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The Superb Patrol Polytelis swainsonli is listed in threatened species legislation at State and National levels.
As it is an obligate hollow nester, harvesting of River Bed Gum Eucalyptus camaldulensis in south-eastern
Australia has led to concern over the maintenance of their nest trees. While the availabil ity ol hollows is
undoubtedly a critical factor in the conservation biology of the Superb Parrot, it is not known whether their recovery
is limited by the hollow resource. Timber harvesting is shown to be capable ol removing a variable proportion of
Superb Parrot nest trees jn Cuba State Forest, but the risk to nest trees is minimized by applying harvest plan
prescriptions that aim to perpetuate the hollow resource. Consideration of the spatial organization of Superb
Parrot nest trees in relation to the hollow resource and extant woodland vegetation indicates that lood availability
during the bfeeding season is likely to be a factor regulating population size. Research is required to test the
relationship bgtween the reproductive success of Superb Parrots and the area, quality and connectivitv of woodland
vegetation within their foragang range.

INTRODUCTION

Much of the dispute about use of Australia's native
fbrests stems from uncertainty about the impact of timber
haruesting on the abundance and distribution of forest-
dcpendent species, especially tauna that use hollows
(Gibbons and Lindenmayer 2002).

The Superb Pattot Polytelts swainsonii is endemic to
woodlands in south-eastern Australia. Its range has
contracted in Victoria, but in New South Wales they have
a widespread distribution west of the Great Dividing
Range.  and c rn  be  loca l l y  common in  rhe  R iver ina  and
South-west Slopes regions (Higgins 1999). As they are
obligate hollow nesters, harvesting of River Red Gum
Eucalvptus catnalduLensis on the floodplains of the Murray
and Mur rumbidgee r rvers  has  led  to  concern  over  the
maintenance of their nest trees (Webster 1988; NpWS
2000). Given that the Superb Parrot is listed in threatened
species legislation at State (Victoria, endangered; New
South Vy'ales, vulnerable) and National levels (vulnerable),
thrs concern must be addressed through a legal process.

The pivotal question is whether the recoverv of Superb
Prrrots is constrained by previous or potenlial future rimber
harvest practices. For this to be the case, the number of
hollows would need to be depleted to the extent that hollow
availabil ity l imited the abundance and distribution of
Superb Parrots. Other factors have undoubtedlv influenced
the  pnpu lar ion  v iab i l i r y  o f  Superb  par rors .  inc lud ing
c le r r ing  and degr rda t iun  o f  hab i ta ts  rhar  p rov ide  adu l r  and
juvenile birds with food (NPWS 2000). However. l i tt le
infbrmation is available to place different threats in cantext
or to prioritize recovery actions. This dearth of information
is surprising given their iconic status.

In this paper, physical and spatial characteristics of
Superb Parrot nest trees located in Cuba State Forest are
used to: (i) assess the threat to nest trees imDosed bv three
timber hrrvest sysrems: {i i) rdentify factois l ikely to be

affecting Superb Parrot population size, andi (iii) identify
future research priorities.

BACKGROUND INFORMATION

Superb Parrots

Breeding by Superb Parrots in the Riverina Region is
generally associated with three habitat elements: (i) stands
of River Red Gum containing suitable nest hollows
(Webster 1988); (i i) box woodland within nine kilomerres
of nests, where parents feed (Webster 1988), and; (i i i)
corridors of trees between nests and foraging patches,
which parents follow during commuting fl ight (NPWS
2000).

Superb Parrots lay their eggs on a bed of decayed wood
in branch and trunk cavities of mature eucalypt trees. They
are capable of laying 4-6 eggs and fledging 1-5 young.
The male teeds the female 2-3 times per day during the
incubation period (c. 20 days), and for the first week aftcr
hatching. Thereafter, young are fed at the nest by both
parents for a t'urther 3,4 weeks. Parental care continues
until juvenile birds become independent some 2 4 weeks
after f ledging (Higgins 1999).

Superb Parrots forage in small f locks, mostly on rhe
ground, on the seeds of native grasses and introduced
cereal grains. They also feed in the canopies of trees and
shrubs where they consume flowers. fruiri and seeds, and
glean lerps from leaves. In the Riverina Region, fbraging
habitats include Boree Acacia pendula shntbland, and
woodlands containing Black Box E. largiflorens, Western
Grey Box E. microcarpa, Yellow Box E. neLLiodora or
White Cypress Pine Callitris gLaucophylta (Webster 1988i
Higgins 1999; NPWS 2000).

Flocks commuting between nest sites and foraging
patches develop as a result of parents announcing their
presence or responding to in-flight vocalizations sometime
after feeding their young. Adults have a loud penetraring
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contact call to co-ordinate these movements. At other times(hey are wary. well camouflaged and quiet near rheir nest,
a.nd are subsequenrly very diff icult to detect tpers. obs.. R.
w:bster. ' p:JS: comm ) These periods of inacriviry may
rellect lhe high energy cosrs of loraging. as birds foragini
in expensire ways require longer wbiequent puur.."foi
pnysrL ' togrca t  recovery  (e .9 .  Kace ln ik  and Curh i l l  19g71.

Parents are reluctant to f1y over large open spaces to
reach fbraging 

.patches during the breeding season,'possibly
because they have insufficient energy reserves to avoid
aeriai predalors (NPWS 2000). As the risks involved in
exceeding thresholds of exertion are known to constrain
parental responses (Moreno el al. 1997), the maximum
Jistrnce lhey hlre been observed ro l 'Jy ru obrain food of
around nine kilometres (Webster lggg) may indicate the
dlstance 

.at which further parental effort in nestl ing
provisioning cannot be energetically sustained.

Hdn,esting practices in River Red Gum

River Red Gum attains its best development adjacent to
wAlercourscr and treJs of f loodplain lhat recejve regulJr
flooding (Bacon et al. 1993). This increases the pote-ntial
f ' ' r  con f l i c t  be l$een t imber  harves t rng  and Supe ib  par ro t
cUnser rar ion  because the  areas  w i th  the  h ighes t  t imber
producr ron  caprb i l i r y  o f len  co incrde  w i rh  rh i  locar ion  o f
Superb Parrot nest trees.

Consequently, a number of harvesting prescriptions
currently practiced in NSW State forests aim to minimize
the l ikelihood of Superb parrot nest trees being felled
dur ing  hr rvesr  operar ions .  l t  has  no t  been pos i ib le  r , t
con l - idenr ly  assess  thc  e f f i cacy  o f  lhese or  nove l
prescriptions, as the physical and spatial characteristics of
nest trees derived from distribution surveys (e.g. Webster
1988, 1993, 1997, 1999) may not be representative of the
breeding population.

A timber harvest system is defined through the
app l iear ion  o l  one or  more  s i l v icu l tu ra l  sys te ;s  and
assocrared  prescr ip l ions .  Two s i l v icu l lu ra l  i v r t . rn ,  -
Single Tree Seleclion tSTSt and Ausrralran Croup Selecrion
(AGS) - are used to regenerate River Red Gum stands.
Numerous prescriptions are applied to mitigate, for
example, potential impacts on threatened species habitat.
including hollow-bearing trees.

SILVICIJLTURAL SYSTEMS

Single Tree Selection is suited to shade tolerant species
capab le  o f  regenera l ing  succes , fu l l y  in  re la t i ve ly  smal l
canopy openings created by the removal of single or small
groups of commercially mature trees. However, as the
River Red Gum is a shade intolerant species, seedlings are
unable to achieve their full growth potential in such small
openings (SFNSW 2000). As a result, River Red Gum
stands subject to STS over long time tiames can become
dominated by moribund trees with relatively small
dimensions. The capacity of these stands to recruit large
trees containing either sawlogs or hollows can, therefore,
be compromised.

Australian Group Selection involves creating larger
canopy openings by removing groups of trees, including
those with no commercial value. To allow regeneration to

develop 
_without experiencing excessive competition frorn

:ulro^ulqrng rees. canopy openings ranging in size from
u.J{J.6 heclares are required. depending on rhe productive
capaclty ol the stand (A. Srirl ing. pers. comm.). However,
iI AGS is pracriced too regularly or exrensively. Iare mature
and senescent trees may be poorly represented in the age_
class structure.

HARVEsTING PRESCRIPTIoNs

The potential impact of native forest silviculture on
hollow-using fauna can be mitigated by prescriptions that:
(i) exciude harvesting from landscape elements such as
Iormal reserves and riparian zones; (i i) place an upper
drameter l imit on trees able to be felled fbr t imber
production; (i i i) retain standing dead trees (stags); (iv)
relate to merchantabilitl,, whereby trees with no value for
timber production (but with high value for wildlife due to
the presence of hollows) may be retained, and; (v) require
habitat and re(ruir trees tu be retained uithin areus
available for harvesting.

,  
A  

,h tb i ta l  l ree  i r  a  senescrng l ree  w i th  goud c rown
oevelopment thal appears to conlain at least one hollow
suitable for occupancy by fauna. A recrulr uee ls a mature
or late mature tree that appears to have good potentiai for
hollow development and long-term survival. As a minimum
wildlife requirement, the current practice is to mark two
habitat and two recruit trees per hectare for retenrion in
the harvestable area. Many more trees meeting these
descriptions are generally retained but, owing to other
silvrculrural considerations, are not marked. Hieher formal
relenlion rates are applied in habitat ,.orrir lort. A habttat
corridor consists of a 20 rnetre-wide exclusion zone
commencing ftom the first tree l ine adiacent to
uatercourses and ualer bodies. and an adjoinrng 30 metre-
wide zone in which five habitat trees and five recruitment
habitat trees are retained per hectare.

METHODS

Stud! area

In the Riverina Region, a large Superb parro! breeding population
occurs between Wagga Wagga and Carrathool contiguous with thc
Munumbidgee River (e.g. Websrer I988, 1993, 199?, 1999). Cuba Srare
Foresl (i 660 ha) is located near the centre of this breeding range (Fig.

A census of the Superb parrot breeding poprjlation in Cuba State
Forest was underraken in 2001 to establish a baseline againsr which
subsequent measurements can be compared (Webster 2002). Surveys
within polential nestinB habitat, involving almost 120 hours of auditoiy
ard visual searches, identified 98 nesN in 8l trees (w€bster 2002j. As
nest tree information for the vast majority of th€ breeding population
was acquired, rhe ability of existing and novel rimber harvosr
prescriptions ro retain the hollow resource used bv SuDerb parrots can
b€ conf idfnt ly  assesled The \pat iat  orgtni , ,a l ion oi  nesir rees rn re lar ion
to the tolal hollow resource ard proximity of woodland vegetation also
allows other poteotial constraints on lhe breeding population to be
investigated.

The disonces between active Superb parrot nests in Cuba State Foresr
(Fig. 2) show that nests are generally clust€red, ra(her rhan solirary or
continuous, indicating colonial nesr disp€rsion. The term ..,lony is used
here to indicate a group of nests where adults interact by commuring
along the same flight rour€s to common foraging parchesi separate
colonics have differenl flight paths that are regularly used by parents
(R. Webster, pers. comm., pers. obs.). The spalial coverage of a colony
can therefore be defined by social organization rather rhan an arbirrary
separation distance belween nest tr€es.
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Ritik to tte.\t lkes imposed by dwrcnt haflesr st.srcns

.. . 
Characterislic s of the 8l Superb parrot nest trees identified by

W-ebster (2002) were anaiysed to determine rhe level of protection
illorded !o known Superb Parrot nest trees using three timbir harvest
systems (Table l). Nest trees were considered to be .at risk' of being
felled if they were locared within the harvestable area and were noi
proteclcd by one or more prcscriptions Harvest Sysrem #l was based
solcly oo STS silvicuhure. Harvesr Systems #2 and #3. which included
bolh ACS and STS si lv icul rure,  wcre mainly d is l inguished by spar ia l
diffcrences in the applicarion of AGS silviculture on the 20-50 merre
zone of habi(at corridors.

Decisions io selcct rrees for wildlife, as well as the placement of ACS
openrngs,  could not  be reproduced in rhe f ie ld wi thout  int roducing
observer bias becausc Superb Parrot nest trees were identifiable bt
flumbered aluminium tags. Accordingly, the number of nest trees
relained throu8h applicarion of habitat trec rerention prescriptions was
nor calculated for any of the three harvest sysrems. Similarly. the risk
lo rest trces greater than 150 centimetres diameter at breast height over
bark (dbhob),  or  contain ing no merchaniable t imber,  was also not
quanlified for Harvest System #2. Given these limitations, the actual
risk to Supcrb Parro! ncst trees imposed by each of the harv€st sysrems
is expccted to bc less ihan the .risk' calculated here.

Fatu)^ elJ& ti g the popuLatn,t sile o.f Supetu partutl

Hor-r-ow AvAtr-ABlLlTt

The h)rpo(hesis that the population size of Superb parrots in Cuba
Stale Forcst is limiled by bollow availabiliry was assessecl by comparing
thrce measurcs of Supcrb Parrot occupation wtrhin colonies l. 2 and 3
(Fig. 2): (, nurnbcr of Supcrb Parro! nests per hecraret (ii) proportion
of hollow-bearing trees conraining nesls, and: (iii) proportior ;f holtows
conhrnlng nests.

Thc following data were captured within the bounds of each colony
using a Trimble Pro XRS GpS receiver: grid co,ordinates in AGD66
dr lum of  r l l  hol low-bear ing t reesi  number of  v is ib le hol lows sui table
lbr occupancy by Superb Parrots: actual number of Superb parrot nests,
lnd; whcther lhc lree was living or dead. A cavily was considered Io
bc r  hol low su' l i tb le for  tJ(rufrnc\  i l .  durrng a onc_minure per l ree
se.rrch. it was visible to lhe naked eye, had an extem:rl enlrance diameter
grerter thao llve centimetres and was likely to bc at least ten centimetres
dtep. Givcn that the inremal morphology of cavities cannor b€ readily
prcdicled liom ground surveys (cibbons aud Lindenmayer 2002), rhe
intcnlion hcre lras simply to cxclude hollows thal were obviously not
surlable for occupation. No effort was made ro adjust hollow numbers
for in(erpreta(ion errors or for uDobscrved hollows.

Dah were incorpo.aled inro a ceogrrphic tnformat ion System (CIS).
A totr l  area of  61.3 hcctares was in i l ra l ly  surveyed, coniain ing 807
hol iow-bear ins t recs,  I  996 hol lows and 67 Superh parrot  ;es!s
ScsnrcDls o l  c ich cok y of  equal  s izc (6.5 ha) and djsrance f fom the

Fisure 3. a,.ari.,r ol sesnents (.tosr hdt.het ureds) n ok,ies t l
Il.lk^t (i^ 1..t pprekrt hollo|| beanv fte.\ \|ithout d Srryrb ptmr ter].
S,lil .ir.l.s Nprcse h.llo\| bednkt iee\ tuntdininr on. or hture Supert)

A

TABLE I
Harlcst svstem dclails.

Murrumbidgee RNer

-vee F;,
Colony 3

#2
I l labi lat corr idof

:.  Lpper diameter fel l ing l i rnir

. t  N{crchantabrl iryl

Fel l ing of  t rces wi th in the
0 20 m zone is not pcrmitred.
STS si lv icul ture only is
pcrmified in lhe 20 50 zone.

Felling of trees largcr than
150 cm dbhobl  is  not

Fcl l i rg of  standing dead
trees rs not pcrmrtted.

Only t rces conrain ing s iwlog
qual i ty  t imber may be le l led.

Felling of trees wihin lhc
0 20 m zone is nor permitted.
AGS si lv icul lure is  permtred
rn the 20-50 m zonc.

Fclling of trccs larger than
150 .m dbhob is nor permif ted
excepl  in AGS openings

Fel i ing of  standing dead
trees rs not Permltted.

Outs idc AGS openings,  only
trees conrarning sawlog
qualily limber may be feiled.

lc l l inq of  t rccs wirh in thc
0-2C in zonc is rot permirred

AGS si lv icui lure is  nol
perinrtted in thc 20-50 m zonc

Felling of trees largcr lh:rn
150 cm dbhob is nor permi l rcd.

Iielllng of standing dead rrees

Oulside AGS opcnings, only rrees
contarnlng sawlog quality timber
nay bc fe l led.

rDi,rmeler rt breast hciShr o!€r b,lrk.
i ^s thesLnd! rdsup€rbParmtnes t t reedabd idnotpro ! ide jn fo rmat jonre la t jng to !he Inerh1ab jL lyo i !v

} " . : i * i " * : - ' - , . . " . repeatab le .on ly t reesbatd idnotobv ious lyconh i ;sawloqqua1 i ty l imberwer€des igna!edasunmeahantab le :
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TABLE 2

each colony. Given that Superb Parrots have traditional nest sites
(NPWS 2000), a case to supporr rh's hyporhesis may be eseblish€d if
thc areas of woodland vegerarion wi$in the foraging rangc of Superb
Parrots were similar prior to clearing.

Predicted ( i .e.  pre-c lear ing) and cunenl  d ist r ibur ion of  woody
vcgetaton in the vicinily of Cuba Stare Forest was incorporared inro a
GIS. Metadata was provided by the (rhen) NSW Narional Parks ard
Wildlife Service (Pre,l750 Forest Ecosystem, Westem Subrcgion;
Plains wander Habi lat  Mapping) and condcnscd based on broad
vegetalion types classified by ihe (then) NSW Defrartment of Land and
Water Conservation.

ArcviewtM sollware was used to determine rhe area and connectivity
of woodland vegctation from (he cefltrc poinr of each colony segmenl
to a distance of nine kilomclres. A foraging range of five kilometres
was also uscd to consider both hypotheses as it represents approximately
half of the maximum distance thar SuDe.b Parrots hav€ bcen observed
to travel between their nesrs and foraging patchcs. Use of a ccnrral
reference point recognizes thar avian foraging distance is often
correlatcd with food abundance and reproductivc success (e.g. Dryanr
and Turner 1982i Kacelnick 1984i Smith and Bruun 2002)_ In Darticular.
Stauss er dl. (2005) found tha! rhe roral foraBing flight disrance per
breeding pair of Blue Tits Parus caerulcus in a good quality foraging
habitat was about half of lhe distance observed in low quality foraging
habitat.

Woodland patches included in lhe area calcutatjon were seDaratcd bv
open spaces le.s lhan 500 meues widc,  and conuirrncd on.  or  ro, .  o i
the following specics: Boree, Black Box, Westem Grey Box, yellow Box
and White Cypress Pine. River Red Cum woodland was excluded as
Superb Parrots rarely forage in this habirat type during the breeding
season (pers, olrs.).

RESULTS

Effcacy of harvest prescriptions

The results clearly showed that different harvest svstems
have the potential to impacl differently on Superb parrol
nest trees (Table 2). A 2o-metre exclusion zone adjacent
to watercourses and water bodies was the sinsle-most
effective prescription to ensure the relention oia laree
proportion (6090) of Superb Parrot nesl rrees in Cuba Stale
Forest. Retaining all unmerchantable trees protected a
fu r ther  l9  per  cenr .  l i v ing  r rees  rdbhob > l50 imt  lo  per
cent, and dead trees 2.5 per cent.

Only three per cent of all known nest trees in Cuba State
Forest were considered to be at risk using Harvest System
#1, which was based solely on STS silviculture, because
only two nest tees contained sawlog_quality t imber that
were not protected by other prescriptions. Harvest systems
involving both STS and AGS posed a grearer mreat to nest

Munumbidgee River (80 m) were used for comparative purposes (Fig.
3). Spatial analysis was performed using ArcView,M soflware to generate
mer\urc,  o l  Superb Prrro l  o.  cLrpJnon wi lh in cdch .egmenl .  ind ro
assess whether the dislribulion of Superb Parrot nests within segments
was related to the abundance of hottow bearing rrees and/or hollows
using l0 melrc intervals commencing from the riverbank.

No star is l ic i r l  analysis was conducred in v iew of  rhe fact  that  rhe
invcsligation was olle of observational study rather rhan expcrimenral
desrgn From a managemont persp€ct ive,  retat ive and absolulc
differences ,trc also generally of greater importance thrr subtle slalistical

As a low occupancy rare may indicare thal thc hollow resource was
in excess, or that only a small proportion of hollows was suitable for
occupincy (Gibbons 1999), thc developmenral history of these stands
was considcrcd as par l  of  rhe melhodology.  The yea.  l9 l l  has been
identified as the ongin of extensive regenerarion in riverine forests along
the Murrumbidgee River, including Cuba Srate Fores! (FCNSW 1986).
Howevcr, the hollow resource rvas mostly conrained within older cohorrj
whose original structurc, as judged by the prcsence, size and age oi
stumps and the form of existing large rrees, was more of an open
woodland (pers. obs.). Wlile forest management prectices and wildfire
havc undoublcdly altered the abundance of these older trees. the real
rssue is whelher they have persistcd or not. Where they have persisted,
aSt re l r red rn l luences on rhe development of  t ree cavir res tGibbons and
Lindenmaycr 2002) can be viewcd as a physiological constant. A main
site variable (i.e. distance to rhe river edge) has also been controlled
for in the spatiil analysis. Hollow characteristics tha! may influence
occupancy by Supcrb Parrors, such as deprh. and minimum entrance
and rnrernal widths, are therefore likely !o exis! in similar propodons
lo rhc rot . r l  hol luw re 'ource wi thrn each,egment.

11 follows rha! a case may be established 1() support Ihe hypothesis
thal the population size of Superb parrots in Cuba Stale Forest iJ [mited
by hollow availabilily ii relative to the total hollow resource. occuDancv
ral(s wrth in d i f ferenl  segmenls were consis lent ly  h igh.  or  ar  leair
relalively constant. An underlying assumption is tha! inler_specific
competition for the hollow resource was uniform across similai parrs
of thc State forest landscape.

FooD AVAILABtLITy

The hyporhesis thal food availability is a facror regulating the
populadon size of Superb Parrots in Cuba Srate Foresr was investiated
by companng mer\ures ol  SLrperb Parrol  occupar ion rgainsr  rhe area
of  woodland vegctar ion adjacen( ro colonies i ,2 anJ3.  e case to
support this hypodesis may be established if a correlarive relarionshiD
e\ i \ ts  bctween mc.rsures of  occupalron and erranl  area\  of  woodland
vegelalion within the foraging range of Superb parrots. A vcqeralion
sunogr le wa\ used.  as i l  ,s  d i f f icut t  lo measure lood ava,hbrt i tv  i i recLlv
I t  was rssumed thal  r reas ot  h igh qual ' ly  foragrng habi lar  *e,c parcn; t l
orsr f iDured and errr t (d rn propof l ion lo lhe rota l  area ol  woodland
adjacent to each colony_

Thc hypothesis thal colo.lies t, 2 and 3 are tocared centrally relarivc
to foraging areas, to minimize foraging travel distance and as a
mecnausm ro partrtron resources berween diff€rert breeding groups, was
invcstigatcd by comparing $e area of woodland vegetatio-n 

-adja'cent 
to

Number of superb Parrot nest trees (n = gr) afforded protection and at risk under different harvest systems.NB whilc some trees quarified for protection under more than on" pr"."ription, tr," r..ults are non additive.

Harvest  syslem

A t  , r )

L Habilal conidor (0-20 m zone onlv)
2. Upper diamercr fe ins limir
3. Stag retention
4. Merchanrabitiry
Number of ncst uees at risk?

49
l 3
2

l 5
2

49

2

3 0

49
I 3
2

t 0'7
'rne fisr ro t(noun nesl rrees coutd nor be ase\sed as AGS openiDgs werc not able lo be mdted rn lhc tield.'The .isk calculadon do€s not take into accouDt lhe conrribu!,on of habitar rees.



trees. In particular, 30 nest trees (37 Vo) were at risk of
being felled using Harvest System #2. However, Harvest
System #3, which removed uncertainty in the 20 50 metre
zone of habitat corridors and retained all trees greater than
150 centimetres dbhob, brought about a fourtbld reduction
to the risk calculation, to only seven nest trees (9q.).

Sy nt h e s i s of s p at ial ilfo rlrot i o t1

THE HOLl,ow itESouRCE

A total ol 318 hollow-bearing trees were recorded within
the thrcc segments. containing 778 visible hollows (Table
3). The abundance of hollow bearing trees in each segment
was within ihc range expected in undisturbed temperate
woodlands (7-17 hollow-bearing trees/hai Gibbons and
Lindenmayer 2002) despite Cuba State Forest having a
long management history. Around 12 per cent of hollow-
bearing trees and 6 per cent of visible hollows contained
Superb Parrot nests. Living hollow-bearing trees provided
the bulk of the holiorv resource (>907o), and all data were
subsequently pooled to contain both l iving and dead trees.

Measures of Superb Parrot occupation differed greatly
between segments. Importantly, all occupation measures in
segment I (4.5 nests/ha; 19.57o of hollow-bearing trees
contained nesrs; 10.4% of visible hollows contained nests)
were  much h igher  rhan in  segment  3  (1 .8 ;7 .9 ;3 .4 ) ,  desp i te
segment 3 containing around 25 per cent more hollow-
beanng trees and visible hollows than segment l.
Notwithstanding the comparatively low abundance of
hollow-bearing trees and hollows in segment 2, occupation
measures within rhis segment were also disproportionately
smaller.

Such a disparity in the level of hollow occupation
suggests rhar, at the very least, hollow availabil ity is not
l imiting the number of Superb Parrot nesting within
colonies 2 and 3. To i l lustrate this assertion, on a
proportional basis and all other things being equal, the
number of nests in segment 3 could increase threefold (i.e.
24 additional breeding pairs) before the hollow occupancy
rate equals rhat evident in segment l The hypothesis that
the size of the breeding population of Superb parrots in
Cuba State Forest is l imited by hollow availabil ity is
therefore not supported by the available information.

D Les/le. Superb Parrot poputation limitation Corella 29(4)

With the exception of the 0-20 metre zone in segment
3, the distribution of hollow-bearing trees and hollows
within each of the segments was relatively uniform with
respect to distance from the river (Figs 4a and 4b
respectively). However, the density of Superb Parrot nests
ln segments I and 3 was highly skewed, with the average
density of nests in the 0-30 metre zone of these segments
being rhree trmes grealer lhan in lhe JO-80 merre zone
(Fig. 4c). Despite this observation, the proportion of
hollows occupied by Superb Parrots showed no consistent
trend within any of the segments (Fig. 4d). The facr that
nest placament was skewed towards the edge of the river
independently of hollow abundance indicated thar Superb
Parrots did not occupy hollows at random within colonies.

FORAGING PATCH SIZE

All measures of Superb Parrot occupation were positively
correlated with the area of extant woodland vesetation
wr th in  f i ve  k r lomer res  o f  co lon ies  rFrg .  5 r .  Th is  r r ind  a lso
existed for all measures of occupation up to a foraging
range of nine kilometres. The available information
therefore supports the hypothesis that food availabil ity is
a tactor regulating the population size of Superb parrots
in Cuba State Forest.

The original and extant woodland area increased more-
or-less l inearly with increasing distance from each colony
(Fig. 6). Some overlap existed in the area of woodland
vegetation before and afier clearing up to a distance of five
kilometres fiom each colony. llowever, at distances greater
than five kilometres, the area of orisinal woodland
vege la t ion  exceeded rha t  cur ren t ly  ava i lab le  to  any  o f  the
colonies. Mainly as a result of disproportionately higher
levels of clearing within five kilometres of colonies 2 (71qo
of the original cover cleared) and 3 (7 5Vo) than colony I
t37ao)- more rhan 2 0OO hecLares of woodland \eselallon
has been retained wirhin five kilometres of colony-l only.

A conclusion from these data could be that prior to
clearing, colonies were centrally located around foraging
patches of about 2 000 hectares. The hypothesis that
Superb Parrot colonies are spaced to partition resources
between different breeding groups may, therefore, have
some foundation.

. . . ( l )  6 . s

. . . ( 2 \  22

. . . ( 3 )  2 9
. . ( 4 )  1 1 3

.. (5) 2' ,19

6 .5  6 .5
2  t l
3 1 2

65  140
r 4 l  3 5 8

TABLE 3

Segment area (ha)
Number of Superb Paffot nest fees
Numbcr of  Superb Parrot  nesrs
Number of hollow-bearing trees
Numbcr of  hol lows
h'lea*res of oct upalion
Numbcr of Superb Parfot nesls per hal
Proporrion of hollow b€aring lrees conraining nests (q.)l

4 .5
19 .5
r0 .4

1 . 8
1 .9

0.5
3 . 1
2 . 1of hollows

Row I divided by ro* I
'Row 2  d iv ided by  row 4  x  l0O
rRow I  d iv ided by .ow 5  x  100
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DISCUSSION

River Red Gum harvest practices

In this study, physical and spatial characteristics of
Superb Parrot nest trees were used to assess the efficacv
of .d i f fe ren t  t imber  harves l  sys tems in  conserv ing  the
no| tow resource  upon uh ich  th is  spec ies  depends.  The
harvesl prescriptions were repeaiable and therefore
quantitative. Such an approach to hollow assessment is
unusual in Australia, as methods typica y employed by
researchers estimate the demand placed on the hollow
resource by all species in order to establrsh habitat tree
retenhon rates (e.9. Smirh 1994; Lamb et al. l99g\. ln
olher words. the approach used in rhis studv ororides a
measure of the condition of rhe hollow resouice, rrther
than a resource condition target.

Timber harvesting was shown to be capable of removing
a variable proportion of Superb parrot nest rrees in Cuba
State Forest. Nevenheless. the current breeding population
does not appear to be constrained by harveii piactices
spanning greater than a 100 years, as the existing hollow
resource.could potentially suppon a much largeinumber
ol breeding pairs. This augers well for rhe su-stainabil ity
of rhe River Red Gum rimber industry.

. However. future harvest practtces must conttnue lo
rnclude prescriptions to perpetuate the hollow resource.
tsxc ludrng  harves t ing  in  a  20  met re  r ipar ian  zone was
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shown to be the single-most effective prescription to ensure
the retention of a large proportion Superb parrot nest trees,
as most nest trees (607o) are located within 20 metres of
watercourses and water bodies. Retaining large trees, as
well as trees with no sawlog value, within areas available
for harvesting also made sizeable contributions.

The presence of large hollows rn rne maln srem or
branches of a River Red Gum reliably indicates the
e\ is tence o l  in te rn3 l  t imber  de fec ts ,  wh ich  usua l lv  renders
the  l ree  , ' f  re la t i \e ly  i i l l e  o r  no  va lue  fo i  sawlos
produc t ion .  Nor  surpr is ing ly .  rhe  resu l ts  shou there  i i
minimal risk to Superb parrot nest trees usins STS
silviculture as the characleristics of a good timber tiee are
generally opposite to those of a good habitat tree. Such an
outcome highlights that prescriptions designed to retain
hollow-bearing trees are not an essential facet of STS
silviculture. Conversely, as most trees desirable for
harvesting in River Red Gum forests will eventually contain
hollows suitable fbr occupancy by Superb parrots, the
stabil ity or persistence of breeding populations could be
compromised if formal provisions did not exist to recruit
hollow-bearing trees through time and space. Accordingly,
careful attention must be given in STS silviculture to retain
trees that are best able to develop hollows during the next
1-2 cutting cycles (one cutting cycle is nominally 2G-25
years).

Australian Group Selection silviculture has the potential
to  s ign i l i canr ly  dep le re  the  ho l low resource  beCause a l l
trees within an AGS opening are felled. However, by
restricting the location of AGS openings to areas where
only a small proportion of Superb Parrot nests occur (i.e.
stands located more than 50 m from the first tree l ine
adjacent to wate.courses and water bodies), the risk
imposed by AGS silviculture on Superb Parrot nest trees
is l ikely to approach that of STS.

In order to achieve the habitat and recruit tree retention
targets in srands subject to AGS silviculture, lO 20 Der ceni
of the harvestable rrea needs to be ercluded from AGS
silviculture over the length of at least two rotations (one
rotation is nominally 100 years). This measure not only
provides sufficient growing space for retained habitat and
recruit trees, but also sufficient t ime for recruit trees to
develop hollows. Prescriptions that retain hollow-bearing
trees and provide for their recruitment are therefore
essential facets of AGS silviculture

It is important to understand that this study calculated
the risk to Superb Parrot nest trees imposed by harvest
systems at a temporal scale of a cutting cycle and a spatial
scale of a timber catchment. That is, the risk cannot be
vrewed as an annual impact within individual harvesting
areas. For example, under Harvest System #3, and not
taking into account the standard habitat tree retention
requrrements, seven Superb Parrot nest trees within Cuba
State Forest would potentially be placed at risk by timber
harvesting over a period of 20 25 years, or approximately
one nest tree on average every three years. The presence
of hollows in excess of current demand. as well as the
development of hollows suitable for occupancy through the
same period of t ime, offset such a loss to the nest t lee
resource. While it was outside the scope of this paper to
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quantify the rate of development and loss of hollows
through natural processes, recruitment of suitable nest
hollows for Superb Parrots could exceed losses from
harvesting at a rate of2.1 x l0 a per hectare per year (i.e,
seven n€sts at risk in a period of 20 years, over an area of
I 660 hectares).

Spatial organization of Superb Parrot nest tees

This study found evidence of intra-population variation
in the level of hollow occupation by Superb parrots at
colony and landscape scales. Importantly, no measure of
occupation was obviously related to the abundance of
hollow-bearing trees or hollows. Rather, rhe distribution of
colonies and the density of nests within colonies appeared
to be associated with the area of woodland within the
foraging range of parents. Food availability is therefore
likely to be a factor regulating the population size of
Superb Parrots in Cuba State Forest.

INTRA CoLoNY VARIATIoN

The distribution of nest trees within high-use colonies
was skewed towards the edge of the Murrumbidgee River.
This observation may possibly be explained by habitat and/
or social considerations.

Soil water availability has a pronounced affect on the
growth of River Red Gum (Bacon et al. 1993). It is
plausible that the larger trunk and crown dimensions
attained by trees growing close to watercourses produce
internal hollow characteristics that best match the
occupancy requirements of Superb PrLrrots. Such affects on
tree (and thus hollow) development could be expected to
decrease with increasing distance from a permanent watgr
source (Bacon et al. \993).

Superb Parots do not defend large territories around
their nest (pers. obs.), possibly because their nesting and
foraging habitats do not coincide (see von Haartman 1957).
Instead, only their nest hollow and its immediate vicinity
are defended against competitors (pers. obs.). As a
consequence, trees with large crowns and numerous
hollows are able to support more than one Superb Parrot
nest, and nests of other hollow-dependent avifauna
including Yellow Rosella Platycercus elegans flaveolus,
Sulphur-crested Cockatoo Cacatua galefita, Long-bil led
Corella C. tenuirostris (pers. obs.), and Sacred Kingfisher
Todiramphus s.tncta (D. Parker, pers. comm.).

However, there is l ikely to be a level of hollow
occupancy above which intra- and inter-specific
competit ion for hollows results in less prefeffed habitat
being uti l ized. Agonistic interactions between male
conspecifics (and between Superb Parrots and Yellow
Rosellas) are commonly observed when female Superb
Parrots are selecting a hollow (pers. obs.). In this way,
superior competitors could be expected to occupy high
quality nesting habitat and displace late or inexperienced
breeders to inferior habitat located on the edges of the
colony, or to a different colony altogether. For example,
Moller (1995) showed that despotic territorial behaviour in
blackbirds maintained a population distribution in which
superior competitors excluded conspecifi cs from preferred
habitat, and thereby achieved higher reproductive success.
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Inter-colony voriation
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As imposition on the energy budget of breeding birds
can have a major bearing on the number and quality of
oflspring. variarion in intra-population reproducrive suciess
is  commonly  rhe  resu l t  o f  adu l ts  match ing  rhe i r  c lu tch  or
brood s ize  ro  rhe i r  ind i \ idua l  fo rag ing  

-e f f i c iency  
re .g .

Masman e/ a/. 1989; Moreno et al. 1997: Tinbersin ani
Verhulsr 1000: Burness er al. 2001; przybylo a oj. 20OI:
Takagi 2002; Stauss et a1. 2005).

Regular flight has been estimated to elevate avian enersy
expenditure by ar least ten (imes basal metaboljc rate re.-s.
Nudds and Bryanr 2000r. Considerable porenrial rherefo;e
ex is ls  to  ach teve energy  e f f i c ienc ies  and reproduc t ive
advanlages by commuting sho dislances lo feed in areas
where.gross fbraging etflciency is high. parents travell ing
large distances to obtain food, or navrng greater searcn or
ioraging times to gather the same net energy, not only
require higher inputs to meet their own energy demand. but
they may also expose therr chicks ro a resr;i ion in enersv
conrenr and/,)r nurrit ional quality ol 'rheir food. Brood siie
consequently diminishes if underfed chicks die from
passrve starvatlon or siblicide: malnourished fledslinss are
u lso  less  l iLe ly  ro  recru i l  in ro  rhe  breed ing  popu l i r ion ' te .g .
Tinbergen and Boerli jst 1990).

As birds are expected to distribute themselves in
heterogeneous landscapes in relation to resource availabilitv
(Bernstein er al. l99l), the number of breeding pairs in a
colony can be a reliable indicator of habitat qualitv and
hence reproduclive success. For erlmple, Smirh and ilruun
(2002)  showed th r t  co lony  s ize  and nes t l ins  surv iva l  o f
European Starlrngs Srrrnzs vulgaris was posiirvely related
to  lhe  area  o f  pasrure  c lose  ro  b reed ing  io lon ies .
Furlhermore,. after considering the parental foraging eilbrt
(cosrs t  o f  B lue  T i rs  and rhe  qua i i t y  and nur ibe- r  rhe i r
o f fspr 'ng  (bene l i l s r .  Srauss  e l  a l .  I2OO5t  ca lcu la ted  rhe
benefit-coslratio was two to three times higher in the high
quality than in the low qualiry foraging habitat.

. 
I l . is lherefore reasonable ro speculate thar the level of

ho l lo$  ocr .upat ion  evrdent  in  co lon ; .  I  i s  no t  on ly
associated with rhe area of adjacenr woodland bur also wirir
nlgn reproductrve success. As a consequence. intra_specil i..
competit ion for nest hollows is l ikely to take place within
(and adjacent lo) lhal colony. yet i ls spatial eoverage wr5
l rmr ted  to  a  s ing le  bend in  rhe  r i ver .

A simple interpretation of the colonial nest dispersion of
Superb Parrots is that nest sites are clustered beiause tree
hollows also have a clustered distribution. However,
hollow-bearing trees are more_or_less continuously
distributed along the banks of the Murrumbidgee River a',s
well as inlerior portions of Cuba State Forestlpers. obs.),
and yet Superb parrot nests are not equally dispersei
throughout the hollow resource. Nest-site-l imitation alone
is therefore unlikely to induce coloniality in Superb panors.

. The results indicate that the distribution of colonies may
1..-.1jn.fi., 

ut the pre.ctearing woodland assemblagJ.
unereby  co lon ies  were  \paced to  min imize  in te r_gro 'up
competit ion lor food. As Superb panots are not terrfiorial
on rnerr loraglng ground tpers. obs.). the foraging range
ot drtlerenr breedrng groups may overlap. but birds- w rthin

nearby nest sites could be expected to exploit adjacent food
resources more efficiently. At a colony scale, the density
of nests may be a reflection ol competit ion factors driven.
in the fbst instance. by the area of niarby foraging patches.
then subsequently by the availability of nest hollows that
become less suitable for occupation by Superb parots with
increasing distance from a permanent water source.

Paradoxically, in the absence of comDetition for hollows.
nest site fidelit l  may mean rhat Superb parrots continue
to ulilize traditional breeding sites where their reproductiye
peformance may no longer be optimal due to habitat loss
or degradation. The present day disrribution of nesrs ml;
Inere tore  no t  accura le ly  re f lec l  op t rmum hab a l
requrrements, but be more about historical landscape
factors that no longer exist. population density, as in
indicator of habitat quality, should therefore be
accompanied by information on reproductive success
(Godfrey 2003).

A CoNCEPI-UAL MoDEL

Beyond a certain density level, the benefits to individuals
ot co-operative n€sting and foraging increase at a
diminishing rate compared to the cost of intra_sroup
compet i t ion  {Zemel  and Lub in  t995r .  Fur thermoie ,  r . ,
malntain a stable group size where fecundity reguiarly
exceeds mortality, excess individuals must leave the group,
and.  consequen l ly  rhey  may d isperse  to  lower  qua l i i y
hab i tu rs  where  lhe i r  reproduc t ive  success  rs  d imi ; i she ;
(Martin 1995).

I postulate that the number of breeding pairs in a Superb
Parrot colony is a manifestation of the delicate balince
between the benefits of co-operation, such as predator
avoidance and information sharing, and intia-group
competit ion for nest hollows and food. Metapopuiation
s tab i l i t y  may occur  lh rough d i f fe renr ia l  reproducr i le
success and dispersal between colonies. I also predict that
f l igh t .  energet ic  cos ls  have major  imp l ica t ions  to r  lhe
lo rag tng  behav iour  and reproduc t ive  success  o f  Superb
Parrols. Understanding this compler picture requires fuither
tlutgnjng. supporred by ecolngical reiearch anci
pnysro log lca l  ev tdcnce.

Recovery plawting

A universal recov€ry objective for threarened species is
to increase the abundance and distribution ;f wild
populations across their natural range (e.g. NpWS 2002,
2003t .  Recovery  a -c l ions  requ i re  knowledge o f  spee ies
ecorogy. threals. eflectjveness Uf abatement meusures and
recovery timeframes. Given that the basic population
demography of Superb parrots is poorly known, including
age-sex strucrure. mortality. fecundity and dispersal. rheri
rs an oDvrous need lo improve the Lnowledge base before
threats and recovery actions can be confideitly identified.
Litt le information also exists in the l iterature."guiain!

!:-T!" ?l 
rhe commlnat foraging ano nesrrng slraregres

employed by Superb parrots.

As the greatest proportional mortality in many birds
occurs in. their f irst year of l i fe (Lack i954), aaOressin!
pre-recruit mortality is an obvious recovery priority foi
Sr.rperb Parrots. But should recovery acrions uirn',o Irpaua
the  surv iva l  o f  nes t l ings  or  o lder  young?



Immediately after f ledging, young birds and their
attendant parents comrnonly form large cohesive flocks (or
crdches) in woodlands located beyond the foraging range
of parents during the breeding season. Soon after young
reach independence, smaller groups disperse over a wide
geographic area (R. Webster, pers. comm.; pers. obs.).
Consequently, mortality among juveniles arising from a
lack of proficiency in behavioural skil ls, such as foraging,
avoiding predators and interacting with competitors, is
independent of the location of their natal area. The strength
of the next generation could, therefore, be most sensitive
to mortality during the early stages of l i fe.

Consequently, a research pdority should be to more fully
investigate the strength of the relationship between Superb
Parrot reproductive success and the area, condition and
connectivity of adjacent woodland. Shouid a causative
relationship be confidently established, recovery actions
clearly need to focus on managing woodland vegetation
adjacent to existing colonies with low occupation levels.
This assertion is based on the premises that: (i) Superb
Parrots have limited capacity, compared to other
Psittacilbrmes, to extend their distribution into new nestins
hlbitar rpossibly because Superb Panots flrrhfully return
to their natal area to breed, and may have diff iculty
perceiving habitat quality); (i i) that hollows are unlikely to
be limiting where occupation levels are low (because
population density may be related to food resource
availabil ity where hollows are nor l imiting), and; (i i i) new
plantings would become functional for commuting and
foraging well before the generation time of new tree
hollows (e.g. three year-old Acccia spp. produce seeds that
are consumed by Superb Parrots).
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