

For populations of species with extremely low overall numbers, particularly those (a) that
have 10 or fewer reproductive individuals and a poor history of recruitment, or (b) are
known to be in rapid decline, collection of seed should be made at the discretion of the
licensed collector. The decision about how much to collect should be based on as much
information as possible, including species autecology, nature of threat, ex situ
conservation facilities and knowledge base available etc.

Record as much additional information about the population as possible, including:
Total number of plants

Number of juvenile plants

Number of adult plants

Number of dead plants

% of plants flowering/fruiting in the last season

Seed production (per fruit and per individual)

Threats to habitat

Threats to species

Avoid destructive sampling. Consider carefully whether herbarium vouchers are essential

to the naming and classification of the plant sampled. Do not take herbarium samples if it
will reduce the population’s capacity for survival — take photos and detailed notes instead.
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Flora, Fauna and Ecological
Community Data Searches

DEC’s Species and Communities Branch provides a service (free to DEC staff and not-for-
profit organisations) that allows you to find out if there are any Threatened Fauna,
Declared Rare Flora (DRF) or Threatened Ecological Communities (TEC’s) at a particular
location you are working at or planning to visit. The service also covers Priority Flora and
Fauna species and some Priority Ecological Communities.

Search requests

E-mail or fax your request to the relevant contact shown below. Include the contact details
of a relevant person so we can quickly clarify any problems. You will be provided with
the information and sent an invoice, which will show details on how to pay.

Please include a brief locality description of the area in your request in order for us to
confirm that the coordinates are accurate. You will also need to state why you need the
information and how you will be using the information.

Cost

Fauna searches: $150 + GST (if additional search areas are requested at the same time they
are charged at a rate of $50 each (plus GST).

Flora searches*: Standard search $200 + GST (hard copy sent in the post).

Standard search emailed $300 + GST. (excel table, word document)
GIS search $300 + GST (Arcview shapefile).
Any additional search requested at the same time incurs an additional $50 + GST

Ecological Community searches: Standard search $100 + GST (if additional searches are
requested at the same time they are charged at a rate of $50 each (plus GST)).

GIS Search $200 + GST (hard copy and shapefile)

Search results can be emailed, presented in an excel file or printed and posted as hard
copies. Please specify the format in which you would prefer the data supplied - the
default format is hard copy posted.




Spatial area

In order to conduct a search of the DEC databases, you will need to provide your request in
one of the following formats. A polygon location must be provided for Ecological
Communities:

Point Location (see Figure 1) — Provide the latitude and longitude of a position central to
the area of interest. We will then conduct a search within a radius appropriate to the
location and provide you with a report. The radius of the area will vary depending on the
location. For example, there are far more records in the south-west of the state than the
arid interior and therefore a radius of 5 km may be satisfactory to encompass a
representative range of records in the south west but this may need to be expanded to a 50
km radius where records are fewer.

Polygon Location (see Figure 1) — Provide the latitude and longitude (in degrees latitude
and longitude) of the upper left and lower right corners of a polygon that defines the area
of interest. A buffer may be created around the polygon if it only defines the area of
interest, or if the buffer provided is not considered adequate to determine potential flora or
fauna in the area.

327182178,
117°26'40"E
(upper left)

1\

32°18"06"S,
327157218, 117°26'40"E 117°30°19"E
or Zone 30 6309 S00N (lower right)

376 000K

Figure 1 Example of point and polygon locations.

MGA co-ordinates - you can provide the location details in MGA co-ordinates, but please
remember to indicate the Map Zone (i.e. 49, 50, 51 or 52) and ensure that the co-ordinates
have the correct number of digits in the northings (7 digits) and eastings (6 digits). Note,
this co-ordinate system is not acceptable for Flora search requests.




ArcView Shapefile — Provide the area of interest in the form of a shapefile ensuring all the
extensions that makeup a shapefile are included.

Time frame:

Up to ten (10) working days, depending on staff availability. Please ensure that you keep
this in mind when submitting your request for a search.

Additional information

The searches cover the immediate area of interest and include a buffer to show what other
flora or fauna of interest may be in the area.

The interpretation of such results should take into account the variations in surveys
undertaken in various areas, and the lack of data may be more a reflection of the lack of
survey, rather than the lack of threatened fauna and flora occurring in the area. The
information supplied should be regarded as an indication only of the threatened fauna and
flora that may be present and may be used as a target list in any surveys undertaken. Thus,
the data provided should be regarded as a first step, and should be used to assist in
planning any survey work.

*Flora searches
The information provided is collated from the following three databases:

1. The Threatened Flora Database (DEFL) - data consists of validated populations of
declared rare flora and some Priority flora (mainly in the south west areas). Data is
given as centroid geopoints, with the ability to provide specific information on
request where sites are within an area of specific interest.

2. The WA Herbarium (WAHERB) - data is of herbarium specimens collected in the
area, and includes un-validated historical specimens, which gives an indication of
potential flora, plus reasonable coverage of the Priority flora. Please note: the
development of the PERTH Herbarium and its database was not originally intended
for electronic mapping (eg. GIS ArcView). The latitude and longitude coordinates
for each entry are not verified prior to being data based. It is only in recent times
that collections have been submitted to PERTH with GPS recorded latitude and
longitude coordinates. Therefore, be aware when using this data in ArcView that
some records may not plot to the locality description given with each collection.

3. The Declared Rare Flora and Priority Flora Database (Access database) - a species
list and general distribution of flora within the general area of interest.




Summary
In summary, the information required to conduct a search is:
1. Who - Your name/company/university and contact details.
2. What - format you would like the data in (hard copy or electronic).
3. How - you plan to use the data (for what purpose).
4. Where - what area would you like searched — please provide central coordinates,

opposite corners of a rectangle encompassing the area of interest, MGA co-
ordinates (except for flora searches) or an Arcview shapefile.

Contacts

Fauna Kellie Mantle — kellie.mantle@dec.wa.gov.au

Flora Bridgitte Long — bridgitte.long@dec.wa.gov.au

Both Kellie and Bridgitte can be contacted at the DEC’s Species and Communities Branch
Phone 9334 0455, Fax 9334 0278

Ecological Communities Monica Batista — monica.batista@dec.wa.gov.au

Phone Monica 9334 0116, Fax 9334 0300

Although we can often complete search requests sooner, please allow 10 working days.



mailto:kellie.mantle@dec.wa.gov.au
mailto:bridgitte.long@dec.wa.gov.au
mailto:mia.morley@dec.wa.gov.au

DECLARED PRIORITY CODES TOTAL NO.
RARE FLORA OF TAXA
REGION R X 1 2 3 4
Kimberley 4 0 51 43 35 5 138
Pilbara 2 0 41 34 55 7 139
Goldfields 15 0 90 41 65 20 231
Midwest 114 1 194 171 | 239 74 793
Swan 58 0 42 54 84 77 315
South West 46 1 23 33 66 49 218
Warren 21 0 15 47 51 37 171
Wheatbelt 116 4 120 140 | 178 85 643
South Coast 93 5 112 196 | 188 |141 735
Unknown 3 2 - - - 5
STATE* 378 14 615 634 | 654 |331 2626

* species may occur in more than one DEC Region.

KA: PRIORITY

Flora Mgmt Course 2007 Legislation Ken Atkins



RARE FLORA REPORT FORM

TAXON: DEFL POPULATION No.:

DRF O Priority Species: P__ Partial Survey O Full Survey O New Population O
FROM: TITLE: SURVEY DATE: / /
REGION: DISTRICT: SHIRE:

LOCATION:
Reserve No:
LATITUDE: ° ! ”S LONGITUDE: ° ' "E Map Used:
GPS DATUM: AGD84 O GDA%4 3 GDA94-Compatible (e.g. WGS84) O Unknown O None O
LAND STATUS: Nature Reserve O Private OJ Gravel Res. MRD O Rail Reserve O
National Park O Pastoral Lease O Gravel Res. Shire O Rd. Verge Shire O
State Forest O ucL d Other Shire Res. O Rd. Verge MRD O
Water Reserve O Other O Specify: SLK to
Landowner/manager present during inspection: O
LANDFORM: Hilltop O Cliff 3 Slope O Valley O Swamp 3O
Outcrop O Breakaway O Low Plain O Gully O Riverbank O
Ridge O Sand Dune O Flat O Drainageline O Lake Edge O
Firebreak O Other O Specify:
ROCK TYPE: Laterite O Granite O Dolerite O Limestone O Other:
ROCK FORM: Sheet O Boulder 3O Fluviatile Gravel O Concretionary Gravel O
SOIL TYPE: Sand O Loam O Clay O Peat O Gravel O
SOIL COLOUR: Red O Brown O Yellow O White O Grey O
SOIL CONDITION: Moist O Inundated O3 Dry O Saline 3 Other:

VEGETATION CLASSIFICATION (Muir's):

ASSOCIATED SPECIES:

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

REPRODUCTIVE STATE: Clonal 3 Flowerbud@  Flower O Immat. fruit( Fruit@d Old Fruitd  Vegetative O

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

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

POTENTIAL THREATS: Firebreaks O Mining O Recreation O Roadworks O  Grazing O Weeds O
Salinity O Disease O Prescribed Burning O Other O Comment:

FIRE HISTORY: Not known O3 Burntin19 Summer 3O Autumn O Winter O Spring O

FENCING: Not Required O Fenced O Required O Replace/Repair O

ROADSIDE MARKERS: Not Required O Present OJ Required O Replace O Reposition O

OTHER COMMENTS (include action taken/required):

VOUCHER SPECIMEN: Regional Herb. O  District Herb. O WA Herb. O Other O
ATTACHED: Map O Mudmap O Ilustration O Photo O Field Notes O
COPY SENT TO: Regional Office O District Office O Other O Specify:

Signed: Date: / /200

NOTE: Map or further information may be attached or given on the back of this form.
Please return completed form to Director General, DEC, Locked Bag 104, BENTLEY DELIVERY CENTRE WA 6983
RECORDS: PLEASE FORWARD TO ADMINISTRATIVE OFFICER, FLORA, SPECIES AND COMMUNITIES BRANCH



THREATENED FLORA IN W.A.
TRAINING NOTES
Prepared by Dr K Atkins
Species and Communities Branch
Department of Environment and Conservation
Locked Bag 104
BENTLEY DELIVERY CENTRE WA 6983

21 December 2006

Western Australian Flora

Western Australia has a rich flora, with some 12,500 vascular plant species, about 10,000
of which are formally named. This is about half of the total Australian flora. Some areas
are particularly rich, for example, over 800 species are known from the Lesueur area near
Jurien Bay, over 1,200 from the Stirling Range National Park, and about 1,400 species
from the Fitzgerald River National Park. These three areas are the most species rich, and
represent over a quarter of the flora of Western Australia.

On an international scale, by comparison the flora of Western Australia is ten times the
total British vascular flora of 1200, and represents some 4.8% of the estimated world
vascular flora of 250,000 species.

The Western Australian flora is also unique, with the majority of species being endemic,
that is, found nowhere else in the world. 79% of the 6,000 species in the south-west, for
example, are endemic to Western Australia.

Part of the reason for the high level of species diversity and uniqueness, especially in the
south west agricultural region, is because this landform is extremely old, and has largely
weathered in-situ. This has meant that the soils and habitats in the region tend to be a
mosaic, and the flora in them have evolved in isolation over a very long time period. The
result is a complex series of different evolutionary paths across the landscape.

Threatened Flora

Western Australia also has a large number of plant species that are threatened, or
potentially threatened, with becoming extinct. A third of Australia’s total of threatened
plant species are from Western Australia, while the proportion rises to 46% if rare and
poorly known species are included.

There are many reasons for the occurrence of threatened flora. These may relate to natural
or evolutionary factors, or to artificial influences resulting from human activity.

Species that are very rare may be threatened as a consequence of their low numbers, that
is, they may become extinct through the chance loss of some individuals. Species may be
naturally rare because they are dependant on specific, limited habitats, or because they are
part of an evolutionary process: either newly evolving species (it is estimated that 40% of
W.A''s flora has evolved from hybridisation), or species that are naturally declining
through changed environmental conditions (e.g. relict Gondwanan flora).
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The clearing or degrading of bushland is a major threatening process - referred to as
habitat loss. Not only does this threaten existing populations, but it also limits the
opportunities for the establishment or expansion of populations. Degradation processes
include grazing, fertilizer and herbicide drift, weed competition, inappropriate fire regimes
and the introduction of pests and diseases. One of the most significant threats to species
and habitats is Phytophthora dieback.

Given the great species and habitat diversity of the southwest agricultural region, it is not
surprising to find that many of the threatened species in this State are from this region.
This can be seen from the table of comparison of threatened, poorly known and rare
species between DEC regions (Attachment 1), whereby the Midwest, Wheatbelt and South
Coast Regions account for nearly three quarters of the species. The State map of the
distribution of the threatened flora (Attachment 2) shows that the concentration of
populations is in the agricultural regions of the wheatbelt and the western coastal plain -
both extensively cleared landscapes.

Roadside Vegetation

Uncleared roadverges represent tracts across the landscape of the original vegetation. In
areas that have been extensively cleared, as in the wheatbelt, these vegetation strips
represent significant areas of remnant vegetation. More importantly they contain a
random selection of vegetation types, whereas remnants on adjoining lands tend to be
more selective, with specific vegetation types associated with arable soils in particular
being poorly conserved.

Road verges hence have a proportionately higher number of restricted habitats and rare
species of flora. The narrowness of many of these road reserves, coupled with the road
maintenance activities to which they are subjected also means that many of these rare
species are also threatened.

A quarter of threatened flora populations in Western Australia are found on road verges,
with over three quarters of these being along roads managed by local authorities, the
remainder being along main roads. Population sizes along the local authority-managed
roads tend to be several-fold smaller than those found on other land tenures, including
main roads, which demonstrates the difficult task in managing rare flora on these
roadsides, where a large number of small populations are involved.

Declared Rare Flora

Existing legislation uses the term "rare flora". It is necessary to continue to use the term
"declared rare flora" when quoting the legislation until it is changed, but the term is used
for species that are threatened, rather than just rare in numbers. DEC Policy Statement No
9 (Conservation of Threatened Flora in the Wild) lists the policies and strategies for the
management of declared rare flora.

Legislation

Rare flora is defined in subsection 23F(1) of the Wildlife Conservation Act as "flora for
the time being declared to be rare flora for the purposes of this section." Further
clarification is provided in subsection 23F(2):

"Where the Minister is of opinion that any class or description of protected flora is
likely to become extinct or is rare or otherwise in need of special protection, he
may, by notice published in the Government Gazette declare that class or
description of flora to be rare flora for the purposes of this section throughout the
State".
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The Schedule of Declared Rare Flora

The Schedule (list) of Declared Rare Flora is reviewed annually.

Plants which are protected flora declared under the Wildlife Conservation Act may be
recommended for gazettal as declared rare flora if they satisfy the following criteria:

i)

ii)

The taxon (species, subspecies, variety) is well-defined, readily identified and
represented by a voucher specimen in a State or National Herbarium. It need not
necessarily be formally described under conventions in the International Code of
Botanical Nomenclature, but such a description is preferred and should be
undertaken as soon as possible after listing on the schedule.

Have been searched for thoroughly in the wild by competent botanists during the
past five years in most likely habitats, according to guidelines approved by the
Director General of DEC.

Searches have established that the plant in the wild is either:

a) rare;
or

b) in danger of extinction (including presumed extinct);
or

C) deemed to be threatened and in need of special protection.
(Plants which occur on land reserved for nature conservation may be
considered less in need of special protection than those on land designated
for other purposes).
or

d) presumed extinct.

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 taxon group;

b) they must be [capable of being] self perpetuating, that is, not reliant on the
parent stock for replacement; and

C) they are the product of a natural event, that is, both parents are naturally
occurring and cross fertilisation was by natural means.

That status of a rare plant in cultivation has no bearing on this matter. The legislation
refers only to the status of plants in the wild.

Plants may also be deleted from the schedule of declared rare flora.

There are currently 378 extant, plus 14 presumed extinct, taxa of declared rare flora as
listed in the 2006 schedule. Taxa are managed at infraspecific levels, ie at subspecies or
variety level.
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"Taking" Declared Rare Flora

In the Wildlife Conservation Act (subsection 6(1)) the following definition is given:

""'to take™ in relation to any flora includes to gather, pluck, cut, pull up, destroy,
dig up, remove or injure the flora or to cause or permit the same to be done by any
means;"

Thus, taking declared rare flora would include not only direct injury or destruction by
human hand or machine but such activities as allowing stock to graze on the flora,
introducing pathogens that attack it, altering soil moisture or its inundation regime,
allowing air pollutants to harm foliage etc.

In the case of declared rare plants which need fire or disturbance for regeneration, burning
or disturbance at an appropriate time may not adversely affect the survival of the
population. However, if existing plants would be injured, it constitutes "taking™ under the
Act. Therefore, Ministerial approval is required prior to causing a disturbance which
affects any species of rare flora.

The Department of Environment and Conservation has statutory responsibilities for rare
flora conservation. This is a major commitment because:

) Western Australia has a flora that is exceptionally rich in localised and rare
endemic plant species. Moreover, areas where rare species are concentrated
coincide predominantly with the wheatbelt and other areas where there has been
extensive clearing or modification of the native flora.

i) Section 23F of the Wildlife Conservation Act prohibits the taking (injury or
destruction) of declared rare flora by any person on any land throughout the State
without the consent in writing of the Minister. A breach of this provision may lead
to a fine of up to $10,000. The flora provision of the Act are binding on the
Crown.

i) The Act prescribes that declared rare flora be protected on all categories of land
throughout the State.

Priority Flora

In addition to the schedule of DRF, DEC maintains a supplementary listing referred to as
the Priority Flora List. This lists those flora which may be rare or threatened but for which
there is insufficient survey data available to accurately determine their true status, and
those taxa which have been determined as being rare, but are currently not threatened.
2,234 taxa were listed as priority flora in December 2006.

The Priority Flora are ordered according to the perceived urgency for further survey.

The Priority List assigns top priority for survey to those plants whose known populations
are few and on land under threat (Priority 1). Second are taxa with few populations
known, and which occur on lands considered secure for conservation (eg. nature reserves,
national parks, water reserves - Priority 2). Priority 3 taxa have several known
populations, some of which occur on secure conservation lands, or the taxa is deemed to
be not under immediate threat. And lastly, taxa that have been adequately surveyed and
found to be secure but require monitoring to check that their conservation status doesn't
change are assigned Priority 4. Full definitions are provided in Attachment 3.

Priority Flora do not have the same level of protection as Declared Rare Flora, but should

be managed in a similar manner until their status has been confirmed as being not rare or
threatened.
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The Need to Conserve Rare Flora

Western Australia’s rare flora needs to be conserved for many reasons under the broad
headings of ultruism, aesthetics and economics.

Altruistically we should conserve all species of flora because they are discrete entities and
deserve to persist. Such an argument, however, depends solely on the beliefs of the
individual.

From an aesthetical point of view, species conservation means that the public is able to
keep seeing the species, and enjoying the sight in itself, and the total landscape effect.
Again beauty is in the eye of the beholder.

In an economical sense, rare flora represent a largely untouched resource with unknown
potential. The value of most of our species of rare flora (and more common species) for
drugs and medicines, foods, genetic additives, horticultural species etc is unknown. This
resource should therefore be maintained for its future potential.

Species abundance changes through time. Rare species may either be declining towards
extinction, or they may be in early developmental stages and could eventually become
relatively common as climatic changes occur. Thus the rare flora of today may be
essential elements of future vegetation structures.

Such vegetation - climatic changes normally occur over extended periods, measured in
geological time. With current unnatural global climatic changes being predicted, however,
such vegetation changes will need to occur at a rate faster than can be naturally
accommodated by speciation. Thus there will be a selection pressure on existing species
to maintain vegetation compositions. Rare species will have as much chance of being able
to persist under new climatic regimes as more common species. It is therefore imperative
in areas of remnant vegetation such as in the wheatbelt, and along isolated road reserves,
that options for future vegetation development be maintained by retaining the current
diversity of species.

Wildlife Management Programs

DEC's Policy Statement No 44 deals with Wildlife Management Programs. Such
Programs are prepared for the management of individual species or groups of species. For
threatened flora management, two types of Wildlife Management Programs have been
prepared:

DEC Region or District summary status programs which document the current
population status of the species in an area, and recommend management and
research actions. These have been prepared for all Regions and Districts in the
South West Land Division; and

Species Recovery Plans (and Interim Wildlife Management Guidelines or Interim
Recovery Plans) which document the current knowledge for a species and provide
detailed strategies for the management or recovery of the species. Full Recovery
Plans have also been prepared for selected taxa, ie Acacia anomala, Banksia
cuneata, Eucalyptus rhodantha and Stylidium coroniforme.
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Threatened flora are ranked into the categories Critically Endangered, Endangered and
Vulnerable (refer to DEC’s Policy Statement No 50 - Setting Priorities for the
Conservation of Western Australia’s Threatened Flora and Fauna), depending on the
degree of threat to the taxon, and hence the urgency for management action. Interim
Recovery Plans are prepared within one year of ranking for all taxa listed as Critically
Endangered.

Management Strategies

Many remnants are on lands set aside for purposes other than flora conservation. Flora
conservation can thus be a potential inhibition to the normal operation of that land,
whether it be a road reserve, farmland, urban area or other land purpose. Good planning
and land management can however achieve flora conservation without inhibiting the other
uses, and at the same time provide soil conservation, aesthetics and other valuable
benefits. Current Main Roads practices are a good example of this.

Rare flora management on road verges presents some specific problems. These problems
are related to the purpose to which these reserves are set aside, and to the constraints
presented by their size and shape. Such management constraints are also found with many
other vegetation remnants.

The shape and size of many remnants results in an insidious, but equally threatening,
impact on the flora as does inappropriate landuse practices. Weeds, fertilizer, herbicides,
feral animals and fire are some of the major influences on remnants, over which the land
manager may have limited control.

Again the use of appropriate procedures to deal with incursions or reduce the incidence of
incursions from adjoining lands will reduce their impact.

Weeds and feral animals are perhaps the more difficult management problems in terms of
preventing incursions and treating areas after colonization has occurred. Methods are
being developed for managing these problems, but there is still a long way to go in
developing management techniques that are sensitive to the environment that is being
protected.

Some management notes are:

Grazing - fence areas off.

Fire - ensure fire frequency and seasonality is ecologically based, that is, is not too
frequent to promote exotic weeds, and allows the native plants to set seed
etc. Areas of native bush do not need to be regularly 'cleaned up'.

Rabbits - use of explosives to destroy warrens without damaging the vegetation.

Weeds - minimise disturbance (including fire) and fertilizer drift to reduce weed
growth. Use of selective herbicides that do not affect the native flora.
Careful use of sprays when treating encroaching weeds such that the native
vegetation and rare flora is not affected.

Accidental destruction - mark areas, especially where works are undertaken, e.g.
roadsides or firebreaks. Rationalise, and block off, access tracks.

Exposure - maintain a healthy area of bush, especially around the rare flora, to
provide protection and ensure a continuation of the remnant.

Fungal pathogens (dieback) - restrict access, promote hygiene.
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One specific aspect of threatened flora conservation and recovery is the collection and
storage of propagating material, the propagation of such material, and the establishment of
new populations in the wild, or enhancement of existing populations. This is addressed in
DEC's Policy Statement No 29 - Translocation Threatened Flora and Fauna. DEC
collaborates with Botanic Gardens and Parks Authority in this area. Research is being
undertaken into storage techniques (including cryostorage), and methods of propagating
some of the species.

Management strategies being undertaken by DEC also include the searching for,
documentation and monitoring of rare flora populations; the maintenance of a rare flora
database; land acquisition; and research into the biology, ecology and management of rare
flora.

Confidentiality

The precise location of rare flora populations is kept confidential. This is designed to
protect the plants from illicit taking, and from damage either to the plants or the habitat by
people wishing to view them. Rare flora locations on private property especially are
treated confidentially to safeguard the rights of the property owner who might otherwise
be subject to enquires from interested individuals.

Locations of rare flora are provided where this is deemed to be in the better interests of the
plants. Thus, for example, land owners/managers, mining tenements holders, local
authorities etc. are informed of rare flora populations on, or adjacent, to their operations.
Requests for rare flora locality data should be directed to DEC so that the reason can be
vetted, and a record kept of such requests.
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POPULATION MONITORING

Rare Flora Report Forms

DEC has a standard report form (RFRF) used to record flora population details
(Attachment 4). This form is in four main sections: location, habitat, biology and
management/administration. The standard form is used to facilitate the computerisation of
the data, and also allows the observer to omit re-recording data previously gathered.

Certain information in the form is regarded as essential to be filled in, while other
information may be omitted if the observer does not have the time, or if the information
has been previously recorded and no change is evident. For example, information that
may be omitted includes site and habitat details where previously recorded. Essential
information includes location details (for identifying the population being monitored), the
condition of the population and any threats observed. Population size counts should also
be included, but if time does not allow this, then a report on only the condition and threats
is preferable to no report at all.

Information from the RFRF's is entered into DEC's threatened flora database. This
database can then be used for determining what threatened flora populations occur in an
area, whether it be a grid square, a shire or a DEC District. Data manipulations based on
location, habitat, biology or management considerations can also be undertaken for
research or management purposes.

What Constitutes a Population?

A population is a discrete group of interbreeding individuals of a species. In the current
situation of fragmented vegetation remnants, it is difficult to say what groups of
individuals were once interconnected as a population, and which were not.

For the purpose of rare flora management and monitoring, populations are defined as
management units of closely associated plants. It is largely up to the observer whether
another group of plants nearby are also in the population, are a subpopulation, or are a
separate population.

Each population or subpopulation should have a separate RFRF filled in. It should thus be
considered when deciding on populations whether it is warranted filling in a separate
form, and whether the populations would be distinguishable on a larger scale plan, or in
the database by their latitudes and longitudes.

Where populations extend over different land purposes they are divided into
subpopulations to allow interpretation of rare flora data on a landuse basis. For example, a
single population extending from a road reserve into adjacent private property or a
national park will be separated into subpopulations to record the occurrence on these
different land management areas, and hence this will provide a clearer picture of the
conservation status of this population.

Methods of Counting Plants

Where few plants are present, the individuals should be counted. As the number of plants
increases, the ease of counting depends on the size/distinctiveness of the plants, the nature
of the terrain, and the density of the associated vegetation. Once all individuals cannot be
counted, an estimate needs to be taken.
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Estimates can be done by several means, but the most reliable is to delineate the area
covered by the population (in m2) and then record the plant density. The product of these
will then give the estimate of population size. Plant density can be calculated by
traversing the population and estimating the number of plants per unit area, or by counting
the number of plants in a selection of set areas and then multiplying the average of these to
give the total population estimate.

Population Location

Locations should be described in relation to known features, such as towns, roads, named
hills, named lakes etc. (e.g. 3.5km SW of Moora, and 250m east along Smith Road from
the intersection with Brown Road). Vehicle trip meters should be used to calculate
distances from these features where roads exist. Estimates should be as accurate as
possible, and preferrably have the site referenced to a local marker to assist rediscovery
(e.g. near the corner fence post, or adjacent to rock outcrop). Where a population is found
along a road, the individuals or clumps may be recorded as trip meter readings from a
given point (e.g. a road intersection) and appended to the report form.

Population location information needs to be detailed enough to not only allow relocation,
but to permit the determination of land ownership or vesting. This is essential for
management purposes, as the land manager needs to be informed of the presence of rare
flora if it is to be protected and managed.

Populations should be marked on maps, and the latitude and longitude (map grid
reference) calculated. Latitudes are found on the sides of the map, and give the values
south of the equator. Longitudes are found on the top and bottom of the map, and give the
values east of the Greenwich mean line. On some maps Australian Map Grid (AMG)
references may be given. These are similar to latitude and longitude, but are measured in
metres, rather than degrees. While latitude and longitude are preferred, if they are not
available, AMG may be used.

The grid reference is determined by measuring out horizontally to the side of the map to
get the latitude, and then measuring vertically to get the longitude. The exact value is
estimated by subdividing the distance between the given values. Each degree is made up
of 60 minutes (), and each minute is made up of 60 seconds (**). Thus, Perth for example,
is at the coordinants 31° 57' 00", 1150 52' 00".

Access to Private Property and Other Lands

The owners or managers of private property and other lands have the right to control
access to their property and to know who and why people are entering their property.
DEC staff should take these rights very seriously and ensure that landowners, leaseholders
or managers either know of the intention to access the area, or have previously agreed to
an entry procedure.

Where volunteers require access to other lands, DEC will arrange for that access, and the
protocol for any future access requirements. Where practicable, the land occupier should
still be contacted before enterring as a matter of courtesy. In some situations this may not
be possible, e.g. absentee landowners, or where the population is remote from the house.

When operating on other lands, normal protocol should be observed, i.e. gates should be

left as found, stock should not be scared, rubbish should not be left, produce (e.g. mallee
roots or mushrooms) should not be removed.
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Definitions

Flora - any plant which is native to the State (or which is declared by the Minister
to be flora under the Wildlife Conservation Act), including any part of the
plant and all seeds and spores.

Protected Flora - flora declared under the act to be protected flora for the purposes
of the Act, and currently includes all flowering plants, conifers and cycads
(Spermatophyta), ferns and fern allies (Pteridophyta), mosses and
liverworts (Bryophyta), and fungi, algae and lichens (Thallophyta).

Taxa (singular taxon) - a level of classification. In the current context it refers to
the lower level of specificity for which a plant species has been subdivided
to, either species, subspecies or variety.

Vascular Plants - plants with a developed fluid conducting system (higher plants),
i.e. flowering plants, cone bearing plants and ferns.

Non-vascular Plants - plants without a specialised fluid conducting system (lower
plants), i.e. mosses, fungi and algae.

Presumed extinct - not collected or otherwise verified in the wild over the past 50
years despite thorough searching, or whose only known populations have
been destroyed more recently.

Endangered - in serious risk of disappearing from the wild within one or two
decades if present landuse and other causal factors continue to operate.

Vulnerable - not presently endangered but at risk over a longer period through
continued depletion, or which largely occur on sites likely to experience
changes in landuse which would threaten the survival of the species in the
wild.

Threatened - presumed extinct, endangered or vulnerable.
Rare - used where the species is rare but not considered threatened. May be
represented by a relatively large population in a very restricted area, or by

smaller populations spread over a wider range. 2000 plants may be used as
a guide to rarity, but this is dependant on the biology of the species.

Version 3, 21 December 2006



Page 11 of 14

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 3 4
Kimberley 4 0 51 43 35 5 138
Pilbara 2 0 41 34 55 7 139
Goldfields 15 0 90 41 65 20 231
Midwest 114 1 194 171 | 239 74 793
Swan 58 0 42 54 84 77 315
South West 46 1 23 33 66 49 218
Warren 21 0 15 47 51 37 171
Wheatbelt 116 4 120 140 | 178 85 643
South Coast 93 5 112 196 | 188 |141 735
Unknown 3 2 - - - 5
STATE* 378 14 615 634 | 654 |331 2626

* species may occur in more than one DEC Region.

K. Atkins Threatened Flora in Western Australia 2007
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ATTACHMENT 2

Declared Rare Flora within
Department of Conservation and Land Management Regional Boundaries
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ATTACHMENT 3

PRIORITY FLORA CONSERVATION CODE DEFINITIONS

1:  Priority One - Poorly known Taxa

Taxa which are known from one or a few (generally <5) populations 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.

2:  Priority Two - Poorly Known Taxa

Taxa which are known from one or a few (generally <5) populations, 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.

3:  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 of known populations (generally >5), or known populations
being large, and either widespread or protected. Such taxa are under
consideration for declaration as 'rare flora' but are in need of further survey.

4:  Priority Four - Rare Taxa

Taxa which are considered to have been adequately surveyed and which,
whilst being rare (in Australia), are not currently threatened by any
identifiable factors. These taxa require monitoring every 5-10 years.
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ATTACHMENT 4

RARE FLORA REPORT FORM

TAXON: DEFL POPULATION No.:
DRF 3O Priority Species: P__ Partial Survey O Full Survey O New Population O
FROM: TITLE: SURVEY DATE: / /
REGION: DISTRICT: SHIRE:
LOCATION:
Reserve No:
LATITUDE: ° ' "S LONGITUDE: ° ' "E Map Used:
GPS DATUM: AGD84 13 GDA9%4 O GDA94-Compatible (e.g. WGS84) O Unknown O None O
LAND STATUS: Nature Reserve O Private O Gravel Res. MRD O Rail Reserve O
National Park O Pastoral Lease O Gravel Res. Shire O Rd. Verge Shire O
State Forest O ucL O Other Shire Res. O Rd. Verge MRD O3
Water Reserve O Other O Specify: SLK to
Landowner/manager present during inspection: OJ
LANDFORM: Hilltop O Cliff O Slope 3O Valley O Swamp O
Outcrop 3O Breakaway O Low Plain O Gully 3O Riverbank O
Ridge O Sand Dune O Flat 3 Drainageline O Lake Edge O
Firebreak O Other O Specify:
ROCK TYPE: Laterite O Granite O Dolerite O3 Limestone O Other:
ROCK FORM: Sheet O Boulder O Fluviatile Gravel O Concretionary Gravel O
SOIL TYPE: Sand O Loam O Clay O Peat O Gravel O
SOIL COLOUR: Red O Brown O Yellow O White O Grey O
SOIL CONDITION: Moist O Inundated O Dry O Saline O Other:

VEGETATION CLASSIFICATION (Muir's):
ASSOCIATED SPECIES:

No. of PLANTS:  Mature: Seedlings: Dead: Actual O Estimate O Area Occupied:
(Leave blank if unable to observe, or no attempt made to count plants)
REPRODUCTIVE STATE: Clonal 3 Flowerbud@  Flower O Immat. fruit3 Fruitd OldFruitd  Vegetative O

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

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

POTENTIAL THREATS: Firebreaks O Mining O Recreation O Roadworks O Grazing O Weeds O
Salinity O Disease O Prescribed Burning O Other 3 Comment;

FIRE HISTORY: Not known O Burntin19 Summer 3 Autumn O3 Winter O Spring O

FENCING: Not Required O Fenced O Required O Replace/Repair O

ROADSIDE MARKERS: Not Required O Present O Required O Replace O Reposition O

OTHER COMMENTS (include action taken/required):

VOUCHER SPECIMEN: Regional Herb. O  District Herb. O WA Herb. O Other O
ATTACHED: Map O Mudmap 3O Ilustration 3 Photo O Field Notes O
COPY SENT TO: Regional Office O District Office O Other O Specify:

Signed: Date: / /200

NOTE: Map or further information may be attached or given on the back of this form.
Please return completed form to Director General, DEC, Locked Bag 104, BENTLEY DELIVERY CENTRE WA 6983
RECORDS: PLEASE FORWARD TO ADMINISTRATIVE OFFICER, FLORA, SPECIES AND COMMUNITIES BRANCH
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Information Notes for the Land for Wildlife Scheme in Western Australia

Seed collection from native plants

Keywords: seed, selection, picking, seed types, storage, wildflowers.
Location: South-west WA
Authors: Keith Bradby & Vicky Morris

Each picking situation presents its own challenges.
Once you have learnt the basic principles, you then have to
start using your own ingenuity. Be observant and
adaptable, as virtually every plant will require some
modification to the general technique of collection. A
good guiding principle to seed collection is firstly to
obtain the correct license for picking, and secondly to
ensure that your actions will not harm the plant from
which you are taking the seed, and that the seed you
harvest will be usable for your purposes.

SEED SELECTION

You first need to identify the species of flora that you
require seed from. This may be through literature or
matching up soil types. You then must locate a suitable
population of the plant species you are after. This
will need to have sufficient seed for your purposes, and be
in an area that you can legally pick from. Ideally, collection
should be from a decent-sized area of bush if possible with
no roadside collection.

The seed needs to be checked for ripeness and for the
level of insect attack. For ripeness, cut a fruit capsule or
pod open and check the seed for “firmness', much as you
would a grain crop. The level of insect attack will vary, but
in many areas where there are few small birds, it is not unusual
for most seed to be full of small grubs. This can make it
impossible to collect large quantities of viable seed. It
maybe worthwhile to note that the most accessible seed is not
necessarily the best.

To preserve a broad genetic base in your future
plantings, it is important that you get your seed from more
than one plant, and pick from as many as possible. It is
also important to bear in mind the end purpose of the seed. If
it is to rehabilitate a salty area, pick your seed from
those plants that are closest to the salt, as they may carry
increased salt tolerance. If it is for a garden, some of the
plants you are picking from may have a special feature

such as a more attractive "weeping" habit than others, or
unusual flower colours. Keep in mind that approximately
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80% of the resulting plants will take after the seed-bearing
plant rather than the pollen-producing plant, especially if
collecting from gardens.

If your purpose is to rehabilitate an area of local
bushland, remember that in Western Australia the regional
variation within plant species can be considerable, so it is
important to pick your seed from similar habitat as close as
possible to the area you are intending to replant.

EQUIPMENT

Depending on the nature of the plant you are collecting seed
from and the type of collection method you intend to use,
there are a few basic tools which will be necessary. A
first-aid kit is a must with any activity in case of
emergency (for example, some people are allergic to
certain types of plants; some plants are very prickly and
could cause injury). A container to transport the collected
seed will be required, as well as some form of labeling the
species collected and the date and area of collection (many
species produce similar looking seed). Eye protection, a
sieve, a pair of secateurs or pruning saw and perhaps a
ladder may be useful when collecting seed-bearing stems.
The best results are obtained when the equipment for
collection is kept scrupulously clean and serviced, which
also helps prevent spreading any infections from one seed
source to another. Blunt and dirty secateurs will be more
likely to cut you than the plant!
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Wildlife Notes 4

PICKING

Fruit types

The seed “container' in the bush has a variety of
forms, ranging from large woody fruits (eg. Hakeas,
Banksias), smaller 'nuts'(eg. Eucalyptus, sheoak), pods
(eg. wattles), or tiny swollen ovaries (eg. Calytrix) at the
base of shrivelled flower parts.

Successful seed picking generally tries to mimic the
natural mechanisms used by the plant to release the seeds
from their containers, with the seed ending up where we
want it, not where the plant would otherwise spread it.

Based on how they release their seed, most plants fit into
one of three main groups:

1. Fire openers - these store the seed for various periods
(often several years), only releasing it after the plant is
burnt in a bush fire, eg. most Banksias, Xylomelum
spp, and some Hakeas.

2. Drying openers - these can hold the ripe seed for
extended periods, but eventually the fruit dries out
and the seed falls, eg. Eucalyptus spp, Melaleuca spp.

3. Once-a-season producers - these drop their seed (or
sometimes throw it!) once the seed has ripened after
flowering, eg. Anigozanthus (Kangaroo Paws),
Acacias, Kennedias.

1. FIRE OPENERS

Winged Seed

Banksia attenuata
Slender Banksia

The most obvious of these is the Banksias, which
have a woody cone with numerous follicles (the woody seed-
containing “eyes') which, when cracked by heat, open to
release two winged seeds and a central woody separator.
The seeds are ripe about twelve months after flowering -
look for fruits where the follicles are hard and brown.

Seed Collection from Native Plants

The easiest way of collecting the seed from fire
openers is to follow a fire, picking the fruits (cones) as
soon as possible after the fire has passed. This method
is not generally recommended for the average casual
picker as hazards in the form of ash beds do occur! It
is generally best to get the seed within 24 to 48 hours,
depending on weather conditions. (It will drop faster in
higher temperatures). Care should be taken, however,
to ensure sufficient fruit are retained on the plants for
regeneration after the fire. It is recommended that only 1
in 10 fruit are harvested after fire.

Banksia fruit can also be piled into a heap (1-2 bags
per heap) and soaked with approximately 3-5 litres of
mixed kerosene and sump oil and set alight to create the
heat required to open the follicles. When alight the heap
should be turned with a rake. It must be noted, however,
that temperatures over 60 degrees Celsius are destructive
to seed, so as soon as you notice the follicles start to
open remove the cones from the heat.

The aim is to evenly subject each nut to intense
flash heat. Have a hose handy to thoroughly wet the
nuts after the follicles have cracked. And be careful,
singed eyebrows regrow reasonably fast, but singed skin
is painful and the scars can be permanent!

Whether collected burnt, or burnt after collection,
only a certain amount of seed falls out straight away.
The fruits generally require a period of successive
wetting and drying before they drop all their seed.

As long as the weather is not too cold or wet (ie. for more
than two days), the best method is to place the fruits
outside on a well drained surface which will hold the seed.
Most seed should be out within 3-4 weeks - the rest probably
isn't worth bothering about. Possibly the best surface for
drying on is shade cloth as it lets the moisture, dust, and
ash, but not the seeds, through.

During wet periods the nuts could be spread in the
warmest part of your shed, and shifted out into the rain for a
day every few weeks.

It is also possible to remove seed in a microwave
oven, but it is easy to “cook' and so kill them, therefore this
method is not recommended.

Other bushes burnt to collect the seed include
Dryandras, Petrophiles and Isopogons. Fruiting heads
can be laid on the ground and given a thin spray of
petrol. The leaves often provide much of the heat once they
are started, and you need to wet them down before the fire
affects the seed.
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Seed Collection from Native Plants

2. DRYING OPENERS

The main types of these are the smaller woody fruits
that open from central valves to release a much finer seed,
such as Eucalyptus spp, Allocasuarina spp and
Melaleuca spp, and the woody fruits which split to
release two seeds, such as Hakeas.

They generally ripen about 12 months after
flowering, although some species can take 2 - 3 years to
mature, such as Callistemon phoeniceus, which may
contain several years' seeds along their stems. The fruit
hardens, generally loses its green colour, and the valves,
or join, becomes clearly defined. The seed can be checked for
dryness and good colour by cutting through the "nut".

Eucalyptus preissiana
Bell-fruited mallee

To release seed, place stems and branchlets holding ripe
fruit on a tarpaulin in a warm dry place. If drying the fruit
outside, the use of fine weed mesh is good insurance
because if it rains, the moisture will drain away. The seed will
drop within 3-4 days in summer, longer in cooler weather.
Ensure that strong winds cannot blow away the released
seed. Note that no heat treatment is required for this
group, which also includes Kunzeas, Grevilleas and
Hardenbergias.

Remember to leave at least two thirds of the fruits on
each plant for natural regeneration.

Melaleuca brevifolia
Dwarf salt honey-myrtle
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Seed Collection from Native Plants

3. ONCE-A-SEASON PRODUCERS

These are often the very hardest to collect seed
from. Most of these plants makeup the spring profusion of
flower and drop their seed between the middle of October
and the middle or end of January. Although there are many,
many different types of fruit and seed release mechanisms
involved, which you can never completely work out,
the basic principles are reasonably simple.

You generally have to try to assess when the seed will
be ripe. This requires regular checks on the ripening
progress. It's a skill you will only get better at with
experience.

Generally cool weather means seed will ripen
slowly, but beware of those few hot days toward the end of
December and the New Year, particularly if it's also
windy.

The seed can go from green, to pickable, to lying
on the ground faster than you thought possible, and
generally all the species you are trying to pick will choose
the same hot spell to ripen.

Kennedia prostrata
Running postman

Even under reasonable conditions, patches of a
species will often ripen unevenly. On the same plant seed
can be ripe, ripening and green. You have to make a
judgment on the best time, but generally ‘later' is
better. Early ripened seed is often unviable. Green seed
should be left on the bush for regeneration of the species
irrespective of the ripeness, some seed should be left on each
plant that is harvested from.

Gahnia trifida
Coast saw-edge or cutting grass




The main picking methods are:

Tarping

Many seeds and pods can be shaken off the bush when
ripe. Spread tarps underneath, and either shake the bush or
hit the pods with a stick or a piece of flexible pipe. A garden
rake is often useful for combing the pods off.
Depending on the species, tarping can generally only be done
after the morning dew has dried off and, with the larger
trees, before a breeze or a wind comes up. This is quite often
difficult to do, as the wind often blows away the seed or the
tarp! A few heavy rocks may help keep the tarp in place.

Binning
Smaller bushes can often be stripped by hand into
large plastic rubbish bins.

Stem cutting

Often wattles and similar plants grow too close to the
ground for tarping. In this case, stems holding ripe seed
need to be cut and laid on a mesh, where the seed can be
threshed off by walloping them with a pitchfork. Note
that only seed bearing stem ends should be cut, and some
leaves left on the plant below the cut to assist regrowth.
No more than a total of 3 0% should be removed from any
one plant. This ensures that sufficient stems with leaves
remain on the plants to enable them to recover.

Some plants, such as Kennedias, ripen very unevenly.
When some pods are ripe the stems can be cut and laid in a
cool place (often under shade cloth) and many of the
remainder will ripen by drawing on the moisture in the
stems. Seeds that “pinch out' are unviable and can
generally be winnowed out.

Stem cutting is often also the most effective way to
collect small fruit. Occasionally, as with kangaroo paws, the
seed pod is collected when it starts to open, but then
“freezes' and won't open to release all the seed. The fruits
need to be dried thoroughly, and then crushed to free the
seed. This can be done by hand, by placing the pods on a
concrete floor and walking over them, or by running them
through a small thresher.

Desperate measures

If you got to your patch too late, then don't despair.
With wattles and other plants with large hard seeds it is
sometimes possible to sweep or shovel the seed off the
ground, so that the dirt and leaf litter can be sieved out.
Small battery-operated vacuum cleaners may prove useful for
this task.

DRYING, CLEANING AND STORING

For much of the year drying can be done outside, and
moisture from any rain or dew helps the fruit “work' the seed
out. Any clean surface will do to dry your seed on. The most
effective is the rolls of woven polythene weed mesh,
which retains the finest seed, but lets any rain or
moisture through (plastic bags are NOT appropriate).

The stems or pods should be spread reasonably thinly on
the mesh or tarpaulins, and turned every few days.
Extreme care should be taken to ensure that the mesh or tarp
is secured down against strong winds, and that sand and dust
will not be blown or walked onto tarps holding fine seeds.
Some pods, such as Kennedias, need shade cloth or fly
wire over them to stop the seed “pinging' everywhere
as the pods explode open.

Even when it is on your tarp there can be a bit of
competition for the seed. Ants are often very appreciative of
your effort in bringing so much seed to a convenient
point for them, and you may need to shift the seed, or
spread an ant deterrent, or spray a surface insecticide
around the tarp. Occasionally some birds will browse
over your pods, but these are rarely a cause for concern,
unless it is a mallee fowl on a tarp of its favourite wattle.

Once the stems or pods have been removed, the
remaining material can be hand sieved, which generally
requires a number of different sized sieves. Light material
can generally be winnowed out (a la peasant grain
cleaning techniques). With a number of species, such as
Banksias and Dryandras, the seed will sink if placed in
water, and much of the other material can be skimmed
from the top of the water.

If the seed is for a local revegetation project using the
direct seeding method it does not need to be very clean,
unless you want to know the weight to use per hectare.
However, be warned that seed mixed with other material soon
becomes bug infested. Producing a perfectly clean seed
sample can be quite laborious, and is only really
necessary if you want to sell the seed, or store it for an
extended period.

Before storing seed, even if only for a short period,
make sure that it is perfectly dry. If possible, spread a thin
layer over a tarp or metal tray and leave in a warm
position for a day or two.

Clean seed will keep for varying lengths of time if
stored properly and regularly checked. Many species will last
quite a few seasons, however some species of Grevillea will
not. Store seed in a rodent-proof, dry, almost airtight container
in a cool, dark and dry place (even your fridge). A small
piece of Shelltox pest strip, renewed every six months or
so, will kill any bugs that may appear.
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If you are selling seed (for which you will need a
license) it needs to be perfectly clean. Some seeds clean
relatively easily, others need machine cleaning or even
picking through by hand. If selling to a seed firm, discuss
this with them, as they can probably arrange the final
cleaning for you.

Cleaning up

Using the simple approaches outlined in this leaflet, it
is possible to collect quite large quantities of seed. In
doing so, you will also collect a much greater amount of stems
or pods. Even after you have taken most of the seed away,
these will still contain seed, and can be quite useful for
regeneration.

If tarping on site, the residue should always be spread
thinly over the site, so that it does not become a fire
hazard. Wherever possible, the residue (and your
screenings) should be spread over the area you are
regenerating, as it will provide useful ground cover, and
organic matter, as well as adding some extra seed.

RULES AND REGULATIONS

by Sarah McEvoy

The laws governing flora conservation are contained in
the Wildlife Conservation Act and its regulations,
which are administered by the Department of Conservation
and Land Management.

Flora native to Western Australia is protected under this
Act, which means that regulations exist regarding the harvest
of that flora. Certain flora that is considered to be threatened
with extinction is declared as rare flora under the Act, and
such flora is given special protection, and may not be
harvested without the permission of the Minister for
the Environment, on any lands.

Protected flora other than declared rare flora may be
harvested for seed as specified below. On Crown land
seed can only be taken where the person taking the seed holds
a license issued by CALM. There are two types of Crown land
licenses which may apply to people wishing to harvest seed.
A Commercial Purposes license is required if the
flora is to be taken for a commercial purpose (which
would include minesite rehabilitation, or any circumstance
where the seed picker obtains any gain, either direct or
indirect, from disposing of the seed). The fee for this license
is $100.00 per annum.

Where the harvesting of seed is for non-commercial
propagation, such as local rehabilitation by a community
group, a Scientific or Other Prescribed Purposes license can
be obtained. The fee for this license is $10.00 per
annum.

Seed Collection from Native Plants

Allocasuarina fraseriana
Common sheoak

Even when a license is held, all pickers must obtain
the permission of the land manager before picking in any
vested Crown land (eg, State Forest, Water Reserves,
etc). Both the Commercial Purposes license and the
Scientific or Other Prescribed Purposes license generally
preclude the taking of flora from the conservation estate - ie,
National Parks and Nature Reserves.

On private land, protected flora can only be taken by the
owner or occupier of the land, or by a person who has the
owner or occupier's consent to take the flora. If the flora
is to be sold, the owner or occupier must hold a
Commercial Producer's or Nurseryman's license. The
fee for this license is $25.00.

Further specific conditions are attached to each license
and are designed to ensure that sustainable harvesting
occurs. For further information about licensing contact
CALM's Wildlife Branch on (08) 9334 0455.
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INTRODUCTION

Tree hollows are essential to provide shelter and breeding
sites formany native animals. Australia-wide, itis estimated
that around 300 species of vertebrates use hollows at some
time and many of these are now endangered, in part because
oftheremoval of hollow-bearing trees. The hollows provide
refuge from the weather and predators, and safe sites for
roosting and breeding. In order to maintain this essential
wildlife habitat, it is important to retain both living and
dead hollow-bearing trees.

HOW DO HOLLOWS FORM¢

Hollows formas trees age. Overtime, the trees are subject
to various natural forces such as fire or storm that cause
injury to the protective bark. While the living, outer sapwood
may remain healthy, wood-rotting fungi and termites gain
access to the heartwood, beginning the decay process. In
Western Australia, fire often contributes to the initial cause
of injury, as well as, by burning decayed wood, enlarging
existing hollows. Wildlife can also renovate hollows using
beaks, teeth or claws.

HOW LONG DO HOLLOWS TAKE TO
FORM?

Only old trees have hollows. Research has shown that
jarrah, wandoo and salmon gum rarely form hollows before
they are 120-150 years of age. A hollow large enough for
a black cockatoo (which requires an entrance hole 25cm
in diameter) will only be found in a tree that is even older
than that.

WHICH TREE SPECIES PRODUCE
HOLLOWS®

Most species of eucalypts produce hollows, if they
live long enough. In the wetter south-west of WA, jarrah,
wandoo and flooded gum produce the best hollows, while
inland wandoo and salmon gum are the most important
hollow-bearing trees in the wheatbelt.

An owlet nightjar dozes in a wandoo hollow

Asthe climate becomes more arid, many eucalypts adopt
a mallee growth form. In this, the long-lived old part of
the plant is the woody lignotuber (mallee root) that forms
at or just below the soil surface. The aerial stems of the
mallee die during fire or severe drought, and are replaced
by shoots from the lignotuber. If damaged, it too can decay
and become hollow, and this may be used by mardos,
other small marsupials or rodents and animals as large as
chuditch and brush-tail possums. Some mallees are rather
vulnerable to termites, and even apparently healthy living
stems can be completely hollow. Though didgeridoos were
nottraditionally made by Aboriginal people in the south-west
of WA, in other parts of Australia an experienced instrument
makerknew which mallee species were likely to have hollow
stems and, by tapping the stem, could determine which one
had been hollowed out sufficiently for use.

DIFFERENT TYPES OF HOLLOWS

Eucalypts often have hollows in living or dead branches
in the crown or high in the main trunk. These sites usually
arise where a branch has been lost, thus exposing heartwood
to decay and sometimes fire. At the base of the trunk a
fire scar may burn in each succeeding fire until there is a
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completely hollow butt. Dead trees or branches can twist
under stress and so longitudinal cracks or fissures form.
Branches or whole trees may fall, leaving hollow logs
lying on the ground.

Animals selecthollows according to their own individual
needs. Factors such as the size and shape of the entrance hole
and the interior cavity, as well as the degree of insulation,
affecthow and when a hollow isused. Rufous treecreepers,
for example, require an entrance hole no larger than Scm,
and it can be quite close to the ground, whereas the regent
parrot (smoker) needs a 16cm hole high up. Therefore, a
range of hollow sizes and shapes is necessary to support a
variety of wildlife.

WHICH ANIMALS USE TREE HOLLOWS?

Inthe south-westof WA, possums, phascogales and bats
are our most important arboreal hollow-using mammals,
though low hollows and hollow logs on the ground are
also used by numbats, chuditch, echidna and numerous
mouse-sized animals. Hollow-butted trees often shelter
kangaroos and wallabies.

Australia-wide, 15% of all the land birds use hollows.
These 114 species include parrots, cockatoos and lorikeets,
ducks, treecreepers, owls, owlet-nightjar, kingfishers,
pardalotes, martins and woodswallows. Most only use the
hollows seasonally while they are rearing their young, but
some, for example owls, also use them as roosting sites.

Many reptiles, especially some skinks and geckos, are
arboreal and may use hollows, but in the south-west of WA
the most obvious reptilian hollow user is the black goanna
which, besides hunting other hollow-dwelling fauna, will
regulate its body temperature while resting by choosing
a warmer or cooler position within the hollow. Carpet
pythons also hibernate in hollows, sometimes up to 10
metres off the ground.

There have been very few studies of the invertebrate use
of tree hollows, but even a cursory inspection will show
that they are used by many different organisms, including
the termites that help create them.

PROBLEMS WITH PESTS

Unfortunately, some introduced species also use hollows
and so compete with native wildlife. Feral honeybees are
the most important of these.

Research is showing thatthe endangered forestred-tailed
black cockatoo and Baudin’s cockatoo are being displaced
from nesting hollows by feral bees. Since these long-lived
birds are very choosy about their nesting site, returning to
the same hollow year after year, this take-over by bees may
mean the end of a pair’s capacity to breed.

CAN ARTIFICIAL HOLLOWS HELP<¢

Where suitable hollows are not present, enterprising
animals can make use of unusual sites — for example pygmy

Tree Hollows and Wildlife

possums have been found nesting in the emptying chute
of a grain silo, and pardalotes in the horizontal pipe which
formed the top bar of a childrens’ swing!

Where hollows are scarce, such as in timber plantations
andrecentrevegetation, artificial hollows such as nest boxes
may be used to encourage hollow-using fauna to use the
area. Design features such as the nest box dimensions, the
material used and the location of the box will influence the
species that will use them. (For detail, see Wildlife Note
No. 3 “Nest boxes for Wildlife”.)

Nest boxes are not a substitute for natural hollows. They
are most often used by common species such as twenty-eight
parrots or wood ducks, or appropriated by pests such as feral
honeybees. Nevertheless, designed and placed with care,
they can be a useful tool to help threatened hollow users;
as the large boxes being installed as part of the Carnaby’s
cockatoo recovery programme are demonstrating. A nest
box placed where it can be observed from the verandah can
also provide a lot of interest for the householder.

WHAT CAN YOU DO¢

Natural tree hollows are essential for the survival of
many wildlife species but, as mentioned before, they only
form in very old trees. Therefore, managing your land so
as to protect existing hollow-bearing trees within remnants,
or even individual paddock trees if they contain hollows,
is an important management goal. Hollow trees near
watercourses and wetlands are especially important for
ducks. When doing any revegetation, include local native
trees that produce hollows - even though those hollows
will not begin to be useful until your grandchildrens’ time!
If preparing an area for revegetation, leave hollow logs to
retain this essential habitat for ground-dwelling animals.
Finally, if there are very few natural hollows, consider
installing nest boxes.
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INTRODUCTION

In many parts of the south-west of Western Australia,
past clearing practices have left trees isolated singly or
in small clumps within paddocks. These ‘paddock trees’
perform a number of ecosystem services that contribute to
sustainable natural resource management.

Farmland with paddock trees is often termed ‘parkland
cleared’, as this type of treed
landscape was deliberately
created in gentleman’s parks
in Europe, and for many
people it represents the most
aesthetically appealing type
of farmland. This landscape
beauty is important for
personal well-being and it
also helpsto define the overall
character of an area, giving a
distinctive ‘sense of place’.

Of course, trees retained
within natural vegetation
is the ideal situation for
wildlife habitat but this is
not possible across all parts
of a landscape that has been
extensively developed for agricultural purposes. In some
areas, especially in the south-west’s wool belt, paddock trees
perform an important role in wildlife conservation.

WHY ARE PADDOCK TREES VALUABLE
FOR WILDLIFE CONSERVATION®¢

Paddock trees are often old — they may be the only old
trees remaining in an area - and have holes and hollows,
perching, roosting and nesting sites, that are very valuable
for a number of species, particularly birds.

Many native birds depend on them for feeding, breeding
and roosting - the endangered Muir’s corella, found around
Lakes Muir and Unicup in the wetter south-west, depends
almost entirely on scattered paddock and roadside trees,
while in the wheatbelt, Carnaby’s cockatoo relies heavily

Sheep enjoy the shade.

upon salmon gums in bush remnants amidst farmland and
on road and rail reserves.

Because of the extra nutrients contributed by the
farming operation, the trees may have especially nutritious
foliage, or flower very heavily. Thus they can provide large
resources for native fauna, either directly or because the
birds eat the insects supported by the trees. Research has
shown that a single marri
or jarrah tree may support
up to 440 different species
of invertebrates! Marri
is very important in this
respect, as marri flowers
in summer, when little else
is in bloom, and provides
a vital carry-over resource
fornectar-eating birds such
as honeyeaters.

As well as being
important refuges and
breeding sites in their
own right, paddock trees
| may also provide stepping
stones for other, bush-
dependant fauna to move
between isolated bush patches that would be too small to
sustain them on their own year-round. Maintaining this
landscape connectivity is vital to the survival of many
animals.

HOW VALUABLE ARE PADDOCK TREES
TO LANDHOLDERS?

Paddock trees, together or in small groups, can be valuable
to a stock operation as they provide shade and shelter
from inclement weather, thus reducing stress. Beneath the
trees there is a more stable microclimate so that the soil is
relatively cooler in summer and warmer in winter. Groups
of trees cut the wind, so that the windchill factor is always
less in shelter. In summer, even a single tree may provide
much needed shade.

T e I il i
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These factors combine so that stock in paddocks with
shelter do not need to use as much energy to regulate their
body temperature, thus they use feed more efficiently for
growth. Sheltered off-shears wethers require only about
one third of the amount of supplementary feed to maintain
bodyweight compared to those that are unsheltered. Cold
stress reduces wool growth, limits liveweight gains and
reduces dairy cattle milk yields. Heat stress reduces
liveweight gain in cattle and reduces wool growth in sheep.
At lambing time, good shelter can literally save lives.

Many of the birds thatuse paddock trees are insectivorous,
such as magpies, large honeyeaters and cuckoo-shrikes.
Grey fantails, willy wagtails and mudlarks can often be
seen swooping out and taking insects stirred up by stock,
including blowflies. On the topmost branches woodswallows
and rainbow bee-eaters perch between bouts of spectacular
aerial manoeuvres while they take high-flying insects. At
night, nocturnal hunters such as owls swoop to catch mice.
Paddock trees also provide vital habitat for a number of
species of bats that forage over open areas. These bats
are significant predators of night-flying insects,0 one bat
can consume up to 600 small flying insects in an hour.
Without somewhere close by to roost or perch, this natural
pest control will not happen, other than close to areas of
remnant vegetation.

Paddock trees are often prolific nectar producers and so
valued by apiarists as well as nectar-feeding birds.

Groups of trees contribute to the stability of the water
table in their vicinity. In other words, they use the water
where it falls, so that it does not contribute to waterlogging or
salinity downslope. These qualities will be most significant
if the trees are on recharge areas such as ridges and the
fringes of rock outcrops.

DON'T THEY GET IN THE WAY OF
MACHINERY?

It is true that as machinery has increased in size, the
presence of paddock trees in predominately cropping
paddocks has become more difficult to deal with. It is
harder to deviate from a straight line to go around them,
and during this manoeuvre some ground will be treated
twice, an inefficient practice. In pasture paddocks this
issue does not arise.

Nevertheless, the retention of strategically placed
paddock trees, especially clumps of trees, can provide arange
of benefits to wildlife and the farm enterprise, while having
a minimal impact on the farm operation. The removal of a
few selected trees may be an option in some situations, but
this should be carefully planned so that unnecessary tree
removal is avoided. It may be possible to determine which
individual trees, or groups of trees, have the greatest wildlife
value. Large trees with hollows are always important.
Trees that form stepping stones between patches of remnant
vegetation will also have a high value.

Paddock Trees and Wildlife

MANAGING PADDOCK TREES

Stock camping beneath trees compacts the soil, decreases
water infiltration and may damage surface roots as well as
raising the soil nutrient level. This may cause stress to the
trees and render them less able to cope with droughts. In
areas such as lambing paddocks, where shelter is a vital
resource, one tactic is to fence groups of trees for 5 years,
to allow the natural soil processes to recover, then remove
the fence and place it around another group of trees. For
some tree species, such as marri or flooded gum, this will
also permit the survival of regenerating seedlings, thereby
building a more sustainable tree cluster for longer-term
benefits.

Stock will damage the bark on the lower part of the tree
trunk — rams, horses and camels are notorious for this — to
such an extent that they can kill the tree. If these isolated
trees are to be retained, it will be necessary to erect a fence
a couple of metres out from the trunk, or wrap chicken
netting directly around it.

But nothing lives for ever. As part of the long-term
farm plan, new groups of trees should be planted where
they can provide the greatest benefit to farm production as
well as wildlife habitat. The management of paddock trees
for long-term benefit is as much a part of good property
management as actions such as the maintenance of good
soil structure or weed control.

SUMMARY

Scattered trees within farmland contribute to a sustainable
agricultural system as well as to the aesthetics of the
landscape and provide important resources for wildlife.
They should be managed so as to continue to contribute to
the local ecosystem.
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INTRODUCTION sections in rotation, and having permanent low fuel zones

Many landowners see aneed to “cleanup” their bushland
by putting a fire through it to reduce the fire hazard and
hopefully cause regeneration. However, in these altered

landscapes the result may not be what we expect.

With flammable
vegetation, dry summers
and sources ofignition, itis
not surprising that fires are
animportantcomponent of
ecosystems in south-west
Australia. Over millions
of years, native plants
and animals have evolved
various strategies to cope

If wewishtousefire
forany reasonat all, but
especially for nature
conservation,weneedto
be aware that the bush
community’'s response
to that fire may be
very different to the

response which would
have occurred prior to
European settlement.

and persist in this fire-
prone environment.

Today, however, trying
to manage fire in small
isolated remnants of native
vegetation, while at the same time trying to conserve that
bushland and all its native flora and fauna, presents an
enormous challenge.

In this Wildlife Note we explore some of the issues and
consequences of using fire in small remnants and provide
a checklist to help you in your decision-making.

WHY BURN BUSHLAND?

Planned fire may be prescribed to remove a perceived fire
hazard or to promote regeneration (‘ecological renewal’).

Removing a perceived fire hazard

In areas where there is danger to life and property from
wildfire, for example adjoining houses, fuel reduction for
safety is avital consideration. Forexample, burning sections
during the cooler months of the year when the fire can be
more easily contained and may go out overnight could be
a suitable regime.

Nevertheless, conservation of the values of the natural
community should be included in the fire management
plans and compatible strategies considered, such as burning

adjacent to the infrastructure being protected.

Promoting regeneration

Nothing lives for ever. All living things must reproduce
a new generation; in vegetation communities we call this
‘regeneration’. Without regenerative processes, a gradual
decline of mature plants will eliminate them from an area,
leaving no replacement seedlings. Work done in almost
all south-west Australian vegetation communities shows
that a ‘disturbance factor’ induces regeneration. One such
disturbance factor could be fire.

There are two ways in which trees and shrubs respond
to fire:
a)the whole plant

is killed and a

new generation

grows from seed

(reseeders) or
b) only parts of the plant

are killed, and new

growth arises from
stem or rootstock

(resprouters).

On extremely
infertile and difficult
soils, the most
important role of fire
may be in recycling
nutrients. Without
rapid decomposition
by fungi or termites,
or extensive leaf
herbivory where the
fauna recycle nutrients
in their wastes, the
nutrients remain held
in living and dead plant
material, so there is little left in the soil to fuel new growth.
Both reseeder and resprouter plants take advantage of this
release of nutrients to grow rapidly after fire.

Fig. 1: Very soon after a fire, Kingias
can be seen resprouting. No seedlings
have yet germinated.

Photo: N. Burrows.
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EFFECTS OF FIRE ON NATURAL
COMMUNITIES

The effect of fire on natural communities depends
on many factors. Some of the most important are the

frequency between fires, the season, its intensity, climatic
events before and after the fire, the patchiness of the fire,
the condition, size and connectivity of the bushland and
the fauna present.

Fig. 2: Fire can change the composition of a plant community. The
wandoo woodland in Wyalkatchem Nature Reserve had not burnt for
over 60 years, and the ground layer consisted of perennials, grass-like
plants and everlastings, as can be seen in the front of the photo. A
very hot fire in the summer of 1999 through part of the reserve caused
a massive germination of shrubs, which dominate the regeneration
area. This change in community structure can clearly be seen in the
centre of the photograph. Photo: P. Hussey

EFFECT OF FIRE ON NATIVE PLANT
COMMUNITIES

Fire frequency

Fig. 3: Fire frequencies can affect vegetation communities. A fire in
the 1960s led to the regeneration of sheoaks throughout this area.
However, a fire four years later, which was stopped at the roadway,
killed the regenerating sheoaks which had not been able to set seed,
leaving room for powderbark wandoos, from a mature stand at the top
of the ridge that had not been affected by the fire, to colonise the area.
Photo: A. Baxter.

For many plants to persist after a fire, they must be able
to reach maturity and set seed (the reseeders). Since plants

The Use of Fire in Small Remnants

vary in the length of time they take to do this, it follows that
the frequency of the fires will have a distinct effect on the
composition of the vegetation community. For example,
in woodlands, the understorey follows a cyclical pattern
of growth / decline / renewal, often on a shorter timescale
than the tree species.

As a general rule of thumb fire intervals should be at
least twice as long as it takes the slowest maturing plant
to flower and produce seed, and before older plants are no
longer able to reproduce.

Fire season
The time of the year in which the fire occurs will make a

considerable difference. There are three possible fire seasons:

midsummer/autumn, winter, spring/early summer.

Midsummer / early autumn fires

These fires are usually intense and difficult to control,
they will consume most of the above ground material
and most likely burn down mature trees. In doing so they
remove herbivores (eg sap sucking insects) and parasites
(eg mistletoe or dodder) from the population. Heat
penetration of the dry soil is maximised, which will break
the dormancy for some buried seeds such as wattles and
peas. The chemicals produced by the fire will also encourage
germination (see Fig. 2).

If the season is kind, then seeds which are stimulated to
germinate by these fires will be supported by winter rain
and plants that resprout from lignotubers will have water
available to manufacture new food, using the released
mineral nutrients to fuel the new growth. In adverse seasons
the soil surface is exposed to potential wind and water
erosion both from the bushland and into it from surrounding
paddocks.

Winter fires

These low intensity fires will leave patches of unburnt
vegetation. However, the new seed crop within the burnt
patches may be destroyed before maturity, and plants
such as everlastings and orchids, which have not evolved
adaptations to survive fire during their growing season, will
be damaged. Also, the fire may not trigger germination of
the native seed stored in the soil, but could encourage the
growth of grass weeds if they are present in the system.

e -

Fig. 4: A winter burn in weedy bushland encouraged the growth of
exotic grasses. Photo: A. Baxter
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Spring/early summer

These fires are low to moderately intense, depending on
the air temperature and humidity, the amount and moisture
content of the fuel and soil, and the wind strength. Some
of the tree crowns will be scorched and some patches may
be left unburnt. They will destroy that year’s seed crop for
many plants. Seeds on the surface will be stimulated to
germinate, but the fire may not be hot enough to crack the
dormancy of buried seed. They also encourage the growth
of already established perennial grass weeds such as veldt
grass. Germinating plants may not survive until the autumn
break of the season. However plants that resprout will grow
well over summer and out-compete seeders.

We recommend autumn burning for most regeneration
burns, especially where regrowth of wattle and pea thickets
is important. If, however, the potential intensity of the
fire is a management concern, then the fire can be timed
for after the first winter rains, which will reduce the fire
intensity, but be prior to the active plant growth.

Climatic events

The impactofunpredictable climatic events is enormous.
Heavy rain after a fire can remove the ash, its mineral
nutrients and germinating seed from the site. Weed seeds
and artificial fertilisers can also be blown or washed in
from surrounding paddocks. Regenerating plants can be
affected by prolonged dry periods or frost, especially on
granites and sandy soils.

Patchiness of fire

Burningsmallpatches A 'safe' plan is to
atatimecreatesanuneven use only small pa‘rches
agedbushlandwhichhas | of fire withinaremnant,

many advantages for
both plants and animals.
Seeds from unburnt
patches can reinvade the
burnt areas and recently
burnt patches can beused
as a break for the next
planned fire. This more
diverse environment generally makes it more resilient to
fire — a case of not putting all your eggs in one basket!

EFFECT OF FIRE ON NATIVE FAUNA

Fire may kill some animals, whilst those that survive
by sheltering in burrows may die of starvation or predation
soon afterwards. If the remnant is connected to or near
other bushland, then recolonisation can occur. Ifthe whole
block is burntand migration is not possible, the animal may
go locally extinct. Hence, burning small patches within
a remnant to create a mosaic of different ages will allow
animals to persist in an area.

The fire frequency that favours particular animals varies
considerably from animal to animal. Some animals require
long unburnt vegetation, for example, mallee fowl which
require leaf litter for nest building are more common in
mallee and broombush which has not been burnt for more
than 40 years. A study in the Fitzgerald River National
Park found that capture rates of honey possums were low

to create a mosaic of
vegetation of different
ages which maximises
the resources for fauna
and makes the remnant
more resilient to fire.

The Use of Fire in Small Remnants

for four to five years after a fire and peaked at 30 years
- this pattern follows the amount of cover available.

Winter fires will disrupt the breeding cycle of some
animals and spring fires may kill some young animals, for
example nesting birds.

Hollows are also very important. Ironically, fire
consumes hollows in trees and logs on the ground, and it
creates them. Many animals including bats and 18% of
Australian birds have been shown to use tree hollows for
nesting or cover; numbats and some lizards need hollow
logs on the ground. For these animals, the effects of fire
can improve or destroy the habitat that they require. To
save hollows, you may need to remove any debris that
has accumulated against the trunks of favoured trees and
around logs on the ground.

EFFECT OF FIRE ON SMALL
REMNANTS

Disturbance is a key factor in opening up the bush to
change, and fire is a major disturbance.

Small bush remnants are very often isolated and subject
to far more disturbing factors than they would have
suffered prior to European settlement, putting the natural
communities under great stress. They are less resilient and
often degrade to a simpler community.

Generally, the greater the ‘edge-to-area ratio’, the more
effect the stress factors will have and the more quickly the
bush is likely to degrade. Linear strips such as roadsides
are the classic example.

Weeds

Having opened up the bushland it is very easy for weed
invasion to occur at the edges and quickly cover the whole
patch. Many introduced plants — especially pasture and
crop weeds — enjoy disturbance and will displace native
disturbance opportunists such as everlasting daisies.
Similarly perennial/woody weeds, such as tagasaste, will
displace shrub species.

This leads to a change in community structure, which
will provide different resources for fauna and in turn
respond differently to fire.

Many weeds will change the fire's characteristics
including its readiness to burn, how easily it will spread,
and the temperature at ground level. Bunch grasses which
evolved in southern Africa under a regime of annual
burning (eg African love grass, tambookie, veld grass),
cause a massive change in the fire response when they
come to dominate the ground layer of Western Australian
communities. Veld grass in banksia woodland is a good
example of this bad problem.

Youcan use the period immediately aftera fire, (whether
the fire was planned or unplanned) to undertake control of
some difficult perennial weeds such as African love grass
or bridal creeper. They will respond to the fire with rapid
growth from underground reserves, often before native
plants have started to resprout or seeds to germinate.
Thus they can be hit immediately with a knock-down
herbicide, without danger of damaging desirable native
plant regeneration. In addition, because the fire opens up
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an area, it is easier to reach dense infestations, and to locate
all sites for control work.

WHEN NEVER TO USE FIRE FOR
REGENERATION

When the soil is buried by wind-deposited
material

Sometimes the natural soil surface (including rootstocks)
is covered by a non-wetting layer of soil (usually sand),
straw, weed seeds and sheep droppings blown in from an
adjoining paddock. This prevents heat cracking the buried
seeds and the chemicals leached from combustion products
fromreaching seeds and so stimulating germination. Buried
rootstocks will often notregrow. Such asite, very common
along sandplain roadsides, is gone for ever.

During or immediately after a severe
drought

In this case, the plants are already under extreme stress
and being forced to regenerate could totally exhaust those
thatresprout from lignotubers and so lead to death. Similarly
there may not have been good seed set in previous years.
Give the bush a couple of years of average conditions in
which to recover.

When a locust plague is predicted for the
following year!

SOME MANAGEMENT PRINCIPLES

The correct use of fire can stimulate regeneration and
regrowth in bushland, thus creating habitats for fauna.

There is no need to “tidy up” the bush; some standing
dead vegetation is beneficial in your bushland, providing
habitat for many animals. As a general rule, if more than
fifty percent of the understorey shrubs are dying or dead,
the area is ready for a regeneration fire.

Successful regeneration of reseeder species is dependent
on the availability of viable
seed. Before burning an
area of bushland, monitor
the plants over the previous
yearto ensure that they have
produced viable seed. Not
all plants produce seed each
year and this can affect the
success of the regeneration.
Other species may be able
to regenerate from soil
seed stores. Knowing your
plants can help to plan a
successful regeneration
burn.

Ifall the shrubs are gone
(eg after a long period of
grazing or a long period
without fire) some of the
small seeds which could
have been stored in the soil
may be absent. You may

A cautionary
tale - fires can
be deceptive. A
landholder reported:

"On a cool May
morning I lit a small
fire on a 2.5ha block
of bush. It burnt
slowly and gradually
went out. Thinking
this was a very good
result, I went off to
town for about three
hours. On returning,
T found a blaze that
required neighbours
and thevolunteer fire
brigade to attend."

The Use of Fire in Small Remnants

need to introduce more seed into the system, preferably
from a similar site nearby. The best way to test this out is
to set up a small trial area and monitor regeneration.

Similarly, if there is not sufficient woody debris on the
bushland floor, it may not carry a fire of sufficient intensity
to promote regeneration of seeds such as wattles or peas,
which are stored in the soil seed bank for many years.

A mosaic of small patch burns will create a greater
variety of habitats for animals and allow them to recolonise
an area as it regenerates. It will also prevent major losses
to the bushland’s resource if detrimental climatic events
occur after the fire. Ifthis is not possible, a combination of
'heap burns' (bonfires) and direct seeding is recommended,
on-going in different locations every year (see Fig 5).

Aboriginal people used to burn bushland to attract
grazing animals. Heavy grazing pressure can undo all
the good the regeneration burn has done! Therefore after
using fire, check immediately to ensure that fences are
intact and stock excluded. Rabbits need to be controlled
and in some instances (and under a specified management
plan) kangaroos culled.

Follow the prohibited and restricted burning times for
your area. Remember, nothing said here can override a
landholder’s responsibility under the Bushfires Act and the
Fire and Emergency Services Act. You are obliged to keep
the fire under control and on your property. If it escapes
you could be answerable for the damage caused.

Essentially, to keep your bushland healthy, planned
fire is a management tool you may need to consider. But
before you get out the matches, work through the attached
checklist.

Whatever strategy is chosen, there will inevitably be
gains and losses. Though we may plan as well as we can,
the result of fire in your small remnant is in the lap of the
gods!

'‘Hot' fires severely damage
existing trees and can affect
fauna. In relatively small
remnants they are neither
practical nor desirable. Piling
dead material into low heaps and
thenburning them can create the
same effect inamanageable way.

Fig 5: Brushing on ashbed trial,
Muresk College of Agriculture.
A 'tidy-up' bonfire was burnt on
this site, then a week or so later,
a seed-bearing branch from a
nearby York gum was placed
onto the ashbed. Three years
later, this vigorous young tree is
the result.

Photo: P. Hussey
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The Use of Fire in Small Remnants

Small Remnant Fire Management Checklist

1. What do you hope to achieve by burning this
bushland?
O protection of human property from wildfire?
O promote regeneration of the vegetation
community?
O orboth?

The answer will dictate what type of fire you use.

2. Does the whole remnant need to be burnt, or will a
smaller burn satisfy the objective?
O whole remnant
O smaller burn

A smaller burn minimises the possibility of irreversible
ecological failures (eg should a severe drought occur in
the seasons following the fire).

3. Can small areas be burnt over several years to create
a mosaic of vegetation of differing ages?
O yes
O no

Vegetation at different stages of growth is ideal for the
maintenance of resources for fauna.

4. Istheremnant connectedto other remnants by a suitable
bush corridor?
O yes
O no

This will influence how fauna can get away from the
fire, or return to regenerating areas.

5. If it is not connected, can a bush corridor be planted
prior to any burn being undertaken?
O yes
O no

Consider the needs of, for example, small birds, and
design the corridor to facilitate their movement.

6. Are the major plant species setting seed?
O yes
O no

If not, regeneration will be impeded. Allow twice the
length of time to first seeding of the slowest growing
plants for an appropriate interval between fires.

7. Are there weeds in the bush?
O yes
O no

Control prior to the burn.

8. Is there a nearby source of weed seed?
O yes
O no

Leave a buffer between the source of the seed and the
area to be burnt.

9. Is spread of Phytophthora or other plant diseases
possible?
O yes
O no

Take appropriate precautions.

10. Is Declared Rare Flora, Threatened Fauna or a
Threatened Ecological Community present?

O yes
O no
Consult CALM.

11. Are there special flora/fauna habitat features present,
eg a wetland, or hollows in logs or trees?
O yes
O no
They may need to be specially protected.
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Management, Perth.

AbbottIand Burrows N (Eds.) 2003. Firein ecosystems
of south-west Western Australia: impacts and management.
Backhuys Publishers, Leiden.

Fire in ecosystems of south-west Western Australia:
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Perspectives about Fire. 2003. Department of Conservation
and Land Management, Perth.
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Fire Management Plan

The Use of Fire in Small Remnants

Name of bushland: .......ccooviiiiiiiin,

OBJECTIVES

ISSUES

Problem

Solutions

PLAN OF ACTION

What

Who When

MONITORING AND EVALUATION

What Date

Results

Published by the Department of Conservation and Land Management, Perth.
All correspondence should be addressed to: The Editor 'Wildlife Notes', CALM Species and Communities Branch, Locked Bag 104,
Bentley Delivery Centre, WA 6983. Phone: (08) 9334 0530, Fax (08) 9334 0199
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What constitutes a good seed collection
strategy depends greatly on the ultimate
purpose for planting vegetation. In a short
guideline such as this we cannot cover all
the possible purposes. This guideline
focuses on collecting good quality seed
from woody native plants for use in
revegetation. It is primarily intended for
people who carry out revegetation,
regeneration or the rehabilitation of
degraded sites in their local area. The
situation for non-woody plants such as
native grasses and sedges can be more
complex and less is known about how we
should approach seed collection strategies;
however, the principles outlined in Brown
and Briggs (1991) are a useful starting
point.

This guideline provides you with a
working approach to issues about
provenance (seed origin), collecting local
seed, and using non-local seed. We provide
collection strategies that aim to maximise
the genetic quality of the seed you collect
for the purpose you have identified.

Good quality implies that seed has been
collected in a sustainable way from a
known, well-documented location and
contains the same levels of genetic diversity
and viability as the plants from which it
was collected.

Revegetation work is a long-term
investment and it pays to get it right at the
beginning. The seed used in the initial
stages will greatly influence success. The

initial genetic material cannot be changed
unlike, say, management and tending
activities, which may be refined over time to
improve on poor establishment. The
collection of good seed from an appropriate
source is of fundamental importance and
may ultimately determine the success or
failure of a planting program. Seed is a
relatively low-cost item compared to other
establishment and management activities;
that is, the cost of planting is the same
whether you use high or low quality seed,
but the consequences of using poor quality
seed can have dramatically disappointing
results.

FloraBank promotes ecologically sustainable
collection practices so that seed is not over-
collected from any population and damage
to the natural environment is minimised.!
FloraBank has developed a Model Code of
Practice to provide guidance to community
seed collection operations and seedbanks on
these issues. The collection of native need is
covered in detail in FloraBank Guideline 6,
Native seed collection methods. Information
on plantings involving rare and threatened
species is given in Guidelines for
Translocation of Threatened Plants in
Australia and Germplasm Conservation
Guidelines for Australia by the Australian
Network for Plant Conservation.

' Seed collection is not benign and even

the best collectors may cause some
damage to plants.

Provenance

The term provenance is used to refer to seed collected from a natural population. Provenance

collections are distinguished from cultivated seed sources such as plantations or ornamental

plantings. The latter are usually referred to as ‘seed sources” or in some cases the term ‘land race’ is

used (see Eldridge ez a/. (1993) for more information). It provides a basic approach to describe

genetic diversity below the species level. Provenance is also used to describe patterns of genetic

variation exhibited by a species over its geographic range. These patterns are often closely associated

with the ecological conditions in which the species has evolved. When a number of provenances of a

species are planted out at the same site it is usual to find differences in survival and growth

performance (and possibly other characteristics) between provenances. Because the patterns of

genetic diversity can be difficult to quantify and delineate, provenance is difficult to define in a

precise geographical way. Provenance is a very useful starting point for plant breeding but it is also

an essential concept in seed collections for other purposes. Provenance provides information on

genetic diversity which enables decisions to be made about how a seedlot should be used or its

suitability for particular purposes.

GUIDELINE 5: SEED COLLECTION FROM WOODY PLANTS FOR LOCAL REVEGETATION




. Collecting locally is usually best

Collect seed as locally as possible from
natural populations for use in revegetation
and rehabilitation plantings wherever
possible, having regard to a range of plant
and planting site characteristics and how
they may change as we move further away
from the local area to collect seed. This is a
precautionary approach, in the absence of
detailed information on gene flow and
genetic diversity.

Naturally occurring remnant vegetation is
usually the best source of material for
revegetation. Generally, in these natural
communities, plants have evolved to suit
local environmental conditions and have a
desirably broad genetic base. Ecologically
and genetically, local seed complements
other plants and animals in the area, and
poses the least potential threat of genetic
contamination.

Local collection for revegetation projects
has many benefits:

* Local plants will be naturally adapted to
local conditions. This is important for
establishing new plant populations and
many seed users have practical
experience of better performance from
local plants in terms of survival and
growth.

* Using local plants will promote genetic
and ecological sustainability of local
vegetation. In so doing, the genetic

integrity and unique characters of
vegetation remnants are maintained,
thereby enhancing biodiversity.

*  Use of local plants reduces the potential
for hybridisation between the cultivated
species and other species in surrounding
areas.

* Using local plants and keeping long-
term records about collection localities
builds on the capacity to collect, use
and better manage the vegetation that
grows in the local area.

* The use of local plant material is vital to
the rehabilitation of important
conservation areas or where there is
likely to be interaction with local

wildlife.

However, there are areas where land use or
degradation processes have greatly altered
the original growing conditions with the
result that locally adapted plants may not
be the best suited to the current growing
conditions. A good example is an area that
has recently been affected by salinity.

As well, local plants may only occur in
small and isolated or fragmented remnant
patches, or as isolated individual plants in
cleared land. Dieback, salinity or other
environmental pressures may affect them.
Seed crops may be negligible due to poor
pollination, growth may be poor and the
survival prospects bleak. It may be difficult
to collect sufficient seed from local plants.

GUIDELINE 5: SEED COLLECTION FROM WOODY PLANTS FOR LOCAL REVEGETATION

. What is ‘local’?

Start looking from where you are sitting
now! If you have difficulty in collecting
sufficient (or any) native seed from these
local plants you should look for the next
closest (geographically), viable population
of the species and keep moving outward.
As you move further away, observe the
plant and planting site characteristics listed
below and how they change. It is usually
the case that at some point you no longer
feel comfortable that the characteristics of
plants you are collecting from, or the area

in which they are located, sufficiently match
those of the planting location or its local
vegetation. At this point it is wise to set a
‘local provenance’ boundary for that
species or group. Note that this boundary
may be different for different species that
occur together. Also note that it is easy to
declare smaller provenance areas initially,
and gradually extend or group them over
time, than it is to make large provenance
regions and attempt to split them as more
is learnt.




In extreme circumstances it may be
necessary to combine (or bulk) seed from a
wide area to provide sufficient quantity or
sufficient genetic material for long-term
viability in the replanted population, but
this should only be done with expert
advice.

What characteristics should you look for?

By observing and gathering information on
factors known to influence variation in
plants you can make more informed
decisions about whether to collect seed of a
certain species from a certain site for use in
local revegetation. Compare notes about
these characteristics with other collectors,
botanists and ‘bushies’.

The main factors to observe are the
environmental conditions present at the
site when collections are made. We know
that plants adapt naturally over long
periods to these conditions and they may
be very relevant to the distribution pattern
of a species. Some species, such as River
Red Gum, occur mainly in narrow, almost
continuous bands along watercourses and
may not vary over a section of a stream, a
whole tributary or even a complete river
system. Other species, such as Snow Gum,
occur on mountain slopes at different
elevations and may not vary over a range in
elevation.

Try to closely match conditions present at
the planting site to those of the collection
location. To do this, you must keep
accurate records about the collections and
where and how the seed is used. You cant
tell by looking at the seed (with rare
exceptions) where it has come from, so
your only link is through the records you
keep. See FloraBank Guideline 4, Keeping
records on native seed, for a full description
of what records to keep and how to keep
them. In addition, such information, when
linked with the performance of subsequent
plantings, can help determine the best seed
sources.

It is fundamental to record the species,
collection site, number of plants sampled,
date and collector.

You should consider (or use a system that is
based on and records) the following factors
at both seed collection and planting sites:

e Jlatitude
e altitude

* position in the landscape (ridge, mid-
slope and so on)

* soil type
* vegetation type

e average rainfall and spread throughout
the year

* average temperature and maximum
degrees of frost.

The Australian Soil and Land Survey
Handbook: Field Handbook (McDonald et
al., 1998) is a very detailed, standardised
approach to field data capture, well suited
to this purpose. Much of its content can be
simplified to suit the end-user. Some
mapping may already be available for your
region to make the task easier. At the
broadest level, bioregions and subregions
have been defined for Australia and are
useful. At a much finer level of resolution,
land systems are a well accepted approach
to classifying broad variation in the
landscape as a composite of solil,
vegetation, landform and climate — see the
Australian Soil and Land Survey Handbook:
Guidelines for Conducting Surveys (Gunn et
al., 1998). Land systems may already be
identified for your region (typically at
1:50,000 scale) by State agriculture,
environment or land management
departments. The Forestry Tasmania
Eucalypt Zoning System provides a system
for consideration by Tasmanian collectors
and is based on altitude, dryness and
coldness factors.

There are three lesser factors to observe, but
they are generally less obvious and
therefore less useful than the above.

* Species breeding systems are a key to
variation, though you need botanical
skills to understand and identify these.
Pollen dispersal mechanisms, seed
shape, size and weight, fruit and seed
dispersal mechanisms and the viable life
of seeds may all have a significant

GUIDELINE 5: SEED COLLECTION FROM WOODY PLANTS FOR LOCAL REVEGETATION



bearing on plant variation. For
example, catchment boundaries may
form ‘divides’ for species that disperse
their fruit or seed in water whereas this
may not be the case for those that are
dispersed by fauna, birds or insects. The
extent of outcrossing (mating among
unrelated plants of the same species),
self-fertilisation (pollination of an
individual plant with its own pollen), or
a mixture of both, affects gene flow
between populations, which in turn
determines how genetically different
one population will be from the next.
Gene flow is a major factor in
determining differentiation between
populations and thus affects the
delineation of provenance boundaries.

* The pattern of distribution of the
species is useful as a guide. If a species
occurs continuously over an extensive
area of fairly uniform environmental
conditions there is likely to be minimal
provenance variation and geographically
large provenance boundaries. So, one
may more confidently collect from
further afield. By contrast, where a

species has a similarly extensive range
but is fragmented and environmental
conditions vary greatly, there is likely to
be considerable provenance variation
and geographically narrow provenance
boundaries. So, it is generally less likely
that plants from further afield will be
similar. Species confined to drainage
lines or river systems may have less
provenance variation within a
catchment than between catchments.

* Variations in plant form, structure and
function are sometimes obvious to the
naked eye; for example, dramatic
variations in flower, fruit or seed size,
plant structure or growth habit.
Botanical classifications (taxonomy)
sometimes recognise such variations in
plant form or function within species.
Classifications of genus and species are
always changing and even in common
genera such as Acacia, new species are
recognised. If the form, structure or
function of a species shows marked
variation from those of the local area,
they cannot be considered as local
plants.
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If you decide to collect seed yourself you
will need background information on the
target species. Can you accurately identify
the target species and its flowering, seeding
and seed ripening times? You usually need
to travel about to obtain exact location
details and to assess seeding times.

Gather and file information on the target
species for collection including:

* botanical description

* identifying keys

e distribution

e occurrence in the local area

* flowering, fruiting and seeding times
(including seed ripening period)

e fruit or seed located within hand’s reach
(two metres) or above

* approximate numbers of fruit per plant

. Know your plants well before you collect

* approximate number of seeds per fruit

uneven fruit ripening on single plants

* safety precautions (allergenic or
poisonous plants).

This information will be a valuable
resource for future collections if it is kept
up to date. Detailed information can be
sought from regional and state herbarium
records, field botanists, foresters,
beekeepers or other seed collectors on
identification and variability of species,
flowering and seeding times and
population locations.

Correct species identification is vital and
you should also be aware of variation in
appearance of the species. Several excellent
field guides are available (see references). If
you are in doubt, forward a botanical
specimen (leaves, fruits and flowers or buds




pressed between sheets of newspaper or
blotting paper) together with a description
of the tree’s location, size, general
appearance and bark to your nearest
herbarium for checking. Taking a voucher
specimen for all collections is good practice

as taxonomy of the species may change over
time and labelling errors can also occur.
However, the more seedlots you collect, the
more work this creates and the more space is
required for storage.

The seed collected from individual plants
is usually combined or ‘bulked’ together to
form a seedlot and mixed to an
homogeneous blend. Similar quantities
should be collected from each plant so that
no individual is favoured or under-
represented in the genetic make-up of the
seedlot. The way we sample individual
plants at the collection location strongly
influences the genetic quality of seed
collected. Here are five important things to
watch for in the way you collect:

1. Ideally, look for local plants that are in
healthy and viable natural populations
and are large enough to provide
sufficient seed by sustainable and
responsible collection methods.
Carefully assess populations prior to
seed collection. Be aware that, in some
instances, what appears to be ‘natural’
vegetation in State Forests, reserves and
road verges has been planted in the
past.

2. Ensure the target species is uniformly
distributed, with a mature seed crop of
preferably at least moderate quantity.

3. Make sure of plant identification. If
there are any doubts about identity it is
essential to keep seed separate until it
can be accurately identified from a
voucher specimen.

4. Collect seed from at least 10 to 20
widely spaced, healthy parent plants
(not diseased) across the population.

5. Wherever possible, aim to collect from
genetically unrelated plants, thus
increasing the capture of genetic
variability of the population; that is,
from plants that are unlikely to be
breeding with one another. This may be

. Obtain the best genetic quality possible

difficult for many reasons — and be aware
that even in large, natural populations
there may be high levels of inbreeding
and genetic structuring. It has been
demonstrated that seed with high levels
of inbreeding can produce progeny with
reduced survival, growth and capacity to
contend with environmental stresses. So,
it is important to keep two things in
mind and follow some basic guidelines:

. Closely spaced, neighbouring plants are
likely to be closely related.
Collect seed only from plants
separated from one another by a
distance of at least twice the plant
height. This means you should collect
from trees spaced at least 100 metres
apart and shrubs at least 50 metres
apart. In addition, consider the impact
of pollen dispersal distances and
transport mechanisms (wind, water,
insects and so on) between plants.

. Isolated plants are less likely to breed
with other unrelated plants
Avoid collecting from reproductively
isolated individual plants, even if they
carry heavy seed crops. If you dont
have any option but to collect from
isolated plants, then make sure you
bulk this seed with that from other
local plants (of that species) to achieve
increased genetic diversity in the mix.
Also consider taking cuttings for
propagation purposes as these are a
genetic copy of the parent plant.
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. Use responsible collection practices

You should ensure that ecologically
sustainable collection practices are used
and seed is not over-collected from any site
or population. Seed collection should not
jeopardise the natural functions of a
population; for example, its regeneration
after fire. Damage to the natural
environment should be kept to the very
minimum possible. Ensure that vegetation
is not unnecessarily damaged or
understorey plants trampled. Nesting sites,
tree hollows and other recognised animal

habitats should not be disturbed.

Collect no more than 20 per cent of the
seed crop or fruit on any individual plant.
Remove no more plant material (branches
and so on) than required. Collectors should
adjust these guidelines downwards in

circumstances where this quantity might
adversely affect a population; for example,
where other collectors have taken seed
prior to your arrival. If more seed is
required, increase the number of
individuals you sample. In some areas there
are limits to the resource for collection and
this must be recognised.

FloraBank has produced a Model Code of
Practice for community-based collectors and
suppliers of native plant seed in the interests
of promoting responsible collection
practices. We strongly encourage you to
adopt this Code or a version of it tailored
to your needs. It communicates important
messages about the ethics, standards and
practices of seed collectors.
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. Selecting non-local seed

Seed of non-local species may be required
when local site conditions have been highly
modified and the original or local
vegetation will no longer grow. For
example, reduced growth may be due to
extreme salinity or acidity or changes in
insect and animal predation. Revegetation
(at least initially) may depend on using
species that are unaffected by, or tolerate,
such conditions. Certain rainforest species
are notoriously difficult to re-introduce to
cleared land without some initial
protection — sometimes provided by non-
local species. In other cases, amenity or
commercial considerations may encourage
the use of non-local species.

When using or collecting non-local seed
(not local provenance) a rule of thumb is to
obtain seed from other areas (other
provenances) with environmental
conditions that most closely match your
planting site (see above).

The most important environmental
characteristics to consider in matching
origin and planting sites are:

* average rainfall and rainfall seasonality;

* mean maximum, mean minimum and
absolute minimum temperatures; and

e some basic soil attributes such as texture

and pH.

If you are not in a position to collect non-
local seed for yourself, there are
commercial seed collectors and suppliers
who stock well documented, genetically
representative seedlots. Many collect seed
using good seed collection protocols and, if
they do not have your target provenance in
stock, they may be contracted to make
collections to your specification. A list of
Australia-wide government and private
seed suppliers is available at the Australian
Tree Seed Centre website
(www.ffp.csiro.au/tigr/atscmain/index.htm)
or through the Yellow Pages.

It is important to provide any contracted
collector with a specification that includes
the species and locations for collection, the
minimum number of plants and the
spacing between plants. Appropriate
documentation for the seedlots should be
provided by the collector.




. Collections from planted sources

Seed production areas and seed orchards
are an alternative source of good seed for
planting programs. Seed production areas
refer to plant populations established with
the primary or secondary objective of seed
production. While dedicated seed
production areas (and seed orchards) are
still uncommon, it is more likely that some
stands of existing revegetation in your area
are used for seed harvesting. You should
avoid collecting seed from planted trees
unless you know that they can be used for
seed harvesting. This means that the seed
origin is known and it originated from
preferably 10 to 20 plants sampled
according to the guidelines above. Of
paramount importance is the standard of
genetic integrity of seed produced from
these stands.

Seed production areas are becoming more
common and, if managed well, are a viable
option for sourcing local as well as non-
local seed for revegetation programs. Seed
production is much like other long-term
horticultural or forest crops, with the
exception that we know relatively little
about the cultivation and seed production
capability of many native plants. Good
production requires careful planning,
management and harvesting (see FloraBank
Guideline 7, Seed Production Areas).
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Your Comment

The FloraBank guidelines are a consolidation of
existing information and draw on the practices
observed at seedbanks across Australia as well as the
expertise and technical understanding of the
Australian Tree Seed Centre at CSIRO Forestry
and Forest Products, Greening Australia’s
Seedbanks and the Australian National Botanic
Gardens Seedbank. The guidelines present, as far
as is known by the authors, best practices.
However, they are drafts because we recognise that
other people may have better approaches, and that
best practices change with time. Also, our climate
and vegetation is diverse and not all practices are
equally applicable across Australia. If you would
like to comment on any of the guidelines please
contact the FloraBank Coordinator. If you have
practices or knowledge you would like

to share with others you can do this through the

forum pages of the FloraBank website.
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Seed collection is an activity that can be
undertaken by people of all ages and skill
levels, and can be very satisfying. Any
robust person with some basic knowledge
and equipment can easily and inexpensively
collect native seeds. For those involved in
community revegetation projects, seed
collection is a great way to learn more
about the plants being used and gives
communities greater ownership of all stages
in the revegetation cycle.

However, collecting native seed on a larger
scale (for example, in every season and for a
wide range of plants) is a demanding
endeavour. Making such an activity cost-
effective adds an extra element of difficulty.
There may be many natural, logistical and
bureaucratic hurdles to overcome — one
could spend a lifetime learning to collect
native seed efficiently in one region; only a
handful of people can do it for the plants of

their whole State, or of Australia.

This guideline provides an overview of how
to approach seed collection and the manual
and mechanical collection methods that

can be used. It stresses the importance of
preparation and planning for seed collection
and the need to collect mature seed.

We assume that you already have some
experience of collecting native plant seed
and a basic knowledge of how to accurately
identify flora in the field, understand plant
reproduction, seed biology and ecology, and
when and where to collect seed. You can
find out more about these subjects from
various sources, such as standard botanical
references, textbooks, field keys and local
knowledge. There are also other guidelines
from FloraBank that provide important
information about seed collection. They
include:

* Guideline 4: Keeping records about native
seed collections

*  Guideline 5: Seed collection from woody
plants for local revegetation, and

*  Model Code of Practice for community-
based collectors and suppliers of native
plant seed.

GUIDELINE 6: NATIVE SEED COLLECTION METHODS

Planning ahead

Detailed early planning of the seed
collection trip is essential. Planning can
help overcome natural difficulties to
collection (for example, seed located in tall
trees, unpredictable seed maturation or
sporadic seed set). Planning can also help
avert any bureaucratic or logistical
problems that could be encountered ahead
of collection (for example, that sufficient
people and resources are on hand to harvest
in the naturally short collection window
presented by nature, or that you are
adequately equipped to collect in remote or
difficult to access areas).

No amount of planning can change
seasonal conditions, such as naturally poor
seed viability, lack of rain or high levels of
seed predation by insects, but planning can
ensure you are aware of these conditions
and that you respond well to them.

For small collections all you may need is a
standard approach and a checklist of
equipment, but detailed planning is
required for large collections at remote sites.
Your objectives should be clear and detailed
to a level where you can match them up to
resources at your disposal.

Make sure you get and give adequate
notice.

Collectors need to be given adequate notice
from seed users to properly plan collections
and guarantee seed availability. Collectors
require at least six months’, but 12 months’
notice is preferable.




Target species for collection

You should have a very clear idea of the
species you wish to collect and which of
those are priorities. To develop such a list
you need to consider the purpose for
collection and any specific requirements.

You should include a variety of shrubs,
trees, ground covers, native grasses and
wetland plants in your species list.

You may be able to obtain seed of the
species you require through commercial or
amateur collectors and suppliers. Those you
cannot obtain reliably from other sources
become your target species for collection.

Learn about the species you collect

You should gather as much information as
you can on the target species you intend to
collect, including:

* botanical description

* identifying keys

¢ distribution

* occurrence in the local area

* flowering, fruiting and seeding times

e whether the fruit/seed is located within
hand’s reach (2 metres) or above

* approximate number of fruit per plant
* approximate number of seeds per fruit

* approximate time from maturity to seed
shedding (weeks, months)

* whether there is uneven fruit ripening
on single plants

* safety precautions (allergenic or
poisonous plants)

Detailed information on identification and
variability of species, flowering and seeding
times, and population locations can be
sought from regional and State herbarium
records, field botanists, foresters, beekeepers
or other seed collectors. Keep the
accumulated information together and add
your own field observations. This will be a
valuable resource for future collections if it
is kept up-to-date.

Correct species identification is vital, so you
should be aware of the natural variability in
appearance (morphology) of the target
species. Several excellent field guides for
various parts of Australia are available (see
Bibliography and references). If you are in
doubt about identification, forward a
botanical specimen (leaves, fruits and
flowers or buds pressed between sheets of
newspaper or blotting paper) together with
a description of the plant’s location, size,
general appearance and bark to your nearest
herbarium for checking. Many Botanic
Gardens, herbaria, TAFE colleges and some
community groups run plant identification
workshops which provide a good
introduction to field identification.

Competition in collection

Seed collection is a way of life and a
source of income for many people.
There is a very healthy commercial seed
collection industry in Australia.
Information on collection locations,
species collection times and other
important background knowledge
provides the commercial edge for many
of these people, so don’t be surprised if
some are reticent to share this type of
information with you.
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Decide how much seed to collect

You should decide how much seed you will
need of each species and the likely number
of plants that will need to be sampled to
obtain this amount. In good seeding years
it may be desirable to collect more than

your current requirements and place the
extra in storage for the poorer seed years.
Remember that seed put in storage must be
fully mature and handled with more care
during the extraction processes.

GUIDELINE 6: NATIVE SEED COLLECTION METHODS

Decide where to collect

FloraBank Guideline 5: Seed collection from
woody plants for local revegetation stresses
the importance of using local indigenous
plants in revegetation and rehabilitation
work. These provenances complement
other plants and animals in the area
(ecologically and genetically), and pose the
least threat of genetic contamination.

It is also important in revegetation work to
match the environmental conditions at the
collection site to those of the planting site.
Guideline 5 covers seed quality and which
plants are best for collecting seed.

Suitable collecting sites should be identified
through a combination of local knowledge,
publications and advice from staff from
relevant organisations (such as State
herbaria, national parks, and State and local
government departments). You might also
refer to books that show species
distributions and botanical surveys
(conducted, for example, as part of an
environmental impact assessment on major
development projects). Conduct field
reconnaissance to determine the exact
location of your target seed population.
Where plant densities are low (a few plants
per hectare), you may want to mark the
location of individual plants on maps or by
using a handheld Global Positioning
System (GPS) instrument.

Obtain permission from landowners and
local authorities, and according to State
legislation. Permits are required for
collecting on public land and also for some
species on private land. Initial enquiries can
be directed to the following:

* Queensland Environment Protection
(formerly the Department of
Environment) and Department of
Primary Industry

¢ New South Wales National Parks Service
and State Forests

* Australian Capital Territory Parks and
Conservation Service

* Victorian Department of Natural
Resources and Environment

* South Australian State Vegetation
Committee

e Tasmanian Parks and Wildlife Service,
and Forestry Tasmania

*  Western Australian Department of
Conservation and Land Management,
and

* Northern Territory Conservation
Commission.

Alternatively, contact your forest service or
State herbarium.

You should find out the conservation status
of the species and whether special
permission is required to collect its seed (for
example, in the case of declared rare or
endangered flora).

Seed collection opportunities sometimes
arise in association with forestry operations,
land clearance, road realignment and major
building or construction projects. You
should keep a regular watch on such
operations through contacts at your local
council or in State government. Be aware
that the collection rights to these areas may
be allocated exclusively to particular
collectors via public tender or other
processes.




Decide when to collect

In a good year, seed quality is better than
usual and harvesting is easier. Early spring
to late summer can be an especially busy
time for collectors. Decide when to collect
by first checking the literature for guidance
on flowering and seeding times, and talking
to knowledgable locals. Some publications
now show seed collection times and can be
of great assistance (for example, Bonney

1994).

Each collector should build up a record of
collection times over a period of years.
From these records, a monthly seed
collection schedule may be drawn up as an
indicator for the future, although from year
to year, seasonal factors may cause
variations in flowering, seed set and
ripening times.

In most cases there is an optimum time for
collection, but a margin of weeks or even
months may be available. If possible, visit
plant populations regularly to check on
seed ripeness and availability. It is especially
useful to build up records of those species
that keep seed on the plant for longer
periods. This helps in planning a single visit
to a location at a convenient time for
collection and allows for seed from many
species that retain seed to be collected at
that time.

Some species ripen and shed seeds within a
few days (for example, some Grevillea
species). Here the greatest problem is
missing the seed fall altogether, so frequent
reconnaissance is required to check for seed
ripeness. More collectors are often needed
to obtain the quantity of seed required, and
seed is more likely to be picked while
immature. Allow for the fact that heatwaves
and bursts of hot windy weather can
accelerate ripening and seed drop in some
species (for example, wattles).

Opportunistic seed collection is necessary
where seed set is irregular or heavily
influenced by seasonal factors. For example,
many native grass species commonly
produce seed after summer rain but are less
reliable in the cool season. Maturation of
seed on a single plant and single seed head
is uneven. Harvesting is best undertaken
when some seed is beginning to drop but
most is still attached. A delay of a couple of
days may mean most seed is lost to the

ground (Reu 1996).

Because of the difficulties in obtaining good
seed set information, it is worth observing
and making a few notes about the flowering
and seeding of non-target species for a time
when they may be needed. Notes on the
field collection sheet about associate species
can serve this purpose.

Types of fruit and seed

Woody capsules:

including the genera Angophora,
Callistemon, Eucalyptus, Leptospermum,
Melaleuca.

Papery capsules:
including the genera Bursaria, Convulvus,
Dodonaea, Lomandra, Wahlenbergia.

Seed pods:

including the genera Acacia, Brachychiton,
Daviesia, Dillwynia, Glycine,
Hardenbergia, Indigofera, Jacksonia,
Pultenaea.

Drupes:

including the genera Acmena, Astroloma,
Eleocarpus, Persoonia, Leucopogon.
Berries:

including the genera Atriplex, Dianella,
Polycias, Tetragoni.

Seed follicles:
including the genera Hakea, Grevillea and
Banksia.

Nuts:

including the genera Baumea, Carex,
Cyperus, Eleocharis, Ghania, Isolepsis.
Grains:

including the genera Spinifex, Stipa,
Themeda, Danthonia.

Achenes:

including the genera Bedfordia,
Bracyscome, Helichrysum.

Cones:

including the genera Cyprus, Casuarina,
Allocasuarina, Exocarpus.
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Collect mature seed

It is essential that fully mature (ripe) seed be
collected. This can be difficult. It requires
the collector to determine when the seed is
mature and to time the harvest accordingly.
The interval between bud formation and
maturity of seeds and fruits varies greatly
(even between species in a single genus) from
a few weeks to as long as several years. Many
trees and shrubs (for example, Acacia,
Grevillea and Cassia) shed their seeds within
weeks of maturity, while others retain fruit
and seed for months (for example,
Casuarinas) or years (for example, some of
the ash group of Eucalyptus). The latter may
build up a large store of seeds.

The number of flowers and fruits produced
may vary greatly from year to year and from
stand to stand of trees, and is both
genetically and environmentally controlled.
Some species show genetically determined
cycles in the timing and number of seeds
they produce and have big seed years when
bumper crops are available for collection.
Local environmental factors such as rainfall,
insects and fungi can modify this cycle.

Signs of maturity

Crop maturity varies over the natural
distribution of a species due to factors such
as latitude, altitude, distance from the coast,
and weather conditions during flowering
and seed set. Determining maturity is often
based on experience. Good records of past
collection times are, of course, a great
assistance.

Characteristics to observe include the size
and colour of the fruit, whether the embryo
is firm and swollen and whether the seed
coat collapses when cut.

Capsules, seed heads or cones in many
species change colour near to maturity (often
from green to grey or brown) and reach full
size, turn dry and woody when mature.

In Eucalypts the seed may be viable prior to
capsule maturity but is not released until the
capsule is mature. Cutting Eucalypt capsules
(gum nuts) through the middle with
secateurs will expose the seed, which will be
coloured brown or black if ripe. Most
eucalypts can be collected if the capsules are
brown and the outlines of the valves are
readily visible on the top. Look for seed that

has already been shed from mature fruit as
this indicates that other fruit is mature.
Alternatively, place a sample bag of fruit in a
warm place. If seed is shed from the fruit
within a couple of days, they are ready for
collection.

Capsules, pods, follicles and cones usually
open or split on maturity, allowing seeds to
be shed and dispersed by wind and other
agents. Some capsules, follicles or cones form
discernible valves when the seed is ripe.

Pods and papery capsules become dry and
brittle as they mature, as do seed heads that
contain grains, nuts and achenes.

Pods of some species burst open when dry
and discard seeds away from the plant.
Collect these pods just as they change colour.
Acacia (wattle) seed may be mature before
the pods open and, while some species will
hold their seed even when the pods have
opened, it is better to make the collection
just as the pods are opening. Some seed may
be lost but it will be a lot easier to extract the
remainder. The extraction of mature seeds
from green pods requires greater effort.

The ease with which the grains, drupes,
berries or achenes may be removed is also an
indicator of maturity. They should release
with gentle pressure when mature.

Fleshy fruits like those of many rainforest
species soften, wrinkle and dry when they
mature and sometimes also change colour
(for example from green to red, orange,
yellow, blue or black): this attracts fruit-
eating birds and mammals which then act as
agents for seed dispersal. Colour change is a
good guide to seed maturity for Dianella,
Santalum and Solanums. In many rainforest
plants, seeds are fully mature (even
germinated in some cases) before they drop
from the tree. The seed from these species
needs to be sown quickly after collection and
cannot be stored even for short periods.

You can scratch the surface of the seed
follicles of Banksia cones, which are soft and
green when seeds are immature and turn
brown and hard when the cones are ready for
collection. Some species, such as some of the
Banksias and Hakeas, require extreme heat
(for example, a stint on the barbeque) to
encourage the capsules to open and release

the seed.




The equipment you need depends on the
frequency and quantity of your seed
collection activities. Provided your safety is
not compromised, you can ‘make do’ with
less specialised equipment if you only
occasionally collect small quantities of seed.
However, it is not recommended that you
improvise or make do with climbing gear.
Specialised equipment makes collection
easier and increases productivity if
collections are more frequent and the
amount of seed collected is large.
Equipment needs also vary according to the
type of vegetation. For example, you need
more specialised equipment to collect from
tall trees in wet forests than, say, arid-zone

bushland.

You will need a sound (possibly four-wheel
drive) vehicle that will get you to the
collection sites safely and carry substantial

loads if required.

Useful equipment

(More versatile ‘standard’ equipment is
indicated with italics.)

* Trailer with high wire-mesh cage, or
sturdy roof-rack with ladder

* Extension ladder, fruit-picker’s ladder,
climbing equipment and ropes

o Telescopic pole pruner, pole and rope saws,
aluminium extension pole (fruit knocker),
throwing rope with weight

o Flexible saw, bow saw
Secateurs, long-handled secateurs

*  Kitbag, woolpacks, tarpaulins, fruit-
picker’s bags, calico drop-sheets, thin
stockings or bags for enclosing plants

* Petrol-driven garden blower/vacuum
*  Binoculars, hard hats, safety glasses, gloves

* Bow and arrows, or catapult with line,
or rifle and ammunition (with
appropriate licences and permits)

*  Plant identification books

*  Plant press, newspaper and boxes for
specimens, tags

Get the right equipment and resources

*  Maps, compass, handheld Global

Positioning System (GPS) instrument

*  Field collection data sheets, booking boards
and writing gear, camera and film.

It may be worth developing your own
checklist to suit the type of collections and
areas in which you carry out most of your
work.

Play it safe!

Safety is of paramount importance and
amateur collectors should not be too
ambitious in their collection activities.
Think about safety and vary the
precautions you take to suit local
conditions, tree species and collection
methods. Make sure that all equipment is
in top condition and properly serviced. It is
advisable to work as a team, wear safety
goggles, appropriate clothes, safety hat and
footwear; and take a first-aid kit. Seeds can
often be collected safely from the ground or
by using a stepladder, but if you plan to
climb high trees, take extra care. For some
people, tall trees may be too difficult to
collect seed from safely and should be left
to professional collectors. Defer to the
experts or work with them when the going
gets tough.

GUIDELINE 6: NATIVE SEED COLLECTION METHODS
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Seed collecting methods

Natural seed fall (seed traps)

Large seeds or fruits that fall to the ground
when mature can be collected by laying
tarpaulins or plastic sheeting beneath the
plants. These sheets may be raised on
purpose-built frames and funnelled into a
container to retain the seed. This technique
is useful with low shrubs, especially those
that are prickly (for example, Acacia
victoriae), and some rainforest species, but is
unsuitable for species which have fine seeds
that are dispersed by wind (for example,
Eucalypts and Melaleucas). The technique is
normally used when seed collection times
are unknown and crops may be missed.

Drop sheets should not be used if there is a
likelihood of seed from nearby plants (of the
same or different species) contaminating the
collection (see Guideline 5 on how to avoid
sampling seed of neighbouring plants). Seed
traps should be checked fairly frequently, as
the seed is susceptible to predation and
rotting if left for too long. Take care when
clearing a trap, as it is possible for snakes or
biting insects to take up residence!

Another technique is to collect seed as it
dehisces by enclosing the plant fully or
partially in breathable lightweight fabric
(Murphy and Dalton 1996). The fabric is
tied around the plant stem or branch and
the bag left in place. This technique is useful
for small shrubs and bushes that are less
than a metre in height, especially at low
plant densities and where seed is shed
quickly or progressively over a period, or
where shedding times are uncertain.

Both techniques suffer from insect attack
(especially by ants) and wind can remove
seed from drop sheets. Soil, leaf litter and
other material must be sieved out to obtain
pure seed and yields are often lower with
drop sheets than by other collection
methods. A drop sheet or enclosure bag,
when left in place to collect seed, may free
the collector for other work. For most
collections you should not use plastic to
store or transport seed or plant material as it
causes the material to sweat and go mouldy.
An exception can be made in the case of
fleshy fruit where it is important that the
seed does not lose its moisture.

From within hand’s reach

Collection by hand

The safest and most advantageous way to
collect seed is when it is within hand’s reach
of a person standing safely on the ground
(usually fruits below two metres in height).
Wearing a bag with a wide rigid mouth
allows the collector’s hands to be kept free.
Seed from small plants low to the ground,
or from low branches, may be easily
collected by hand, though in some cases
(such as with prostrate groundcovers) this
process may be tedious and yield little seed.
Try to collect from fruit in the middle or
upper portions of the plant rather than the
lower portions.

Plants with pods (Acacia, Davesia, Hovea,
Kennedia, Lotus, Pultenea, Senna): Using
gloved hands, strip pods from branches into
a belly bag or container, or shake the plant
to dislodge seed or pods and collect them
on a drop sheet placed under the plant.
With acacias for example, when the pods
are brown and split along the margins, beat
the branches with a stick. This will dislodge
the seeds and pods, which will fall onto the
drop sheet, which you can bundle for
transport by tying its opposite corners.

Plants with woody fruits (Allocasuarina,
Banksia, Callistemon, Callitris, Eucalypt,
Hakea, Melaleuca): In most cases remove
small branches or, where necessary, remove
individual fruit using ordinary secateurs.
Seed release and extraction is often easier if
the capsules are left attached to small
branches — secateurs are very useful for this
purpose.

Plants with fleshy fruit (Dianella, Kunzea,
Scaevola, Solanum): Pick fruit off the
branches by hand when ripe.

Plants with seed heads, such as sedges
(Gahnia, Lepidosperma), daisies (Olearia,
Helichrysum and Cassinia) and native
grasses (Microlaena, Danthonia,
AstreblaThemeda, Bothriochloa,
Dichanthium, Stipa): Strip seed heads off
their stems by running a cupped hand along
the seed heads in an upward motion, or cut
them off with secateurs.




Mechanical harvesting

Perhaps the most widely used and versatile
mechanical harvesters are the brush-cutter
and the portable vacuum.

A brush-cutter is useful for the quick
harvesting of native grasses (removing seed
head from the stem), especially if fitted
with some form of catcher. Alternatively,
the cut material may be raked and gathered
in a collection bag or vacuumed.

The petrol-driven garden blower/vacuum is
a recent addition to the seed collector’s
toolkit. Some models duct incoming
material through a macerating fan blade
before depositing into the collection bag,
others do not. It is generally better not to
damage seed material as it is vacuumed but
for some species this may be desirable. A
portable vacuum is especially useful for
collecting from small, low plants or those
with profuse and fine seed, which may be
easily vacuumed either from the plant or
from the ground immediately below the
plant.

Be careful not to contaminate the seed
collection through inadvertent collection of
non-target species. It is also very easy to
over-collect from individual plants, leaving
nothing for ecological function.

A quick method suitable for some Acacias is
to lay a drop sheet in the back of a utility or
trailer and back it up to one side of the tree,
which is then shaken, or its branches
knocked, to release the pods.

Mechanical harvesting of native grasses has
developed rapidly in recent years. A range
of vehicle-mounted techniques have been
tried for harvesting chaffy grass seed direct
from the plant. A common approach that
has had limited success is a beater harvester,
which uses rotating timber or metal paddles
to knock seed off seed heads. In the last
decade the advent of rotating brush
harvesters has led to greater success. These
use a soft brush that is upward rotating at
the leading edge and has a collection box at
the trailing edge of the brush. Some use a
vacuum to deliver seed to a hopper box,
which may then be located away from the
brush. Brush harvesters may be mounted in
front of a tractor or towed by a four-wheel
drive vehicle. Another technique that may

be useful is slashing and baling grass seed
using a hay baler. For a full discussion of
harvesting native grass seeds see Loch and

Clark (1996) and Reu (1996).

From above hand’s reach

Above two metres in height, a collector
requires either a device to provide longer
reach or an elevated platform to stand on.

Although a variety of long-handled tools
(including saws) can be used, the most
effective are long-handled secateurs. There
are also telescopic pole pruners, but any
pole longer than four or five metres is
difficult and tiring to handle. Used in
combination with a three-legged fruit
picker’s ladder, long-handled secateurs
provide a range to about 10 metres. Pole
pruners are difficult to use safely from a
ladder, but are easier from a fixed roof-rack
atop a vehicle.

Another widely-used tool is a lead casting
weight (fishing tackle) attached to a strong
braided nylon cord (25 metres of five
millimetre sash cord or nylon rope) which
is thrown over branches up to about 12
metres above the ground. Once the branch
is ‘lassoed’ in this way, the collector has the
option of pulling the branch down using
the cord (if the branch has a diameter of
less than 50 millimetres), or hauling a rope
over the branch to do the same thing, or
attaching a flexible saw blade to the line
and sawing through the end part of the
branch. A rope saw uses either a chainsaw
blade or a flexible saw with a cord attached
at either end. This method needs two
operators, and branches may fall close by.
Cutting causes much less damage to the
plant and you have more control over the
portion of the branch that is removed. It is
more suited to horizontal branching habits.
Branches that grow at narrow angles to the
upright are less suitable.

Harvesting from trees above 10 metres is
the most difficult and dangerous type of
seed collection. You should wear a hard hat
and safety goggles. Take precautions to
avoid injury from falling limbs or fruit.
Your options are to use a rope saw, bow and
arrow or rifle from the ground, or to climb
into the tree and use hand tools.
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If you are not up to this, you can take
advantage of clearing operations (forestry,
development, mining, building, power line
clearance) to collect seed. You may even
collect seed from fallen branches following
a wild storm or from the pruning
operations (along roadsides and power
lines) of councils and authorities. Trees
should not be felled simply for harvesting
seeds, however if a tree is being cut down
for other reasons, any seeds present can be
salvaged. In some districts, the easiest and
cheapest way to collect large quantities of
seed is to visit local clearing or timber
harvesting operations. Obtain permission
beforehand, select good parent trees and, of
course, take care with safety. The quantity
of seeds can be worth the effort. Seed in the
heads of fallen trees will shed very quickly
so it is necessary to keep up-to-date with
operations in your area to avoid
disappointment (for example, on a hot day
in most coastal Eucalypt forests, seed will
begin shedding within 12 hours of the tree
being felled).

Using a bow and arrow is time-consuming
and more suitable if trees are bearing

heavily or are in high demand. Rifles are
very effective for collecting small amounts
of seed from a large number of trees and, for
this reason, are commonly used in research
collections. The technique is safe compared
to climbing, but requires great care and
specialised training as well as special licences
and permits. The technique is limited to
sparsely populated areas and it can be
expensive (ammunition and rifle servicing
costs). Climbing taller trees may be possible,
but agility and special attention to safety are
required. Common aids include climbing
irons, safety belts and portable or mounted
ladders. An extension ladder may be fixed to
a tree to aid climbing up to about 12 metres
into the first branches. Successful
adaptations to caving and abseiling
equipment have been made which have
greatly increased the safety of climbing at
the cost of outright speed. Climbing also
brings the collector into much closer
contact with falling branches. Great care is
needed when removing seed-bearing
branches from within the tree crown.

Preparing material for transportation

Collection activities may yield pure seed,
fruit only, or leaves and branches with fruit
attached. The latter may need to be cut,
beaten or trampled to reduce its bulk for
transport. A large crop should be bagged
for transport. The CSIRO uses calico
collecting sheets (two metres square) with
corners tied diagonally; close-weave calico
bags for small seeds; or hessian sacks for
large seeds.

Avoid prolonged transport periods for
green fruits, especially in hot weather, as

the high moisture content encourages
micro-organisms, fermentation and
overheating. This can reduce the seeds’
capacity to germinate.

It is essential to label bags and bundles
carefully. The identity of each bag or
container of plant material should be
established by a collector’s name or initials
and a field collection number. See Guideline
4 for seed collection record-keeping details.
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and Forest Products, Greening Australia’s
Seedbanks and the Australian National Botanic
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best practices change with time. Also, our climate
and vegetation is diverse and not all practices are
equally applicable across Australia. If you would
like to comment on any of the guidelines please
contact the FloraBank Coordinator. If you have
practices or knowledge you would like

to share with others you can do this through the

forum pages of the FloraBank website.
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FIRE, FRAUS AND THE CORD RUSH

ARGE russocks of tie cord

raes/r. Eedeiocoleamonostachya,
are a familtiar yight among shtrebs
trronghour the northern Geri-
cieltrad area and e wheathelr,
Fhevare so conmon and widespread
it mo-one considered thar ey
mray e i danger. However; some
long-term otservations &0 Prof Bert
Main have raised fome very
Werrrving P,

The Web of Life ix not at alf
siaple — coneres Gad effeciy e ract
ragetfier so that long-terni resulty
o ner afways mareh predictions -
MR gement needs care, even
‘dopineg nenliing naynor

Jrom a paper by Berr Main

| Ghast micth Frais simulans

prevent local exinctiony ...
Life history

Cord rush forms a large,
long-lived tussock. Seed-
lings have only been
ohserved after fire.

The larvae of the ghost
moth Frases simedarnscreate
burrows up to 24cm deep
within the tusseck, from
which they emerge (o cut
and feed on the leaf blades.
Debris from feeding is
webbed to form a large
spacious vesubule at the
burrow eatrance and this is
quite easy to see if you look
carefully. Pupation takes
place in March or April amd,

protruding from the upper surface
of the vestibule after the adult has
emerged, usually during rain in the
first week in May. Mating follows
and, at night, usnally when light
rain is falling, the femule lays the
eggs as she walks. flutters or flies
closeabove the soil. Afterhatching,
the larvae spend the first few stages
of their life foraging among debris
and leaf litter, before choosing a
tussock in which to burrow. Within
the burrow, the larvae are safe from
suymmer heat, and also, if deep
enpugh, from bushfires.

From 1967. Prof. Main has
observed a number of sites where

the plant and the moth occur,
in order to try to understand
its patural history - that is,
the effect of the inter-
relationship between all the
plants, animals and physical
effects which oecur at the
site. Inparticular, he wanted
to know what effect the
herbiverous mothhad onthe
survival rate of cord rush,
the effectof fireon both, the
ability of the moth to
reinvade disturbed areas,
and the effect of present
managemenl practices on
the whole community.
The importance of this
work is-that it is long-lerm.
Most studies of such detail

like ather ghost moths, the
pupal cases remain

Cord rush with Block fomma {Allcoosuaring goutivaivis) in the
wiodil. From "Behwsen Wodil ond Tor” by Barbara York saln,

— for a PhD for example —
take three vears and then
end (or the funding runs

CORERNES cint pdge T
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Grectings evergone!

HANK you all for the great

response 10 our guestionnaire,
youwere very positive and made a lat
of helpful comments. They will be
very useful i enabling ns tocontinue
to develop the sort of magazine you
want to read. As promised, somie
feedback om the survey results
follows. We were delighted that
100% of respondanis found Western
Wildlife (WW) “interesting and
informative’ —94% ‘agreed steongly’,
The style of design and layout found
favour with 915, while 875 thought
it covered mest of the toples they
were interested im. 8% read it “from
coverto cover’. 31% read anly the
articles that mmterest them.

6% kept WW for future reference
but several people noted that they
couldn’t do that if they afve passed
the magazine to others in the Togal
cammunity. Coed point!  Please
note; you can reproduce articles from
WW in other publications — see hox
on this page. Relating to this too,
several people requested an index,
one person suggesting it beon the
frent page, like our Victorian
counterpart, In the original design, 1
rejected that as | fele it detracted from
the appearance of the publication.
But we'll try for one elsewhers, see
below. A culmulative index i3 kept
in each Lawd for Wildie (LFW)
office, if vou'd like one, please ring,

INDEX

ALEOnE O 5
Biock-tofed Monfior 15
Bugh Dalective o
Coming Evanis I
Cord Rush I3
Crecie founa hotdtar onrock ouforeps 12
Ecliterial i @
Fire, Frows ond the Cond Rush 1

Impoct of cimate changeon Diyandao: 3
LW Moz 19
Membarn® fooe 14
WMol 1
Mathve Snonis 13
Nesw Books )
Rainbow Lowileals 7
Regeneraling woodionds 12
Sicrm Weead 1
Summer-active nafive geosses 4
ThickDiied Grospwrens s}

EDITORIAL

We were very plessed with the
responses tothe last two questons in
this seetion; as 745% said that they
had used the info from WW to help
manyge their land, while many of the
26% who were neotral or disagread
with the answer commented that they
were “an advisor” or “didn’t have any
bush to practice an’. The final
question “since receiving WW.Thave
had a better appreciation of my
bushland” had 33% agree strongly,
27% agree slightly, 15% neutral and
3% disagree — several of the latter
giving the same sort of reasons for
theiranswer. Thisismostheartening;
as It means we are not just providing
information, you are aciually finding
it USEFUL — this is what ZFWisall
about.

With regard to wiich topics you
aré interested in, it was no surprise
that fauna ( 100%), flora (99.3%) and
tevegelation (995%) eliciied the most
pasitive response,  Other popular
topics were weeds and research
{97%), practicalities (96.5%) and
LW News (93.5%). (Manv people
commented that they wanted 1o read
more about what other L7 Wery are
doing, we will do this wherever
possible.} The least popular topic, at
73%, was funding. which was not
expected. Perhaps those of you who
are eligibable for grants hear enough
ahout them from elsewhare?

Several people put in a plea for
colour pics, though one person did
add “if it can be afforded”. The short
answer is; it can't. As vou knew, we
provide all owr information free,
adding colour to the magazine would
be teo costly. But we will follow up
solmeone else’s sugoestion to ensure
that pic captions inciude comment
oo colour, that's a very good idea,
Thers were also some requests for
WW g be in electonic form — this
may not happen for some time, but
we will continue to consider this
aption,

We received lots of helpful
suggestions about what you would
like to seeinthe magazine, including:
s0il micro-organisms, practical fauna
care, how to identify ‘hittle brown
birds’ (1 need this too — Ed!), native
agquatic life, maive weeds, difficalt

flora propagation, fire retzrdant
plants, prototype management plans,
tips on ‘teaching’ bush values, more
on the ‘spiritual” dimension,
occasional articles on significant
regional bushland areas, the views of
politiciany and pelitical parties and
legislation,

The mast thought-provoking
comment undoubiedly came from
Bruce lvers of Kojonup, who wrots:
“I' wish to replace normal farming
enterprises wiith mulit-species
perennial (shrub/iree) crops
{preferably Australian natives) that
make 4 times the gross margin of
canola: (a) Whar are the products of
these erops and who buys them? (b
Whiat ‘are thé management systems
needéd to grow them? (c) H veou
don't know the answer, when are we
going to start to solve this puzele?”
Inall purdreams, Bruce! We promise,
ifwe gereven a whiff of a possibility,
we'll share!

What about the negatives? Well,
thers were some, mostly on the desien
of the questionnaire. It was done in
five columns because that is a
standard statistical method, even
though a yes/no answer would be
simplér. And several people took me
to task for very poorenglish. columns
were headed ‘disinterested’ when
whal wits meantwas ‘uninterested’, [
copied the wording from elsewhers
and didn’t check - mea crfpal

A detailed analysis of the
responses has been prepared and if
youwouldlike acopy, ingme. Please
keep the suggestions coming. Ireally
appreciate the feedback.

The winners of the Landscope
Calendar were:
Sue Witham, Broomehill
B & 1. O Dwyer, Margaret River
I & L. White, Darkan
Meville Sparrow, Darlington
Rabyn Soullier, Yandanooka,

Penny Hussey

Y
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Wotaernal mzy be reproguced withoast
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Fiee, Frous and the Cord Ruch coninied

e prige

out!).
enoueh o show real trends.

The results provide a fascinaling
insight into what is actually
happening In our wheatbell
remnants,

Bungulia Nature Reserve
(site 1)

Like most others. this central
wheatbelr Nature Reserve s an
tstand within cropland. In 1967,
when the study started, the study
site was 4 Jow heath dominated by
cord rosh and surmrounded on all

sites by a tall shrabland of black:

tamma, hakea, grevillea and wodjil
{wattles), growing on sandy soils
over latentic ¢lay. Since then the
only disturbance has been due to the
feeding activities of rabhbits,
kangaroos, echidnas - and locustsin
1990-91.

The cord rush and the moth are
buth favourad by the shade caused
by the wattles, but grazing by an
mereased number of moth Tarvae
eventually killed the cord rush.
Droughtand graeing Rilled scedling
hakeas and grevilleas. The wattles
aged and gradually died outr. Black
tamma seedlings survived in all the
areas where plant death had left a
space, and their nezdles smothered
and killed ground vegetation,
incleding cord msh. Thus the entire
community on thissite has changed
o one dominated by black timma -
with important implications forather
fauna.

Durokoppin Nature
Reserve (site 2)

This sit2 was on high ground, an
sandy laterite, in 2 thicket dominated
by tamma. wattleand grevillea, with
a cord rush understorey. It was
burnt wath a low intensity patchy
fire in the late summer of 1988,

Some of the tussocks survived
the fire and a number of seedlings
germinated in the first winter after
it. They survived summer heat and
water stress in the shade of still
standing burnt shrubs. However,

In nature, this 15 not long.
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drought and grasshoppers
eliminated much of the regrowth.
Nine years after the fire. one young
plantprovided enough food (12 leaf
blades) to support one moth larva
through to adult, zlthough none of
the seedlings had yet flowered, Note
that seedling recruitment did not
replace fire-induced mortality of
established tussocks — ie there are
now fewer cord Tush plants at this
site,

Durckoppin Nature
Reserve (site 3)

There were two study sites here,
nnewithin an area of regrowthin an
ar¢d that had been cleared and
cropped in the 1930s, and another
onnever-cleared land close by.. The
vegetation in both sites was tvpical
kwongan on yellow sand, with
woody pear over cord rush. The
regrowth area was experimentally
burntin i very hot fire in the summer
of 1939,

There was little change to the
unburntsite, exceptthat some of the
shrubs died and black tamma
invaded in small numbers.

Some tussocks survived the very
hat burn, but very few cord rush
seedlings germinated and none
survived the summer. However
-germinaticn and establishment of
shrubs wis good, Three years after
the fire, pupal cases in regenerating
tussocks showed that moths had re-
colonised the area from the adjacent
unburntareas. Superficially thearea
looks excellent, but there aré far
fewer cord rushes than hefore,

East Yorkrakine Nature
Reserve (site 4)

A gently sloping north-facing
sandplain with similar, but sparser,
vegetation to the othersites. A very
hot experimental burn was
conducted in the summer of 1991,

Alter 2 years, aboul 30% of the
tussocks had survived the fire but
none had Nowered or sat sead,
Moths had also invaded from
adjacent unburnt areas and started
to re-use the regensrating tssocks.
Thiee vears after the fire, one
reached adulthood. A very large
number of seedlings germinated in
the spring after the fire but, on the
shadeless seedbed, by seven vears
later, all had died.

Conclusions

This study shows that cord rush
regenerates after fire, butitneeds to
be 4 low intensity, patchy one and
even then, regrowth is very slow.
Large cord msh plants are thus likely
to be as old, or older than the shrubs
in the same community. Tha moth,
Frawy, can invade burnt areas from
adjacent unburnt ones but it takes a
minimum of 2-10 vears under
favourable conditions before a
seedling cansupport a moth larvato
matunty. It is even longer before
the seedlings themselves will set
seed. To preserve both the moth
and cord rushin a small reserve may
be very difficult.

Thus eone should not becoms
complacent about biodiversity
conservation. Even apparently
common flora and fauna may notbe
saft, The risks faced by them will
only beceme apparent when life
history and other biological
requirements are known.

Ecosystems ar¢ dynamic, not
statie, and we need as muoch long-
term data as we can gather, to make
decisions for the survival of
biodiversity based based on the best
possible imformation.

Fanerites Professor AR (Ber) Main
can be contacted irongh the Depy
af Zoaioey, WA

&
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HE recent wel summer has led

1o & proliferation of our summer
active native perennial grasses and
Land For Widlife member Roy
Butler has enjoyed watching the grass
SIOW.

In 1992, shortly after veterinarian
Roy Butler moved to Merredin to
JjoinAgriculmure WA, he and his wife
Judith bought 33 ha of cleared
farmland on the outskins of town.
The previously cropped and grazed
paddock became home o acouple of
horses and under this grazing regime,
nutive perenmial grasses persisted and
staried to spread.

Eight vyears later, Roy's
permanent pasture consists of
perennial native STASRCH
Enteropogon acicufaris (curly
windmill grass), Chioris sruncoata
(windmill grass), Enneapagan
palvplylies (canary grass) and
Awistidaconorra(bunched kerosene
grass). Being summer active, these
grasses provide the bulk of summer
feed. When they become dormant
during winter, clovers, sub-clovers,
medics, barley grass, rye grass-and
the native perennial spear grasses
provide lush winter feed.

In 1997 Roy bought some
Dorpine sheep (2 cross between 4
South Afnican meat sheep and wool
growing merings) to manage the
pasture and obtain some useful data,
Thesheepare grazed inrotation over
four paddocks thataverage 8 hacach.

Roy bezan monitoring the sheeps'
condition in November 1999, Most
ewes lost weight untl the end of
December then starfed to gain an
average of 89g/head/day. Lambs
gained an average of 95gfhead/day
throughout this ime.

The feed value of the actively
STOWINg native grasses compares
well with more traditional feed. In
late January Eaveropagon acivalards
had a dry digestible matter (DDM)
of 66% and 19.6% crude protcin
(CP). Enmeapogon polvpiyviiurhad
62.1% DDM and 15% CP.

Roy concluded that in the eastern
wheatbelt, stock can benefit from
the inclusion of summer active native
perennial grasses and in years of
summer rainfall, supplementary
feeding may be reduced. This may

remove some of the anguish farmers |

REVEGETATION

summer active
native grasses
support agriculture
and wildlife

by Avril Baveer
and fHeather Adamson

oy & most impeessed with the mixof
speciss in his posturs

feel when watching the nutrition
stored Inwinter grown pastures being
washed out by summer rains.

He sees the main benefits being
water use over summer. The native
grasses drv out the soil profile and
allow it o absorb more of the winter
rains before the excess seeps w the
ground watertable. Wind and water
grosion is negligible.

Animal life is certainly on the
increase. Grasslands provide seeds,

nesting matenal, mesting -sites and |

cover. Grasshoppers. caterpillars,
moths, native cockroaches, spiders,
ants, crickets and bees abound,
Ground nesting birds such as brown
guail and Richards's pipit thrive in
the arga along with robins, willie
wag tails; white fronted chats,
magpies, mudlarks. bobtails, western
blue tongue lizards, western bearded
tragons, field mice and rats. This
aHlows largerbirds such asbarnowls,
nankeen kestréls, black-shouldered
kites, butcher birds and brown
falcons to hunt continually over the
grassland feeding on smaller prey.

Rov is most impressed with the
mix of species in his pasture, which
make wse of different climatic
conditions. This year's summer rains
have lead to a green pasture heavily
dominated by Chloris rrmcara . This
grass lives for about three vears and
sels large amounts of seed which
germinate very quickly aftersummer
raing while the Tonger lived
Enteropogonaciculars,can produce
green leaves in the hottest and driest
summers. Within the svstem, winter
legumes provide nitrogen for stock
and summer pasture growth.

Roy sees it as a robust system.
Thereis always something “onoffer”
and encourages other farmers to
investigate it's use within their own
systen,

Through his work with Agri-
culture WA, Royisinvestigatingthe
use of Chloriy rrancefa 28 & summer
growing native grass sown with
serradella on acid yellow sands. In
this mixthe windmill grass provides
snil eover to stabilise the erodible
sands and make vse of any summer
rain and the serradelia will provide
winter feed and anitrogen source for
the grass.

After hearing of Rov's success,
last year Bruce Rock farmer Michael
Buegge swpped spraving Chloriy
frievtcaria out of a paddock which has
been continuously cropped since
1997, It has proliferated with this
sumimer' stain at the expense of other
summer growing weeds such as
paddy melons. Michagl sees this as
an advantage, he can crop over the
windmill grass but would have had
tospray the melons which getcaught
in the knife points of his seeding
eguipment. Michael also helieves

cermteed o page 5
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| ECONOMIC ASPECTS OF BIODIVERSITY |

AGONIS OIL AND THE CURSE OF POTENTIAL!

By Chiris Nebinsan

™ 1996 when | was working ona

bush management project to
increase cut flower production on
the south coast, [ became aware ofa
very interesting specles (as yet
undescribed) of Agewss. Commonly
called coarse teatree; it flowers in
late summer and is picked for hoth
fresh and dry flowers, mostly for
gxport, As a field botanist T way
most fuscinated by the beautiful
seent the leaves produced when
squashed or mebbed in the hand. The
plant was a vigorous grower and
was likely to have a fair amount of
this oil. I thought. maybe this plant
has some commercial pofeatial for
essential ail, The mobile oil mallee
still came to town and T extracted.a
sample of this lovely oil. QEII
Medical Centre testad it against
Welalenca alverniflia (eastern
states teatree) il and found it to
have ‘an level of
antimicrobigl ability. It was also
analysed at WA Chemistry Centee:

The potential was there all right,
bt how could we transform that
inlo commercial reality?

After finding funds last year to
employ & consultant to investigate
the potential of this oil, it 18 now
apparent that the road o converting
itto a broader markel place realityis
alongand very expensive one. Only
the big pharmaceutical companies
may have the capacily to fund
product development and TGA
(Therapeutic Goods Act) approval,
We didn't have enough oil for them
to even siart 1o estit (100 litres),
Another obstacle is the vested
interest already in MWelodewca

excellent

Agonissp, Coase faales
Photo; & Robinsgn

alternifelia oil, which has massive
plantations and tax driven resedrch
and product development on the East
(Coast,

Currently the best prospect may
betodevelop asmallerlecal industry
based on local cultivation, extraction
and processing into an innovative
rangeof products thatdo notrequire
TGA listing such as soaps and other
products which do not make
therapeutic claims. Already there is
alandholder growing this plantas a
row crop (for flowers) and at least
four south west firms interested in
using this oil in & mnge of products,
which can capitalize on s great
perfume and antimicrobial
character. There is interest too
expanding current distillation

capacity, which could he used for
other products,

The challenge for me 1n 2000 is
now 1o assist that group to explore
Ways 10 increase production of the
oil throughexpandad cultivation and
distillarion and the ¢mtical product
development.

Mayhe this time we can conver
the polential of u fascinaung local
species o provide a real option for
rurdl diversity and a contribution to
a sustainable environment.

Chirey Rabingan v a Developament
EficerardGWA, ALBANY. Hecan
be contected on 9592 S188,

Covouwantfobea
part of this?

Do you lwe from Pemberton

acrosstoMoryhe

S ondtavewei |
peaty-sand heaiti
property T ou dirsndy |

harvast coanss 2ares (Agonisp)

L

Qnichs O yaur

Perhaps

or fing teatres (Agond coandcsns)
forclutfowas? If so, you hove the

:igm conditions for this

project. You
mlght like to leom more about the
paotential-nng Chasfor udhergetal,
In addition, LFWCs Jenny Dewing,
07461 2318, (for Mardimus Shirg) and
Sylvia Lelghton, 9842 4500, {souih
coasty hove

niormation on
mardging thete fwo spacies in
refmncnt vegetahon, |

Contrined frow petee

that if this winter starts off wet, then
he -will still be able to seed the
paddock, which with the absence of
windmill grass could have beentoo
wet. This year the Chiloris frrmcara
had a ¢rude protein level of 14.2%
and digestible dry matter of 63 .4%:

There are many guestions to be
answered. Will the grass carry over
any diseases. will it make sandy
soils non-wenting, will it mean that
winter crops get off 1o a later start
due to a decrease in stored soil
maoisture? Farmers with an interest

in perennial agricultural systems
may have to drive the research,

Michae! Buepgge has Chloris
truncuta seed for safe FlviFar 9067
7288 Ray Butler can be contgeted
o BO8S FTET wik) 9047 2848 fah).

th
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HY have Thick-billed

Grasswrens disappeared from
the wheatbelt, and from most of their
former range in pastoral areas? This
was one of the questions [ set out to
try toanswer as I studied the ecology
of five bird species at Shark Bay for
my PhD thesis.

Though probably never comman,
Thick-billed Grasswrens (davomis
rextilis) once occurred over the
wheatbelt and much of the adjacent
pastoral area (see map), However,
the hird has not been seen in the
wheatbell since 1910, and in WA
now only occurs near Shark Bay,
They aresmall. zctive birds, spending
most of their dme on or near the
oround.

Grasswrens feed on both bare
soil and among leaf litter. searching
for invertebrates and plant food.
They are particularly partial 1o ants
of Cremmertogaiter spécies, but they
also take spiders, termites, beetles,
math/butterfly larvae and bugs.
Grasswrens also consume vegetable
food, in particular the fruits of
Enchviaena lomentosa (ruby
salthushand Rhaeodia eremzpeaitall
saltbush). Both of these plants
produce a orangefred succulent fruit
with & black seed which remains
intict and easily recognisable in the
secats — seed dispersal for the plant,
presumably.

Grasswrens pair up and establish
a territory of between 1.2 to 2.0 ha,
in ‘which they breed and live
throughout the year. They defend
the boundaries of their termitories by
song and by chasing intruders.

The birds start beeding in winter
or early spring; in this arid area, the
onset of breeding may be related o
goodrains inaprevious month. They
build adeep, cup-shaped nest towards
the centre of a climbing plant or
shrub, usually berween 20and 70 cm
above ground. In dense vegetation
the nest may not be covered, but in
more open sitwations a hood is
construcied over it. The nests consist
of woven strips of bark, dry grass
and fowenng stems of Prlotes
ofovatay (cotton bush). sometimes
with strips of fine bark around the
entrance. They arelined with parrow
strips of buark, fine grasses and
occasionally plant down such as

FAUNA

THICK-BILLED
GRASSWRENS

v Belinda Brooker

Srasswien berfomming o dodgem-car”
diepioy o drow predators away from
frier nest
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Map showing prasent .:-mc.* former
Tocoftias of the grasswren In Weasfem
Ausinaiia,
Friforer flower heads. The female
builds the nest and the male feeds
her during the pre-layving period and
incubation. One to four eggs are
taid. The nestlings are fed the same
food as adults, but with a higher
proportion of caterpiliars.

Nests sometimes failed becayse
of predation, probably by the mulza

Skatch of the nest sites of ihe
five bird species sfudhed inmy
thesis.

snakeorGould' s monitor. Although
cuckoos exist in the area, during
this study I did not record them
parasitising grasswren nests. [t
seems from this study that the degree
of nesting cover was an important
determinantof nesting success. This
may provide a pointer as to why
these birds have declined elsewhers
in WA.

The grasswren has a preference
for litter substrates in which to
forage, and it prefers to nestindense
low shrubs. It may alsoeatthe seeds
of plamts which are selectively
grazed by stock. In the wheatbelt,
grazing has removed the liter laver,
and often the shrubs as well. Even
in the pastoral region, grazing by
shéep, goats and rabbits has
significantly changed the shrub
community, especially its density
at low level, making it not only |ess
suitable for grasswrens butexposing
them ta more predation

In summary, it is not possible to
attribute the decline of the Thick-
billed Grasswren 1o any single
factor, rather, it appears likely that
an interaction of several features of
it"s life history made it sensitive to
disturbance. If this bird is ever to
expand back into some of its former
range, land management will naed
to alter to permit leaf litter
accumulation and dense low shrub
growth.

(N Faran ilfusrration ofthe Cocleail
Ant Crematogaster sp, tee Hestern
Wildiife 37}

Belinda Brooker (s a zonfogist wiho
Aas, wntil recently, been working on
recaveryplansar CALM, Waoavale,
Shecan becontacred on 3874225,
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THE WEED WITH WINGS: RAINBOW LOI?IKEETS@EE@

N recen: vears there hay Geen
pancer aliont e creasing
poprlation of rainbow lorikeety 0
Perth.  Posr-gradiate research,
comiplered i F997 investipated the
ihpact af s Sird on e
eanservarion and agricultural areay

W vexatfy wesiern Awseralia

This research found that critical
elements for their succgsslul
establishment in Perth have been:

+ the existence and continued
expansionof anunder-utilised and
svolving niche, consisting of a
mosaic of mature axotic and nutive
vegelation

+«the genecralist tendencies of
rainbow lorikeets with regard to
dietand nest requirements and their
aggressive namre

¢ their ‘native’ status and colourful
plumage which has evoked ready
COMMLNILY acceplance

« Inaction by government agencies
whilst their population numbers
were-low.

Rainbow lorikeets are now well
established in the Perth urban area,
heing found within a coastal strip
from Fremantle toMullaloo, ~50km
sputh tonorth. They are also present
along the Canning River al Kelmscou
and nearby at Armadale. Areas
adjacent to the Swan River from
Perth to Midland and also along the
Helena Riverto Hazelmere, ~ 30 km
from the coast, have also been
colonised. Based onsightings from
previous vears there appears o be i
contraction of the. range, in some
locations. In 1992 rainbow lorikeets
were noted at Gooseberry Hill,
Darlington and Middle Swan but
despite concerted attempts to locate
rainbow lorikeets at these localities
none were observed during my
survey. Earlierthis year (2000) there
has been a sighting of rainbow
lorikeets at Darlington and at
Northam feeding amongst marri

blossom. The extent of their |

fv Darvucd Lavnerny

establishment is
5till being defined
and 1t may well bea
number of wyears
before this becomes
apparent and stable.

The range of foods
used by minbow lorikeets
in- Perth appears o vary
little: from that deseribed for the
bird within its natural range in
eastern Australia. Blossom from
gastern states Fucalypis such as £
magcutate, £ citripdora and E
cladacalvr were highly favoured
and havabeen asignificant factorin
rainbow lorikest establishment in
Perth. The blossom of logal
Eucalypts, e.g. tuart, marri, flooded
gumand jamah arealsotaken freely.
During field observations rainbow
lonikeets were noted feeding from
more than 20 species of plants, with
sceds, fmaits, nectar, pollen and
flower parts being eaten. A high
propertion (77.1%) of the food taken
was of an exotic orgino; e not
native lo the Perth region.

Implications for Agriculiure

Parrot damage to commercial
fruit crops by parrots has occurred
in WA for more than 50 years, with
annual costbeing estimated at more

than 51 million in years of severg
damage. The establishment of
rainbow lorikeets in the piime fruit
growing aregas of south western
Australia could exacerbate these
losses, However until recently
reports of the Perth population of
rainbow lorikeats acmally eating fruit
have been virtvally non-existent.

It may be that we are aboul 1o s¢e
the threat to agriculture realised. In
early Januaty of this year &
householder in the northern beach
saburh of Trige, reported rainbow
lorkects to have eaten his entire
cropofred seedless grapes. Although
well known in the Togg arca for a
number of years, this is the first
known report of mminbow lorikeers
gating grapesin Perth. Having now
Iearni that grapes can be utilised asa
component of analready diverse diet,
it may be only a matterof time before
commercial grapes growing near
Perth are utilised. Reports from
South Australia suggest that rinbow
lorikeets are quickly developing as
the principal pest species of
commercial orchards there.

Rainbow lorikests have been
gazelted as an unprotected species
underthe Wildlife Conservation Act,
1950, and as such may be taken by
prescribed methods. However thay
have not heen gazerted as a declared
species under the Agriculture and
Related Respurces Act. 1976, and
this ean not pccur until it is
demonstrated that they areathreat o
agriculture.

Lavid Lamont is Executive Offcer
Sfor the Roadride Conservation
Commities. He researchied rainbow
loniteets forlisMaseers Degree. He
cait Be contacred on 9334 427,




Wextern Wildlife Vol 4, No. 2

RESEARCH

IMPACT OF CLIMATE CHANGE ON THE DISTRIBUTION
OF THE GENUS DRYANDRA

oy Odile Pouliguen-Young

LIMATE change has the

potential to become the most
important threat to the world’s
biodiversity todate, Realistically, it
isunlikely that the rate of production
of anthropozenic greenhouse gases
is going to be slowed down enough
in the next 30 vears to delay climate
change. We should seriously begin
to look now at what impacts climate
change will have on the nutural
environment. especially in those
partsof the world withahighendemie
biodiversity such as the south-west
of WA,

The immediate consequence of
the enhanced greenhouse effectis o
increase global temperares. This
in turn has an impact on regional
temperatures and rminfall patterns,
in-short on regional climate: Somg
researchers are arguing that climate
chimge could already be responsible
for the lower rainfall patters of the
last few decades in the south-west,
Whetherclimate change has already
putits mark anthe region, oris going
to be of more importance in the next
century, is @ matter of debate.
Whatever the case, those species
which have evolved to take
advantage of specific climate
patterns such as the Mediterranean
winter rainfall, will have toadapt to
changing climatic conditions.

In 1996, CSIRO climate change
scenario based on estimates of
areephouse gas emission rates
indicatesa further decrease inrainfall
over the whole south-west,
particularly in summer. Thereis a
marked southernshiftoftheregional
isotherms and a contraction of the
lowertemperature areas of the region,
As global temperature increases,
changes in the region’s climate are
maore noticeable.

Because we do not know much
about the requirements of native
plants, the easiest way to eslimate
the impact that climate change may
have on native species is to look at

Heney posium-on showy dnyandrg

(0. formosg) Surwlog by Angeks Wardeliohoson

haw the species’ dismibution will
respond to changes in local
temperaturéand rainfall. Todothat,
the species” current distribution was
matched 1o a setofclimatic variables
using a speclalised computer
software specifically designed for
Australian conditions, to define the
species’ climatic envelope. This
envelope 15 much larger than the
species’ real distribution which is
usuallv constrained by other things
than just chimate. For plants, the
main element constricting the
distribution of species is the type of
soilg that it prefers. By adding for
each species its prieferred solls o its
preferred climate, we abtained what
we  called the  species’
‘environmental envelope’.

We use the CSIRO climate
change scenario with three different
globaltemperature increasss: 0.3°C,
1°Cand 2°C depending on the rates

ofemission of the greenhouse gases,

an ineredse of +0.3°C should occur
between 2015 and 20435, while a
+2°C would happen between 2070
and post-2100. For ¢ach of these
global temperature increases, the
CSIRO scenario gives the expected

changes in local temperatuee and

rainfall over grid boxes of about
125 km by 125 km.

Our results on the 92 species of
the endemic genus Dryvandra
indicate that we can expect a range
of responses 10 climaie change
{Table 1), Itis clear that areduction
of the species’ distribution areas is

Tabiz 1. Besponses of Drvendia species o cimare change (n=92),
Overiop betwesn current ond pradicted envirbnmental envelopes: “>75%, “*<50%
Some species abpioy muitinle types of responsas To climote chaonge

Response hypes Mumber of species
+0.5°C + 152 + 20

1. Decline within cusrent environmentol envelope™| 44 30 16
2. Decline wiﬂ'-._:ﬂmﬂ!” or total displocement

betwesn cument and predictad anvironmeanial

envelopes Z 4 i2
3. Total disoppecrance 24 43 &1
4. Increcss in envitcnmenial enveiope ared 1 1 ]
5. Contracts from the notth = 55 48 27
&. CDF‘.{:’I;C;E from tha eost 3 15 20 7

covtinied on page ¥
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comftraned from poge &

by far the most common response.
There isalsoa trend for the impacts
of climate change to be more severe
s global temperdlures increase,

Most researchers expect that
species will move to track their
preferred climate.. Afer the Fast
elaciation, trees and other plant
species from EBurope and North
America migrated northwards (and
some arestill doing so) as ice sheets
have retreated. Qur results do not
show any such large scale
movement. Instead, 26 drvandras
disappear at +0.37C, raising to 0l
speciesat+2°C. Thesespecies will
not be able to find their prefemed
environmental envelope anywhere
in WA, Thisimportant result is due
o the fact that most dryandrashave
very specific soil requirenients and
that their preferred soil types are
not widespread. Because of the
southemn shift of the isotherms, the
decline thatmostspeciesexperience
within their current environmental
envelope occurs through a
contraction of the northern part of
their distributions,

Another important result i5 the
influence the size of the species’
currentenvironmentil envelope has
om its vulnerability to climate
changa. All the species whose
environmental envelopes are
gurrently less than 1000 sq km
disappear very rapidly (Table 2Z).
The largest species are much more
‘resistant’ to climate change: no
specias  with &  current
cnvironmental envelope covering
more than 50 000 sq km disappear
at +0.5°C and only one of these
species disappears at +2°C,

This result is due to two factors;
(1) the larger the eavironmental
envelope of a species, the wider the
range of climate parameters it can
be found under and the less likely
climate change will exceed these
parameiers completely; (2) the
larger the species’ distribution, the
more soil types it 15 likely to prefer
so that its predicted elimatic
envelope under chmate change is
going tacoincide with atleast some
of 1ts preferred soul types,

This effectof sizeis independent
oflocation. Whether from the south
or nocth of the region, species with
a very small environmental

Toble 2 impoct of thiea globol femperaturaincrecsss on Dryandrg soacies ranked
by oreg of cument 2nviranmeantol envielobe.

Currentarea.  Nooof species ot Mo, of species which cEaoppear ok
{59 k) current climate

+0.56°C #1°C +2°C
0— 1000 23 25°0100%) 25 (18G%) 25 (100%)
1000 -5 000 14 1(7%) 9 (64%) 17 (B6%)
5000 - 10000 22 a & {2%) 18 {6875)
10000 —50 000 21 a I(18%) B {36%)
> 50 (100 10 o o 1(10%)
Total s 2 43 &1

Table 3 Proportion of Drvondra spacias whioss environmental envalone ez within
nafive vegestaficn areos over 50 hdg, under curent ciimote and fhree global

fampergiule inCreoses

Proporiion of the species”
envirenmsnial envelope
within nothee vagatafian

Proportion of species within notive

vegetaghion aregs ot

Qreds
Currentclimoie. «+0.5°C =1 +250
0-25% A% A3% 5 A3%) 5i%)
25 - 50% 41%385% A% %1% 7R )90R e S
50 - 755 5% o5 a% &%
75 - 100% 0% A% 4% 1 7%
MNumber of species o2 futal 49 3

envelope disappedr extremely

quickly.

83% of dryandras have less than
50% of their current environmental
envelope within large hlocks of
native vegetation (State Forests,
protected areas and remnant
vegetation areas of more than 3{(0ha).
Because the species do not move
markedly with climate change. this
proportion does not change much
under climate change (Table 3).
What reserve system we have now
will need to be greatly upgraded if
wé wantipimprove the ¢conservation
status of surviving drvandras under
climate change.

If we assume that the responses
of the distribution of deyandras (o
climate change are likely to be the
same forother endemic plants inthe
south-west, this study has several
implications for the development of
conservation strategies aimed al
counter-acting elimate change in the
region. Some of these implications
are noted below,

+ Rare or resifcted plant species
endemic to the south-west will be
extremely vulnerable to climate
change: they will suffer most and

much eirlier than more widely
distributed species,

¢ The current centres of plant
diversity in the south-west
{Stirling Ranges and Northern
Sandplains) are also very
vulnerable because of the high
numberof restncted species found
‘only there.

« Ecasystems with a high plant
diversity are not going 10 gain
species by migration, but instead
ire going tolose all theirrestrcted
species first.

+ Becausemost plant species do not
move under climate change,
cxpanding the current system of
reserves should take precedence
overthe design of corridors acrass
the region.

+ Because species migration is
unlikely, itisnot possible todefing
specific climatic refuges where
species may concentrate under
climate change. However, our
study indicates that the Stirling
Eange region may actas a climatic
refuge for those specics currently
extending eastwards along the
south coast.,
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Visit of SA Minister for
the Environment.

N January, the South Auvstralian

Minister forthe Envirenment, the
Hon Dorothy Kotz, visited WA and
asked 1o see fand for Wildiie. We
toak her to visit a large property -
Rugsell and Pat Lord’s at
Goomalling—and asmall one, Jenny
and Mike Mackintosh's at Mt
Helena, with lunch at Toodyay in
between: We intendad to show her
remnants, réveg. streamlining, rare
flora work ete ele, but were baaten
by the weather

It was one of those days whes
the heavens opened! As we drove
up to the Lords® we could see
lightening bolts smashing into
paddocks alongside the house!
Inside, there was no electricity and
itrained so hard thatwe could hardly
hear ourselves ik, At Toodvay,
Rae Paynter. Dawn Atwill and

AT the Loy’ - Ciairs Hall, Russall Lorg, Mrs Koz Ashlsy, Pot
Stepnesn Lard, Bob Huston.

Diesrae and Wavne Clarke joined us
forlunch. The rain wisso heavy the
loo flooded and the restaurant's roof
leaked! At the Mackintoshs' it was
gloemy and sodden, thoueh, fora
shor while; not acuvely wet.
Mevertheless Ithink the Minister
wias impressed by the energy and

enthusiasm shown. She said she
learnt a lor about salimity too! SA
are thinking that they may stam a
L Wprogramme, butitis notahigh
priority atthe moment. Many thanks
to everyone for your help.

Penny Husver

coniinyed from page @

« Thisstudy did nottake into account
the ecological and physiological
adaptability of species. We
assumed that the current
distribution of drvandras coincide
precisely with their rainfall and
lemperature requirements for
reproduction and/or regeneration.
However it is well known that
plant species can live and
reproduce under a wider range of
climatic conditions than those
under which they are found in the
wild. To improve the chances of
plant species surviving climate
change, some rare species from
the northern part of the region
could be transplanted south of their
currentdistribution as asafeguard.

Although not & high priority
threatat the moment, climate change
has the potential to impact on a wide
range of conservation issues
including revegetation strategies,
weed demagraphy and distribution,
type and amount of agocultural
production (hence native vegetation
clearing and management). jarrah
dieback, fire patterns, nalive
mammal re-introduction strategies,

reserve location, salinity (through
changes in rainfall pattamns) etc.
Latest climate change models
indicate that the reduction in rainfall
over theregion could be gven greater
than predicted by the CSIRO 1996
madel, Climate change is really a
global threat bothin its geogruphical
extent and 1n its Iikely impacts.
Whatever mitigation sirategies
against greenhonse gases, we should
alsobethinking of adopting strategies
which will help us and our
environment adapt to climate change,
Further readine: Drvandras—ihevare
st @l prictly sleabs " M Pierons, WH

24,

The researclt way furded By the
Greenftowse Assevvment Team,
Awstralian Greenfioiuse Office,
Lnvironment Austradia, while Odile
weas Senior Researcfi Efficer ar the
histiture for Science and Technaloe)
Policy, Murdoch University. Odile
cant be contacted on FO8) 9372 36/5
and ematl-oveurng @iiner.ner.ay

BUSH DETECTIVE |

| Who made
this bag?
| gona TOUCY

It contalnsiritating smell spings
which con getunds: your skin

[

You have been worned!

Answer - poge 15
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WEED ALERT

SIAM WEED - COMING HOME WITH THE TROOPS?

v Harbara Waterhouse

IAM WEED (Chiromo-

lzena oderata) is one of
the most serious tropical
weeds one can expect to
encounter. Originally from
South America, it has been
introduced and become
ageressively invasive in
West Africa. South Africa,
the Indian subcontinent,
southeast Asia and the
Pacifie. A small infestation
which was noted near Tully
in far north Queensland in
1994 i more or less onder
control = at a cost (so far) of
nearly 51 million,

The plantts & perennial
shrub which forms tangled
miasses o 3m tall in open
areas, but can scramble up
to 5>-10m along forest
margins. It produces fluffy
pinkish-white flowers
between June and Sep-
tember, which result in
millions of seedsattached to
a parachute that floats them

Ateamof AQIS officers
worked in Dili, cleaning
vehicles before they were
shipped back 10 Australia
(this sometimes involved
dismantling vehicles and/
orengines), while asecond
team in Darwin checked
personnel. In all of this, the
Defence Department has
been wonderfully helpful
and co-operatiivea.

But the probability is
that, despite all lhe care,
some sceds will slip
through.

Where you come in

There will be ongoing
surveillance near military
bases, butitis acually more
likely that concealed seed
will be "bounced off"
during excercises in rough
lermain.

Siam weed could grow
in coastal regions of
Australie  from  the

away on the wind. It can
form impenctrable thickets
and smotherground layer and shrub
vegetation. Itis a serious weed of
riverbanks and disturbed sites, and
will smother plantations, trée
seedlings regenerating after logging,
cropsand pastures, aswell s natural
areas. In sitesowith wet and «dry
seasons, such &8s the Kimberley, it
dries off after flowering, burns
reqadily at this stage, lhen resprouts
from the rootstock. Itis unpalatable
to stock, bur toxic if inadveriently
eaten - perhaps if included in fodder
in feediots,

Tha risk from Timor

Stam weed s widespread across
[ndonesia, including Timorand Irian
Jaya and is spreading rapidly
through PNG. The next time yvou
see news footage from East Timaor,

pay atention 1o the roadside weeds
and background “greenery™ - much
of it 1s Siam weed, which is
widespread within Dili as well as in
miore rural areas,

Siam weed is notorious for
spreading in association with
military personnel and equipment.
It hitched rices across the Pacificon
military vehicles during WWIL The
Ausiralian  Quarantine and
Inspection Servive (AQIS) realised
thit it was the biggest dsk of the
possible threats that could return
with the treops from Timer. The
detection of Siam weed seedsin the
footwell of « UN vehicle brought to
Darwin for repairs in Ocrober
provided convincing evidence that
this was not just a “perceived™ risk,
but the real thing.

Kimberlev across to the
eastern seaboard, possibly down as
faras north-sastern Victoda. Ifyou
live in the north of WA, orif vou oo
naorth for your holidays, collect a
pressed specimen of any plant you
are suspicious of, and check it with
a Community Herbarium, or the
Weed Science section of AgWEST,

Remember, this latest incursion
by siam weed hasn’t happened
(quite) yet, bul it {probably) will
happen, and it is (probably ) coming
10 a site near you!

Barbara Waterhouse i a boranisr
with AQESs Norvhern Awstradia
Puarantine Strategy pased in
Marecha, Old. For niere mfarm-
difian, confact e following websire:
artpislwww agric. wa. gov.an/
progsenyplanisiweeds/cleros
L, S




Wezstern Wildlife Vil 4, Now 2

PRACTICALITIES |

Regenerating Woodlands - Similar to Growing a Crop!

0O, you've got a nice patch of

woodland on vour place, but
theredoesn 't seem to be many young
trees orshrubs. I vou think back 1o
last season, vou will realise that
reégeneratine vopur patch of
woodland is similur 0 growing &
l.:ri'.l]:'.l.

To get a good crop vou kept the
sheepout ofthe paddock, controlled
weeds, vreated a seed bed and
plunted seeds, mampulated fertlity
and pest species, vou may even have
introduced pollinators and finally
praved forperfect winler rains,

Treat vourself for pwalk through
your bushland. Have a look around
and see if any of the following
elements are missing.  Changing
them could be the startofthis yéar's
bushlind management programme,
+ Grazing control

Fence te exclude stock. control
rabbits. Monitorand, if necessary,
contral Kangaroos,

by Avril Baxter

+ Weed control
Prevent
nutrients fromentening the site. If
necessary, control weeds within
the site-and replace immediately
withiseedlingsor by direct seeding.

weeds and excéss

+ Seed spurce
Are there enough parent plants Lo
resecd the area? Hard seeded
waltles and peas canremaininthe
soil for wp to 50 wears — others
have a shom lite. Haz soilerasion
on slopes removed most of the
soil seed bank? Can the seeds
reach the area yeu want to
regenerateeg. do prevailing winds
blow them the wrong way? Do
the plants need fire to open the
fruits and reledse sseds?

+ Seed germination
Many. nutive plant seeds need 4
specific trigger to stimulate
germination. this may be heat. or
smoke. If direct secding, make

sure the seeds have been treated
hefore you sow.

+ Seed bed
Compacted surface. or niche for
seed to fall inte? Considerraking,
orcullivation. Do not disturb the
surface near the edges as this will
create a seedbed for weeds blown
from the paddock. Do not seed
urnider the canopy of existing trees
— it will have lirtde effect

« Trood rains

Do nedt treat the whole area gt onee,
Watererosion could eccuror there
may be inadeguate follow-uprins,
» Pollination and pest control
Maximise plant diversity 1o
ercourage insect and bird
populations. Control foxes.
Finally, give it time. New planis
will continue to appear severil veurs
after wou started the resenerition
process.

Create fauna habitat on rock outcrops using paving slabs

O0S5E rocks have beenremoved
from many granite outcrops,
either by the water duthority tobuild
walls to channel water, or, around
urban centres, by householders for
use in landscaping. The crevices
under these rocks are a most
important. Tauna habitat. Two
researchers in NSW decided to see
if they could recreate habitat on
degraded sandstone outcrops by
putting out concrete paving slabs.
They were Interested in the
endangered broad-headed snake
{ Hoplacephalus bungaroides) and
its major prey. the velvet gecko
{ Qecliira leswewrii), The geckouses
rock crevices forshelter, sodeclines
in numbers when the rocks are
removed. Then the snake numbers
decline also. The researchers put
out pavers, propped up to give a
vanely of crevice widths. Some

were in shady areas, some more
ecxposed.

The results showed that the
geckos used these crevices. This
demonstrates that habitat restoration
with appropriate-sized concrete
pavers may bhe a feasible
conservationtechnigue fordegraded
rock outerops.

They recommend theuseof large
pavers (30-45 cm wide, 3-10 em

B

Marired Velver Gecko Cedura marmararg,  Purmplish-Brown with wnre or yeliow
speHiss, (N oross-Danas whnen young. In WA mulgo region and nonn

thick) with avuriety of crevige sizes
up 1o I0mm, 1o maximise the
diversily of rétreat sites,

Has anyone here had success
with a similar technigue?
Reference: Webb K & Siime R
2000 “Pavine the way for habitat
restoration: can antificial rocks restore
degraded habitais of engangered
repliles?™ Braloeical Conservarion 92,

i SI-99,
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Mesel York: Photo! B Hussey

The Srubing body of the Morel,
crotein et hosastout yelowish-
1= staly topoed by g conleal,
wiinded brown cop. overall helght 10
- 15 cm. The whole thing 5 hollow,. In
Wa thay azzur In forests and
wesdancs of e south-wast,

(X

Inturepe gnd Amenca, Motelsdre
Fighty regarded as edibie fungl Dt
thay oe not used much in Australic
Trere doesn't svan seem fo ba any
fecorcy of use by Abodginal peapls,
Tnis koo of intarast might D2 Decause
trey e not offen noticed, o8 fruiting
oodies seem o be produced in
obalresnosony after bushfires:

Afarafire Moesls fruit ond reiédse
spores which garminats in the soil 1o
farm mpoela (feading threads) cnd
fhenfermscienoha. Sclagtig orefungal
restingbodies’ upfosemindiaomeaiar,
composad of karga thickwaolled cally
which angola the fungus fo sunvive
avenss conditions. Many soufh-west
funggi form scigratian, and It hos been
supgested Inal IT coula-be-g lealure
Thoi & an adopiation 1o copa with
frequent fires. I spring the sclerotiem
wil-efthier germinate o form o new
mwoelum or progduce-q frutfing Dody.
Gensmly, howaver. thie Mozl will fot
producs o fruiting body eihl after the
iz fire

Morels nove o light flovour, ond
thara & nothimg much elsethey could
e confusea with, IF anvona wonted
1o iry tham Howaver, hote thatsome
repoms figmainsrdontinentssay that;
if Scohel s foken at he-same meal,
sovela vomiting and. dlantioag wiil
resit

FLORA

Cord Rush
Fodeiccolea monosiachya
ECDEISCOLEACEAE

Cordnsh s tultec porennial which
forms large clumcs, with culms (uphight
stems) up to 1m fall, eoch with asingle
conesshoped infliorescances. The plants
ore aifter mele o female: The fiowers
are produced mspring, I growsin sand
undfer heoth o woodiong, offan. in
ossociaicn with gronits,  After fire
resprouts, or moy grow fromsead. | g
comimon and widespread frem Kalbarr
throughoirnt ihe nonnem and cental
whigoThalt

Femole read

Mgle heod

WLIEFTCTAan By Ele
froun “AustoioT e T - e May Bodl seahion

Distriburicn of Ecdeiccolaa
momasioohyo

FAUNA

Nothvie Sngils

Fallowing the arficie i 'Weastam
Wildiife" & nolive shod shail was found
an theAustralion Bush Hemoges sokock
at Kolonup. Mol Gronom, of CALM
Eojonu, sent {10 fhe Museum, gng Cr
Slack-Smith wos very infaresfod. She
replisd, Inpart;

“Friot 1o retehving vour gopacimean
wie howve hoo only g Snge sheltof g
Bothriembryen species tomanywhars
nedr Kajonup. Fsoamysteny asto why
there should beso few recards of
sacimensol ths group of native snails
from the huge oreo inlond of the
Escanarngnt gnd rorth of the Stirlinigs
untll ong recchss the Goldhields-
Ezparance rood, I s possible that i
couid be a poucty of colagions, but |
don'tthink ot 5 fha ondy tegion. The
sncits cra reqlty spores .

"l addition, their shells are
gansraly ragies, parhops oecause of
a low colciur content of the soll and
so-of the vegetotion. A5 g rasull, the
shiedls seem 10 dsntagiore 3000 affer
the deoth of the sngis unlike those
nearsrto thecoosts orin olnercalciun
rch localities, 3pocisy with well
colcifiec shalis emve Dehind planty of
‘evidence of thelrexisfence, evanwhan
the popuiations aren T lamgs

“An|merssting point s thatwandoo
wosdionds ssem o be more ofen
inhobited by rothve snals of valicus
groups fhon are-surounding jamrah or
marm woodionge:  Waondoo 5 oftan
associoted with oulcrops of goigrite
which, | undarstond, confaims more
colclurmthan ooes gronite.

"lwould bereally keen 1o reoehe
any information of, Daftar sl any
spacimens of Bofnnsmbnan species
fromihegenercictea iMhaspocimans
cre glive thes they could be pocked
info A dy containg: with airholes, such
ai g malchixox. ong s=nt to me. |
could  have the [ive  animal
photogrophag, and could then
nafcotise ond preserveitinsuch away
fhatitwould be sutctinforanatomizol
and genetics studies - shouldwe aver
hove the good forffune to haove o
raseorchat willing ond goie fo workon
thi graugs.”

o how about i, Lond for
Wildlifers In the Great Southem?
Early this winter, have a Great Snail
Hunt! You never know. you might
find o new species, and than It
might be named after youl
(Incidertally, the Kolonup spacies
might be  Bethriembryon
brodshawi, onginally found at
Tambelue)

o
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Should we be
farming kelp?!

keiry and Wayns
revegeianen it
Brycle cafchime
oF fan, SO SO0
Photo! Anng ek

Natural Vermin Control

by Monica Strauss

E are very lucky w have our

own VerminControllerliving
inourhouseat Toodyay. [tisasmall
Vigramuy rriviis, who moved inside
tour rouf some 10 weeks ago. Our
leathery-looking black friend enters
via a gap berween the external hrick
fireplace wall and the roof. He
appears to have taken up permanent
residence, and is doing the most
wionderful job exterminating any
mice or rats that are wishing to move
into the roof space. 5o much better
than having to sct traps!

We used to sometimes hear the
pitter and paner of tiny feet, now we
hear thump, thud and squeak, and on
occasions, a linde later, see 4 smug
looking black monitor reclining on
the outside rafters. He (orshe?}also
wanders daily about the garden,
mostly looking very furtive, the
curled tail held high a giveaway.
Only ence have I'seen it with the tail
flat on the ground, looking more
gloomy and depressed than ever,
and that was after it got watered by
accident.

V. rrixeis also hunts in our feed
shed, which is some 40 m away from

the house. 1 saw 1t with a freshly-
caught rat, which was sobig it didn’t
seem possible that he could eat it,
buteatithedid. When next!looked,
only the rat’s taill was hanging out of
his mouth, Some time later he came
home, stowly made his way up the
brick wall, stomach bulging, and
wenl inside theroof, Vermincontrol
without traps or poison!

The only disturbance that his
presence causes is to the people-
friendly birds. wren and robin, wha
are not frequenting our small garden
as much as they nornzally would. His
presence does not upset resident
bobtails, nor the carpet python that

has been spending the last few days
in a wandoo next to the house
However, absent 15 2 mulga snake
that we have seen around the ared
far & number of years and | wonder
if it is keeping away because of
Fradrra

Another thing perhaps worth
mentioning is the fact that this
summer is the best for bungarra [ F
Louldid — Fd] that we have seen
since buying the property in 1990,
There are always quite a good
number about, but this year there
are bungarra, in all sizes, just
everywhere. | wonderifothers have
noticed this also?

14
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Black Tailed Monitor - Varanus fristis

it & modea by coterpiiars of the
bag-shatter moth  (Ochrogostsr
tunifery which ¢orstuct communal
bog-sheltarsof s ond frass Thay ans
Tound hanging onix »
speciesthroughouT sof

Taen Avstredion

The cdult moths emerge In
MNovember and Decembar ond he
feroles oy ther sggson branches of

mwattie {Acocia coumingia). There
= 4 . - . . y [T e e e T b
LACK TAILED MONITORS | out. Sometimes this nearly givesa :"':";jf;r‘ J.'_*G' f“g‘: givebish il
: : = o January 1o June & clamssih-k
ack SRR o e R b |
{black goannas)are w“‘h"hpnd.d heart attack o people when they coterpiiarsemerg
over most of northern WA, Perth is look out of their window and see a oreoriy Joruany and e tog
at the southern limit of their extent, long snaky neck peering at them bog-sheltermode out of sik. f ‘
Most southern forms are very dark, from the rafters! dried lonval sirs hanging on fres
L T —, : iy e - . y branches. The bogsrangsinsize from
although the juveniles are more If they are disturbed when on the about 20mm i January 1o 225mm in |
colourful with vellowish speckles; ground, they runup thingsto escape, Jure. The coterpilors feed fram |
while inland forms often retain the usually fress. If you note one Jonuary to June and emerge from |
A T T ok § b = ¥ . it el P i o Eae I
indistinet yellowish markings into running away, try sneaking up on a e beugsheties: o oight ko Faeid oy
adultheod. They can ¢ % 20 likelviree. void cancatol |-L—’ dli the host free, leaving hails of sk to
adulthood. They can grow.up to ikely tree, you cancatch him sidling thalr faraging sites. T & known o ‘
cm leng. around to keepthe tree hetween you ‘cenfral-place foroging. They move
They are excellent climbers: and him! There are several stones inasinglalineg orcrocesangving nse
resting in‘a hollow or basking on a of the animals running up people, TFE{:L*:;* e SR T'"‘r’:,"e
= z . F ST i ™ SRR - JIQCRRSIIN0NY COIeID=ar, Imare iy
limb high up. Look for scratch and T once mb:u:nu the effectona or-aany June fha catersiars move
marks on smooth-barked treessuch | horse ... | clearly saw the startled down fo the ground te pupate,
as wandoo (or verandah posts). They poanna hurl itself sideways off the Thecaterpliosara well pratactad
specialise in hunting forbirds' nests horse’s shoulder as Brandis (the &y their denss hairs which can be
i ! : : £ kT o to humans and animals. The
and eggs, but will also take frogs; horse) tried o go vertical himself, THGINEHO AUmos oy B T
O [ R : iy e o Aborginss ovoidsd the bag-shelters
mice, lizards and vanous insects, After that, things got a little heetic filled with discarded hoirs ang
Within 2 hollow tree, the animals for 4 while! wiiggling coterpilos o a bag could
move ground to find hotter or cooler Around human dwellings, black cause severe imtatien if it 2l on o
i v " . eta) remr e ) T
places, and so help to regulate their goannas (orchuditch) may take mice ARG oS Caritie incly che fror
body temperature. Ceiling spaces or rats that have been paisone stomach imtationif theyingest afailen
@ ody temperature. Ceiling spaces or rats that have been poisoned. If g of coterplias whis mading 1t
are ideal on all counts. In winter the rat-poison is used according o prssitle thotthe colemlion couldoe
thev sleep near the chimney! the label instructions it is unlikely precaied Dy ssvers inseciveous bird
r s ol ~ T i 5 §lrrrrde .
Young animals would have that the predators would eat enough FROEIeS. SOMIMORN. Y WROHOOCH: IR
: : x . particulor cuckobps., who hove o
numerous predators, including cats of the dead rodents to cause them seeelal starmanh Bring 1o deal Witk
and birds such as kookaburras, but any problems. Use a bait station, the hoirs, The bag-sheitarcould baan
the adults are killed by dogs or carpel and never overdose, asif youdothat antipradation odvice and it couid
snakes. Thev are often road the rat mayv die before the poison INuEe e \oe WheT e
T . : : et e corerpliilcrs res! inside it during. fhe
casualties, asthey bask on the tarmac has decomposed nside it — that ciery
to raise their body temperature, If would be fatal to u predator. Better
they are noticed, small birds often still, of course, is not to use poison
L mob them, so, whenemerging from at all and try to persuade your
a den site, the black goanna looks neighbours not todo so either. — £
around very carefully before moving
w g 8
Congratulations!
to Margaret and Celin Tenkin of Collie for winning
the MHT Matlonal Rivercore Award.
_ Brc.choltar moth
W’Ell cionel Bpag-she ..él' ..-.rn-
(Ochrogosiar lunifef)
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AUSTRALIAN RUSHES: BIOLOGEY, IDENTIFCATION AND
COMNBERVATION OF BESTIONACEAEAND ALLIED FAMILIES

& dohn S Pate
n Austrola Press, Perth

a-Kathy A kenoy
Unbhversity of Wa
50500
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er fokan part in o bushiond sunvey
reedty things thot are alwoys present but
o1 Like AdmiralMelson, we offenfur
didnt seethany But s
sivevegelatan-communities, ar
fu:w anawbook s thrown light .
irgs. the ssouthemmushes: from Tr..;.j:rn W

Wil be oware

ialeini=2

deserve more cltenlion
Crve frmikly Of red gy IR

Restioroos

Eoct ralan specleshes o page of desariphion,

mcluding photomicrogrophs of culm (oerdl stemn), rhizorme
A Srawings, done by Ellen Hickrmicr

the book, being both detalled: gnd
titul. There are aso chapiers.on morphoiogy
propogation ond consernation.

Doow tor the laint-hearted!  Even dedic

iy Heroona are Heely toshll howe 1

cuic specimens, But il is a beoutify
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ANAGING OUR RIVERS: A GUIDE TO THE NATURE AND

MANAGENMENT OF THE STREAMS OFSOUTH-WEST W ES’LT-*"I
AUSTRALLA,
Lk Pen
Waterond Rivers Commsson, Parth, 299
$19.95 + 56 D&

This book = o must Tor anyvone who doves our south-west
rivars. W contoms wenlth of datall an how rivers work

landfom ard ':3:.rJg';:;:l‘.'~v vegatation on banks and bed.

fourno and rud—Lg:'- use. How and why rvers. degrode 5 alio
thscusted, foflowed oy chaptans on managemant and the
fuiure.

Mot just o Text bt @ work of love, this book s easy to read
and vety nfomative. I will provide a huge: omount. of
bockgrounc 1o assst in the undesianding ond manogement
of any size ond tvpe of dream likely to be-encountered. By
foking o brood view, the author shows how all the processes
rmteioct with ocne gnother, so ihat maintenance af the beouty,
forility ong productivity of our souwth-westem rvers is the
respangsbility of all of lond users.

Veryrecsonobly priced, thizDock shouldba Infhacollection
of oll truty concemed land carers,

=

T':J_ LANDUS IN YOUR HANDS: A PRACTICAL GUIDE FOR
WNERS OF SMALL RURAL LANDHOLDING

.—*.L-hTrE ALlA,

=5 1N WESTERD

(EST, Parh, 17979

Thecomprehensivegulde hias beendevelcped to promate
cood monagemsnt procticasta the State s grow
=rhall lgnichaiders: iFeontaing practicol, userfriar

Cn o wids range of topicrincluding land myg
supply, SEoc«ing evels Chamical use =13y
management, propery design ond many cinets wil Beg

woluable resource regardless of the size of
Cintain your copy by contacting your ko

n

Ti*.re:riened Species Network Community Grants

::}—‘-I'I:- r Al closes. June:
I hove o small projiact

{4f] ﬂ-::r‘ E-cr'

COMING EVENTS

“Eucalypt Tree Decline in the Great Southem”

Wonaehop planned for ot August
fecussing on Wandon, Flooded Gurm.

ROjo

nuD orad

Fat-topped Yote

rmore info, GF1J'DHI5+-’-‘T intarasd,
gy Avnl Boxter 9581 9218

LEW Cfficarn will beattending the following Shows - pur the
date In your dicry!

Diywesin Fleld Doys = 24- 26 August
Dabwailing Show — 25 August

fork Show - 2 September
Newdegata Fleld Days —46-7 Seple
Mingonaw Expa - 16-17-September
Mooro Show - 22223 Soptamber
MNorogin Show - 7 October

Bincdoon Show - 21 Cotober
Gidgegannup Show = 28 Ootober

n Show - 3-4 Novermber
Blockwood Show - 7 Novemioar
Margoret River Show - 10 Novemioer
Bridgstown Show - 25 Movembar

bt

Buzzaito

This Newsletter 15 a compendium of articles wrilten by many different peaple. The views expressed are thoseof the authors, not necessarily

those of the Department of Conservation and Land Management.

Published by the Deparmment of Conservation and Land Management, Penh. All dorrespandence should be uddressed to:
The Editor “Western Wildlife’, CALM Wildlife Branch. Locked Bag 104, Baatley Delivery Centre, WA 6983,

Drevign and Desktop publishing by Louise C. Burch Graphic Designer.
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THE NOISY SCRUB-BIRD IN THE DARLING RANGE

E NOISY SCRUB-BIRD is
one of the most intriguing
birds -vou are likely to
come across in Western
Australia. It isn’t large or
spectacular and it doesn't
dominate the skies in large raucouns
flocks. Butthissmall, semi-flightless
inhabitant of dense scrub draws
attention with its loud: seng and
tanialises with its easy command of
a tangled and impenetrable habitat.
Those with the patience to wail
quietiv may be rewarded with a few
glimpses ofa bright-eyed, cocky bird
dressed in subtle colours but with a
voicethat makes your ears ring. After
a Cheshire Cat history of discovery,
disappearance and rediscovery, the
successful management of this
threatened species in recent decades
has ensured that the bird is well
established in coastal areas east of
Albany. One of Western Australia’s
conservationicons, the Noisv Scrub-
bird has recently been reintroduced
toitsoldhauntsin the Darling Range.
John Gilbertdiscovered the Moisy
Scrub-bird in November 1842 while
exploring and collecting in Western
Aupstralia for John Gould. With the
botanist James Drummond he
travelled from Perth to Augusta along
the coastal plain. From Pinjarrathey
made a detour toexplore Mt William
in the Darling Range. They made
their way from the Murray River
rapids up into the hills, crossing
several westward flowing streams
before reaching their goal.

Oy Afen Drids

This was Gilbert's second trip to
WA and he was reasonably familiar
with the bird life of the colony. But
at the Murray he was tantalised by a
bird whose resonant song told him it
was something new. Gilbert wrote
to Gould in England; ... its loud but
pleasing note fairly made my ears
ning, and vet I could mot see the
creature”. At the first stream past the
Murray (now kneown as Drakesbrook)
after “waiting around io the tain for
days™ heat Llast got a glimpse ofitand
was able to shoot one. Gilbert zem
several specimens to Gould who
officially described the new species.
Gould was also intrigued by the bird
and wrote: "Few of the noveltes
received from Australia are more
interasting than (this) species™. He
also predicted gloomily that it was
“destined to rarely meet the gaze of
civilised man".

Gilbert considered scrub-birds
were locally common but after his
report, no other naturalist reported
them in the Darling Range, But

interestaroused curiosity and
ornithologists were keento find
out more about the life history and
breeding biology of the Noisv Scrub-
bird. They were intrigued by its
anatomical peculiarities - it has no
wishboné for instance - and puzzled
about its relationships to other birds.
The bird's elusive habits and
impenetrable habitat however, made
it extremely difficult to study in the
wild or even |o obtain spacimens.
Frustratingly, as scientific curiosity
about the scrub-bird grew stronger
in Australia and Europe, the scrub-
bird was dwindling asits habitat was
ravaged by wildfire and clearing for
agriculture. By the end of the
nineteenth century the Noisy Scrub-
bird was referred to as “raraavis”, by
the 1920s it was widely considered
to be extinct. In 1948, 2 memonial to
the “sweet-voiced bird of the bush”
was placed al Drakesbrook, near the
site of John Gilbert's discovery.
Fortunately however, the Noisy
Secrub-bird was not actually extinet.
Cne liny population remained,
hidden in the deep gollies of the Mt
Gardner peninsula at Two Peoples
Bay. Here, fess than 30 individuals
clung precariously to existence and,
in 1961, after more than 70 years
without an official record, the Noisy
Scrub-bird made a dramatic
reappearance.  This “rediscovery™
brought international conservation
attention to Albany and Two Peoples
Bay in the early 1960s. The Noisy
Scrub-bird was literally on the brink,

coninaed o gaget
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EDITORIAL |

Grecting cuoryone!

In March this vear the State
Governmeni released an update of
the Salinity Strategy. Thisis avery
imponant decument for everyone
whose property could be affected
by salinity — indeed for all Western
Australians. Y ou can obtain g copy
of the information package from
AoWEST. Tt comes witha booklet
which summeamses’ the resources
available to fandholders; “Salinity;
aguide forland managers™. Twould

Cdile Pouliquen-Y oung last issue)
to explain just why WA plants are
unlikely to *move to track the
climate”. Iohn Pate gives some
interesting detail about nitrogen-
fixing plants in the bush, Alan Danks
talks about translocating noisy
scrub-birds, while Ian Common
introduces us toalittle known group
of moths,

Personally, I was fascinated by
the “scat moths” who undergo their
entire larval development within the
droppings of marsupials. Dr
Common is interested in looking

for more of these moths from WA,
especially from possums, guendas
or tarmmars, but to do that he needs
poo samples. If you can locate
some scats which vyoun canp
confidently attribute to a particular
native mammal (NOT roos) vou
might like to contact Dr Common
and ask if he would like you to send
him some samples. The droppings
must not be too fresh, since adult
moths have to have time to find
them and lay an ego. Well —it's a
different sort of quest!

Penny Hussev

urge -every interested pérson —
especially anvone on an LCDC or Contact defails for Land for Wildlife Officers
CG Committee - 1o read these, note = T AT
the current state of play and what & P pebliid
has - and has not - been suggested Heather Adarnson Missredin (08} 5041 2488
for the future. Reports on native Avrll Bender orogin (08) 9881 9218
vegelation management and Jenny Dewing Bricigetowmn (OB 97461 2318
drainage are also available from Ficnva Falconer Coomow (DBy G952 1074
AgWEST. Ciire Hol Parh (08) 9334 0427
 Thereis smE e 5““{?'““_‘;‘{': 850 Huston Mundarng (08) 9295 1956
in this issue of “Western Wildlife™! Shallo RarD Aomalion (0870750 1677
Among ethers, Steve Hopper takes e e <685 543 4500
= . Al |1 i -

up the issue of the effect of climate e i 5

Arnine Rick Newcegaie (0832841 1791

change on dryandras (raised by

INDEX ; . :
__INDEX [N -,
About Eroups - Ecojobs S 19 \K.Dur Bushlﬂnd"
Banksio pronones 15
Bird wumnfching: 1‘3 As part of the Lard for Wildiie "
] i ackage, many members will have
L 13 P = ,
oMoy s CockoioD ————
Cl -m:'e. =hange and plant dispersol received a copy of the book Did you
e i 4 *Manzaging Your Bushland”. This | know ......27 i
Caming Baants 20 was published in 1993 as a text iy spiddars gon't | =
Editosc! z outlining the principles on which gat stick to thelr own
e
Frog Wetchng (i bushland management and e
Ghost Fungus 7 revegelation for nalureconservation
Hitgr-hiking tiger smake 13 ra b ; 1nt
Vi Tty e are based. Its now out of print, and oy down sticky polches:anc bare
RN 2ush and agriculiure the authors, Ken Wallace and Penny metches of just e fght nlenel (o
UnkingBusharmnonts 10 Hussey, are interested in whether T STk, A TN SEI0Er Qrohws 0 The
Mabas miais Ja 7 G f P . oo changas.  Smioll spedas withy
o si2 5 @ suide : ; :

Monoging wilc ootz in woodlang 12 you have I:J.Lind FLBSE fl.li, o H CHML =il wabsusaveny small snchky porches
pA T AP ST TS 1 1o whether it should be reprinted. 1o avoid calching korge insaate ot

e & Sometime before the énd of the woklid gither damapehelr web orewen
More crow fei 1§ g iMjure the spidar
Noky sorunbird i the Daring Range 1 vear, a researcher will telephone a ' Pt POk Mewisn, CAIM
Recildirment of 1ed Ungle ofterfire 18 random sample of £ Wenr to ask
Rushes ond sedoss workshops 16 about your reaction 1o “"Managing L
Triozine resistant wild radish 13 Your Bushland™. If wou get such a | LSE E3F ARTICLES EREN WESTERN WL EE
Triggemiant fredsurss & call, we would be. grateful if you Maleral moy Bereproduced without
Wolerundesthedesedd 14 W & i e . panmissian as long as the sgwce 3

- : 5 :}uh_i tzke time to answer the BeENGIARES  BAN e cetiels B

Whotlandaffiag 1 questions as fully as you can reproduced In Ifs-entiaty wilhout any
Whichgross _____ b alterations, If vouwlsh iose o
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however, and Sirong measures were
neaded if it were to be saved from
extinction.

Conservation

The first prioTily wis to protect
the bird"s hahitat. This wis begun by
the ¢reation of Two Peoples Bay
Naturz Reserve. On-site managemen!
made it possibletoexcludefire within

e reserve and this seems to have
been particularly tmportant. -Serub-
bird numbers began 1o increase from
1972, Such a small population
hovwiever. 15 at fsk from many factors

fire, habitat disturbanee, predation
The solution is to build the numbers
quickly and spread the population out
in the landseape, But the bird needed
access iomorehabitatifthe population
was 1o grow. enough o provide
security from wildfires in the longer
term. For a bard with very limited
powers of dispersal, this meant that
new populations would have 1o be
created by translocation from the
rediscovered population, Fortunately,
by the early 19805 sctub-bird numbers
had grown enough to allow some
remavidls und atranslocation program
began to be developed.

Onee the ¢ssentinl methods of
capiure, transpart and monitoring
were developed, the birds were taken
o new homes in @ number of places
along the south coast between 1923
and 1995, Populations developed
successfully inthe arcacast of Albany
but. interestingly, not (o the west
where there were several failures,
Overall however, the program was
successtul and resulied 1o a five-fold
increase in numbers in the Albany
area.

By 1995, however, scrub-birds in
the Albany area were already
ocecupyving mostof the suitable habitar.
Numbers would continue to rise as
these populations developed, but 1t
was clear that there were no other
areas suitable for establishing large
populations. There was & need o
lock further afield. To the cast and
north, lower rainfall meant little
suitable habitat, To the west of
Albany, the unsuccessful attempts at
setiling Noisy scrub-birdsand the lack
of any historic evidence that they had
oceurred there, indicated little

likelihood of successinthatdirection.

[ rFaUNA

On the ather hand, it was known from
John Gilbert"s records that scrub-birds
had definitely existed in parts of the
Darling Range last century. Perhaps
somehabitat still existed which weuld
allow the reintroduction of the Neisy
Scrub-bird 1o these former haunts?

During 1996 extensive survevs
were cartied out from the Murras
River, where it Flows out of the hills
to the cpastal plain, south to the
Wellington Dam, N soon becames
clearthatthe viparian vegetationalong
the streams originating in the uplands
around Mt Willtam contained habitat
which looked suitable for Noisy
Scrub-birds. This was precisely the
area where John Gilbert had recorded
the scrub-birdin [842. The habitatin
thisarea- adistinel association within
the surrounding jarrah/marri forest -
i5 charncterised by a fringing forest
of Bullich [ Excalypius mesacana)
and Blackbutt { £ patens) with 4 gonds
firenrifelisin thesiream zone. Densa
tangles of Calmdaand Apocalvema
along the swimpy banks provide an
eguivalent for the low scrub znd
sedges at Two Peoples Bay.

First releases in the Darding
Hange

Department of Conservation and
Land Management staff, with the
suppart of Aleoa Australia, released
the first batch of Noisy Scrub-berds
from Two Peoples Bay in two sitesin
this area duning June and Julyin 15997,
The initial pioneer group consisted of
males only, This was a deliberate
strategy developed during the
previous len years of translocation
work on the south ceast.  Males,
although difficult to capture, are more
easilv caught than females and are
usually in surplus, Tmportantly,
because they sing when theyv establish
territcries, they allow survival in the
new area to be monitored.  This
provides. a way of confirming the
new habitat without the possibility of
wasting precicus females in
unsuitable areas.

In one of the release areas. the
males were fitted with tiny radio-
transmitters before release allowing

their movements in the thick
vegetation to be: followed without
needing to see the birds themselves.
For the few weeks in which the
transmitters remained attached, the
serub-birds Ted the scientisis up and
down the stream system as they
foraged and explored their new home.
Many “song battles” between
competing males wers witnessed and
1t was clear that territory ownership
changed hands, often several times.
Termitory owngrship was seen 1w be
more dynamic than previously
thoughl, This was a new observation
about serub-bird behaviour, only
detectable by the use of radio-
transmitters with individually
identifiable signals.

But most imponantly. the birds
continued to sing in the release arey
indicating the habitat could support
them. & yearlater atthe beginning of
themextbreeding season, some serub-
birds were siill singing. If they had
survived through the summer, and it
was @ particularly dry one, then the
chances of longer-term survival were
reasonably good. Tt was tme to
introduce the surviving males to some
females. In 1998, the first females
and some maore males were added to
the initial release areas and a third site
was used as well. More miles and
females were released in 1994,

A small number of male Noisy
Scrub-hirds ean now be heard singing
regularly in the Darling Range for the
firsttimie in Gver 1530 years and only a
few kilometres from where John
Gilbert heard them in 1842, If the
serub-birds now presentand surviving
can be nurtured into establishing a
breeding population. their off-spring
may be hetter able o colonise the
available habital, Indeed, for the
reintroduction to be considersd a
sUCCess, we need to be able (o
demonstrale that breeding is occurring
and young are being recruited into the
adult population, This will take
several years yet. But, the success so
fzr is encouraging and, with luck the
Darling- Range could become a
permanent home fora new population
of Noisy Scrub-birds.

Alan Danky iy Regional Leader
Natwre Conservarion ar CALM,

Afbany. He can be contacied on
DRLDL574
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DILE Pouliguen-Young's

recentarticle (Western Wildlife
4/2 pp 8-9) highlighted the
vulnerability of species of Dryandra
in south-western Australia (o minor
climate change of up to 2°C. |
would like to expand on two aspects
of this imporant issue — is it likely
that south-western plants might
disperse acrossthe landscapetotrack
the climat=? And, secondly, what
does the answer medn in terms of
hest practice approaches to natural
revegetation and restoration in the
south-west?

Dispersal capabilities

Effective dispersal involves
transport of <eeds or vegetation
propagules some distance from the
mother plant, followed by
germination and successful
gstablishment to form a breeding
population at & new site,

One striking aspect of the
majority of the south-west's 8000
native plant species is the ghsence of
ohvious means of seed dispersal.
Very few species have large wings
or light-weight seeds for wind
dispersal — orchids, daisies, some
native grasses and sheoaks come
immediately te mind as exceptions.
But look at the seeds of eucalypts,
kangaroo paws or most shrubs and
perennial herbs that dominate south-
western plant communities and yvou
will see that they are unlikely to
move away from the maternal plant
morethana few metres unless picked
up by cyclonic winds, firestorms,
sheet flooding ot animals.

AT CYCIoos

Anothersigniticant deficiency in
the flora are berries. drupes and other
fleshy fruits encasing seeds 43 an
enticement for birds and mammals
to consume and disperse seeds in
their droppings. Exceptions are
quandongs, mistletoes and many
southern heaths (Epacridaceae).
Legumes. including wattles, may
carry & fleshy structure attached to

FLORA

| CLIMATE CHANGE, |

DISPERSAL
MECHANISMS AND
REVEGETATION
WITH WA PLANTS

Sy Srephen Happer

£ |.- Acacio salignag

individual seeds called an anl or
claiosome. These seeds are usually
gathered by ants and dispersed short
distances, often to underground
caches. Ina few species, suchasthe
coastal wattle deqcre cyclops, the
aril is big and bright red, attracting
mobile birds as dispersal agents.
But. again, the vast majority of
south-western plants lack such
gnticements,

Indeed, it is predominantly in
relatively new or open habitats that
obvious: adaptations for seed
dispersal are found - aquatic
environments, coastal dunes,
margins of rivers and salt lakes,
recent dunes or granite outcrops are
places to look. The habitats that
dominate the south-west display the

converse — plants of woodlands.
forests, kwongan heaths and malles
country for example usually lack
any obvious means of dispersal other
then gravity,

This situation contrasts strkingly
with that seen in most places
elsewhere. Rainforests. for
example, are replete with. fleshy-
fruited species that attract animals
as dispersers, The woodlands and
forests of eastern Australia have far
more such species than do those of
the south-west.  The vast conifer
forests of the northern hemisphers
are dominated by widespread fast-
arowing species with seeds readily
dispersed by the wind or by fruit-
eating animals. Even the fynbos
heathland vegeration of South
Africa, so similar (o the south-west
kwongan in many ways, has a
predominance of berry fruits and
seeds adapted for wind dispersal.

Why is the dominant south-
western flora so different”? The
explanation is likely to be found in
the great antiquity and continuous
presence of land in the south-west
above sea level and without major
disturbance from mountain-building
or massive glaciers for more than
200 million years. Such conditions
are almost unique on earth. They
explain why so much of the south-
west is so flat, why soils are so
highly leached of nutrients, why
such 4 compliciated mosaic of
different soil typessitson the gently
undulating terrain of the wheatbelt,
and why so much salt sits in the
landscape.

The native flora, during its
evolution over wvast periods, has
faced guite different selection
pressures to that of places where
massive glaciers covered vast areas
during the ice apes of the past two
million years, ‘or where mountan
building has rejuvenated soils
through accelerated erosional
processes (e.z, castern Australia
down the Great Dividing Range).
In the south-west, staving close to
the maternal plant has been the safest
bet for seeds and propagules for
tens of millions of years. In many
landscape positions, moving even
tens of metres away increases the
likelihood of striking a different

4
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coindinied from pags 4
soil type and therefore being a1 a
competitive disadvantage to species
of the alternative soil preference.
Contrast this with being a plan
in a coniferous forestonthe edee of
aretreating ice-age glacier in North
America or Eurasia. Vast areas of
rejuvenated bare fertile soil
beckoned to those species able w0
disperse their seeds long distances
Lintle wonder that adaptations such
asprominent wings onseeds or bemy
fruits are so prevalent in these
habitats:

Implications for climate
change

An appreciation of the limited
seed dispersal capabilities of most
south-western plants suggest that
tracking climate change is an
unlikely option. Perhaps along
coastal dunes, riverlines mnd salt
lake systems some movement might
For plants of most other
habitats. however, much more likels
under a drying climate scenario is
that populations would die our in
marginal habitat and persist in the
landscape only in refugial wetter
habitat.

Evidence forthisis all around us
in the south-west, Many rare
relictual speciesarefound inlocally
wet habitat such as on granite
puterops, on the southern slopes of
breakaways, on sceps dnd in
ephemeral swamps. This becomes
clear in a cursary read of habitats
coverad in CALM 'shook on WATs
threatened flora (see ref.).
Comnsgrvationofsuch seasonally wet
habitats will be a key strategy as the
climate warms.

| would venture to suggest that
Dir. Pouliguen-Young's con-
servative models For species of
Dryandra are overly optimisticas
thiev assume that species are capable
of colonising most patches of
preferred soil withina givenclimatic
envelope. Years of searching for

OCCUr.
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rare-and poorly known plant species
in the south-west his impressed
upon me that oceupation of 21l or
cven half the available preferred
soil patches occurs rarely indeed. It
is far maee common for species
occur sporadically in localised
patcheseven iftheir prefemed soilis
quite abundant and continuous over
many kilometres.

One only has to reflect upon the
recent death ef many plants on
shallow soils adjacent to granie
outcraps in the jarrah forest,
wheatbell und goldfislds during
summer heatwawves Of the 1990s w
appreciate that persistent global
warming will have immediate end
dramaticimpact locally. Moreover,
giventhe severe limitations on sead
dispersal of most native plants, and
refatively high proportion of weeds
now in the south-western flora, such
deaths associated with global
warming may well exacerbate weed
mvaslon.

Implications for
revegefation

The extraordinary limitations.on
seed dispersal for most south-
western plant spectes indicate that

using local seed and planting to soil
type for revegetation are entical —
Far more so thiun anvwhere else on
garth. This will ¢nsure the
conservation of the full mange of
biodiversity, including all the local
animals that track differences over
short distances in the fora

Naturally, theré will be
differences in whatconstitutes local
seed depending upon the species of
concem. Researchiscurrently under
way o help put some [gures for
local gene pools on a range of plant
species of different biology and life-
form. Already we know that forest
and major weodland trees in the
south-west having continuous large
populations ar¢ more genetically
uniform across their geographical
range than understorey plants such
as triggerplants, lilies or kangaroo
paws, or mallee species distributed
on 1solated granite outcrops. Until
such research 15 well advanced,
however, the precautionary
approach is to stay as local as
possible in seed collecting within
the soil type being revegetated.
Reft Westerrn Ausirafia's Theeatened
Florg 1908 Ed' A, Brown,

O Thomgmson-Dany & N Marchan
CALA

L Steve Hopper is Director of the
Batanic Gardens and Parks
Authiority (formerly Kings Park and
Bowanic Gardeny). He iva botanive
and ecologist with special intersst
i specitic plint groups, sich as
encalyprs and fangarae paws, and
i granile rock abivars, Hecan be
centiceeted o Y480 3600

BUSH DETECTIVE

Where do the prickle

come from?

Thizthong hos picked upg alcod of

nard, sl grlckly frufts

Whnarlgn? do thay coma frgm?

Hint: Its nat petive to WaAD

Answer-poose
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OTHS and butterflies

constiture the laregs insect
order Lepidoptera (insects with
scaled wings) which, nexl 1o the
beetles (Coleoptera), is the largest
order in Australia. With-about 400
species Australiahasapoor butterfly
fauna, whereds the moth fauna s
richly diverse  with more than
10,000 named species and an
estimated fauna of some 22,000
species. As 1o other insects adult
moths have a tough external frame
or exoskeleton enclosing hie sofier
internal organs of the body, which
are bathed in haemolymph (blood}),
They have six jointed legs and two
pairs of wings: The body, wings
and legs are covered with minute
overlapping scales, which contain
the pigments responsible for their
patterns and colours. The head is
equipped with two antennae and

Fiz. 1 Friioboio sge. wingseon 20 mr, fomwingsorangs,
cirarong-thind ond leoding edge dors brown. hindwings

3k brown

Figy. 3 Ouythecioacceplella (Walksr). wingsgan T5mm,
forswings white, mankings orénge. hmdwingsgray, finge

veliowsh

MALLEE MOTHS

by fan Covriron

compound eyes, paired mouthparts
beaning complex sensory organs
and, usually, 4 colled proboscis for
sucking up water or other fluids.
The malleg moths of the family
Oecophondae number mare: than
3000 known species and represent
about a guarter of the Australian
maoth fauna; a total of seme 5000
species isestimated. Mostare fairly
small, with cryptic colpurs and
markings, but many are among the
most beautiful moths, Their larvae
have very diverse, often complex
behaviour patterns, but for food most
depend onthe live ordead foliage of
the hard-fruit genera of Myrtaceae,
Nearly all of the known species feed
on dead Eucalvornr leaves, which
are tough ‘and leathery and very
resistant (o breakdown, especially
in @ dry climate. They are tich in
phenolic compounds and tannins

that nermally act as feeding
deterrents for most organisms. Thus
mallee moths have asignificantrole
in breaking down dead eucalypt
leaves to humus, thus returning
nitrogen and other nutrients to the
poor soils characieristic of
Ausrralian forests. Exceptiorclear-
felling or large-scale wild fire, 1
believe that extensive control
burning atshort intervals poses the
greatest threat to the survival of
these insects and the long-term
health of our native forests. The
relationship between control
burning and mallee moth diversity
deserves scientific study.

Tt is thought that the Australian
mallee moths evelved from
Gondwanan -stock and, after the
Australian coniinent split oft from
Antarctica, their extensive radiation
probably parallelled thatof the large

CORINLET o page T

forawings wihitish |

Fig. 4, Conobrosik gcenvota (Maprick), wirigsoorn 18 mim
oding 2dge grey, markings oo

brown, hindwings grey-brawn, fringeé pole yellow.
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eenus Ewcalvpiny and other hard-
fruited Myrtaceae. Nearly all of the
271 named genera are endemic o
Austraiia, and sevetal are endemic
to the south-west. The greatest
concentration of both genera and
species occurs in New South Wales
and south-east Queansland, where
more than LOOD species are known

in nearly 200 genery, Only 356
l nunied species in 98 genecra are
known from southern Western
\ Australia.  However, the relatively

Iewnumberolspecies recorded from
the south-west may simply reflect
the absznce of resident collectors
with an interest in smull moths.
. Myrascia larvae teed on Tive
| foliage of Melalewca, Lepro-
spermunreand Kwnzeg,  Myrascia
D megalocentra larvie, from the
= Geraldionaren, livein portable cases
on Medalenca nicinare. The larvae
are unique in having a diverticular
sac of the foregut in which they
secrete pure pungent oil from the
foliage, gaining protection by
regurging it on to any potential
predator. The seercied oil is
discarded when moulting oecurs but,
at pupation in the larval case, the
whele sac is shed along with the
lining of the toregut and other larval
cuticle. The sac of oil thus provides
a deterrent should a hird or other
predator anempt to open he case.
Wingra has larvae using live
eucalypt leaves as food. and includes
some of the larger and most beautiful
mallee moths, W demiberrefie, which
has a wingspan of about 4 cm. has
rich pink fore wings and hind wings
which are light yellow in Western
Apstralia. but pink in south
Queensland. The slightly smaller
W, aurare has hook-tipped fore
wings which vary in shade from
yellow (o orange-red.
. ltssems likely that the dead-leaf
feeding behaviour of Australian
maltee moths 1s more ‘specialised
than live-ieaf feeding. This
suggestion is based on the behaviour
‘patterns of several unrelated genera
larvae that use live eucalyp
z¢ when young, but complete

‘their development using dead
alyptleaves. In Helivcaysia, for
ple, the eggs are apparently
dinthe eucalypt tree canopy and

[ rAUNA |

the young Kirvae feed on the live
leaves. When sbout | cmin léngth
they shelterbetween twoundamaged
eaves, join them lightly with silk
and sever the two petioles. Having
dropped to the ground the larva
attaches the two leaves with silk o
stond or other object and feeds on
the two wilting and finally dead
leaves for the remainder of s
development. leaving only an
irregular oval shelter formed from
the leaf remmants. This it attaches
withsilk to atreg orstone and pupates
in a dense cocoon it spins within the
shelter. At least len species are
known; two of which, &
vecopliorelfeand K, foridilaoccur
in the south-wist,

Dead eucalyptleaves are used by
most mallee math larvae throughout
their development. Most of the 200
named species ineach of two genera
Fhlitobora (Fig. 1) and Ewlechria
(Fig- 2) dre good examples. Each
includes only abowt 20 named
species in the south-west, hut most
of them, -as well as several other
genera, would have larvae using dead
eucalypt leaves as food,

Wehave recently discovered that
as many as ) species in three geners
of mallee maths., Felanepsia,
Crvthecta(Fig. 3vand Seatochresis,
have larvae which depend for the
whole of their development on the
faecal droppings (scats) of
marsupials, in¢luding koalas,
brushrail possums, wembats. and
rock and other wallabies: As the
tirst of these were reared from koala
scats, which consist of finely divided
fragments of theireucalypt-leaffood.
we suspected that the larvae were
thus using eucalypt leaves indirectly.
However, wombats and wallabies
do not eat cucalypt leaves. Nearly
all of our records come from easlemn
Australia, but one unnamed species
of Telanepsia, twounnamed species
of Orvthecta and one species,
Seatachresey perigrapia, are from
the south-west.  Only one adult
(?Chvrhecta sp) has been reared so
far from scals (rock wallzaby)
collected in Western Australia,

Dung-feeding (coprophagy)alse
occurs in the two large species of
Trisyntopa.  The larvae of 70
searaphagza, from Cape York
Peninsula, live in the nesthollows of
the golden-shouldered parrot thatare
excavated in termite mounds. The
larvae feed on the droppings
produced by the nestlings and
probably help to maintain a hyeenic
nest environment, Those of 7
eeeryapoe hive a similar role in the
nests of the eastern rosellaand mulga
pamot farther south,

Although the larvae of most
mallee moths depend on the foliage
of Myrtaceac is food, thereare some
exceptions, Two species of
Conebrosis utilise the dead male
cones of Macrozamia cyveads;
apparently feeding on the pollen,
sporangia and microsporophylls.
[nfested conesare covered byadense
webbing of silk, faccal pellats and
sporangid. £ acernvarg (Fig. 4) 1s
found on M. riedler in south-west
Western Australia.

lfan Common is an Henorary
Research Fellow of CS5IRO
Entomalogy, furving rerired in J952
affer 34 years research, mainly on
Micralepidapieny, especialivmallee
mars. He com be contacied on
(107} AGTS L2007,
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LEGUMES IN NATIVE BUSH AND AGRICULTURE: POTENTIAL ROLES IN
FIXATION AND CYCLING OF NITROGEN?

IENEVER oneseesaprolific
crop of lupins, peas, faba
beans or chickpeas, orapasture rich
in clover or serradella. ane
immediately thinks of bacterial-
induced root nodules and their
capacity te supply legumes with
fixed atmosphericnitrogen. Indeed,
without inputs from such crop and
pasture legumes, broadacre farming
in most regions of Australia would
be disastrously unprofitable, since
it 15 uneconomical for most farmers
toreplace the free source of nitrogen
from lecumes with expensive
nitrogen fertilisers,

Nevertheless, it must be
remembered that our agricultural
systems operate successfully only
through continued application of
superphosphate and. in certain
circumstances, any of a number of
other potentially limiting nutrients
such as potassium, sulphur, copper,
zinc. manganese, molybdenum and
cobalt. By correcting such
deficiencies, a situation is created
in which legumes flourish and
compete successfully with non-
fixing species in low nitrogen soils.
Additonally, whercacereal follows
a previous legume crop or pasture,
the:yield of the cereal is noticeably
benefited by mitrogen released in
decomposition of residues of the
legumes concernad.

But what aboul mitrogen fixation
intheonginal bushlands from which
ourartificial agrosystems have been
created?  In virtwally all cases
legumes are present in significant
amoun! in terms of numbers of
species and the collective biomiass
which they represent. In fact in
some cases, such as mulga and
certain heathland systems, legumes
such as wattles (Aesacia spp) may
comprise major components of
vegetation. Yet, is there evidence

A Sohn 8§ Pae
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tharsuch lzgumes are nodulared and,
if so. do they [ix nitcogen as
effectively as in our ameliorated
agriculmral systems?

Asafurther issue, are there other
classes of plant in native vegetation
which are able to engage in
symbiotic nitrogen fixation in a
manner akm to legumes? The
remainder of this short article will
attempl to answer these and other
questions, mostly using information
which the author and hiscolleagues
have gathered from a range of
ecosystems in south west WA over
the past years.

Is it correct to assome that all
legumes are ¢apable of forming
nodules and therefore fixing
nitrogen? Legumes comprise three
groups, the pea family (Fabaceae).
the acacias and their allies
(Mimosaceae) and the cassias and
their allies (Caesalpiniaceae).
Members of the first two groups can

form nedules in the presence of
appropriate bacteria, while members
of the third group cannot.

Even then, inspection of roots of
native members of Fabaceae and
Mimosaceae{peas and wattles) will
often fail to show presence of
nodules, especially when dealing
withrelatively old plants. However,
stands of seedlings of short-lived
legumes (e Bosiiaea, Acacia,
Crampfialabinn, Seshania)
recruiting after recent fires would
be expected to be well nodulated
and can be shown by varions
chemically-based assays to be
currently fixing appreciable
amounts of nitrogen. However, as
these stands 4re, nodulation
becomes much less prolific oreven
totally absent. Qurinterpretation of
this phenomenon 15 that the element
phosphorous, normally the principal
limiting nutrient in our ecosystems.
becomes transiently available after
a fire in the form of depesited ash or
released from plants killed in the
fire. On the other hand, most
nitrogen of above-ground biomass
is lost to the atmosphere as gaseous
ammoenia and oxides of nitrogen
during the fire, and so under the
ensuing nitrogen-limited: phos-
phorous-sufficient conditions well-
nodulared legumes will flourish and
compete particuldrly effectively
with non-legumes. The pre-
dominance of shrub legumes in
many post fire understorevs in our
forest and woodland ecosysiems
attest to this.

Eventually, however, once
phosphorous availability declines.
both legumes and non-legumes have
toinvestincreasingly in specialised
feeding roots and symbiotic
associations with mycorrhizal fung
to access insoluble forms of
phosphorous. Ability to fix nitrogen

contiged on pope 9
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is then no longer an issue.
Indeed, legumes might well
be disadvantaged if devoting
part of their resource of
photosynthetic product to
formation of nodules while
also supporting energy-
demanding mechanisms: for
acquiring phosphate.
Mevertheless, despite their
declining activity in fixing
nitrogen in later years. it is
generally  agreed that
understorey legumes of the
gbove kind play an importan
role 1n replenishing nitrogen
respurces lostin fire, In some cases
popalations of such shrub legumes
die off more or less synchranously,
say 6-10 vears afier the fire event
which prompied theirestabhishment.
In such cases transter of nitrogen to
noen-leguminoussibling speciesover
the following seasons may be very
noticeaile,

It iswell known that ¢cveads such
a5 our zamia (Macrozamia riediled)
fix nitrogen through the agency of
specialised coralleid roots
harbouring nitrogen-fixing blue
green dleae (Eyanophiie), and
sheoaks ( Casuarina, Alfocaswaring)
behave similarly usingroot tubercles
contzining the actinomycele
Franiza. Stadies suggestthese long-
lived species carry perennial
svmbilotc organs providing the host
plantmore or less continuously with
nitrogen, However, at least in zamia.
nitrogen  fixation becomes
particularly active after fire;
coinciding with the plant producing
a flush of new leaves and engaging
in fire-induced reproduction. In the
case of the above non-legume species
and equivalently long-lived legumes
one would expect significant and
continuous inputs of fixed N to be
made. thus contributing towards
matntenance of nitrogen capital
within the parent ecosystem between
successive fires,

Cne bas to be careful befare
condemning a legume as non-
functional in nitrogen-fixation
simply on the basis of not finding
nodules in its roots. Nodules on
most shallow-rooted legumes are
typically short lived and, as far as
south west WA conditions are

ephemeral counterparts in
near surface layers of the
soil.

A forther example in
which unexpected results
have been obtained,
concemns our recent studies
of nitregen ¢ycling in
mulga vegetation of
Western and eastern

Fastroiobiuiy BHobum

concerned, aretypically presentand
active only fora short winterfspring
period when soils dre moist and
temperatures: are not excessively
high. Seo excavations in summer
would provide misleading
information onnodulating capacity,
Asageneral rule of thumbalegume
found to be carrying during the
growing season a population of
nodules collectively amounting 1o
3-10% ofthe mass of the plantwould
be expected 1o be providing nself
with sufficient fixed nitrogen to
support growth, But the nodules
conterned would have to be haalthy
and thisis bestindicated by presence
of red or pink pigmentation in their
central bacteria-contaiming tissues,
This indicates presence of
haemoglobin-type pigment essential
to proper Tunctioning of the nodule
in nitrogen fixation.

Unfortunately we still know very
little regarding the nodulation status
and nitrogen fixing capacities of
many of cur natve legumes. nor
indeed of the strains of bacteria
which they require 1o nodulate
successtully. Research continues
to bring up surprises. For instance,
we have recently encountersd
clusters of large elongated and
apparently perennial nodules at |-
4m depth encircling the deeply
penetrating tap roots of certain
native legumes (eg Acacie salizna.
Sacksania spp) and the fodder tree
legume tagasaste (Chamaecyiisis
profiferus). Being located in deep,
continuously moist parts of the soil
profile these nodules are protected
from the seasonal drought and high
lemperature stresses experienced by

Australin, Here we have
failed to find nodules on
any of the half dozen or sa
acacias which dominate
this class of vegetation.
Using a specialised stable isotope
techmique to assay the sources of
nitrogen which these legumes and
cohabiting non-legumes are using,
we have confirmed that symbiotic
inputs of nitrogen by the acacias are
insignificant and that thev andother
non-fixing species appear to be
relying mostly on the large resources
of nitrate typically encountered in
soil and groundwaters of the
ecosystem. It is well known that
nodulation and nitrogen fixation of
agricultural legumes are strongly
inhibited by nitrate and possibly
this 1s what is happening in acacias
#l our mulga sites. Supporting this
contention we have encountered
interesting legume populations
inhabiting ridges of leached wind-
blown sand around a lake in one of
the mulga habitats. In this unusual
situation the legumes turned out 1o
be well nodulated and were shown
by our 1sotope assay technigue 10
be heavily dependant on fixed
nitrogen. [ncidentally, despite the
zeneral absence of nitrogen fixation
by legumes in the major plant
components of mulga, fixation
inputs wereindicated as being made
by certain lichen crusts. and possibly
more importantly by termite
colonies. Worker termites have
been shown 1o have colonies of
cellulose-decomposing  and
nitrogen-fixing bacteria in their
guts, with the former micro-
organisms providing the latter with
energy-yielding sugars to
implement nitrogen fixation.
Furthermare, vne can detect high
concentrations of nitrate in the soil
below certain termite colonies
suggesting that they may have been

Conitued ow puge 18
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| MAKING CONNECTIONS |

OST of ustend to be focused on

our own pateli of bush and asa
consequence manage it 45 an isolated
entity. It may be worthwhile taking 4
stepback and considering theimportint
role four pateh” plays, oreould play, in
thie broader vegetation landscape.

By conpecting bush remnpants, we
gstablish a living netwerk, which is
more diverse than the individual
elements. We then become part of a
more robust svstem, that has the
capacity to bufferznd protectour patch
from permanent loss of biodiversity
caused by a localised disturbance or
catastrophe. With time and good
management wildlife activity in our
patch should increase as u result of
being part of a larger system.

A project currently underway in
Bridgetown is looking to identify
apportunities where these broad
landscape connections can be made.

The BiG.IINCS Praject

In March 1999 the Blackwood
Environment Society received funding
from. the Natural Hermtage Trust to
undertake the “Bridgetown-
Greenbushes Nature Conservation
Strategic Plan”, now known by iis
acronym as the BIGHNCS project.
The project is using a blend of
geographic information systems, on-
ground vegetation surveys, ¢cological
expertise and local land manager
groups o idenufy and target priority
areas for fulure consecvation
management and on-ground works
within the Shire of Bridgetown-
Greenbushes. Ultimately: the
implementation of the strategic plan
should lead to an cffective integrated
nature conservation network across the
Shire.

Bricdgetown's Vegetation

Mosaic

The landscape mosaic inthe Shire
is composed of a series of distinet and
tvpically unconnected elements. The
largest of these are the big areas of
State Forest to the south, west and
north, which extend well out beyond
the Shire boundary. These blocks
comprise about 75% of the native
vegelation cover in the Shire. Nestled
inside these large forest areas are 12

LINKING BUSH
REMNANTS

By Jenny Dewing & Bavid Singe

unconnected smaller [orest blocks,
some of which are State Forest and
others vanous categories of reserve,
which make up another 18%,

Privately owned bush remnants are
then scaréred between these other
vegetation elements, and account for
less than 7% of the vegetation cover i
the Shire. Of these 1500 private
remnants most are only several
hectares, with only around 150 being
20) hectares or greater, and a third of
these modified to some gxtent (heavily
grazed, regularly burnt or partially
cleared),

The other significant element in
the mosaic 1s the Blackwood River,
whichsplits the Shire roughly in two.
The rver can be bath & connecting
element between vegetation remnants
for some species anid a barrier for
others

Inder the guidance of consultant
ceologists, the project 1eam has been
able to study the Shire's vegetation

wsaic. The: maost lepical routes for
connreciing all of the forestand rescrve
blocks and the privalere mnants greater
than 40 hectares have

necions between the larger public and
private bush remnants at a whole of
Shire seale; it can be used af & mucen
smallerscale, right down lo individual
propecties if the base data 15 accurate
enough,

The BiG.IINCS project has also
confirmed the imporance of seversl
potential connections, which had
praviousiy been recognised during
fand for Widle property visils.
BiG.lINCS team member and local
Lardfor WeldiieOtficer Jenny Dewing
has been working with landholders
along one of these connections for G
months,

Wheatley to Wheatley Linkege

During a Landfor Wildlifeproperty
visitin December 1998, Jenny Bewing
and members of the Wheatley family
fdentified @ potential landscape
connection through the property.
Commencing on the Bluckwood River,
the connection passes through their
remnant bush up to one of the Hester
Forest blocks and back down across a
rumber of large private remnants to
the Blackwood River, asbout 10
kilometres downstream. Ithas becoms
known asthe "Wheatley-te-Wheatley'
linkage aftet the two distant]y related
families that Tive st either-end of the
link, The Blackwood Basin Group™s

beenidentified, Toavoid
dead ends 1in this
propesed network, al
least twe connections
were: made (o each
element. The reute of
ezchconnection typically
optimises the use of
smaller remnants along
itspath toactasstepping-
stones, It also takes into
gcoount location in the
landscape (ridge,
creekling), the vegetation
types which it moves
through, and a social
consideration where
known (does the affected

landmanager have an
enlightened attitude to
nature conservation).
While the process has
focused on the con-

ooty Higakrood
iy —

WHEATLEY TO WHEATLEY LINKAGE
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Biodiversity Program has also recently
ranked this chain of remnants as a high
priority complex,

l.andholders in the linkage reflect
the changing demographic andlanduse
profile ofthe Shire, where larger farms
are being broken up intolifestyle bush
blocks, hobby farms or tree farms. The
seventeen properiesincludethree large
farms, four small farms, two tmber
plantations, 3 tourist enterprise, aberry
farm. three bush blocks, a propeny
owned by the Shire, a DOLA Reserve
and part of the Hester Conservition
Zone, Seven of the propérty owners
are absentee owners.

Ten of the “greater than twenty-
hectare” remnants in the Shire oecurin
the Wheatley-to-Wheatley linkage.
Vegeration types include jarrah—marti
forest, jarreh-wandoo woodlands,
banksia-teatreée thicket wetlands, rock
outcrops, the floeded gum woodiand
of the Blackwood River foreshore and
“bull and ti tree” gullies. The linkage
inchades some large wandoo remnants,
a less common vegetation Type within
the Shire.

Landholders have reporied
sightings of the common weslern grey
Kangarce and small mammals sach as
chuditch, phazscozales, brush-tailed
wallabies and possums, bandicoots and
water rats. Indeed, Eri¢ and (illian
Wheatley arthe downstream end of the
linkage have an ongeing encounter
with a woung male chuditch.
Responsible for taking their poultry,
the chuditch was trapped on 2 number
of cccasions, dutifully taken back to
the bush only ti have it return for more
of the same several days later. The
chook pen 15 now chuditch-proofed.
The area also provides nesting sites for
red-tailed black cockaloos, wedge—
wiled eagles and a number of owl
Species.

Landhalder Groups

In October 1999 landholders with
properties in the Wheatley-to-
Wheatley linkage were invited 10 a
meeting to leamn about the BiG.IINCS
project, and to consider opportunities
for managing their remnant bush
together, with nature conservation as a
common goal. An important outcome
of the meeting was this new way of
seeing the landscape as an inlegrated
system, rather than isolated patches of
bush. There was general agreementon
the value of working together.

Leaming abaut the forest flogrwith John
Diah

particularly for weed and feral animal
control and when applying for fencing
and revegetation grants,

Resources available to the group
include fencing subsidies from the
Blackwood Blodiversity Program.
advice on providing habitats for
wildlife for landholders who register
with the Lawdfor Wildiifescheme, and
vegetalion surveys and management
advice through the BiGHNCS project
From this-initial meeting two more
landholders within the group joined
Land for Wildlife, and two other
landholders decided 1o covenant the
bush on their property. Covenants are
voluntary.agreements to provide long-
werm protection forconservation values
on private land.

From October teo December 1599
Jenny Dewing (as Shire Landcare Co-
ordinator) and Landcare Traines
Anrthea Paino carried out vegetation
community and condition assessments
on most properties within the linkage.
Specific management issuss were
discussed with each landholder on o
property- by- property basis:

With landholders keen o learn
miore about the bush in their linkage,
John Dell, Senior Technical Officer
forthe WA Museum was invited down
in March this year: Twenty-fivepecple
spent the whole day in the field with
Jehn. walking and ralking as
representative sites on four properiies
and in the Hester Conservation Zong
wereexplored. Landholders leamt first
hand about habitats and how tomanage
them for wildlife, with particular
emphisis upon reducing disturbance
and encouraging natural regeneration.

The key lessons from Johns visit
were themmportanceof theinveriebrate

commumities that ive onthe forest floor
and the unique managehient issues for
fragmented landscapes. As with all
situations where remnant bush and
farmiand adjoin, the balance berween
fire prevention and wildlife habitat
maintenance: was raised as a major
concern, The day was capped off by
evening spotlighting in the Hester
Conservation Zené which revealed a
pair of brush-talled possums. a bam
owl and many spiders. Following thiz
a fourth property registersd for fand
for Wildiife and two others are
considering covenants.

Landholders followed up the March
activity with a group fox baiung effort
in April. Twelve dozen 1080 bailted
eggs were laid across the linkage during
the same week.

Future Directions

At the big end of the scale the process
developing through the BiG.LINCS
project may be extended beyond its
current Shire limats, or could be taken
elsewhere and adapred o & quite
different vegeration landscape. At the
other end of the scale the process has
only just begun. Landholders are
thinking “whole of landscape™ and
“lang term”. What we do now will
haveimpactsintwo to three hundred
years and longer. Leaming to wark
togetherinalandscape sense takies time
and Involves negoiiation and
compromise. There 15 an opportunity to
develop working partnerships with the
Bridgetown—Greenbushes Shire and
CALM. A workshop on fire
management is planned. Several small
zaps in the linkage need revegetating,
and some remnants sull peed to bhe
fenced. Importantly a start has been
made and this same process will extend
to other connections identified by the
BiG LiINCS project.

Senny Dewing iv the Land for Wildlife
(Hicer i Bridpetenwn, and David Singe
the Projecr Mangeeriorihe BiGINCY
Projece. They both kave praperties on
the Blackweood River, where they are
CORNECIINE LREEF remmant vegetation
back 1o the river, Borlt work out of the
i Railway Starion in Brideeiowsn.
David's Bayup Brook progerty iy
registered with Land For Wildlife. Jenny
can be contacted on 9761 2318, and
Ldareied om 9707 24570
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MANAGING WILD OATS AMONG NATIVE
GRASSES IN A YORK GUM/JAM

HE Quairading Nature Reserve,

600 hectares of bushland just
west of Quairading, ¢ontains a
diverse tange of soils, landfarms
and associated plant communities.
Salmon  gum  and  wandoo
woodlands occur on the heavier
soils, Hardia privecresvwondlands
on the vellow sandy rises and
heathlands on grey sand plains.
York gumijam wooedlands grade into
rock oak woodlands around the

oranites and tamméa shrublands

cover a range of soils ‘including
sandy |pams and gravelly sunds,
Much of the bushland is relatively
undisturbed. howevera past histary
of grazing in the York gum/jam
woirdlands has left alevacy of weed
invasion, These woodlands have
historically been favoured sites for
orazing, and wild oats (Aresna
berbas) and hlowtly grass (Briza
Marima) ate now  common
commponents of the understorey.
smothering and out-competing
many of the flowering native herbs
and nartive perennial grasses.
Previous srudiesbothin Western
Australia and in native grasslands
in eastarn Australia have indicated
that very low rates of grass selective
herbicides spraved early in the
winier seasan caneffectively control
annual exotic grasses without
seriously impacting on other plants
including perennial native grasses.
Preliminary results of our work
among the native grassesinthe Y ork
gum/jam woodland at Quoairading
are supporting these earlier studies
In early August 1999 when the
wild oats were around 10cm high.
plots of 20m x 20m were sprayed
with low rates of grass selective
herbicide (for -exact prescription,
contactauthor). Within the spraved
plots the wild oats were very much
reduced both in abundance and size.
The blowfly grass was also much
reduced. There wasnolossofnative
grasses within these sprayed plots,

| PRACTICALITIES

WOODLAND

v Keate Brown

Blowfly Gross i

howaver there did appedr to be a
reduction in flowering particularly
in foxiall mulga grass (NMewrackie
algpeciergides). TLwill be interesting
to see what the next season bnngs in
the way of recruitment of native
species. Over the summer months
seed from native everlastings
including Ahodanthe manelessi. R,
cirring, and Wairzia eorminaia, also
from perennial grasses such as foxtail
mulga grass, Ausrrosmpa
rrichopiyliie and A elegantissima
were collected. Hopefully sowing
these into spraved areas this autumn
will encourage natives rather exotic
invaders tomove into the gaps. Wild
pats’ seed 15 short lived (around six
months) inthe soll and so it was not
surprising that few germingnis were
observed in the sprayed plots
following summer rains in January/
February 2000.

The management of wild oats 1s
just one example of the sort of
management actions that are reguired
to effectively look after the
conservation vilues of woodlands,
In August 2000 the Environmental

Weeds Action Network and the
Wildflower Society will be holding
an on-site workshop at Quairading
highlighting looking after the
bushland and maintaining the
conservation values, Anyeffective
management of bushland requires
anunderstanding andknowledge of
niants (both native and imroduced)
and their patterns of distribution in
a particular bushland patch. The
workshop will leok at how the
information gathered from the
September 1998 bushland plant
survey, oarried out by the
Wildflower Soeiety with help from
members ©f the Quairading
community, can be used o help
manage thé conservatipn valuss of
this diverse patch of remnant
vegetation. Tt will include site
inspections and a visit 1o the wild
pats trals

Ref: Hitchmough L0, Kilgouwr RA.,
Morgan LW and Shears LG (/967]
Lfffcacy af Saue gross speciic
Rerbicidey dn contralling sxolic grass
eSS I e Brassy vegeialion,
Plant Proveciion Guarcedly, $: pp 28-
Jd,

Kate Bronint iy Project Officer for
the Environmental Weeds Aciion
Verwork, She can be conracied
af $he Swere Catchment Cenfre o
G220 S0
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DO YOU LIKE TO WATCH IN BRIEF

BIRDS?

If yvou ke 1o watch birds, if
vou can identify the local birds,
and if you live ‘in or visit the
wheatbel, then you can enjoy
watching birds for a new project.
The Wheatbelt Birds Moniloning
Project links the MNew Atlas of
Australian Birds and the
Biological Resources Survey work
being done for the Salinity Action
Plan by CALM.

News of 3 Community
Conservation Grant for this project
came to hand just before this
newsleter went to: press, so we
can’t print more details here.

If vou're interesred, coriact
Chervi Gole, Birds Auviralia WA,
TeliFay 92070 4058

TRIAZINE RESISTANT WILD

RADISH

Wild rudish in WA has evolved
resistance (o triazine herbicides such
as simazine and atrazine. A patch
was first discovered in 1998 1n a
paddock at Mingenew, When seed
was collected and tested in the
laboratory, 10-30% of seedlings
survived up to 18.0L atrazine
(normal paddock dosage is 6.0L —
2.0L pre- and 4.1, post-emergence
spray). Ewvolution of resistance 1o
tnazines by wild radish poses a
great sk to the gilseed, lupin and
pulse industries in WA and has the
potential to become very
widespraad.

Abul Hasheem, the scientst
working on this problem, urges all
farmars to be aware of the risk

| triazine resistant wild radish could
i pose, and to adopt integrated weed
| management including non-
chemical methods to controlit. His
trials have shown that autumn
tickling. crop topping and blanket
wiping ar¢ effective In depleting
the so0il seed bank and preventing
seed-setting in wild radish,

In bushiand, hand pulling or
wiping with aknockdown herbicide
are the best options.

For mere informration, conlact
Dir. Abuwd Hasheem, AgWEST,

D768 7333,

MEET THE MILLENNIUM BUG!

Ithad to happen, a bug has been
discovered which will benamed the
‘Millenniom Bug'! Itis asmall (2
mm [ong) water suider. living in
mountain streams in Qld and
northeast NSW. The bug will be
used as a biological indicator to
monitor the health of the streams.

For further information, contact:
Ebbe Nielson, CSIR0O, on((2)6246
4255,

HITCH-HIKING TIGER
SNAKE!

New Zealand is snake-free, and
their guaranting authonties keep a
closz watch on cargoes amving in
the country to try and ensure that it
remains so. Recently a tiger snake
( Noteckis arer) was spotted by a
crane operator unloading containers
from Fremantle. He solved any
possible problems by dropping a
container on it!  But it makes one
wonder how such an animal could
get om board @ ship - presumably in
an open-sided machingéry-carrying
container. or hidden deep within
one of the hollow struts that are
used when the:container is being
moved by a fork-Lift.

The most interesting question
though - is the Fremantle container
wharf a haven for liger snakes??

From Dok Veirch, FPapadura,
New Zealand,

= —

CARNABY'S COCKATOO

DECLINING - AND TOO
GOOD TO LOSE!

Carnaby’s Cockareo is 2 white-
tailed black ceckatoo living
nowhere else but the south-westof
WA, This big, visible and
wonderfully rowdy cockatoo is
specially protected as threatened
fauna. Most people know the
Carnaby’swailing "wee-oo0” call.
But if we don't do something to
save it, people in the fumre may
never hear that wonderful sound.

This great cockatoo needs your
help. The first part of the recovery
plan for the Carnaby's will identify
some of its important breeding
areas in the wheatbelt so that they
can be protected for the future,
Birds Australian WA, CALM and
other community organisations
and individuals are working
together, You too can work with
us,

Carnaby’s Cockatoo breeds in
the wheatbelt between July and
December. If you see Carnaby 'sin
this area at this time of the year,
we'd like to hear from veu. What
can you do? Tell us you're |
interested. We'll add vou to our
mailing list and-send you reply-
paid postcards on which 1o record
information on where the birds
are, how many there are. and what
they are doing.

Carnaby's needs
you!

Contact: Cheryt Gole, BA WA,
2 Oceanic D, FLOREAT 6074,
Felffar: 9297 4958,

Email: gole@starwon. conLau
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WHAT KIND OF FROG?

We live on a'small bush block,
close 1o Lake Powell on the west
side of Albany., The property itself
15 divided by a drainage channel
conveying storm waler to the lake.
Being close to waler, we share the
environment with a host of [rops;
the gquacking frog. moaning frog,
hanjotrog, slendertree frog, spotied
thigh frogz. motorbike frog and
various rroglets that westill have to
dentify: We hove noticed thatwith
this wvear, being so wet, there are
miny more adull frogs than there
have been over the past four to five
years, Qursnake numbers also seem
to be fewer. The king skinks sl
seem le be putin force and we have
noticed that they hunt frogs,
grabbing them by their hind legs
and flaying them backwards and
forwards as does acrocodile with its
prey, then devouring them when
they are pacified.

One particular frog has ronsed
our curiosity because of its dramatic
defence behaviour, and not being
experts we have vet to identify it
Its first reaction to disturbance is a
very loud screeching, This is
piercing and sustained. T ¢scape
seems impossible, its next ploy is 1o
appear aggressive, When
approached (by a2 hand) 1t raises
mself on 118 toss so that it appears
somewhat larger and it jumps
straight at its aggressor with its
mouth open. [t has a large gape.
even for a frog, and will actually
grab a finger tip {quite painless!!!)
Finally, if these two behaviours do

not work o its advantage, it enacts
the most amazing ploy of all - it
feigns dying!! It stretches out its
fore and hind limbs stiffly and at the
same ume pushes itself pn to s
back. In this position it quivers and
jerks spasmadically, gradually
pecoming rigid and changing
colour! The drab grey and white
colouration combined with the
extended body (which appears dry
and shrunken) has the appearance
of something dead - long dead - it
fooled us! Heurt faillure mayhe?
We were sure it had expired.
However, after a fairly protracted
time the changes reversed and it
eventually hoppedawdy, Obviously
this fast behaviourcostalotof effort
tecause the frog seemed a bitslower
and mayhe even exhausted.
Margaret and | have witnessed
this drama on only two Octasions,
which coincide with the number of

Chft andg Margaret White with one of the frogs miors commianfy foundg an their
i)

prapedy - o motorbike frog (tHofia moora

=

times that we have seen this
particular type of frog. We hope to
see it again, although we mayv have
i wait 4 while, We will have a
camera ready next time,

Clitfend Margarer Whire, Albany

Lale Roberts, Depr af Zooloey,
LTWA, sy “The behaviour sounds
like Neobarrachus pelobutoides
which screams whenagitated, blows
itself up and stands on all fours. T
haven’t scen the next bit where it
feigns death but that does not surpnise
me. Colours could be this species
butthe grey 15 more suggestive of AL
atbipes, They may both behave the
same way, and both are likely w0
oecur in your area. A good clear
photograph would be useful.
Incidentally, a lot of frogs scream
when threatened. Helioporus
species as well as Livorie moored
and L. eveloriynchis often do so”

Recently there wasa story in the
mediaahouta ‘massive’, ‘new’ find
of groundwater from the Officer
Basin under the Great Yictoria
Desert. It was going to supply Perth
for 4000 vears! Fhilip Commander,

WATER UNDER THE DESERT?

a hydrogeologist with the Water
and Rivers Commission, cautions
evervone to be very careful about
media hype ... The find is not new,
the guality is varable and, due 1o
very low rates of recharge. the

propessls for wse will need
extremely careful evaluationif they
are to be sustainable.

For copies of Dr Commander’s
two papers relating to this, ring
9334 0530
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HIS photo was taken in March, and sent o us by Wally Jones of
Maundurah. Itshows a Banksia prionares with lots of small flowerheads
around the main one, Wally asks if we can explain why this happens.
It's probably caused by insects damaging the growing bud. If the damage
15 100 great, the stem dies and new shoots grow out, but sometimes the effect
is merely to segment Lthe flower-producing cells, so that you get multiple
heads, like this. The most likely culpritis a shiny green weevil about 1 .5cm
long which particularly likes eating 2 prionoter.

WHICH GRASS?
Following the recent interest in native grasses, 1 observed this native grass
in our sandplain paddocks. sometimes sparsely, but after 6.5 inches of ain in
January it grew well and supported 14 bulls in one paddock for several months.
The photo was taken around the farm yard, where ithas grown for 30 years with
no super and very light grazing. Can you tell me which grass it is?
Bev Hall, Quairading
Terry Mcfarlane, CALM Science, Manjimup, says:“1tis an Ausirastipa (spear
grass}, but you will need to collect the flowering heads next October before it
can be identfied to species.™

MORE CROW TALK - A
SHORT STORY

A pair of ravens built a nestina
tall marri tree, just below the canopy.
The nest, although distant, is in full
view from my kitchen window
where | frequently sit for my cup of
lea, particularly before breakfast,

I have watched these two bring
outyoung ravens overseveral years,
mostly only one at atime. There is
no proof that it was the same birds
every veéar, but | thought sa. Last
spring I noticed that the tree was
looking poorly but the ravens were
able to resr their usual nestling.
Summer has passed and the tree has
died.

The other morning asTsatby the
window sipping lea. the ravens
arrived one by one. What occurred
then wasalmostbeyond belief, They
discovered the old nest iree was
dead and bare and started to shout
and fly into theair, flapping wildly,
In and out and up they went, in and
around where the nest was, all the
time calling continuously in what
seemed like grief and fury,
Incredibly, this went on for a
considerable time, then they few
away one by one. They could not
have gone far, because in no time
they were back and repeated the
performance again and azain, until
finally they left and have not
returned,

lamnotone forimputing feelings
to birds, but in this case??? [ am
now watching for which tree they
will choose for a new nest this vear
— if they can find one.

Jogrna Seabrook,
HMedena Valley.
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RUSHES AND SEDGES
WORKSHOPS

During March., four wvery
sucessful workshops were held at
Ongerup. Mount Barker, Tambellup
and Denmark, with the theme of
rushes and sedges in rehabilitation
work. The presenter was Linda
Taman. a consultant with huge
experience in growing and using
plants from these families and grear
skill m presenting the topic. All
told, Y3 people attended the four
workshops and were unanimous in
their praise fortheday. and incalling
for more sitnilar events:

The eoverall programmi was
organtsed by Dorothy Redreau of
CGreenskills, in collaboration with
Land for Wildlife, Greening
Ausiralia and Water -and Rivers
Commission.  Each of the four
urganisations took responsibility for
heing host at one of the venues, as
well as contributing to the cost,
which was also supported by grants
from the Gordon Reid Foundation
for Conservation and NHT. This
wide collaboration worked very
well, and led tomore being achieved
thaneach groupcould have managed
on itsown. This model could well
be followed with other lopics in
future.

Svivia Leighion

[}

Quagratadation’

To Avrl Baxter (ZFW
Narrogin) for winning “Runner
up” in the Indoor Display at
Wagin Woolorama. Visitors
were enthralled by the Tauna!
Pnofo. 0. Lamonit

LFW STAFF WORKSHOP - THREE YEARS' ON

On 8% 19" May, LFW staff gathered at CALM, Kensington, for a
workshep o censider the operation of Land for Wildife, and what future
directions we might take, ‘Shown here are; L-R back row: Penny Husseyv.
Svylvia Leighton, Bob Huston, Avril Baxter. Fiona Falconer, Claire Hall:
frontrow: Jenny Dewing, Heather Adamson, Cherie Kemp. (Anne Rick had
t leave carly, her littlies had developed a virus)

TRIGGERPLANT
TREASURES

styiidiune merrailil, Photo; K. Kennaally

Onee presumed extinet for more
than 100 vears, Stfidium merrallii
{Merrall’s Triggzerplant) was
rediscovered in 1976in the Wongan
Hills area but wasn't officially
identified until 1992. Early this
March a healthy new populatien
was discovered near a granile
outcrop on a LFWer's property in
the Doodlakine area.

Triggerplants have a sensitive
triggeraction thatis used as aunigue
method of pollination:  Insecis
sipping nectar from the throats of
voung flowers disturh a ‘trigger’
which releases a strap-like column
that carries anthers loaded with
pollen. Previously hidden beneath
the petals. its sudden release causes
a swinging blow which showers
pollen over the insect’s back, Tt
takes about 20 mins for the tngger
tofeset for the néxt visitor. Anthers
on older flowers develop a hairy
cushionorbrush betweenthem, this
brushes up pollen from any inseets
that had previously visited vounger
flowers. thus completing the
pollination cycle.

eshapeof triggerplant flowers
throughout the wheatbelt usually
resemble aosmall butterfly and are
af various colours, the mos! common
being bright pink with white throats
Each also his u secretive minute
petal alled a labellum, which 15 an
added fascination and aid 1o
identification,

To date there are 16 differeat
trigeerplants fn the Shire of
Merredinanditisagreat pleasure to
add Stwlidiiene merrallif (Declared
Rare Flora - status: Vulnerable), to
that hist.

Heathér Adarison
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FUNGI

The Ghaoul Fungus

Funmgt are ‘as vofled in their
requirementsos other aroonisms: One
group, called the ‘ammonio fundg’
require nitrogensin the form of
ammenia In order 1o grow ond Trait
An example from the soufth-west
forests and woodlonds s Hebeloma
aminophium, the Ghotl Fungus.

T & a foily loge foodstool (Cop
aor 14 omoacross), oll-over Deige-
orown with nisty spores. It i alwoys
found growing alongside fhe
COrCossas O kaNgaros, shes, SNoWes
of othear sizatble animals.  |F frulis in
winter and ecrly spring:  Snce deoo
Dodiss can oo amywhers, tmakes

o wonder how rany million furngal-

spes are flogtinginthe atmosphiens,
just walting for the cppropriate
gircumstances to ocour 5o that they
con devalop and graw,

Trsre are no krown ecible specles of
metalomas ey are gl mons o less
poscndus Thaugh proobly not decsly

Msrrarion by £ Griffivis from ©A
Flels Guide 1o the Lavger Fungi af
the Barline Scarp ard e Sonth
Wesr af Wesrern Australia -

FLORA

Zamia ey

Iomias ‘grow wall in Wa's
rpovernshed soil, as they have tha
apdity ta fix atmospheric nitrogen.
Mazia: of "coralloid roots” ronch out
from theswollen underground bode: of
thestem, Thesespectalised rocts coniain
cyanabacteria which fix nitrogen,
thigrmisdvet recelving corbohydnates fiom
freesir oSt

Zamia (Macroramic relitliel s commaonin
the Jarrah foras), ord widespread
inroughoutthe sarilhwest, The plantsare
sinas mole or fernale, The mo'e plonts
velop severl Cones, upto 30cm long.
which ore modewp of scoles with oollen
sacs undemeath. Pollen s shed in ote
soning. Fermale plants seldom davelop
mone thon fwo cones, and thay ofe very

arge; welghing up to 14 kg, Eoch scoie

n thie female cone develops hwio 2oeds,
Sriginatly brght red I Solowr, wihich ang
released whanthe coneraofsoway. Emius,
and possibly other anlmols. help -to
dispatse the saed.

Thesa huge cones are an aneITRoS Jecin
of aphant’sstared food reserves, Amale
piant sy T0% of s stored enemgy In
ofdiel to produce acons. Mokes25% of
a female plant’s. store to procduce even
ona cone. If, dueto buming off, Zamias
are forced to use stored resemves o
produce whols setfs of naw isaves every
few yaars, them will balitteenasrgy et for
reprcductian, $o cone production may
be raduced. By the fime the stose has
g Duilt up, thefire comes ogam. This
may gocount for the opparent
preponderanca of male glants in forest
aress.

Zomia fsgvss contain a substonce foxic
fo stock: Graging of regrowih leoves
after tire or paitial clearing of the country
e probocbly the only time when thes
leoves ame palatable 1o siock) oougas
"wobbles” incatile: Zamigseedsconicin
akatafstarch, ond the Aboriginoi pecoie
leochad ouf the poison before edafing

- Ll h e
= R o
g sl =Rt
B T 2 e T e S —
tirady-branching
aorcloid aiots
A
Nl 1ot

Exemegled piant sho w.rf}_';"u:.\:.rc.{,-'.-:: oS

them. Whan Coptgin fFemantie
expioredthe Swon River his parfy roasted
ard ofe the seeds, and were exiramealy
il afterwardsl  Inclidendally, Chaorles
Fraser. the: Colonial Botanist of NSW,
explorad the Swan with g party from
Caoptain Stifino sH.M.5. Secoessin 16827
Maor Claise Brock he repoded fomics
3 feal high! Zarmios-are sow growing,
sothese must hove been extremaly oid
Few such lorge specimeans shil sxist,
althiough thera e sl sormsn Stockyarnd
Sy Natioral Porkc

Zomila *palm® is fot & good nome, as
the famio s o cycod: @ much mone
anciant group of plants Man goims

A Ripe seads on femaie cone
¥ Plant with male cone
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Frog WAtching

By Sue MeLagdiin

3 - W i X

Listening for banjos, motarbikes and hu

HE ke L2 e

miming - sgns ot somerof the frogs found on

ste.... Aog siimon Sandover of one of Finjorma Refinany ‘s permanent watar hotes

OTOR BIKES, banjos,

humming and quacking
+o-..What do thesenoises all have
in common? Believe it or not they
are all made by local {rors! The
Alcoa TrogWAtch program
mnvolves collecting information on
just such frogs.

Managed by DrKen Aplin, from
the WA Mussum, the Alcoa
FrogW Arch program monitors whal
frogs are where. FrogWAtch
members go out and listen to the
frog calls to identify the types and
numbersoffrogsandalsosend dead
frogs found back to the museum
where they are checked fora fungal
disease called Chytrid Frog Fungus
which is killing frogs on a world
wide basis,

It going outand listening to frogs
ingenerally cold and wetconditions
15 not vour cup of tea, frog watching
team leader Simon Sandover, from
Alcoa’s Pinjarra Refinery, may have
the answer

Simen isa Senior Environmental
Scientist. He has worked with
Pinjarra Refinery’s Environment
and Industrial Hygiene Assistant,
Iohn Caldwell. and Lynton Storer
of Hernng Storer Acoustics, tocome
up with a system that allows 4 tape
recorder and a computer to do all
the hard work. An acoustics graph

15 produced from the recording,
which identifies each frog call.

Since the system has been
successfully rialed and tested onthe
squelching frog, another six species
are currently being added, with the
final aim to have the sounds of 16
different frog species included.

It 15 important to remember that
this innovation will oot replace
peaple listening. We still need as
many people as possible out there,
listening and counting frogs as well
as collecting dead ones for the
TOUSEUT,

Why i3 this program so0
important? Simonexplaing, Lotsof
frogs eguals a healthy environment.
They are extremely sensitive to an
environment that is out of balance.
When this occurs the frogs will
quickly die off",

Alcoa has developed i series of
wetlands as part of Pinjarra
Refinery's land management plan.
These wetlands have involved the
useof old *borrow pits’ that surround
the Refinerv’s residoe arga and are
now sueccessful ecosystems and
home to many frog species,

If you are inrerested in peiting
irvelved with the Alcoa FrogWiich
program, contact Or Ken Apiin ar
e WA Museum on $4272526,

RECRUITMENT OF
RED TINGLE

AFTER FIRE

USTAINABLE management in
tail timber country is just as
problematical asin other ecosystems
- there are so many unknowns. Red
nngle { Zuwcalypees jacksonid) forests
are limited in extent. and so of
particularconcemn. Recently. ateam
of CALMScience rescarchers, led
by Lachlan McCaw, published data
on the survival of red tngle and
Karri (£ dfversicelon) seedlings after
low-moderate intensity fuel
reduction burng at twio sites near
Walpole. They noted that most
seedlings emerged on burnt ground
created where litter had been fully
consumed, but some also emerged
on the charred surface of failen logs.
Althoueh initially seedlings were
guite plentiful, they declined rapidly.
The authors concluded: “Few of
the surviving seedlings exhibited
dynamic growth or appeared likely
w develop into saplings.  Small
gapscreated by natural tree fall were
no better stocked than areas beneath
an intact forest canopy. The
presence of red tingle and kam
seedlings following low to moderate
intensity fires used for fuel reduction
may not therefore lead to even-aged
sapling cohorls of these species.
The scale and intensity of
disturbance: required for effective
recruitment inred tingle-karm forest
15 a subject worthy of further
investigation.”
Farthe full story, reaa. McCaw,
W.L.. Smith, RH. & Neal, 1LE.
. 12000, Post-fire
\’ recruitment of red
, tingle and karri
| \ fallowing low-mod-
‘\/l. crats intensity
prescribed fires near
Walpole, south-west
Western Australia,

< Z‘F CALMScience 3;

B7-04,

A seven-month
ald red lingls

seeciing.
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LEGUMES continued from pupe 9

Acocio drewiona

in the past and continue to be
responsible for generating the large
pools of nitrate now evident in the
SVSICM.

So we still have mueh to leamn
about nitrogen fixation and nitrogen
¢vcling in mative and agricultural
ecosystems. Inview of theimporiant
role of nitrogen in plant growth and
the dangers which can follow when
the element poellutes the
environment, research conductedin
the future on this topic is clearly
necessary and rewarding.

Agriculture, He can be contacred

BUSH DETECTIVE
ANSWER

Soin Fate is Emeritas Professorar | |
e University of Western Awstralia
where he comtinues research on
environmentaliy-relared issues in
the Borany Depr. and Cenire for
Legumes fn Mediterransan

e (O8] 9380 FO7E ar 8180 2204,

Further Reading

Unkovich MI, Pate IS, & Sanford P.
(1997) Nitrogen fixation by annual
legumes in Australian Med-
iterranean agriculture, Awsr L of
Agric. Res, 48: 267-293

Pate IS, Unkovich MJ, Erskine PD &
Stewart GR: (1998) Australian
mulga ecosystems - 13C and 15N
natural aburdance of biota com-
ponentsand their ccophysiological
significance. Plant Cefl and
Envirenment 21, 1231-1242,

Fate JS & Unkevich MIJ (1999)
Measuring 'symbiofic nitrogen
fixation; case studies of natural and
agricultural ecosystems in a
Western Australian setting. IN
‘Physiological Plant Ecology' (Eds.
MC Press, JD Scholes & MG
Barker) pp. 153-173. Blackwell

They ara Doublegee (Emax gusirais)
fruits. Eaily seftiers Brought the plant
from South Africa to use os a solad
vegatable, Hnd s now widesoraod
aver the Staore. Red-ioied Black
Cockatoos eat the sesd, they are
able to crock the truit with thalr
powerful bills, (Try to crock open the
fralt yourself, fo see how sang they

p must B
Science, Oxford.
Unkovich M, Pate 1S, Lefroy EC & ol s S 4
Arthur D). {in press) Inputs of A final comment, from o feenage
LFWer

fixed nmitrogen by the fodder wree
tagasaste-at alley and planation
densities en deep sands in
southwestern Australia.  Aust L
Plant Physiology.

&: Whof do you getif you coliactup
0 pie of Doubleges soods, make
holes In them, and thread them on
hwine to make hwo ropes?

| ABOUT GROUPS

Ans: A doubis G-sthingl

QUCH!!!

| The community grous Green Skills
hos asked thatwe include iInformation
choul fhelir employment aom.

‘Ecojobs’,

ECOJOBS ENVIRONMENTAL
PERSCNINEL:
FOR ALL YOUR ENVIRONMENTAL
PERSONNMNEL NEEDS
Az we arainthe middleof theirees
pionting seqson, [wouldlike foreming
evanyones that Ecajobs offers o wide
range of skiled environmeantiat
pesannal ol very affardoble rates,
starting froem 51750/ (+ G581 Cor
rates are all inclusive ond we'canalso
provide prgiect coordingtion ond
supendsion of volunteears,

Ecojobs Envitonmientol Personng!
5 a prolect of Green Skills inc. which
nas besnsuccessiully operating since jF
1795, Qur clients include the Botanicol
Gardens ond Porks Authority, the
Wioter ond Rivers Commission, varkous
councils. privaie consulfoncies. oswesl
as cotchment and londcoare groups
Weare looking forward to hearing
from Yol soon,
Jean-FaulCrsing, Ecolobs Coordinator
Grean Skils-Framoantle
J0 Holdsworth Street
Framontie WA 6160
P, (08) P335 1033, Fox (DB) $334 3301
email: grekilsBupnoway.com
Wetsite:
bt/ fwww greenskilsgraen.nat.oy/ |

WEEKEND
GETAWAY!

Many LFW members: hove
faclities for visitors - if you ana
lzoking for somewhers to go
where people cafe cbout
tbshiond -vou need the WA
LFW Ecotoursm Contoct List

Ring $334 D427 for your copy.
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COMING EVENTS

FUNGIMAP WORKSHOPS

with Katie Syme

Lecmobout the importanceiof fungi and how o map hair
distribution

¢ Memecin Heroanum

P Soat-Sun 87 - 97 July

Contact Heother Adamson 9041 2488,

emall hieoheg@calrm wo.gov.ad

k- frobina Figld Study Centre - Drnvandro Woodhkand
- Fricioy 215 July 2600

P 900 am-3.30 om

cost $10.00

Contact Avril Baxter 9881 9218 08

email owilbEoalm. wie.gow.aul

Croanised by Land Tor Wildife-and FLngimiao

YORK GUM AND ASSOCIATED UNDERSTOREY

With WMalcolm Franch

P Saf Z9th July

 1600am - 330 pm

Mest Sondalwood yard, Avan Terace, York
Crganied by Bver Consarvalion Sociaty

LOOKING AFTER OUR BUSHLAND: FIELD DAY IN THE
QUAIRADING COMMUNITY NATURE RESERVE

» Quairading Community Cantre

» Tuesdoy 157 August 2000

F G30am-4om

Cost not yet decided

Malntgining the consgmvation: values of bushlond and
ranagarent of weeds,

T register, ring Barbara Jones! 9220 5300

Orgon by Environmerntal Weeds Acfion Nehwonk and
Wildiflower Society of Western Austrolio,

GRASSTREES AND KINGIA

With Bill Loneragan

» 5ol 260 Aug

»- 1000 am - 3.30 om

Meet Sondolweod yard, Avan Termace. York
Orgonissd by River Consanvation Sociaty

WEEDS IN BUSHLAND

With Mewvile Maorchant

p Gat drd Sept

b 1000 om0 330 om

Meal: Sondolwood vard,
Terrace, York

Crganised by River Conservation
Sociahy

AN

STOPPING TREE DECLINE IN THE GREAT SOUTHERN
Aseminor ond Tiedd day on how o stop tree loss

Do your trees look like this
wandoo at York? Srraliest crown
braonches deod. clumps of
browned leaves show nswly
daad bronches 7

And the process confinuing
rermoaelessy %

Attend ihe workshop

¥ Thurstioy Sept 147 2000

» 8.15am-430 pm

» Kojonup Memaoriol Hol
Contact Al Boxher: 9887 9218,
Organised by Land for Widlife

and Greening Westem Ausfrolia

NEW BOOKS

HAKEAS OF WESTERN AUSTRALIA; BOTANICAL
DISTRICTS OF IRWIN AND DARLING

By Jennifer Young
$20.00 + 55.00 postogs

Thessoond inossnesof lusirated guldes 1o hakeaos. This
ong coversthe nomhem sandplains ond the southemionssTs,
essenficly from Shark Bay 1o albany, including the Daling
Range. Aswith the previous book (coverng thewneatbel),
this has been written fo cssist with the identfifcotion of
hakeas for revegeration grojects and [Fdetalis e use and
provenance fo which each plant belongs. Eochspeciesis
lustroted with cigar lime drawings which will enable
identificaron, andthere are clsomaony colour pharogroons

Arvane Imsrested in wildfiowers, especially T your
property & In the argo coveraed, will find this an infsresing
and-usehul book:

To obtain o copy. contact: J. Young, PO Box 576, WEST
PERTH. W& 6872, Pn: 9242 2207

This Newsletter is 2 compendivm of articles written by many different people. The vicws expressed are those of the authers: not necessanly

those of the Department ol Conservation and Land Management.

Puhtished by the Department of Conservation and Land Managemenl, Perth. All comrespondence should be addressed o
The Editor “Western Wildhife, CALM Wildlife Branch. Locked Bag 104, Beatley Delivery Centre, WA 6983,

Desizn and Deskrop publishing by Louise C. Burch Graphic Designgs
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